% 3 =! re : / 
m f 1 . s 
i f e i : : ' 
- 4 : 
ie ; : 
5 5 
gis f : , . 
4 5/ 
| TH R JNODEX 
bee rf ee. Ae) 
aad 4 i To A e - o g 
R -5 ar eN EE 
ee vie ER Bs ey ey -e : 
2 : fir ai ae, : 
[ey Jal i 
AA 4 Crt 3 
` ye? ae ara Pa vad 
` ods ps = fy i 
y . ~y A i NNa 
a ata Erat Bamford, C J, and Denyer, R Initiation of Free Radical Polymerization by 
od P A see under Freld G B E- Manganese Carbonyl and Carbon Tetrachloride, 59 


on, J see under Howard, G 
' brose, E J see under Korohoda, W 
Jams, Bryant L see under Tu, Anthony T 
, samson, Richard H  Anti-tumour Activity of S-Carbamyt-cysteine, 751 
wamed, Hafiz, and Gardiner, B G Activation of Malathion by the Locust 
Lt Bodywall, 776 + 


Adley, D } Invertebrate Structure and Function, review, 106 
Ainley, R G see under Phillips, C I 
Akabane, K see under Kshida, K 


Akihama, S , Okude, M , Sato, K , and Iwabuchi, S Inhubitory Effect of 1,2-bıs(2- 
ie Benzımıdazoy!) 1,2-ethanedio! Derivatives on Poltovirus, 562 

Akutsu, H see under Kokubu, T 
„Allen, D M see under Youssef, F G 

Alleyne, G A O Concentrattons of Metabolic Intermediates in Kidneys of 

Rats with Metabolic Acidosis, 847 

N see under Nichols, B L 

Alderton, G W SI Units, correspondence, 490 
Alexander, Peter Immunity, Cancer and Chemotherapy, review, 1291 
Allington, M } Fibrin Substrate free from both Plasminogen and Fibrin Stabilt- 

zing Factor, 375 

Alper, Tikvah Low Oxygen Enhancement Ratios for Radtosensitive Bacterial 








aT Strains, and the Probably Interaction of Two Types of Priary Lesion 862 


E 
Alten, Pierson J Van, Cain, Willam A , Good, Robert A, and Cooper, Max D 
* Gamma Globulin Production and Antibody Synthesis in Chickens bursec- 
4 tomized as Embryos, 358 
Altura, Bella T see under Kuperman, Albert S 
Anand, K C, Daniel, R R, and Stephens, S A Radio Emitting Electrons in the 
Galaxy and the Solar Modulation of Cosmic Rays, 25 
» | Andersen, Burton R, and Terry, Wiliam D Gamma G4-Globulin Antibody 
’ causing Inhibition of Clotting Factor VIN, 174 
Anderson, A D = Superadiabatic Atmospheric Layer on Venus, as inferred from 
the Venera-4 Probe Measurements, 627 
Anderson, Charlotte M seé“under Johansen, Patricia G 
Angel, A, and Rogers, K J | Convulsant Action of Polypheonols, 84 
Angrist, Alfred A see under Nakao, Kome! 
Ansell, A D, and Balakrishnan Nair, N Occurrence of Haemocoelic Erythro- 
cytes containing Haemoglobin in a Wood Boring Mollusc, 357 
Antione, B see under Bach, J F 
Aplin, R T, and Birch, M C Pheromones from the Abdonomal Brushes of Male 
Noctutd Lepidoptera, |167 
Applewhite, Philip B Non-local Nature of Habituation in a Rotifer and Proto- 
zoan, 287 = 
| Armitage, A Their Majesties’ Astronomers, review, 783 
{ 


1 


Armitage, A K, Hall, G H, and Morrison, Cathleen F Pharmacological Basis 
$ for the Tobacco Smoking Habit, 331 
Artman, Michael see under Fry, Michael 
Ashwood-Smith, M J, Copeland, J, and Wilcockson, J Response of Bacterial 
i Spores and Micrococcus radiodurans to Ultraviolet Irradiation at Low 
4 Temperatures, 337 
a \ Aspinall, A „Slater, D N „and Mayes,P Neutron Activation Analysis of Medieval 
Ceramics, 388 fant 
+» JAscoh, F, and Savine, M Interaction between Model Compounds of Actino- 
mycin D and DNA DNA Dependent RNA Synthesis, 162 
4 and Liquor, A M Interaction between Model Compounds of Actino- 
y mycin Dand DNA Physiéochemical Studies, 162, erratun, 394 
Asher, A C Response of Pine Seedlings to Mechamcal Stimulation, 134 
" 4 Ashton, Eric H A Handbook of Living Primates, review, 488 
Ashworth, A see under Nichols, B L 
Auerbach, R see under Kuban, L 
' Auerbach, Susan, and Brinster, R L Effect of Oxygen Concentration on the 
{ Development of Two-Cell Mouse Embryos, 465 
Austin, L see under Livett, B G 
ia M P_ Relationships among Functional Properties of Californian Grass- 
land, 1163 
“ |Axelrod, Julius see under Wurtman, Richard J 
| see under Eccleston, J 
j 


‘ 


Bach, J F,and Antione, B fn vitro Detection of Immunosuppressive Activity of 
Anti-tymphocyte Sera, 658 
Baddiley, J see under Shaw, N 
Bafort, 1 Primary Exo-erythrocytic Forms of Plasmodium vincker, 1264 
Baghawe, K D , Orr, A Hilary, and Rushworth, A G J Relationship between 
Concentrations of Human Chorionic Gonadtrophin tn Plasma and Cerebro- 
` spinal Fluid, 950 
i Bailey, E, Taylor, C B, and Bartley, W 
Hepatic Lipogenesis tn the Rat, 471 
{ Batley, Judy A see under Ryle, M 
Bailey, } see under Farley, F J M 
Balakrishnan Nair, N see under Ansell, A D 
i Balazs, A, and Rappay, Gy DNA Dynamics in Rat Granulopoiesis studied by 
tophotometry, 166 n 
Baldwin ith. and kideon, Chev Recognition of DNA Base Sequence Differences 
\ among Vertebrates, 1256 
Bale, F V Cutting Cakes Blindfold, correspondence, 1296 
Bahat, A see under Vilceanu, R 
i ® 


\ 


Effect of Dietary Carbohydrate on 


Banerjee, A K , Layton, A J, Nyholm, R S,and Truter, Mary R Co-ordination 
Compounds of Alkali Metals with 8-Hydroxyquinoline and lsonitrosoaceto- 
phenone, [147 

Banın, A, and Lahav, N Optical Study of Particle Size of Montmorillonite with 
Various Adsorbed Cations, 1146 

Banna, J R, and Jabbur, $ J Antagonism of Presynaptic Inhibition in the 
Cuneate Nucleus by Picrotoxin, 83 7 

Bannerjee, R , Douzou, P , and Lombard, A Ki s of Association of Carbon 
Monoxide with Haemoglobin at Low Te rature, 23 

Bannister, J V see under Bannister, W H 

Bannister, L H Fine Structure of the Sensory Endings in the Vomero-nasal 
Organ of the Slow-worm Anguis fragilis, 275 

Bannister, W H , Bannister, 3 V , and Micallef, A 
a Keyhole Limpet, 754 

Barber, D A, Sanderson, J, and Scott Russell, R Influence of Micro-organisms 
on the Distribution in Roots of Phosphate labelled with Phosphorus-32, 644 

Barber, J Light Induced Uptake of Potassium and Chlorode by Chlorella 
pyreno:dosa, 876 

Barbiroli, B see under Caldarera, C N 

Bardsley, W , and-Jones, © Synthesis of Optical Quality Proustite and Pyrar- 
gryte, 444 * 

Barer, R Maxtmum-intensity Fluorescence Microscopy, 672 

Barford, J see under Day, R V 

Bargelles, A see under Conconi, F 

Barker, Richard M see under Berry, Wiliam B N 

Barlow, P W Canadian Cancer Conference, Vol 7 (Proceedings), review, 688 

Barnes, D J see under Nichols, B L 

Baross, John, and Liston, } Isolation of Vibrio parahaemolyticus from the North- 
west Pacific, [263 

Barrow, R F see under Richards, D 

Barry, Charles K , and Jander, Rudolf Photomhibitory Funcuoñ of the Dorsal 
Ocelli in the Phototactic Reaction of the Migratory Locust, Locusta 
migratoria L , 675 

Barfy, W see under Sandlin, R 

Bartlett, M S, and Macdonald P D M 
bution Mixtures, 195 

Bartley, W _ see under Bailey, E 

Baskerville, E N see under Somjen, G C ` 

Battaner,] M see under Genis-Galvez, J M 

Bavetta, L A see under Slavkin, H C 

Bayless, Theodore see under Serebro, Harold A 

Beaty, Claudia see under Cotler, E 

Bechwith, Jonathan see under Ippeb, K 

Beck, Myrl E, Ford, Arthur B, and Boyd, Walter W 
Stratiform Intrusion in the Pensacola Mountains, 535 

Becker, Yeckiel see under Sarov, Israel 

Begg, Michael Advances in Morphogenesis, review, 293 

Beilenson, Susanne see under Moriwaki, C 

Beirle,! see under Slavktn, H C e 

Bell,S J | see under Hewish, A 

Bell, W C, and Maassab, H F Action of Hydroxyurea on Multiplication of 
influenza Virus in Mammalian Cells, 646 

Belhouse; B J,and Belfhouse, F H Mechanism of Closure of the Aortic Valve, 

6 


Bıliprotern from the Ova of 


“Least-squares” Estimation of Distri- 


Palaeomagnetism of a 


Bellhouse, F H see under Bellhouse, B J 

Belpaire, Frans see under Laduron, Pierre 

Bengi, H, and Thomas, J G Fixation Tremor in relation to Eyeball-Muscle 
Mechanics, 773 

Bennett, C E G, McKinnon, N A, and Williams, L S 
charges, 1288 

Ben-Porat, T see under Kasamaki, A 

Bensch, Klaus G see under Gordon, Mildred K 

Berbren, W R see under Donnell, George N 

Berenblum, |, Burger, M , and Knyszynski, A Regeneration of Bone Marrow 
Celis and Thymus by 195 Alpha Globulin ın Irradiated Mice, 857 

Beretta, A, Prato, V, Gallo, E,®nd Lehmann, H Haemoglobin Torino -a43 
(CDI) Phenylalantne-> Valine, 1016, erratum, 1192 

Berg, W B Van den, Hijmans, B , Piet, P , and Heikens, D Complex Formations 
between Iso and Syndiotactic Polymethylmethacrylate in Solutions, 949 

Bergman, R K, and Munoz, } Efficacy of B-Adrenergic Blocking Agents n 
inducing Histamine Sensitivity in Mice, 1173 e 

Bernal,J D Orgueil Meteorite, correspondence, 1296 

Bernstein, Jerald } Regeneration of Peripheral Nerve Implant into Goldfish 
Telecephalic Parenchyma, 183 

Berrens,L Inhibition of Leucine and Lysine Aminopeptidase by Atopic Allergens, 
664 

Berry, William B N, and Barker, Richard M Fossil Bivalve Shells indicate 
Longer Month and Year tn Cretaceous than Present, 938 

Bersis, D S, and kokavouras, J Discrimination of Chemiluminescent Mix- 
tures the emiuminescenegram, 451 

ulkarn, R N Sunspot Cucle and the Quasi-brennial Strato- 

lations 1133 e 

Bertino, Joseph see under Booth, Barbara A 

Beutler, Ernest [fee under Kaplan, Jean-Claude 

Bhagat, B see under Kramer, S Z e » 

Brancht, Umberto Homologous Alkaline Phosphatases and Homologous Loci in 
Two Sibling Species of European Anopheline Mosquitoes, 382 

Bick, Y A D „and Jackson, W D — Chemical Protection against X-irradiation by 
a New Reducing Agent [,4-Dithtothreitol in Marsupral Leucocytes, 479 

Bingham, R G Optical Instability of the Earth’s Atmosphere, review, 1079 

Birch, M C see under Apitn, R T 


Sintering in Gas Dis- 









k Toi 


.. 


tr 


\ l 
IV 4 
$ . . 
Bird, Jos@ph F Cosmogonic Fragmentation, {239 
Birks, | B, Christophorou, D G , and Huebner, R J 
of Benzene and Naphthalene, 809 
Birnstiel, M L see under Perkowska, Eva 
Biswas, A K see under Kumar, V Y Sampat 
Bittar, E E, Dick, D A T, and Fry, D J | Action of Insulin on Sodium Efflux 
from the Toad Oocyte, 1280 s 
Black, E see under Kirsch, R ® P 
Blackman, Derek Effects of Drugs on Conthtioned “Anxiety”, 769 
Blackman, M® Lisgarten, N D, and Skinner, L M Surfaced:neray and Evapora- 
tion Rite of Spherical Particles of Radu less than 500 A, 1245 
Blair, | M, and Edgington, J*A Luminescent Properties of Rocks, Meteorites 
and Natural Glasses under Proton Bombardment, [57 
Blair-West, J R , Coghlan, J P, Denton, D A, Nelson, J F, Orchard, Elspeth, 
Scroggins, B A, Wright, R_D , Myers, K, and Junquiera, C L Physio- 
logical, Morphological and Behavioural Adaptation to a Dosium Deficient 
Environment by Wild Native Australian and Introduced Species of Animals, 
922 z 
Blanc, B see under Pilet, P E 
Bloomfield, T M Discrimination Learning in Animals 
Side-erfects, 929 
Boas Hall, Marie American Science ın the Age of Jackson, review, 983 
The Nigth Bridgwater Treatise, review, [191 
Bohigian, George see under Cotler, E 
Bolton,] G se under Shigmins, A J 
Bolton, K, Owen, N L, an eridan, J 
Amine from Microwave ra, 164 
Bona, C, and Ghyka, Gr Ability of Leucocytes to recognize some Foreign 
Gamma Globulins during Pinocytosis, 172 
Bonchev, T , Vassilev, |, Sapundzhiev, T, and Etimov, M Possibility of Investi- 
gating Movement in a Group of Ants by the Mossbauer Effect, 96 
Bonilla, Carlos A , Stringham, jun , Reed M, and Lytle, Ivan M Effect of Heparin 
on Serum Calcium Concentrations in Mice, 1281 
Booker, D Y see under Rundo, J 
Booth, B Petrogenetic Significance of Alkali Feldspar Megacrysts and their 
Inclusions in Cornubian Granites (B Booth), 1036 
Booth, Barbara A , Johns, David G , Bertino, Joseph R, and Sartorell:, Alan C 
Sites of Inhibition of DNA Synthesis by Kethoxal bis(Thiosemicarbazone), 
250 
Booth, D A = Amphetamine Anorexia by Direct Action on the Adrenergic 
Feeding System of Rat Hypothalamus, 869 
Borsook, H, Ratner, K, Tattrie, B, Tetgler, D, and Lajtha, L G Effect of 
Erythropoietin in vitro which simulates that of a Massive Dose tn vivo, 1024 
Bottcher, C E G see under Smink, D A 
® Bottomley, A C see under Phillips, C 1 
Bouchter,| A D see under Langman, M J S 
Boult, B A „and Freedman, H Group Analysis Variance for Earthquake Magni- 
tude, 47 
Boulton, P S, arfd Fraser Rowell, C H 
neural Sheath in Insects, 379 
Bouman, L N see under Viersma, J W 
Bowes, D R , Hopgood, A M , and Smart, John 
Society Expedition to Inishtrahull 344 
Bowler, K see under Duncan, C J 
Bowyer, C S, Field, G B , and Mack, J E 
Background Flux, 32, erratum, 296 
Boyd, Walter W see under Beck, Myrl E 
Bradbury, E M, Crane-Robinson, C, Goldman, H, and Rattle, H W E 
Proton Magnetic Resonance and the Hel:x-Coil Transition, 812 
Poly-a-Amino Acids, review, 39] 
Bradley, C C see under Stone, N W B 
Bradley, Muriel Y , Hall, Linda L , and Trebilcock, Sarah J Low pH of Irradiated 
Sucrose tn Induction of Chromosome Aberrations, |182 
Brandrup, © $ see under Krant, M J 
Brauer, Fred and Nobel, John A Ordinary Differential Equations, review by 
L $ Goddard, 485 
Braun, A D «see under Nemchinskaya, V L 
Brenner, S see under Howard, G 
Bretscher,M S The Message of the Genes, review, 785 
How Repressor Molecules Function, 509 
Briat, B, anc Djerassi, Carl Applications of Magnetic Circular Dichroism and 
Optical Rotatory Dispersion Measurements, 918 
Bridges, John M see under Lee, Maureen B 
Briggs, 3 P,and Clay, P G Detection of Oxygen Atoms during Gamma Radio- 
lysis of Carbon Monoxide Gas, 947 
Brinster, R L see under Auerbach, Susan 
Brion, C E, and Stewart, W B Mass Spectrometric Analysts of Oxygen, 946 
Broadbent, J M, Kaye, A, Lodge, A S, and Vale, D G Possible Systematic 
Error in the Measurement of Normal Stress Differences in Polymer Solu- 
tions in Steady Shear Flow, 55 
Broadbent, T A A Nonlinear Partial Differential Equations, review, 1190 
Bromley; Alan V L Composite Minor Instrusions in South Eastern Snowdonia, 


Brooks, J R V 
Broom, D B 


Excited Electronic States 


an Analysis through 


Molecular Structures of Porpargy! 


Structure and Function of the Extra- 
Glasgow University Exploration 


Detection of Antsotropic Soft X-ray 


Layered Igneous Rocks, review@884 

Specific Habituation by Chicks, 880 

Broome, J Electrophoresis for Free, correspondence, 1296 

Bross, Irwin D J Recognition of Syntactic Structure by Computer, 1078 

Brown, D Petcher, T J, and Smith, A J Crystal Structures of some Proto- 
actum Bromides, #37 

Brown-Grant K — Neuroendocrinology, Vol 2, review, 585 

Bryden, M M Control of Growth in Two Populations of Elephant Seals, 1106 

Bucknall, R A, Finter, N B, and Draper, C C  Faslure to detect Inteferon in 
the Urine of Persons with Virus Infections, 462 

Buckner, Dean see under Judson, George e 

Bullen, J J, and Rogers, Henry } Effect of Haemoglobin on Experimental 
Infections with Pasteurella septica and Escherichia coli, 86 


Bullough, P , Goodfellow, J , Seth Greenwald, A , and O’Connor, J incongruent 
Surfaces in the Human Hip Joint, 1290 

Bunney, Sarah Who’s Who in Science in Europe, review, 108. 

Burge, R G  Engstrom-Finngan Biological Ultrastructure, revidy, 391 

Burger, M see under BerentTum, | s 


Burkett, Barbara N , and Schneiderman, H A Co-ordinated 
@ Activity in Insect Spiracles at Sub-zero Temperatures, 95 


euromuscular 


Burns, D J see under J W McConl&y 

Burroughs, W J} see under Gebbie, H A e 

Burt, W V see under Quinn, W H 

Burton, K, Progress in Nucleic Acid Research and Molecular Biology, review, 


Burton, J D, Marshall, N J „and Phillips, A J 
«Soa Water, 834 , 

Busfield, Dorothy, and Tomich, E G 
the Thrombocytopenia induce in 


Solubility of Barium Sulphate in 
Inhibition by Adenosine Diphosphate of 
bits by Thrombin, 376 * 


- 
. 


INDEX 


A.’ 
see unfer Fredman G j 


. e = 
Byers, Sanford O 
see under Svet- : 


Bykovsky, A Ph 
e+ s 


_ t 


k 
RA --- e~ 
Can, W A, Cooper, M_D , and Go: `R A Cellular Immune Competence 
of Spleen Bursa and Thymus Cells, 87 


see under Alten, Pierson J Van 


Cairns, E J, Simons, E L , and Tevebaugh, A ATN Fuel Cell, z 
780 


Caldarera, C N , Barbiroli, B, and Marchetti, M , Effect of Orotic Acid on 
Activity of Nuclease DNA-dependent RNA Polymerase and Polyribosomal 
Profiles in Deficient Chick Liver lacking in Vitamin B,., 755 

Combi R , Garner, R, and Young, G T Novel Facilitation of Peptide Synthesis, 


see under Grew, W ° 

Campbell, A D see under Rodericks, J V © 

Campbell,| B see under Claridge, G G C 

Cannon, R D, Penston, M V, and Penston, Margaret J 
Variable N-Galaxy, 340 

Carbery, J T, and Strickland, K L 
Dermal Necrosis, 1158 

Carmena, A O, Segarde, A, Cavagnaro, F J, and de Testa, N G Changesin 
iron Metabolism in Natives of 13,000 ft brought down to Sea Level, 70 

Carne, H R Action of Bacteriophages obtained from Corynebacterium diphtheriae 
on C ulcerans and C ovis, 1066 

Carr, Charles W see under Yong Sung Chor 

Carr, D J C see under Reid, E M 

Carroll, Kenneth G, and Tullis, James L Observations on the Presence of 
Titanium and Zinc in Human Lumphocytes, 1172 

Carroll, P M, and Sereda, D M Cell Membrane of Uterine Smooth 
Muscle, 666 

Srale Acid of Uterine Muscle Membrane 

Receptor of Smooth Muscle, 667 

Carthy,J D = An Introduction to Animal Behaviour, review, 1081 

Experiments in Animal Behaviour, review, 785 


Cameron, A 


3€390 3, a Second 


Resistance of Rainbow Trout to Ulcerative 


Reappraisal of the Serotonin 


Casals, J Filtration of Arbovirus through ‘Millipore’ Membranes, 648 
Castenholz, Richard W see under Sheridan, Richard P 
Castro,J M see under Genis-Galvez, J M 


Cavagnaro, F J see under Carmena, A O 

Ceska,M Detection of Insulin Precipitating Antibodies, 356 

Chagnon, N A see under Wertkamp, L R 

Challoner, David Respiration in Mycardtum, 78 

Chapman, G , and Taylor, A G Uptake of Organre Solutes by Nereis virens, 763 

Chapman, Y see under Riley R 

Chase, Thomas N , and Kopin, Irwin] — Stimulus-induced Release of Substances 
from Olfactory Bulb using the Push-Pull Cannula, 466 

Chezar, Judith A see under Kuperman, Albert S 

Chopping, P T Holographic Model of Temporal Recall, 781 

Chouroulinkov,! see under Libermann, C r 

Christophorou, D G see under Birks, J B s 

Churna, J Enhancement of Skin Homografts and Dissociation of Immune 
Responses in Mice immunized with Lyophilized Tissues in Freund's 
Adjuvant, 175 

Clark, L, and Seawright, A A Skeleta! Abnormalities in the Hindlimbs of 
Young Cats as a result of Hyperviraminosis A, 1174 

Clark, R H_ see under Ungar, G 

Clarke, A C W Y Special Theory of Relativity, 20 

Clarke, Edwin The Worshipful Society of Apothecaries of London, review, [083 

Claridge, G G C,and Campbell,! B Origin of Nitrate Deposits, 428 

Clarricoats, P J B The Theory of Waveguides and Cavities , Theory of Wave- 
guide and Cavity Resonators, reviews, 108 

Clay,P G see under Briggs, J 

Clayton, Anne Health tn Vietnam, news, 503 

Progress in Industrial Microbiology, Vol 6, review, 488 

Clements, } B see under Reid, E M 

Close, R , and Hoh, J F Y Influence of Temperature on Isometric Contractions 
of Rat Skeletal Muscle, 1179 

Cloudsley-Thompson, J L see under Omer, Salah M 

Clyne, M A A, and Coxon, J A Visible Absorption Spectrum of Bromine 
Chloride, 448 

Cockshull, K E, and Hughes, A P Accumulation of Dry Matter by Chrysanthe- 
mum morifolium after Flower Removal, 979 

Coggle, J] E Effect of Cell Cycle on Recovery from Radiation Damage in the 
Mouse Liver, 180 

Coghlan, J P see under Blair-West, J R 

Cohen, Edward P see under Raska, Karel 

Cohen, John The Psychology of Human Communication, review, 586 

Cohen, R see under Sobel, H 

Collins, E P see under Tucker, M J 

Cole, Leonard J see under Miller, John J 

Coleman, Y. see under Dawson, C 

Collier, H O J see under Sweatman, W J F 

Collins, R Statistical Physics, review, 1079 

Collins, R A see under Hewish, A 

Colombo, G and Shaptro,! 1 Theoretical Model for the Chandler Wobble, 156 

Comfort, A _ Feastbility in Age Research, 320 

Comline, R_S,and Silver, M pO, Levels in the Placental Circulation of the Mare 
and Ewe, 76 

Conant, R M, Hamparian, V V, Stott, E J, and Tyrrell, D A J 
of Rhinovirus Strain DC, 1264 

Conconi, F , Bargellesi, A , Pontremoli, S , Vigi, V , Volpato, S , and Gaborro, D 
Absence of §-Globin Synthesis and Excess of a-Globin Synthesis in Homo- 
zygous f-Thalassaemic Subjects from the Ferrara Region, 259 

Constantinopoulos, A see under Langman, M J S 

Conti, F see under Liquori, A M 

Copeland, J see under Ashwood-Smith, M J 

Cooper, D R see under Davidson, R J 

Cooper, M D see under Cain, W A 

see under Van Alten, Pierson J 

Cooper, P see under Grossman, M 

Corbishley, D J see under Douglas, A 

era J3 H Inside Plants, correspondence, 888 

orowe S a png Stona, E L Availabrhty of Nitrogen to Plants in Acid Coal 

Cotlier, E , Fox, J, Bohigran, G , Beaty, C 
Effects of Rubella Tine on Embryos ind Newesn Alphonse 

Cotton Kennedy, C see under Fitzpatrick, J, £ ats, 36 

al Chamigy, 


Coulson’ J E oierencen Vane of Theoret 
the Edge of a Colony, 478 s Quality of Birds hesef st 1 ly h 
. tiny f t 
H th È My 
8; 


Identification 


Pathogenic 


oo 


s 


l 


i j INDEX , v 


Coupland, R E Determining Sizes and Distributiok of Sizes of Spherical Bodies 
such as Chromaffin Granules in Tissue Section, 384 

Cox, Allan see under Dalrymple, G Brent « 

Cox, Barry Fossil Vertebrates, review, {187 © 

Coxon, 3 A see under Clyne, M A A 

Crag, G Y The Geology of the Neighbourhood of Landholm, review, 1080 

Craightll, E see under Guinn, T e e 

Crane-Robinson, C see undy Bradbury, E M 

Critchfield, W B see unger Ķrugman, S L 

Croome, Angela Exper Factories, Russian science city, news, 796 

Safety in Space, news, 998 

Cropley, A J, and Field, T W_ Intellectual Style and High School Scrence, i21 

Crowdy, S H Physiological Plant Pathology, review, 1292 

Crowell, John C see under Frakes, Lawrence A 

Cuddigan, B J Heparin and the Stabilization of Fibrin, 779 

Cunningham, A J see under Szenberg, A 

Cunnington, A M, and Gregory, P H Mites in Bedroom Air, 1271 

Curnow, | A In vitro*Agglutination of Bovine Erythrocytes infected with 
Babesia argentina, 267 


Dates, R Phillips Conversion of a-Amino Laevulinic Acid to Porphobilinogen by 
Different Tissues of the Polychaete Annelid Neoamphitrite figulus, 553 

Dalrymple, G Brent, and Cox, Allan Palaeomagnetism, Potassium-Argon Ages 
and Petrology of some Volcanic Rocks, 323 

Dantel, R R see under Anand, K C 

Daniell, N, Gil-Av, E, and Louis, M 
Fraction of a Texas Petroleum, 730 

Das, B C, Gero, $ D , and Lederer, E Detection and Location of N-Methyl- 
amino-acid Residues in N-Acyloligopeptide Methyl Esters by Mass Spectro- 
metry, 547 

Davidson, R J, and Cooper, D R Intermolecular Relationship between 
Neutral-salt-soluble and Acid-soluble Collagen, 168 

Davies, A J S Thymidine Metabolism and Cell Kinetics, review, 107 

Davies, C T M,and Rennie, R Human Power Output, 770 

Davies, H G „and Small, } Structural Units in Chromatin and their Orientation 
on Membranes, {333 

Davies, ] G, Horton, P W, Lyne, A G , Rickett, B J, and Smith, F G Pul- 
sating Radio Source at a=19%|9m, = 4-22°, 910 

Davies, R D  Radioastronomical Methods of Antenna Measurements, review, 109 

Davis, Peter S see under Reilly, Peter L 

Dawson, C, Togni, B, Moore, jun, Thomas E, and Coleman, V Herpesvirus 
Infection of Human Mesodermal Tissue (Cornea), detected by Electron 
Microscopy, 461 

Day, R V „and Barford,J Particle Coarsening in the Solid State, 1145 

Deacon, Margaret The Admiralty Hydrographic Service, 1795-1919, review, 783 

Deanin, Grace G see under Gordon, Mildred K 

Defendi, V see under Virofainen, N 

Degn, Hans Bistabılıty#æmused by Substrate Inhibition of Peroxidase in an Open 
Reaction System, 1047 

Deller, Donald J see under Reilly, Peter L 

Denborough,M A see under Downing, H J 

Denman, A M, Denman, Evelyn J, and Holborow, E J} Immunosuppressive 
Effects of Lymphoid Cell Proliferation in Mice receiving Anti-lymphocyte 
Globulin, 177 

Denman, Evelyn J see under Denman, A M 

Denton, D A see under Blair-West, J R 

Denyer, R see under Bamf@rd, C J 

Desmedt, John E, and Hainaut, Kart 
Potentiated Contraction Staircase Phenomenon 
Muscle, 529 

Deshmukh, P V, and Vaidya, M G L-2-Amino-3-pheny!l-l-propanol (L-Phenyl- 
alaxnıno!) as a Constituent of a Funga! Metabolite, 849 

Dewey, David, and Stein, Gabriel Action of Atomic Hydrogen on Aqueous 
Bacteriophage T-, 351 

Dewey, Kathryn F see under Mukundan, M A 

Deyl, Z , Everitt, A, and Rosmus, J Changes in Collagen Cross-linking tn Rats 
with Reduced Food intake, 670 

Dick, A T _ see under Bittar, E E 

Dick, M W Saprolegnia parasitica Coker in Estuaries, 875 

Dietrich, Felix M, and Frischknecht, Hannes Analysis of Antibodies against 
Synthetic Antiotensin JI by the Passive Haemagglutination Technique, 264 

Dingle, lerbert The Case against the Special Theory of Relativity, 19, erratum, 

4 


Dodd, NJ F 

Donnell, George N 

Doran, D J, and Vetterling, J M 
Freezing, 1262 

Douglas, A, and Corbishley, D J 


Composition of the Optically Active 


Kinetics of Myofilament Activation in 
in Human Skeletal 


see under Ebert, M 
see under Ng, Won G 
Preservation of Coccidial Sporozoites by 


Measurement of dT/dA, 1243 


Douzou, P see under Bannerjee, R 
Dowling, John E Discrete Potentials tn the Dark-adapted Eye of the Crab 
Limulus, 28 


Downing, H J, Kemp, G C M, and Denborough,M A Plant Agglutinins and 
Mitosis, 654 

Drake, J F see under Piddington, J H 

Draper, C C see under Bucknall, R A 

Dresser, D W = Adjuvanicity of Vitamin A 

Duncan, C ] see under Wareham, A C 

Dunkerley, P A Acceleration Produced Electric Fields in Charcoal! Bodies, 52 

Du Pree, Alphonse see under Cotlier, E 

Dyke, D Van, Norr, M L,and Tennant, B Erythropoietin Enhancing Factor in 
Serum of a Calf with Primary Familial Polycythaemia, 1027 

Dyson, E D ‚and Whitehouse, W 3} Composition of Trabecular Bone in Children 
and its relation to Radiation Dosimetry, 576 


Ebert, i and Dodd, N J F Magnetic Resonance in Biological Systems, review, 


4 

Eccleston, D, Thoa N B „and Axelrod, } Inhibition by Drugs of the Accumula- 
tron in vitro of 5-Hydroxytryptamıne in Guinea-pig Vas Deferens, 846 

Edery, H New Test for Biological Identification of Bradykinin, 70 

Edgington, J A see under Blair, 1 M 

Edmonds, D T Magnetic Resonance and Relaxation, review, 1080 

Edwards, P 3} Nova Model of Centaurus XR-2, 43 

Ehrenberg, A (editor) Magnetic Resonance if Biological Systems, review by 
M Ebert and N J F Dodd, 486 


Ehrenberg, W_ Obituary of Dr H R Nettleton, 296 e 

Einzig, Paul Themes in Economic Anthropology, review, 985 

Eisel, Robert see under Judson, George 

Ellis, F B_ see under Scott Russell, R 

Elton, L R B Computers and Employment, 1109 

Elul, R, Miledi, R, and Stefani, E Neurotrophic Control of Contracture in 
a Slow Muscle Fibres, 1274 $ 


Eremkina, Ẹ | see under Lavrov, S Y . 

Essen, L Error in the Special TheOry of Relativity, 19 

Etmov, M see ugder Bonchev, T bi 

Evans, Bs and White, T E Argon Sorption at 77 4°K on a Micrbporous Glass, 
Evans,C R _ see under Wells, Angela M T 

Evans,] | The Biology of Dreaming, review, 985 


Evans, Richard G, and Norman, Amos Radiation Stimulated Incorporation of 
Thymidien into the DNA of Human Lymphocytes, 455 

Everitt, A see under Deyl, Z 

Ewing, W H see under Reiner, E 


. 


Fahey, JohnL see under Mann, Dean L. h 

Fallon R J Discussion of the kino pat conibinacon Transition of C, 
in Comets, 1240 

Faltin, J see under Lodin, Z 

Farazdaghi, H, and Harris, P M Plant Competition and Crop Yield, 289 

Farley, F J M, Bailey, J , and Picasso, E Experimental Verification of the Theory 
of Relativity, 17 . 

Farrell, Kenneth E Fine Structure of Nerve Fibres in Smooth Muscle of the 
Vas Deferens in Normal and Reserpinized Rats, 279 

Farrell: W E Has the Pacific Basin moved as a Rigid Plate since the Cretaceous? 

Faulkner, John see under Saslaw, William C 

Fegan, D J, and Slevin, P J |= Radio Pulses from Extensive Arr Showers at 520 
MHz, 440 

Feitknecht, W see under Gallagher, K $ 

Ferguson, A W Effect of Seed Extract of Trifoltum subterraneum on Germination 
and Seedling Growth Rate, 1064 

Field, Christopher R A Field Guide to the National Parks of East Africa, review, 


786 

Field, E O, and Gibbs, J E Cross-reaction of Anti-lymphocyte Serum with 
Haemoporetic Stem Cells, 561 

Freld, G B, Aanstad, P A, and Solomon, P M 
in Interstellar Shock Waves, 435 

see under Bowyer, C S 

Field, Michael, Plotkin, Gerald R, and Silen, William Effects of Vasopressin, 
Theophylline and Adenosine Monophosphate on Short-circuit Current 
across Isolated Rabbit fleal Mucosa, 469 

Field, T W see under Cropley, A J 

Fielder, G see under Strom, R G 

Filpescue, N, Hurt, C R, and McAnvoy, N Stimulated Emission and Laser 
Action from the Organic Ligand of Gandolinium Chelates, 631 

Finter, N B see under Bucknall, R A 

Firth, J G, and Holland, H B  Heterogeneots Oxidation of Methane over 
Palladium Catalysts, 1252 

Fischbach, D B — Stress Dependence of Tensile Creep Rate in Carbons and 
Graphites, 840 

Fitzpatrick, J E P, Cotton Kennedy, C , McGeown, Mary G , Orepoulos,D G, 
Robertson, J H , and Soyannwo,M A O Human Case of Piroplasmosis, 
Babesiosis, 861 

Flemming, N C Holocene Earth Movements and Eustatic Sea Level Change in 
the Peloponese, (1032) 

Flesch, Peter Epidermal tron Pigments in Red Species, 1056 

Fletcher, J see under Webb J S 


° 
Production of OH Molecules 


Florescu, D see under Predescu, V * 
Fischer, H see under Gotze, O 
Fogg, G E Euglenoid Flagellates, review, 201 


Forbes, W F,and Robinson, } C Possible Formation of an Azulene-type Radical 
obtained on Heating 3,4-Benzopurene, 550 

Foreman, J K Flame Photometry Theory, review, 390 

Forrester,J A see under Korohoda, W 

Forsberg, J G, and Lannerstad, B Chromosome Aberrations during Normal 
Epithelial Proliferation, 568 

Forstner, U see under Muller, G 

Fox, i see under Cother, E 

Frakes, Lawrence A, and Crowell, John C Late Palaeozoic Glacial Facies and 
the Origin of the South Atlantic Basin, 837 

Franks, D see under Liske, Rosemary 

Fraser Rowell, C H see under Boulton, P S 

Freedman, H see under Boult, B A 

Freeman, T E see under Luge, H H 

Friedman, Meyer, and Byers, Sanford O 
Lipaemia in Rats, 235 

Frischknecht, Hannes see under Dietrich, Felix M 

Frith, L see under Kirsch, R 

Fritsch, A 1, Moore, C E, and Meyer, T S 
Tetramethyldipcrylamine, 350 

Frohwein, Y Z  De-esterification using lon Exchangers, 642 

Fry,D J see under Bittar, E E 

Fry, Michael, and Artman, Michael 
RNA, 661 

Fujimoto, S see under Kokubu, k 

Fuller, D W E see under Stone, N W B 

Fuller, Hubert T see under Stuart, Mary R 

Futa, F see ia Tonomura, K 


Genetic Influence on Alimentary 
Simplification of thæ Synthesis of 


Sedimentation Behaviour of Rapıdly Labelled 


- . e 


{ : 


. 
Gabor, D WHolographic Model of Temporal Recall, 584 
Improved Holographic Model of Temporal Recall, 1288 


Gaborro, D see under Conconi, F 
Gadd, G E Effects of Drag-reducing Additives on Vortex Stretching, 1040 
Gage, P W see under Muchnik, $ 


Galegov,G A see under Lavrov, S V 
Gallagher, K 1, Fertknecht, W , and Mannweiler, U Mechanism of Oxidation 
of Magnetite to y-FeOs, HiG e 


) e 
é‘ 








vi INDEX 


LJ 
Gallo, E @see under Beretta, A 


Galvan, L see under Ungar, G 

Ganelina, L Sh see unger Nemchinskaya, Y L 

Ganor, E see under Yaalon, D H 

Gardiner, B G see under Ahmed, H 

Garland, P B An Introduction to the E a and Biochemistry of Fatty 
Acids and their Glycerides, geview, 19 . 

Garner, R see under Camble, R a . 

Gartler, Stanley M Apparent HeLa Cell Contamination of Human Heteroploid 
Cell Lines, 750 °- 


Gaskin, L Z ` see under Orlovskaja, D D 

Gebbie, H A, and Burroughs, W J Observations of Atmospheric Absorption 
ın the Wavelength Range 2mm to 300um, 1241 

see under Stone, N W B 

Gees, R A see under Muller, German, 836 

Gents-Galvez, J M, Castro, J M, and Battaner, E Lens Soluble Proteins 
Correlation with Cytological Differentiation in the Young Adult Organ of 
the Chick, 652 

Gentry, A W Historical Zoogeography of Antelopes, 874 

George, Robert Y see under Menzies, Robert J 

German, James Mongolism, Delayed Fertilization and Human Sexual Behaviour, 
516 

Gero,S D see under Das, B C 

Ghyka, Gr see under Bona, C 

Gibbs, J E seeunder Field, & O 

Gibson, J B Selection for th sence of Scutellar Bristles, 188 

Gil-Av, E see under Daniels, N 

Gilbert, C W Pulse Radiolysis of Water and Aqueous Solutions, review, 485 

Gilden, Raymond V see under Levy, Jay A 

Gillard, R D , Mitchell, P R , and Roberts, H L 
Amino-acids and Metal Complexes, 949 

Gillis, Murlin F , Peterson, Palmer L , and Karagianes, Manuel T fn vivo Detection 
of Circulating Gas Embol: associated with Decompression Sickness using 
the Doppler Flowmeter, 965 

Gingell, D , and Palmer, J F Changes ın Membrane Impedance associated with 
a Cortical Contraction in the Egg of Xenopus laevis, 98 

Girdier, R W Drifting and Rifeing of Africa, 1102 

Gizts, Evangelos, and Meyer, Leo M Small Molecular Weight Vitamin By, 
Binders in Normal Human Serum, 272 

Glade, Philip R , Kasel, Julius A, Moses, Harold L , Kammermeyer, John K , and 
Chessin, Lawrence N Infectious Mononucleosis Continuous Suspension 
Culture of Pertpheral Blood Leucocytes, 564 

Glazer, A M , and Pramatus,$ Refractive Indices of Mixed Crystals of Phenazine 
and N-Oxyphenazine, 58 


Stereoselective Interaction of 


SGlenn,J W Glaciology and the International Hydrological Decade, 319 
Gliickstein, Mitchell see under Luschei, Erich $ 
Glover, J} E Significance of Styolites in Dolomitic Limestones, 835 


Goby, Marine Interoceanic Colonization of a, through the Panama Canal (Robert 
W. Rubinoffand Ira Rubinoff), 476 
Goddard, L § Lectures on Modern Algebra, review, 689 
Ordinary Differential Equations, review, 485 
Transversal Mappings and Flows, review, 485 
Godwin, K O Abnormalities in the Electrocardiograms of Young Sheep and 
Lambs grazing Natural Pastures low in Selenium, 1275 
Goldte, D J, Hasham, N , Keane, P M, and Walker, W H C Temperature 
Dependence of Cortisol Binding to Plasma Proteins, 852 
Goldman, H see under Bradbury, E M 
Goldreich, P, McCray, R, and Rees, Martin J 
Scattering in Radio Sources, 93! 
Goldsworthy, A Comparison of the Kinetics of Photosynthetic Carbon Dioxide 
Fixation in Maize, Sugar Cane and its Relation to Photorespiration, 62 
Goldup, A see under Ohki, $ 
Good, Robert A see under Alten, Pierson J Van 
see under Cain, W A 
Goodfellow, John see under Bullough, Peter 
Goor, Ronald S New Form of Diphtheria Toxin, 105! 
Gordon, Gale Re see under Peters, John H 
Gordon, | Development and Systematics of Some Pacific Marine Symbiotic 
Copepods, review, 1081 
Gordon, M, Hunter, S C, Love, J A, and Ward, T C Rational Geometry for 
measuring Elastic and Viscoelastic Parameters, 735 
Gordon, Malcolm WV see under Gordon, Mildred K 
Gordon, Mildred K , Bensch, Klaus G , Deanin, Grace G , and Gordon, Malcolm 
Histochemical and Biochemical Study of Synaptic Lysosomes, 523 
Goreau, T F,and Yonge, C M Coral Community on Muddy Sand, 421 
Gori, E G, Petriconi, G L,and Papée, H M Ultraviolet Photolysis of Sodium 
Nitrate Solution in the Laboratory and by Sunlight, 248 
Gorman, Helen see under Stanton, R L 
Goslin Hall, Judith, and Motulsky, Arno G Production of Foetal Haemoglobin 
in Marrow Cultures of Human Adults, 569 
Gotze, O, Haupt, I, and Fischer, H Immune Haemolysis 
Terminal Complement Component, [165 
Green, L B see under Livett, B G 
Green, N M Evidence for a Genetic Relationshep between Avidins and Lyso- 
zymes, 254 
Greene, R S$ see under Krant, M J 
Greenough, William see under Judson, George 
Greenwood, P H Obituary of Professor) B L Smith, 690 
Greig-Smith®P Vegetatior Mapping, review, 886 
Gregory, P H see under Cunnington, A M 
Gressitt, J L, Samuelson, G A,and Vitt,D H Moss growing on Living Papuan 
Moss-forest Weevils, 765 
Grew, W, and Cameron, A Role of Austen:te and Mineral Oil in Lubricant 
Failure, 481 ° 
Grossman, M , Kalow, W , and Cooper, P Effects of Enzymes an the Pharma- 
cology of Isolated Organs, 1151 
Guerin, M see under Libermann, C 
Guan, T, Kilmer, W L, Crarghill, E, and Reynolds, B Hi man Rod Visual 
Delay, [85 
Gulerra,J $ see under Roy, Sujoy B 
Gulik-Krzywicki, T see under Luzzati, Vittorio z 
Gunner, Haim B, and Zuckerman, Bert M Degradation of “Dra non" Syner- 
istic Microbial Action, 1183 - 
Gupta, Harsh 


Stimulated Inverse Compton 


Reaction of the 


see under Narain, Hari ® 


Ld 


seo Beat see under Johansen, Patricia G 

Haen, Peter J, and O’Rourke, Fergus b Proteins and Haemoglobins of Salmon- 
Trout Hybrids, 6% d s 

. ` 


- 


Hahn, George M Failure & Chinese Hamster Cells to Repair Sub-lethal Damage 
when X-trradiated tn the Plateau of Growth, 741 
Halasa,J Role of X, Y afid Z Cells ın Immunological Response, 859 


Hale, D K Strengthening of Silfcate Glasses by lon Exchange, 1115 

Hale, G C „and Hasted,J B Characteristic Energy Loss of Electrons transmitted 
through Argon, 945 e 

Hall, 

Halboth, H see under Spei, M l 

Hall, D O see under Johnson, C E 

Hali, G H see under Armitage, A K 

Hansen, Bent Brood-protection in a Deep-sea Holothuran Oneirophanta muta- 

bilts Theel, 1062 


Linda L see under Bradley, Muriel@ 
Hainaut, Kar! see under Desmedt, John E 

Halford, M H,and Jones, A S$ Synthetic Analogues of Polynucleotides, 639 
Hamparian, V V see under Conant, R M 


Harris, C see under Reddy, J 

Harris, C | see under Trayer, | P a 

Harris, C L,and Wyn-Roberts,D Wear of Carbon Fibre Reinforced Polymers, 
98! 

Harris, J Measurement of Normal Stress Differences in Solutions of Macro- 


molecules, 1248 

Harris, P M see under Farazdaghi, H 

Harrison, C Origin of the Shingle Embankment, Newglae, St Bride’s Bay, 
Pembrokeshire, [55 

Harrison, C $ A Evolutionary Processes and Reversals of the Earth’s Magnetic 
Freld, 46 

Harvey, C C Radio Emission from Geomagnetically Trapped Particles, 50 

Hasham, N see under Goldie, D J 

Hasted,J B see under Hale, G C 

Haupt, I see under Gotze, O 

Hawkes, J G Plant Variation and Classification, review, 885 

Hawkes, Nigel British Schools to go Metric, news, 1204 

European Nuclear Energy, news, 16 
The Engineer in Wonderland, review, 201 

Haydon, D A, and Taylor, J L Contact Angles for Thin Lipid Films and the 
Determination of London-van der Waals forces, 739 

Hayes, Valerie M Nature of Glaciated Landforms, 1035 

Hazlewood, C F see under Nichols, B L 

Heacock, R R , Hessler, V P , Sucksdorff, Christian, Kivinen, M , and Kataja, E 
Variations in Pc | Frequency with Latitude, 153 

Heard, William C = Mesospheric-Stratospheric Coupling, 1038 

Heath, R B see under Robinson, T W E 

Hegarty, M P, and Pound, A W  Indospicine, a New Hepatotoxic Amino-acid 
from Indigofera spicata, 354 

Heikens, D see under Berg, W B Van den 

Hellendoorn, Marja see under Wilmar, Cecile 

Herdlemann, G _see under Spei, M 

Herm, Werner G Relation between Rat Slow Alpha,-globulin and Alpha,~ 
macroglobulin of Other Mammals, 1057 s 

Hélene, Claude see under Montenay-Garestier, Thérese 

Hendra, P J, and Loader, E J Laser Raman Spectra g Sorbed Species, 637 

Hendrix, Thomas R see under Serebro, Harold A 

Henery-Logan, Kenneth R see under Rodericks, J V 

Hernandez-Nicaise, Mari-Luz Specialized Connexions between Nerve Cells and 
Mesenchynal Cells in Ctenophores, 1075 

Hershey, John W B see under Mukundan, M A 

Herz, Fritz, and Kaplan, Eugene Effects of Tannic Acid on Erythrocyte Enzymes, 


Hessler, V P 
see under Knaflich, H B e 
Hewish, A, Bell, S J, Pilkington,J D H , Scott, P F, and Collins, R A Obser- 
vation of a Rapidly Pulsating Radio Source, 709 
Hewlett, M see under Sobel, H 
Heymann, Mark, and Cherniack, Neil Storage of Carbon Dioxide in Muscle, 865 
Hiddteston, J N Enhanced Catalytic Activity of Platinum Electrodes resulting 
from Cathode Pretreatment, 1047 
Hymans, B see under Berg, W B Van den 
Hill, D W see under Payne, J P 
Hiımmelblau, D M see under Moss, E R 
Hirsch, Peter Photosynthetic Bacterium growing under Carbon Monoxide, 555 
Hiwada, K see under Kokubu, T 
Hoh, J F Y see under Close, R 
Hooker, S G, and Kurti, N Engineers and Scientists in Industry, 609 
Hoffenberg, R see under Kirsch, R 
Holborow,—& J} see under Denman, A M 
Holdgate,M W  Sub-Antarctic Sanctuary, review, 105 
Holland, H B see under Firth,J G 
Hollermans, H J G , Meer, J van der, and Touber, J L 
Angiotensin, 277 
Holloway, B W , and Putte, P van de 
putida, 459 
Hopgood, A M see under Bowes, D R 
Hopkin, Judy M , Horton, E W , and Whittaker, V P Prostaglandinf Content 
of Particulate and Supernatant Fractions of Rabbit Brain Homogenates, 7} 
Horgan, A M, and King, D A _ Adsorption Efficiency in the Collision of Mole- 
cular Oxygen with Clean Tungsten, 60 
Horton, E W Pharmacological Experiments on isolate Preparations, review, 
see under Hopkin, Judy M 
Horton, P W see under Davies, } G 
Hoskins, G C _ Sensitivity to Micrurgically Removed Chromosomal Spindle 
Fibres to Enzyme Disruption, 748 
Hotta, Y , and Tsukur,R Effect on the Guinea-pig Taenia Colt of the Substitution 
of Strontium or Barium lons for Calcium lons, 867 
Houston, A H, and Madden, Jane A Environmental Temperature and Plasma 
Electrolyte Regulation in the Carp, Cyprinus carpio, 969 
Howard, G , Abelson, J , Landy, A, Brenner, $ , and Smith, J D Amber Sup- 
presson a Nucleotide Change in the Anticodon of a Tyrosine Transfer, 
10 
Hoyle, F , and Wickramasinghe, N C Condensation of the Planets, 415 
Huebner, Robert J see under Levy, Jay A 
see under Birks, J B 
Hughes, A P see under Cockshull, K E 
Hughes, D T Cytogenetic Mammalian Polymorphism and Evolution in Somatic 
Celi Populations sn vivo and in vitro, 518 
Hughes, X aA and Potter, R V Spectrum of Radio Source at 4C 50 II/NRAO 
Hulley, P E Mitotic Chromosomes of Glossina pallidipes Austen, 977 
Humphrey, 3) H Handbook of Experimental immunology, review, 1291 


see under Heacock, R R 


Radioimmunoassay of 


Transducing Phage for Pseudomonas 


Hunt, A C see under Lucke, @ N 
Hunter, S C see under Gordon, M 
Hurt, C R see under Filipescue, N 


ms 


e e 
® 
Íber, Frank L see under Serebro, Harold A . 
Immelman, E J see under Lucke, J N 7 
foram, M „and Roberts, T A (editors) Botulism 1966, review by | L Martin, 


Intarakosit, P see under Wain, R L. @ 
Ippen, K , Miller, J H , Scaife J, and*Beckwith 1 


Lac Operon E coh, 

lreland,) G see under Åe ramasinghe, N C 

ishida; K, and Akabane, K¥ Distribution of Small Scale Interstellar Absorption, 

luchi, 1 see under Miyayr, T 

Ivanisevic, Olivera K see under Marinovitch, Petar N 

Iverson, Warren P Corrosion of Iron and Formation of Iron Phosphide by 
Desulfovibrio desulficans, 1265 

Iwabuchi, S see undergAkihama, S 

Izod, T B, and Wayne, & P Formation of O, (!Ag) in a Photochemical System 
involving Ozone, 947 


e 
New Controlling Elements in 


Jiri S J] see under Banna, J R 

Jackson, W D see under Bick, Y A E 

Jacobs, G H, and Yolton, R L Distribution of Excitation and Inhibition in 
Receptive Frelds of Lateral Geniculate Neurones, 187 

Jager, ia and Kiescike, H-G Spectral Absorption of Excited Molecules in 
ron, 

dain, SE Gynodioecy in Origanum vulgare Computer Simulation of a Model, 


James, Keith fn vivo and in vitro Effect of Anti-lymphocytic IgG on Sensitized 
Spleen Cells, 261 
see under Naysmith, J D 

Jamuar, Mahendra P see under Prasad, Kedar N 

Jander, Rudolf see under Barry, Charles K 

Jaworowski, Zbigniew Stable Lead in Fossil Ice and Bones, 152 

Jaworska, Haina see under Lima-De-Faria, A 

Jenkins, D see under Swan, H 

Jensen, R A, and Katzung, B G Simultaneously Recorded Oscillations in 
Plemrana Potential and Isometric Contractile Force from Cardiac Muscle, 

Jeon, K Wi and Lorch, } J New Simple Method of Micrurgy on Living Cells, 


Johns, David G see under Booth, Barbara A 

Johansen, Patrica G, Hadorn, Beat, and Anderson, Charlotte M 
Secretin on Human Rectal Mucosa in vivo, 468 

Johnson, A A see under Ordonez, J 

Johnson, C E, and Hall, D © Mossbauer Effect Study of the State of Iron in 
Spinach Ferredoxin, 446 

Johnson, C G Obituary of Professor Frank Raw, 691 

Johnson, G Leonard, Mg Pew, James A Extension of the Mid-Labrador Sea 
Ridge, 1033 

Johnson, H D see under Yousef, M K 

Johnson, Robert A see under Luscher, Erich S 

Jones, A § see under Halford, M H 

Jones, Alan see under Judson, George 

Jones, Eustace W Methods for Estimating the Primary Production of Forests, 
review, 886 

Jones, F J $, and Summers, D D B Relation between DDT in the Diets of 
Laying Birds and Viab@lity of their Eggs, 1162 

Jones, H D Some Aspects of Heart Function tn Patella vulgata L , 1170 

Jones, O see under Bardsley, W 

Jones, Peter, Suggett, A, and Pain, R H 


Effect of 


Sub-unit Nature of Catalase Compound 

Jowsey, Jennifer, and Simons, George W 
Cortisone Secretion, 1277 

Joy, W K, Ladner, W R, and Pritchard, E Laser Heating of Coal Particles in 
the Source of “Time-of-Flight’' Mass Spectrometer, 640 

Judson, George, Jones, A, Kellog, R, Bickner, D, Eisel, R, Perry, S, and 
Greenough, W Closed Continuous-flow Centrifuge, 816 

Junqueira, C L see under Blair-West, J R 


Normocalcaemia in relation to 


Kahn, F D  Quast-stellar Objects, review, 883 

Kakimoto, Y see under Takao, T 

Kalow, W _ see under Grossman, M 

Kanazawa, A see under Takao, T 

Kandatsu, Makoto see under Yamaguchi, Michio 

Kaplan, Albert S see under Kasamaki, A 

Kaplan, Eugene see under Herz, Fritz 

Kaplan, Jean-Claude, and Beutler, Ernest Electrophoretic Study of Glutathione 
Reductase in Human Erythrocytes and Leucocytes, 256 

Karagianes, Manuel T see under Gillis, Murlin F 

Kasamaki, A, Ben-Porat, T, and Kaplan, Albert S Poluoma Virus-induced 
Release of Cellular DNA Synthesis caused by lododeoxyuridine, 756 

Kataja, Eero see under Heacock, R R 

Kato, A see under Kokubu, T 

Katz, Amita Calcian Dolomites and Dedolmitization, 439 

Katzung, B G see under Jensen, R A 

Kaushtk, V S see under Roy, Sujoy B 

Kawano, T, Morimoto, K, and Uemura, Y  Urokinase Inhibitor in Human 
Placenta, 253 

Kay, G, Lilly, M D, Sharp, A K, and Wilson, R J H 
Porous Sheets with Enzyme Action, 641 

Kaye, A see under Broadbent, J M 

Keane, P M see under Goldie, D J 

Keen, |} M, King, W J, and Wallis, R 
Mordenite tn Pebble Form, 1045 

Kehm, A see under Lidz, B 

Kellogg, Robert see under Judson, George 

Kelly, W A see under Marston, ] H 

see under Marson, J H 

Kemp, G C M see under Downing, H J 

Kents, Paul R Drag Reduction by Bacterial Metabolites, 940 

Kenn, M J, and Minton, P Cavitation induced Vorticity at a Smooth Flat Wall, 


Preparation and Use of 


Hydrothermal Synthesis of Sodium 


633 

Kendall, D G The Doctrine of Chances, review 389 

Kenney, J F see under Knaflich, H B + 

Kenrick, P S Gran Boundary Diffusion Effects in Films of Gold on Chromium, 
1249 « 


INDEX vii 


Kern, Jerome see under Levy, Jay A 8 

Kernahan, J A see under McConkey, | W 

Kerridge, ) F Occurrence of Olivine ina Type | Ca®bonaceous Meteorite, 729 

Keve, E T,and Skapski, A C Structure corresponding to the Ideal Composition 
3B1,0, 17Nb.0,, 841 

Khana, P K_ see under Roy, S§oy B 

Kidson, C Processes of Coastal Developmetnt, review, 1293 

Kidson, Chev see under Baldwin” John 

Kieschke, H -G ~ see under Jager, H t 

Kilmer, W L see under Guinn, T 

Kimura, Motoo Evolutionary Rate at the’Moleeular Level, 624 

King, D A see under Horgan, A M $ 

King, W 1 see under Keen, 1 M 

Kıng-Hele, D G The Lunar Society, news, 211 

Semt-annual Variation in Upper Atmosphere Density, 833 

Kiortsis,M Combined Lethal Effect of Zinc Chloride and Gamma Irradiation on 
Bacillus megaterium, 746 

Kirby, K S$ see under Salaman, D F 

Kirsch, J A W Prodromus of the Comparative Serology of Marsupialia, 418 

Kirsch, R, Frith, L, Black, E, and Hoffenberg, R Regulation of Albumin 
Synthesis and Catabolism by Alteration of Dietary Protein, 578 

Kissel, P, Lamarche, M, and Royer, R Modification of Uricaemia and the 
Excretion of Uric Acid Nitrogen by an Enzyme of Fungal Origin, 72 

Kivinen, M see under Heacock, R R Md 

Klug, A see under Roster, D J De 

Knacke, R F Extinction by Interstellar S Grains, 44 

Knox, Kerwin see under Swan, H 

Knyszynskt, A see under Berenblum, I 

Koenig, Pamela B see under Smith, P Dennis 

Koketsu, K, and Nishi, § Calcium Sprkas of Nerve Cell Membrane 
Calcium tn the Production of Action Potentials, 468 

Kokubu, T , Ueda, E , Fuyrmoto, S , Hiwada, K , Kato, A, Akutsu, H , Yamamura, 
Y ,Saito,S,and Mizoguchi, T Peptide Inhibitors of the Renin-Angiotensin 
System, 456 

Koller, P C Hereditary Factors in Carcinoma, review, 199 

Kolonytseva,| K see under Kuzin, A M 

Koningstein, K A, and Mortensen, © S Experimental Observation of an 
Antisymmetric Raman Scattering Tensor, 445 

Kopin, Irwin J see under Chase, Thomas N 

Korn, } Simplified Procedure for Immunodiffusion Techniques on Cellulose 
Acetate, 126] 

Kornberg, H L_ Obituary of Professor E R Redfearn, 1294 

Korohoda, W , Forrester,J A, Moreman, K G ‚and Ambrose, E J Size changes 
in Isolated nuclei of Amoeba proteus on Treatment with Polytonic Sub- 
stances, 615 

Koweter Nechama S , and Rock, Rica A 

Kramer, S Z, Seifter, J, and Bhagat, B 
Acetylcholine tn Rat Brain, 184 

Kramer, Theodore see under Tengerdy, Robert P 

Krant, M J, Brandrup, C 5, Greene, R S, Poch, P E, and Strauss, J S$ 
Secaceous Gland Activity in Breast Cancer, 463 

Krassovsky, V | Heating of the Upper Atmosphere during Geomagnetic 
Disturbances, 1136 

Krishna Swamy, K S, and Wickramasinghe, N C 
Quartz Grains, 1236 . 

Krugman, S L , and Critchfield, W B Red Pine Needle Structure, 685 

Kruisheer, H E J see under Smink, D A 

Kubal trand Auerbach, R Neonatal Splenectomy Absence of Runting in 
ice, 

Kuehl, jun, Frederick A, Vandenheuvel, W J A, and Ormond, Robert E : 
Urinary Metabolites in Parkinson's Disease, 136, erratum, 1084 

Kulkarni, R N see under Berson, F A 

Kumar, V Y Sampat, and Biswas, A K Influence of Carbon Dioxide in the 
Calcite-Sodium Oleate Flotation System, 1255 

Kunchur, N R Crystal Structure of Ethylbidiguamide Silver (IH) Nitrate, 539 

Kundu, M R , and Velusamy, T Lunar Occulation of a Solar Active Region at 
4 cm Wavelength, [132 

Kunos, G, and Szentivany:, M 
Adrenergic Receptor, 1077 

Kuntz, Eloise Tryptophan Emission from Trypsin and Polymer Films, 845 

Kuperman, Albert $ , Altura, Bella T , and Chezar, Judith A Action of Procaine 
on Calcium Efflux from Frog Nerve and Muscle, 672 

Kurt, N see under Hooker, S G 

Kuzin, A M, Kolonijtseva, 1 K , and Yusifov, N | Effect of Ecdysone on the 
Puparium Formation in Irradiated Ephestia kuhniella Z 

Ky:, Tun see under Smith, $ E 


Role of 


Serzures in Experimental Porphoria, 


Regional Distrabution of Tritiated 


Interstellar Extinction by 


Evidence favouring the Existence of a Single 


Ladrier, W R see under Joy, W K 

Laduron, Pierre, and Belparrg, Frans 
of Tyrosine Hydroxylase, 1155 

Lagios, Michael D Tetrapod Characteristics of the Pituitary Gland of Calamorch- 
thys calabaricus, 473 

Lahay, N see under Banin A 

La, L Y C Unusual Distribution of Red Cell Ac Phosphatase among Abori- 
gines of Australia, !186 

Lake, B D Segmental Demyelination of Peripheral Nerves in Krabbe’s Disease, 
i71 


Evidence for an Extragranular Localization 


Lamarche, M see under Kissel, P 

Lamb, H H Histoire de Chimay depus PAn Mil, review, 687 

Lamden, R J Trend tn the Harmonic Energies of the Diurnal Variation at Two 
British Observatories, 347 

Lance, Eugene Erasure of Immunological Memory with Anti-lymphocyte Serum, 
557 


Landsberg, P A Elements and Formulae of Special Relativity, review, 883 

Landy, A see under Howard, G 

Langman, M J S, Qonstantinopoulos, A, and Boucher, | A D ABO Blood 
Groups, Secretor Status and Intestinal Mucosal Concentrations of Alkaline 
Phospatase, 863 a 

Lannergren, } see under Smith, R S è 


Lannerstad, B® see under Forsberg, J] G 
Lannigan, R, and Zak, S Location of Gamma Globulin in the Endocardium in 


Rheumatic Heart Disease by the Ferritin-labelled Antibody Technique, [73 
Larin, F see under Wurtman, Richard J 
Lavrov, S V, Eremkina, E |, Orlova, T G, Galegov, G A, Soloviev, V D., and 
Zhdanov, V M Combined Inhibition of Influenza Virus Reproduction in 


Cell Culture using Interferon and Amantadine, 856 . 
Lawhaswasdi, K see under Smith, Paul G 
Lawn, A N see under Meynell, G G . 


Vill 
@ * 

Lawson, Annette Influences on Parent Behavior, review, 887 

Layton, A J} see under Raneree, A K 

Lazar, P see under Libermann, C 

LeBlanc, J, and Mount, L E Effects of Noradrenaiine and Adrenaline on Oxygen 
Consumption Rate and Arterial Blood Prgssure in the Newborn Pig, 77 

Le May,! see under Nair, K D ° 

Leakey, L S B Lower Dention of Kenyaphithgcus africanus, 827 

Leary, Gordon . Photochemical Quinoid Structures in Wood, 672 

Lederer, E see under Das, B C @ 

Lee, Anna M Numerical Taxonomy and Influenza 8 Virus, 620 

Lee, Maureen B, and Bridges, Jghn M L-Asparagınase Activity in Human and 
Animal Sera, 758 

Lehmann, H see under Beretta, A 

Leick, Vagn Ratios between Contents of DNA, RNA and Protein in Different 
Micro-organisms as a Function of Maxtmal Growth Rate, 1153 

Lerman, L see under Sandlin, R 

Levenson, S M see under Seifrer, E 

Levy, Jay A, Huebner, Robert J, Kern, Jerome, and Gi!den, Raymond Y High 
Titre T Antigen with Minimal Amounts of Scructual Antigen in Adenovirus~ 
infected Cells treated with Hydroxyurea, 744 

Lewis, Elisabeth Handbook of Chemistry and Physics, “eview, 887 

Lewis, P D Mitotic Activity in the Primate Subependymal Layer and the 
Genesis of Gliomas, 974 

Ltbermann, C, Lazar, P, Choyroulinkov, |, and Guerin, M Response of an 
Active Component of Cri Oil to Short-term Tests on Carcinogenicity, 
563 

Liboff, Abraham R, and Shamos, Morris H  Ultra-low Levels of Terrestrial 
lonization, 629 

Lidz, B , Kehm, A, and Miller, H Depth Habitats of Pelagic Foramsnifera during 
the Pleistocene, 245 . 

Lilly, M D see under Kay, G 

Lima-De-Faria, A , and Jaworska, Halına Late DNA Synthesis in Heterochromatin, 
138, erratum, 1295 

Lindley; Mary Dictionary of Science and Technology, English-German, review, 
| 


The Penguin Dictionary of British Natural History, review, 689 

Lints, Frederic A The Reference Problem, correspondence, |192 

Liozner, A L see under Svet-Moldavsky, G J 

Liquor, A M see under Ascoli, F 

and Conti, F NMR Studies of Gramicidine S in Solution, 635 

Ctisgarcen, N D see under Blackman, M 

Liske, Rosemary, and Franks, D Specificity of the Agglutinin in Extracts of 
Wheat Germ, 860 

Uston, J see under Baross, John 

Livett, B G, Green, L B, and Austin, L Axoplasmic Transport of #*C-Nora- 
drenaline and Protein in Splenic Nerves, 278 

Lloyd, Elizabeth Relative Binding of Strontium and Calcium in Protein and 
Non-Protein Fractions of Serum in the Rabbit, 255 

Loader, E } see under Hendra, P J 

Lodge, A S see under Broadbent, J M 

Lodin, Z, Muller, J, and Faltin, 3 Distribution of Dehydrogenase in the Cere- 
bellar Cortex, 655 

Loft, A R _ see under Stone, N W B 

Lofts, B Calcium tn Reproductive Phystology, review, 983 

Lonsdale, Katherine Epitaxy as a Growth Factor in Urinary Calcul: and Gall- 
stones, 56 

Lombard, A see under Bannerjee, R 

Lorch, I J see under Jeon, K W 

Lord, B | Emergence of Two Erythroblast Lines in Erythropotesis during 
Growth and Haemorrhage in the Rat, 1026 

Lous, M see under Daniel, N 

Love,J A see under Gordon, M 

Lovis, i fre Artificial Reconstruction of a Species of Fern, Asplenium adultermum, 


Lucchesi, John C see under Smith, P Dennis 

Lucke, J N, Impelman, E J, Symes, M O, and Hunt, A C Use of Horse 
Anti-pig Leycocyte Serum to suppress the Homograft Reaction in Pigs, 560 

Luke, H H, and Freeman, T E Stimulation of Transpiration by Cytokinins, 873 

Cuschet, Erich S, Johnson, Robert A, and Glickstein, Mitchell Response of 
Neurones in the Motor Cortex during Performance of a Simple Repetitive 
Arm Movement, 190 

Luzzaet, Vittorio, Tardieu, A, and Gulsk-Krzywicki, T 


Lyne,A G 
Lytle, Ivan M 


Polymorphism of Lipids, 


see under Davies, J G 
see under Bonilla, Carlos A 


Maassab, H F see under Bell, W C e 

Macdonald, Glenn E imprinting Drug-produced isolation and the Sensitive 
Period, [158 

Macdonald, P D M 

Macgregor, C 


see under Bartlett, M S 
see under Perkowska, Eva 
Machmer, Patl Empirical Correlation between the Molecular Electric Field 
Macgregor, H C see under Perkowska, Eva 
Gradients and the Average Molecular Polarizabilities of some Halogen 
Compounds, 165 
Mack,J E see under Bowyer, C S 
MacKay, D M Evoked Potentials reflecang Interocular and Monocular 
Suppression, 81] 
and Rietveld, W J Electroencephalogram Potentials evoked by 
Accelerated Visual Motion, 677 
Mackhn, Martin Biological Phase Relationships, 622 
MacMillan, J, and Takahashi, N Proposed Procedure for the Allocation of 
Trivral Names to the Grbbereliins, 170 å 
Macrae, A D Clinical Virology, review, 200 
Madden, Jane A see under Houston, A H 
Madejewicz, S see under Szymendera, J é 
Maddox, John Diversification ac Harwell, 607 
Maddox, Brenda Report from Iron Mountain, review, 489 2 
Madge, C Theory and Methods of Costa! Research, review, 587 
Maeda, K see under Tonomura, K 
Maetz, J, and Skadhauge, E Drinking Rates and Gill Ionic Turnover in relation 
to External Salinities tn the Eel, 372 
Maguire, eM Helen, and Michal, Frank Powerful New Aggregator of Blood 
latelets—-2-Chloroadenosine-5’-giphosphate, 571 
Makler, Michael T Growth Hormone tn Hufnan Development, 1149 
*Wanchanda,$ C see unfer Roy, Sujoy B 


INDEX . . 


, 

Mandel, Adrian D see under Shapira, Jacob 

Mandel, T Striated Muscl@in the Cortex of Foetal Guinea-pig Thymus, 276 

Mann, Dean L, Rogentine, jun, G, Nicholas Fahey, John L, and Nathenson, 
Stanley G Solubilization of Human Leucocyte Membrane Isoantigens, 
1180 

Mannweiler, U see under Gallagher, K J. 

Manshardt, James, and Wurtman, Richard J” Daily Rhythm in the Noradrenaline 
Content of Rat Hypothalamus, 574 

Manwell, Tom, and Simon, M Are the Optical Luffinosity Fluctuattons of 3C 
273 Random’, 931 

Marchetti, M see under Calderera, C N 

Mardon, P G = Plutonium Handbook, review, 588 

Marinovitch, Petar N , Ivantsevic, Olivera K , and Martinovic, Jovan VY Induction 
of Hyperluteinization and Precocious Opening of the Vagina in Rats with 
a Transverse Cut in the Hypothalamus made shortly after Birth, 866 

Marshall, John H, and Onkelinx, Claude Radial Diffusgon and Power Function 
Retention of Alkaline Earth Radioisotopes, 742 ® 

Marshall, N J see under Burton, J D 

Marson, J H, and Kelly, W A Effect of an Intra-uterine Device on Uterine 
Motility mm the Rhesus Monkey, 774 

Marston, J H, and Kelly, W A Time Relatronships of Spermatozoon Penetra- 
tion into the Egg of the Rhesus Monkey, 1073 

Martin, | L Botulism 1966, review, 489 

Martinovic, Jovan Y see under Marinovitch, Petar N 

Mason, G Radial Distribution Functions from Small Packings of Spheres, 733 

Mason, J see under Zimirt, | 

Mason, R Activation of Small Molecules by Transition Metal lons and their 
Complexes, 543 

Mason, R K Asthma and the High Frequency Sound Environment, 360 

Massey, A G see under Reddy, M L 

Masucci, F D see under Pals, D T 

Mater, M see under Viersma, | W 

Matolcsy, Gy see under Pozsar, B | 

Matthew, G Y T Radar Ornithology, review, 107 

Matthews, L Harrison Seals of the World, review, 105 

Matthews, P T The Interactions of Hadrons, review, 197, Algebraic Theory of 
Particle Physics, review, 197 

Mattocks, A R Toxicity of Pyrrolizidine Alkaloids, 723 

Maurer, H Ratner see under Suss, Rudolf 

Mayer, A M Chlamydomonas Adaptation Phenomena in Phototaxis, 875 

Mayes, P see under Aspinall, A 

McAnvoy, N see under Filipescue, N 

McBirney, Alexander R Second Additional Theory of Origin of Fiamme tn 
Ignimbrites, 938 

McConkey, J W, Burns, D J, Moran, | A, and Kernahan,J A Wavelengths 
ana Absorption Coefficients for the Forbidden Lines of Atomic Sulphur, 


McCray, R see under Goldreich, P 

McElhinny, M W  Northward Drift of India—-Examination of Recent Palaeo- 
magnetic Results, 342 

McGeown, Mary G see under Fitzpatrick, J E P hd 

McGonagle, Thomas see under Serebro, Harold A 

McKenzie, John Biochemistry of the Avian Embryo, review, 107 

McKinnon, N A see under Bennett, C E G 

McLellan, A G Transport Processes and the Chemical Potential, 349 

McNulty, Wilbur, T see under Nicholas, Ann H 

McOmie, J F W see under Taylor, W I 

Meer, J van der see under Holiermans, H J G 

Meltzer, Bernard Speculations on the Use of Orthonormal Functions in the 
Study of Morphogenesis, 196 e 

and Searle, Nigel Impotence Principle in Descriptive Morphology, 1289 

Menzies, Robert J, George, Robert Y, and Rowe, Gilbert Vision Index for 
isopod Crustacea related to Latitude and Depth, 93 

Meselson Matthow, and Yuan, Robert DNA Restriction Enzyme from E colr, 

Meyer, A J see under Fritsch, A J 

Meyer, Leo M see under Gizts, Evangelos 

Meyerson, Bengt J Female Copulatory Behaviour in Male and Androgen:zed 
Female Rats after Oestrogen/Amine Depletor Treatment, 683 

Meynell S, G ‚and Lawn, A M Filamentous Phages specific for the f Sex Factor, 

Meza, Isaura 

Micallef, H 


see under Zalik, Sara Eisenberg 

see under Bannister, W H 

Michal, Frank see under Maguire, M Helen 

Mkheidze,D M see under Svet-Moldavsky, G J 

Miledi, R see under Elul, R 

Millar, R H Growth Lines in the Larvae and Adults of Bivalve Molluscs, 683 

Miller, H see under Kehm, A 

Miller,J H see under Ippen, K 

Miller, tif, J J, and Johnson, D © Differences in Salmonella Flagella in Lymph 
Node Follicles of Germ-free and Conventional Rats, 1059 

Miller, John J , and Cole, Leonard J Proliferation of Mast Cells after Antigenic 
Stimulation in Adult Rats, 263 

Miliott, N , and Okumura, H Pigmentation in the Radial Nerve of Diadema 
antillarum, 92. 

Minsker, E t see under Orlovskaja, D D 

Minton, P see under Kenn, M J 

Misra, T N see under Rosenberg, Barnett 

Mitchell, P R see under Gillard, R D 

Miya, T, Ohba, Y, Yamamoto, K, Shibata, S, lucht, 1, and Takenaka, M 
Japanese Haemoglobin Variant, 89 

Mizogucht, T see under Kokubu, T 

Mohri, Hideo Amuino-actd Composition of “Tubulin” constituting Microtubules 
of Sperm, 1053 

Montague, W , and Taylor, K W 
Chain Fatty Acrds, 853 

Montenay-Garestier, Thérèse, and Helene, Claude Molecular Interactions 
between Tryptophan and Nucleic Acid Components tn Frozen Aqueous 
Solutions, 844 

Moore, C E see under Fritsch, A J 

Moore, Peter D Human Influence upon Vegetational History in North Cardi- 
ganshire, 1006 

Moore, jun, Thomas E see under Dawson, C 

Moran, | A see under McConkey, J W 

Morcom, K W, and Muju, B L Standard Potential of the Silver-Silver Bromide 
Electrode in Formamide, 1046 

Moreman, K G see under Korohoda, W 

Morimoto, K see under Kawano, T 

Moriwaki, C , Beilenson, Susanne, and Schachter, M Vasopressor Substance in 
Cat Submaxillary Saliva, 270 

Morris,] }_ see under Serfter, E 

Morra, N F Cellular Biology of the Uterus, review, 784 

. 


Regulation of Insulin Secretion by Short 


a 


' : INDEX Ix 


Morrison, Cathleen F see under Armitage, A K 8 
Mortensen, O § see under Koningstein, K A 
Morton, A S Effect of Pipe Diameter, Vibration Amplitude and Fluid Vis- 
cosity on Pipe Flow, 53 . 
Motion of a Fluid through a Vibrating Pipe, 838 
Moss, E R, Himmelblau, D M, Schechter, R S$, and Pitzer, R L Circulation 
within Monolayer Films on Aqyeous Substrates at Low Surface Pr&ssures, 


349 A 
Motulsky, Arno G seeu Goslin Hall, Judith 
Mount, L E see under LeQlanc, J 


Muchnik, S , and Gage, P 
373 

Mueller, Helmut C Selection of Prey Oddity or Conspicuousness?, 92 

Mueller, Paul, and Rudin, Donald © Action Potentials induced in Biomolecular 
Lipid Membranes, 713 

Muirhead, K J Eliminating False Alarms when detecting Seismic Events Auto- 
matically, 533 © 

Muju, B L see under M8rcom, K W 

sukeri e Pasupati Rates of Adsorption of Wetting Agents and Detergents, 


Mukherjee, K see under Ordonez, | 

Mukundan, M A, Hershey, | W B, Dewey, K F,and Rhach,R E Binding of 
Formylmethionyl-tRNA to 305 Ribosomal Sub-units, 1013 

Muller, German, and Gees, R A Origin of the Lake Constance Basin, 836 

and Forstner, U General Relationship between Suspended Sediment 

Concentration and Water Discharge in the Alpenrhein and some other 
Rivers, 244 

Muller, J see under Lodin, Z 

Mummery, Rosemary S see under Valadon, L R G 

Munoz, 3} see under Bergman, R K 

Muntefering, Horst see under Pfitzer, Peter 

Murray, I Mackay Induction of the Primary Immune Response, 430 

Myers, K see under Blair-West, J R 


Effect of Bromide fons on Junctional Transmission, 


Nar, K D, and Le May,! Mechanisms of Fatigue Damage in Face Centred 
Cubic Metals, 634 

Nakagami, T see under Tonomura, K 

Nakao, Komes, and Angrist, Alfred A Membrane Surface Specialization of 
Blood Platelet and Megakaryocyte, 960 

Nakatsu, K , and Reiffenscein, R J Increased Receptor Utilization 
of Cocaine Potentiation, 1276 

Naklikar, J V , and Wickramasinghe, N C 
background, 1235 

Nandy, K see under Wickramasinghe, N C 

Napter, John Biology of the Howler Monkey, review, 1082 

Napier, J R ‚and Napier, P H A Handbook of Living Primates, review by Eric H 
Ashton, 488 ° 

Napier, P H see under ‘Napier, J R 

Narain, Hari, and Gupta, Harsh Koyna Earthquake, 1138 

Nath, M C, Reddi, T G, and Nath, N Effect of Phenylhydrazine and Hydro- 
lysed Glucose on Adenosinetriphosphatase Activity in Liver Mitochondria, 


552 

Nath, N see under Nath, M C 

Nathenson, Stanley, G see under Mann, Dean L 

Naudé, S M = Obituary of Dr P J Tort, 787 

Naysmith, J D , and James, Effect of F(ab*), from Rabbit Lymphocyte IgG on 
the Graft versus Host Reaction in F, Hybrid Mice, 260 

Nelson, J F see under Blair-West, 1 R 

Nemchinskaya, V L, Ganelina, L Sh, and Braun, A D Differences in lsozyme 
Cue us = Nucleic and Cytoplasmic Lactate Dehydrogenase of Rat Liver 

ells, 25 

Newell, Reginald E 
erratum, 394 

Newton, D see under Rundo, J 

Nicholas, Ann H , and McNulty, Wilbur T 
isolated from Rhesus Monkeys, 745 

Nichols, B L, Barnes, D J, Ashworth, A, Alleyne, G A O, Hazlewood, C F, 
and Waterlow, J C Relationship between Total Body and Muscle 
Respiration Rates in Infants with Malnutrition, 475 

Nichols, B W , and Wood, B J B New Glycolipid Specific to Nitrogen-fixing 
Blue-green Algae, 767 

Ng, Won G , Donnell, George N , and Berbren, W R Deficiency of Erythrocyte 
Nicotinamide Adenine Dinucleotide Nucleosidase (NADase) Activity in 
the Negro, 64 

Nikokavouras, 4 see under Bersis, D S 

Nilausen, Karin Growth promoting Effect of Lysolecithin on Chinese Hamster 
Cells tn vitro, 268 

Nisbet, N W Mechanisms in Early and Late Phases of Tolerance induced by 

Parabiosis in Adult Mice, 265 

Nishino, K see under Takagi, K 

Nobel, John A see under Braver, Fred 

Norman, Amos see under Evans, Richard G 

Norr, M L see under Dyke, D Van 

Nishi, S see under Koketsu, L 

North, } D Astronomy Old and New, review, 389 

Northcote, H see under Sheldrake, A R 

Nyholm, R S see under Banerjee, A K 


Mechanism 


Interpretation of Cosmic Microwave 


Sem:annual Variation in Thermospheric Density, 150, 


In vitro Characteristics of a Poxvirus 


, 

O Connor, John see under Bullough, Peter 

O'Donald, Peter Natural Selection by Glow-worms tn a Population of Cepaea 
nemoralis, 194 

O'Rourke, Fergus J see under Haen, Peter J 

Ohba, Y see under Mryay:, T 

Ohkı, S, and Goldup, A influence of pH, Sodium and Calcium ions on the dc 
Resistance of Black Egg Lecithin-Cholesterol Films, 458 

Okada, Motoyuki, and Watanabe, Tsutomu Isolation of Salmonella Typhimurium 
Mutants with Increased Recipient Ability by the Use of R Factor, 854 

Okude, M see under Akihama, S 

Okumura, H see under Millott, N 

Oldfield, R C Research in Verbal Behaviour and Some Neurophysiological 
Impheations, review, 1082 

Omer, Salah M , and Cloudsley-Thompson, } L wDry Season Biology of Anopheles 
gambiae in the Sudan, 879 

Orchard, Elspeth see under Blair-West, J R 


Ordonez, J, Johnson, A A, and Mukherjee, K Preparation of Fibr@ Reinforced 
Nickel-Gold Alloys using a Solid State Reaction, 443 

Orland, Eva see under Rose, M Elaine 

Orlova, T G see under Lavrov, S V 

Orlovskaja, D D , Gaskin, L Z, and Minsker, E 1 Biological Action of Blood 
Serum of Schizophrenic Pagients in relation to Stress, 473 

Ormond, Robert E see under Kuehl, jun , Frederick A 

Orr, A Hilary, see under Bagshawe, K D ° 

Osborn, M J Biochemical Characterization of Mutants of Salmonella typhie 
murium lawking Glucosy! or Galactosy! Lipopolysaccharide Transferases 
{M J Osborn), 957 

Oster, L New Restriction on Models for Quasitstellar Objects, 148 

Ostriker, Jeremiah Possible Model for a Rapidly Pulsating Radio Source, 1227 

Otero, Joseph G Effects of Cercarial Extracts of Schigtosoma mansoni on HeLa 

ells, 
Owen, Ellis Obruary of Dr H M Muir-Waod, 1294 
Owen, N L see under Bolton, K 


t 

Pan, R H see under Jones, Peter 

Palmer, H P , and Rowson, B The Jodrell Bank Mark Hil Radio Telescope, 2 

Palmer, } F see under Gingell, D 

Pals, D T, and Masucc, F D Effect of Cosel, Desipramine and Angiotensin 
on Uptake of Noradrenaline in Tiss of Pithed Rats, 772, erratum, 1084 

Pande,J N _ see under Roy, Sujoy B 

Pantelourts,E M Absence of Thymus in a Mouse Mutant, 370 

Papée, H M see under Gort, E G 

Parlect, Malcolm Teachers and Testing, remew, 295 

Parsons, Victor, and Self, Malcolm Urinary Hydroxyproline Excretion in Phos- 
phate Depleted Rachitic Rats, 551 

Paterson, Russell Transport of [ons against their Concentration Gradients in an 
Analogue System for Active Transport using Charged Membranes, 545 

Payne, J P, Hill, D W,and Wood, D G L Distribution of Ethanol between 
Plasma and Erythrocytes in Whole Blood, 963 

Peborgh, P Yan see under Phillips, C | 

Penman, H L The Problem of Water, review, 487 

Water, Weather and Pre-history, review, 487 

Pennock, C A___ Association of Acid Mucopolysaccharides with isolated Amyloid 
Fibrils, 753 

Penston, M V see under Cannon, R D 

Penston, Margaret J see under Cannon, R D 

Perkowska, Eva, Macgregor, H C, and Birnstiel, M L Gene Amplification in 
the Oocyte Nucleus of Mutant and Wild-type Xenopus laevis, 649 

Perry,S Y see under Trayer, | P 

Perry, Seymour see under Judson, George 

Persaud, T V N_ Teratogenic Effects of Hypoglycin-A, 471* 

Persson, T , and Roos, B E Climeal and Pharmacological Effects of Monoamine 
Precursors or Haloperidol tn Schrzophrenra, 854 

Petcher, T J see under Brown, D 

Peters, John H , and Gordon, Gale R 
Subhuman Primates and Man, 274 

Peters, Pierre A see under Warren, Kenneth S 

Peterson, Palmer L see under Gillis, Murlin F 

Petricon, G L see under Gon, E G 

Pew, James A see under Johnson, G Leonard 

Eitzen, 7 a and Muntefering, Horst Cyclopism as a Hereditary Malformation, 


Phillips, A J see under Burton, J D 

Philips, C 1, Ainley, R G , Peborgh, P Van, Watson-Williams, J , and Bottomley, 
A Vitamin Bı, Content of Aqueous Humour, 67 

Filipe: ae R A Monograph on the Polychaeta of Southern Africa, review, 


Phillis, J W, and Tebecis, A K 
Responses, 1076 
and York, D H Action of lontophoretically Applied*Tetrodotoxin on 
Cortical Nerve Cells, 271 
Picasso, E see under Farley, F J M 
Piddington, J H, and Drake, J F 
10, 935 
Piet, P see under Berg, W B Van den 
Pikaev, A K Pulse Radiolysis of Water and Aqueous Solutions, review by C W 
Gilbert, 485 
Pilet, P E, and Blanc, B Effect of B-Indolylacetic Acid on the Growth and the 
Auxin Catabolism of Lactobacillus bulgaricus, 285 
Pilkington, J D H see under Hewish, A 
Pirie, N W Cows, Sheep, Pigs and Pounds, correspondence, 1296 
Pitty, A F Calcium Carbonate Content of Karst Water in relation to Flow- 
through Time, 939 
Pitzer, R L see under Moss, E R 
Flogster, M N Nucleation of Freezing ın Supercooled Water by Cavitation, 
4i 
Plotkin, Gerald R see unde? Field, Michael 
Poch, P E see under Krant, M J 
Polan, P E Sex Chromosomes, review, 292 
Pollard, Morris see under Sharon, Nehama 
Pontecorvo, G Biochemical Genetics, Yo! 1, No 1, review, 105@ 
Annual Revrew of Genetics, Yol |, review, 
Pontremoli, S see under Conconi, F 
Poole, E G Age of the Upper Boulder Clay Glaciation in the Midlands, |137 
Popov, D V see under Popov, V V 
Popov, V V „and Popov, D V Effect of Light and Dark on Secondary Induction 
of Cornea in Tadpoles of Rana temporia, 1169 
Porter, N A _ Directed Emission Model for Quasars, 329 
Porterfield, J S Virological Procedures, review, 984 
Potter, R V under Hughes, Y A 
Potts, G R ccess of Eggs of the Shag on the Farne Islands, Northumberland, 
in relation to their Content of Dieldrin and pp’DDE, 1282 
Pound, A W see ender Hegarty, M P e 
Pozsar, B 1, and Matolcsy, Gy Regulatory Effect of N°-Benzyladenine and Pseu- 
dothygnine (6-Methyluracyl} on the Synthesis of Nucleic Acids, 848 
Pramatus, S` see under Glazer, AM è : 
Prasad, Kedar@N , and Jamuar, Mahendra P Polymelanosomes of the Melanocyte 
and their Substructures, 1067 
Prato, V see under Beretta, A 
Predescu, V , Florescu, D , and Radulescu, C 
Schizophrenia, 1150 
Premack, David, and Shanab, MitriE Rats prefer the Home Cage to the Runway 
following Intermittent but not Consistent Reinforcement, 288 *° . 
Prentice, J E Obrtuary of Professor J be Taylor, 787 
Prentice, J H Dimensional Problem of the Power Law tn Rheology, 157, 1249 | 
° 


Histaminase Activities tn the Plasma of 


Prostaglandins and Toad Spinal Cord 


Electrodynamic Effects of Jupiter’s Satellite 


Pink Spot as a Diagnostic Test in 


x INDEX i 


Price, R J Ohe Bering Land Bridge, review, 1187 
Pringle, J W S$ Insects and Phystology, review, 393 

The Origin of Life, review, 29! 
Pritchard, E see under Joy, W K 
Putte, P van de see under Holloway, B W 

e 
e 
. 


Raabe, Otto G Measurement of the Diffusion Coefficient of Radium A, 1143 

Radulescu, C see under Predesçu, V 

Raikes, Robert Water, Weather and Prehistory, review by H L Penman, 487 

Ramm, C A Development of High Energy Neutrino Experiments at CERN, 913 

Ramaswamy, C Monsoon over the Indus Valley during the Harappan Period, 
628 


Ramsay, J G Structural Geology of Folded Rocks, review, 293 

Rappay, Gy see under Balazs, A 

Raska, Karel, and Cohen, Edward P 
Antigens, 721 

Ratnayayake, Winston E 
somes, 1070 

Ratner, K see under Borsook, H 

Rattee, | D Pigments, review, 587 

Rattle, H W E see under Bradbury, E M 

Reddy, J, Harris, C , and Svobaga, D Inhibition by Lastocarpine of RNA Syn- 
thesis, RNA Polymerase an duction of Tryptophan, 659 

Reddy, M L, Wiles, M R,and MasseWA G Ligands containing Fluoroaromatic 
Groups, 740 

Redd, T G see under Nath, M C 

Rees, ma , Scrama, D W , and Setty G 


RNA tn Mouse Cells exposed to Different 


Hypothesis to explain Synapsis of Meiotic Chromo- 


Extragalactic Soft X-ray Astronomy, 


i riba Scama, D W  Largescale Density inhomogeneities in the Universe, 
| 
see under Goldretch, P 
Rees Evans, E T  Sickling Phenomenon in Sheep, 74 
Reid, E M , Clements, J B , and Carr, D J C Red Light Induction of Gibberellin 
Synthesis in Leaves, 580 
Reid, jun, J, Stommel, H , Stroup, E Dixon, and Warren, B A Detection ofa 
Deep Boundary Current in the Western South Pacific, 937 
Reid, K G Specific Method for Estimating Cel! Numbers tn Tendons, 357 
Reiffenstein, R J} see under Nakatsu, K 
Reilly, Peter L, Davis, Peter S, and Deller, Donald J 
of Saltva, 68 
Reiner, E, and Ewing, W H  Chemotaxonomic Studies of Gram Negative 
Bacteria by Pyrolysis-Gas-Liquid Chromatography, [91 
Reins, Stanislav and Kolousek, Jaroslav Effect of Methionine Sulphoximine on 
Memory Transfer, 680 
Remington, Jack S, and Schafer, Irwin A Transport Piece in the Urines of 
remature Infants, 364 
Rennie, R _ see under Davies, C T M 
Reynolds, B see under Guinn, T 
Richards, D, and Barrow, R F 
Molecules, 842 
Rickett, B J see under Davies, J G 
Rietveld, W J see under MacKay, D M 
Riggan, Wilson B see under Seidman, Gabriel 
Riley, R, Chapman, V, and Jdfinson, Roy Introduction of Yellow Rust Resis- 
tance of Aegilops comosa into Wheat by Genetically induced Homoeologous 
Recombination, 383 
Autumnization and its Genetic Interpretation, review, 291 
Robb, J C Physical Chemistry, review, 1189 
Robbin, Joel see under Abrahams, Ralph 
Robbins, K G , and Thomas, J M Production of Epitaxial Films of Antimony on 
Disordered Substrates, [251 
Roberts, D G, and Stride, A H Late Tertiary Slumping on the Continental 
Slope of Southern Portugal, 48 
Roberts, H L şe under Gillard, R D 
Roberts, T A _ see under Ingram, M 
Robertson, A, Sprecher, H , and Wilcox, J Free Fatty Acid Patterns of Human 
Maternal Plasma, Perfused Placenta and Umbilical Cord Plasma, 378 
Robertson, J H see under Fitzpatrick, J E P 
Robins, A B, and Taylor, M Nuclear Uptake of Exogenous DNA by Mam- 
mahan Cells tn Culture, 1228 
Robinson, B W , and Strens,R G J Genesis of Concordant Deposits of Base 
Metal Sulphtdes an Experimental Approach, 536 
Robinson, J C see under Forbes, W F 
Robinson, James see under Steinberg, R 
Robinson, T W E, and Heath, R B 
Production of Interferon, 178 
Rock, Rica A see under Kowower, Nechama S 
Rodericks, J V, Henery-Logan, Kenneth R, Campbell, A D, Stoloff, L, and 
Jacqueline Berrett, M Isolation of a New Toxin from Cultures of 
Aspergillus flavus, 668 
Rogentine, yun, G Nicholas see under Mann, Deag L 
Rogers, Henry J} see under Bullen, J J 
Rogers, K } see under Angel, A 
Roitt, | M Natural and Acquired Immunologic Unresponsiveness, review, 392 
Roos, B E see under Persson, T 
Rosasco, KatMtrine see undeg Wurtman, Richard } 
Rose, M D see under Walker, Alan 
Rose, M Elane, and Orland, Eva Normal Immune Responses of Bursaless 
Chickens to a Secondary Antigenic Stimulus, 231 
Rosenberg, Barnett, Misra, T N , and Switzer, Robert 
Transduction, 423 ° 
Rosenfeld, L The Correspondence of Isaac Newton, review, 486 
Rosenhsad, L Gustav Hertz in der Entwicklung der Modern Physic, review, 
Action after the Datnton Reports, 806 a 
Roster, D J De, and Klug, A Reconstruction of Three Dimensional Structures 
fram Electron Micrographs, 130 
Rosmus, J see under Everitt, A® e 
Ross, C A Dynamic Aspects of Biochemistry, review, 588 
Ross, D, M, and Sutton, L Detachment of Sea Anemones by Commẹnsal Hermit 
rabs and Mechanical and Electricel Stimuli, 380 
Rowe, Gilbert see under Menzies, Robert J e 
Rowley, D , and Turner, Keven J} Passive Sensitization of Salmonella adelaide to 
the Bactericidal Action of Antibody and Complement, 657 
Rowlinson, J S An Introduction to the Liquid State, review, 198 
Rowsen, B see under Palmer, H P 
Roy, Sujoy B , Gulerta, } S, Khanna, P K, Talwar, J R , Manchanda,$ C, Pande, 
si N, Kaushik, V S, Subba, P S, and Wood, J E immediate Circulatory 
Response to High Altitude Hypo®ia in Man, 1177 
Royer, R see under Kissel, P 


iron Binding Properties 


Nuclear Hyperfine Interactions tn Dratomic 


Eftect of Cyclophosphamide on the 


Mechanism of Olfactory 


Rubinoff, ira see under Rubdhoff, Robert W 
Rubinoff, Robert W , and Rubinoff, Ira Interoceanic Colonization of a Marine 
Goby through the Pafiama Canal,-476 
Rudin, Donald © see under Mueliér, Paul 
Rundo, J, Taylor, B T , Booker, D V, Newton, D, and Scargill, D Attenuation 
the Chest Wall of 20 keV X-ray® from an Inhaled Radioactive Aerosol, 
43 e 
Rushworth, A. G J see under Bagshawe, K D ! 
Russell, F M Duratton of Sensitive Period for Tr: 


i coring tn Mica, 51 
Ryle, M, and Batley, Judy A Optical Identification @f 
907 


the First Neutron Star? 


e 

Saito, S see under Kokubu, T e 

Salaman, D F,and Kirby, K S Characterization and Rapıd Labelling of Pituitary 
RNA, 454 

Salk, Jonas New Era for Salk Institute’, correspondence, 394 

Samuelson, G A see under Gressitt, J L 

Sanderson, J see under Barber, D A 

Sandier, M , and Youdim, N G H Promotion of 4-Hydroxy-3-methoxyphenyl- 
glucol Formation in Man by Reserpine, 771 

Sandlin, R, Lerman, L, Barry, W , and Tasaki, | Application of Laser Inter- 
ferometry to Physiological Scudies of Excitable Tissues, 575 

Sandor, E, and Johnson, M W Crystal Structure and the Lower Phase Tran- 
sition tn Solid Deuterium Bromide, 54! 

Sapundzhiev, T see under Bonchev, T 

Sarov, Israel, and Becker, Yeckiel RNA tn the Elementary Bodies of Trachoma 
Agent, 849 

Sartorelli, Alan C see under Booth, Barbara A 

Saslaw, William C , Faulkner, John, and Strittmatter, Peter A Rapidly Pulsing 
Radio Sources, 1222 

Sato, K see under Akthama, S 

Savine, M see under Ascolt, F 

Sawada, M New Mounting for Concave Grating Spectrometers, 1247 

Scaife, J see under ippen, K 

Scanlon, P see under Sreenan, J 

Scargill, D see under Rundo, J 

Schachter, M see under Beilenson, Susanne 

Schafer, Irwin A see under Remington, Jack S 

Schechter, R S see under Moss, E R 

Scheltema, Rudolf S Dispersal of Larvae by Equatorial Ocean Currents and its 
Importance to the Zoogeography of Shoal-Water Tropical Species, 1159 

Scheurlen, P Gerhardt Synthesis of some Serum Proteins tn Lymphocytes 
stimulated by Phytohaemagglutinin, 1267 

Schien, Harvey M see under Wurtman, Richard J 

Schiller, K The Magic of Numbers, correspondence, 1084 

Schiller, R  Self-trapping of Radiation Produced, 1141 

pence D „and Vogt, Peter R = Discontinuities ig @he Sea-floor Spreading, 
1 

Schneiderman, H A see under Burkett, Barbara N 

Scama, D W see under Storer, S H 

see under Rees, M J 

Scott, J k (editor) The Correspondence of Isaac Newton, review by L Rosenfeld, 

4 


Scott, P F see under Hewish, A 

Scott Russell, R, and Ellis, F B Estimation of Distribution of Plant Roots tn 
Soil, 582 e 

see under Barber, D A 

Scroggins, B A see under Biair-West, J R 

Sculeil, Claude, and Nisonoff, Alfred Measurement of an Antigen-Antibody 
Reaction by a Static Method Utilizing a Porous Gel, 144 

Searle, Nigel see under Meltzer, Bernard 

Seawright, A A see under Clark, L 

Seddon, Harry Profiles of the Unidentified Interstellar Absorption Bands at 
4890 A and 4760 A at Different Galactic Longitudes, 932 

see under Wickramasinghe, N C 

Segarde, A see under Carmena, A O 

Seidman, Gabriel, and Riggan, Wilson B  Stomatal Movements a Yearly Rhythm, 

Seifter, E, Morris, J J, and Levenson, S M Effects of Very Large Doses of 
Penicillin G given Orally to Rats, 1055 

Seifter,J see under Kramer, S Z 

Self, Maicolm see under Parsons, Victor 

Selin, R H J Existence of a Surface Tension Discontinuity at a Liquid Free 
Surface, 536 

Serebro, Harold A, Bayless, Theodore, Hendrix, Thomas R , Iber, Frank L, and 
McGonagle, Thomas Absorption of d-Glucose by the Rabbit Jesunum 
during Cholera Toxin-induced Diarrhoea, 1272 


Sereda, D D see under Carroll, P M 
Sereda, D M see under Carroll, P M 
Service, M W _ Pre-gravid Phase of Ovarian Development tn Aedes detritus 


Haliday, 68! 

Seth Greenwald, Alan see under Bullough, Peter 

Setti, G_ see under Sciama, D W 

Sewell, Gillian D Uitrasound in Rodents, 682 

Sewell, P A Porous Layers at Glass Surfaces, 44t 

Sexton, R see under Sutcliffe, } F 

Seymour, P A H Spiral Structure and Galactic Magnetic Field, 147 

Shakeshaft, J R, and Webster, A S$ Microwave Background in a Steady State 
Universe, 339 

Shamos, Morris H see under Liboff, Abraham R 

Shanab, MitriE see under Premack, David 

Shannon, T G D see under Wain, R L 

Shapira, Jacob, and Mandel, Adran D Nutritional Evaluation of Bacterial Diets 
in Growing Rats, 1061 

Shapiro,! |! see under Colombo, G 

Sharmi airam New Glandular Structure in the Kidney of Clarias batrachus 

ma), 

Sharon, Nehama, and Pollard, Morris Lack of Complement Fixing Antigens in 
DMBA-induced Leukaemia of Rats, 363 

Sharp, A K _ see under Kay, G 

Shashoua, V E RNA changes in Goldfish Brain During Learning, 238 

Shaw, N , and Baddiley, J Structure and Distribution of Glycosy! Diglycerides 
in Bacteria, 142 

Sheldon, P W see under Warren, P J 

Sheldon, R P  Anelastic and Dielectric Effects in Polymeric Solids, review, 883 

Sheldrake, A R, and Northe@e, D H Production of Auxin by Detached 
Leaves, 195 

Sheridan, J see under Bolton, K 


may 


Sheridan, Richard P, and Castenholz, Richard W® Production of Hydrogen 
Sulphide by a Thermophilic Blue-green Alga, 1063 

Sherman, J C  Alfven’s Critical Velocity Hypothesi® 341 

Shibata, S see under Miyayt, T , 

Shields, James The Genetic Analysıs of Behaviour, review, 392 

Shimmins, A J, Bolton, } G , and Walle) V Counts of Radio Sources ag 2,700 
MHz, 818 

Silen, Wilham 

Silver, M 

Simon, E J 


o 

see under Fre@l, Michael 
see under Comia R S$ 

see under Cais, E J 
Simon, M see under Manwell, 931 
Simon, Z see under Vilceanu, R 
Simons, George W see under Jowsey, Jennifer . 
Skadhauge, E see under Maetz, J 


Skinner, L M see under Blackman, M 
Skinner, S L see under Symonds, E M 
Slater, D N see under™%Ąspinall, A 


Slavkin, H C , Beirle, J , and Bavetta, L A Odontogenesis 
tions in vitro, 269 

Sleigh, M A Research in Protozoology, 200 

Slevin, P J see under Fegan, D J 

Small, J see under Davies, H G 

Smallman, R E Structure of Metals, review, 389 

Smart, John see under Bowes, D R 

Smink, D A, Kruisheer, H E J, and Bottcher, C E G _ Physico-chemical 
Interaction between Adenosine Phosphates and Fibrinogen as a Cause of 
Platelet Aggregation, 374 

Smith, A J see under Brown, D 

Smith, oa M Discrimination between Heavy Water and Water by the Mouse, 

Smith, E A Adoptive Suckling in the Grey, 762 

Smith, F G Polarization of Galactic Radio Emission at I 25 

see under Davies, J G 

Smith, J D see under Howard, G 

Smith, N D see under Tucker, M J 

Smith, P Dennis, Koenig, Pamela B , and Lucchest, John C 
ment in Drosophila by Cortisone, 1286 

Smith, Paul C , Lawhaswasdi, K , Vick, Willtam E , and Stanton, Jack S 
Rabies in Rodents tn Thailand, 954 

Smith, R $, and Lannergren,J Types of Motor Units in the Skeletal Muscle of 
Xenopus Laevis, 281 

Smith, S E, and Kyi, Tun Inactivation of Isoniazid in Burmese Subjects, 1273 

Smychtes,J R The Hallucinogens, review, 784 

Sobel, H , Hewlett, M ‚and Cohen, R Correlation of Loss of Hyaluronic Acid and 
Chondroitin Sulphate in Skin of Mice with Carcass Nitrogen Loss during 
Starvation, 1279 

Sobin, Leslee H  Sarcomas in Afghanistan, 1072 

Solheim, Jan-Erik Radio Sources in Opposite Directions as a Cosmological Test, 
41, erratum, 202 

Solomon, P M Formation and Chemical Pumping of OH Molecules, 334 

Soloviev, V D see under Lavrov, S V 

Somjen, G C, and Basierville, E N Effect of Excess Magnesium on Vagal 
Inhibition and Acetylcholine Sensitivity of the Mammalian Heart in situ and 
in vitro, 679 

Soyannwo, M A Q see under Fitzpatrick, J E P 

Sper, M, Heidlemann, G, and Halboth, H Further Evidence of Regularly 
Distributed Lysine in a-Keratin, 247 

Spencer, T Effect of Kinetin on the Phosphatase Enzymes of Acetabularia, 62 

Spicer, P see under Watrasiewiez, B M 

Spinage, C A Method forgderiving a Survival Curve for Young Calves in Wild 
Ungulates, 480 

Spitzer, R Possible Explanation of Anomalies in Neutral K Phenomena, 943, 
erratum, 1084 

Sprecher, H see under Robertson, A 

Sreenan, J, and Scanlon, P Continuous Cleavage of Fertilized Bovine Ova tn 
the Rabbit, 867 

Stanley, Margaret A see under Symonds, E M 

Stanton, Jack S see under Smith, Paul C 

Stanton, R L, and Gorman, Helen Annealing of Single Phase Polycrystalline 
Sulphide Ores, 160 

Stark, R D | Conductance or Resistance, 779 

Stebbing, A R D Discovery of Rhabdopleura (Hemichordata) at Plymouth, 1284 

Stefan, E see under Elul, R 

Stein, Gabriel, see under Dewey, David 

Steinberg, R, and Robinson, James Nor,Chlorpromazine and 3,4-Dimethoxy- 
phenethylamine, 1055 

Stephens, S A see under Anand, K C 

Stevens, F S see under Weiss, Jacqueline B 

Stewart, A D Geology in British Universities, correspondence, 987 

Stewart, W B see under Brion, C E 

Stewartson, K An Introduction to Fluid Dynamics, review, 199, Textbook of 
Fluid Dynamics, review, [99 

Stocker, B A D see under Wilkinson, R G 


Cell-Cell Interac- 


Inhibition of Develop- 


Enzootic 


Stoloff, L see under Redericks, J V 
Stommel, H see under Reid, jun , J 
Stone, E L see under Cornwell, $ M 


Stone, N W B, Gebbie, H A, Fuller, D W E, Loft, A R , and Bradley, C C 
interference of Sub-millimetre Waves over 450 m Path Difference, 1043 

Storer, S H, and Scrama, D W is Interstellar Hydrogen capable of Maser 
Action at 21 Centimetres?, 1237 

Stott, E J see under Conant, R M 

Strauss, 3 S$ see under Krant, M J 

Strens,R G J see under Robinson, B W 

Strickholm, Alfred Reduction of Response Time for Potential in Salt Bridge 
Electrodes for Electrophysiology, 80 

Strickland, K L see under Carbery, } T 

Stride, A H see under Roberts, D G 

Stringham, jun, Reed M see under Bonilla, Carlos A 

Strittmatter, Peter A see under Saslaw, William C 

Strom, R G, and Fielder, G Multiphase Development of the Lunar Crater 
Tycho, 611 

Strongman, K T Psychology and Social Problems, review, 586 

Stuart, Mary R, and Fuller, Hubert T Mycological Aspects of Diseased 
Atlantic Salmon, 90 

Saprotegnia parasitica Coker in Estuaries, |157 

Subba, P $ see under Roy, Sujoy B 

Suciu-Foca, Nicole Induction of Immunologica] Paralysis to Heterologous 
Tumours, 1268 

Sucksdorff, Christian see under Heacock, R R 

Sudo, T see under Tomita, K e 

Suggett, A see under Jones, Peter 

Summers, D D B see under Jones, F J S 


i INDEX xI 


Sun, K H Metals on the Lunar Surface, 243 8 

Sundarlingam, M Conformational Relationship between the O-C-C-N+ System 
of Phospholipids and Substrates of Muscarinic ang Cholinergic Systems, 35 

Suss, Rudolf, and Maurer, H Ramer Reduced Binding of Carcmogenic Hydro- 
carbons to DNA of Mouse Skin during inhibition of DNA Synthesis, 752 

Sutcliffe, J F , and Sexton, R Pglycerophosphatase and Lateral Root Develop- 

* ment, 1285 Š 

Sutton, L see under Ross, D M ¢ 

Svensson, Nils-Bertil Lake Lappayarvi, Central Finland 
Impact Str&ture, 438 

Svet-Moldavsky, G J, Mkheidze, D M, Liozner, A L, and Bykovsky, A Ph 
Skin Heterogentzing Virus, [02 i 

Svoboda, D see under Reddy, J 

Swan, H , Jenkins, D , and Knox, Kerwin 
of Protopterus aethiopicus, 671 

Sweatman, W J F, and Collier, H O J 
Bronchial Muscle, 69 

Sweeting, M M Landform Studies from Australia and New Guinea, review, 390 

Swider, jun, W Radiative Association Possible Important Loss Process for 
Metallic lons in the lonosphere, 438 

Switzer, Robert see under Rosenberg, Barnett 

Symes, M O see under Lucke, J N 

Symonds, E M , Stanley, Margaret A, and Skinner, S | Production of Renin by 
in vitro Cultures of Human Chorton and Uterine Muscle, 1152 

Symons, M C R Atlas of Electron Spin Resonaece Spectra, review, 689 

Szenberg, A, and Cunningham, A J DNA,S9nthesis in the Development of 
Antibody-forming Cells dyring the Edfly Stages of Immune Response, 747 

Szentivany:, M see under Kunos, G 

Szymendera, J , and Madejewicz, S Comparative Ultrafiltrabılıty of Calcium and 
Strontium ın Human Plasma, 968 


a Possible Meteorite 


Anti-metaboltc Extract from the Brain 


Effects of Prostaglandins on Human 


Tabachnick, Joseph see under Won Song, Chang 

Taga, F see under Takagı, K 

Takagi, K, Takayanagi, 1, Taga, F, and Nishino, K Sites of Action of some 
Partial Agonists on the Isolated Guinea-pig ileum, 573 

Takahashi, N see under MacMillan J 

Takao, T , Yasumitsu, T , Uozumi, T , Kakimoto, Y, and Kanazawa, A B-Alani- 
nurta in Patients with Tuberculosis, 365 

Takayanagi, | see under Takag:, K 

Takehisa, Shin Heterochromatic Segments tn Vicia revealed by Treatment with 
HCl-Acetic, 567 

Takenaka, M see under Mryayt, T 


Talwar,J R see under Roy, Sujoy B 
Tardieu, A see under Luzzati, Vittorio x 
Tasakı, | see under Sandlin, R 


Tatarinov, Yu S Variations in Embryospecific Globulins of Human Blood Sera 
in Foetuses and the Newborn, 964 


Tattrie, B see under Borsook, H 

Taves, Donald R. Evidence that there are Two Forms of Fluoride in Human 
Serum, 1050 

Taylor, A G see under Chapman, G 

Taylor, B T see under Rundo, J 

Taylor, C B see under Bailey, E g 

Taylor, D M see under Robins, A B 


Taylor, F M Geology of the Country around Ollerton, review, 1189 


Taylor, H F see under Wain, R L 

Taylor, J L see under Haydon, D A 

Taylor, K W see under Montague, W 

Taylor, R J} Half Life of the Neutron and Cosmological Heltum Production, 433 

Tebecis, A K see under Phillis, J W 

Tee,D E H_ see under Watkins, J 

Ten Cate, A R Structural and Chemical Organization of Teeth, Vol 1, review, 
785 


Tengerdy, Robert P, and Kramer, Theodore Immune Response of Rabbits 
during Short Term Exposure to High Altitude, 367 

Tennant, B see under Dyke, D Van 

Terry, William D see under Andersen, Burton R 

Testa, N G de see under Carmena, A O 

Tevebaugh, A D see under Cairns, E J 

Thach, Robert E see under Mukundan, M A 

Thoa, N B see under Eccleston, D 

Thomas,J G see under Bengi, H 

Thomas, } M see under Robbins, K G 

Thompson, J L Cloudsiey Thermoregulation tn Tortoises, 575 

Thompson, P A _ Germination of Caryophyllaceae at Low Temperatures in 
relation to Geographical Distribution, 1156 

Thornton,! see under Webb, J S 

Ting, R C Failure to induce Transplantation Resistance against Polyoma Tumour 
Cells with Syngeneic Embryonic Tissues, 858 

Tollin, P, Wilson, H R, an@ Young, D W Molecular Conformation of Thy- 
midine and Comparison with some Electron Spin Resonance Results, 1148 

Torr, D G see under Torr, Marsha R 

Torr, Marsha, R, and Torr, D G Precipitated Electrons as a Cause of the 
Irregular Behaviour of the F, Region, 45 

Togni, B see under Dawson, C e e 

Tolansky, S_ Physics Exhibition, news, 996 

Tomich, E G see under Busfield, Dorothy 

Tomita, K, and Sudo, T interstratıfied Structure formed from a Pre-heated 
Mica by Acid Treatment, 1043 

Tonamura, K, Maeda, K , Futai,eF, Nakagamr, T, and Yamada, M Stimulatıve 
Vapourization of Phenyl-mercuric Acetate by Mercury-resistant Bacteria, 
644 

Touber, J L e under Hollermans, H J G 

Tozer, D C actionation of fron in the Solar System, 437 

Trayer, | P, Harris, C 1, and Perry, S Y , 3-Methyl Histidine and Adult and 
Foetal Forms pf Skeletal Muscle Myosin, P 

Trebilcock, Sarah} see under Bradley, Muriel 

Triffitt, James T Binding of Calcium and Strontium by, 457 

Truter, Mary®R see under Banerjee, AK . 

Tsukui, R under Hotta, Y 

Tu, Anthony T , and Adams, Bryant, L Phylogenetic Relationships among 
Venomous Snakes of the Genus Agkistrodon from Asia and the North 
American Continent, 761 

Tucker, M 3, Smith, N D, and Collins, E P Two-component Electromagnetic 
Ship’s Log, 1244 

Tullis, James L see under Carroll, Kenneth G s 

Turner, Keven } see under Rowley; D 

Tyrrell, D A } see under Conant? R M 


xi INDEX < 


Veda, E see under Kokubu, T 
Uemura, Y see under Kewano, T 
Ungar, G , Galvan, L , and Clark, R H Chemical Transfer of Learned Fear, !259 
Uozumı, T see under Takao, T i 
° 


Vaidya, M G see under Deshmukh, P V r 


Vainer, H , and Wattiaux, R Glycogen Synthetase Activity in Blood Platelets, 
95 * 


1 

Valadon, L R G, and Mummery, Rosemary S$ Taxonomic Significance of 
Caratenords, 1066 

Vale, D G see under Broadbent, J M 

Vandenheuvel, W J A see under Kuehl, jun , Frederick A 

Vassilev,! see under Bonchey, T 

Velusamy, T see under Kundu, M R 

Venge, O Mink ın the Wild, correspondence, 692 

Verrett, M Jacqueline Isolation of a New Toxin from Cultures of Aspergillus 
flavus, 668 

Vetterling, J M see under Doran, D J 

Vick, William S see under Smith, Pauli C 

Viersma, J W , Bouman, L N,and Mater, M Frequency, Conduction Velocity 
and Rate of Depolarizatigg in Rabbit Auricle, 1176 

Vig, YV see under Conconi, F 

Vilceanu, R, Balint, A, and Simon, Huckel Molecular Orbital Models for 
Heterocycles with Tetra-coordinated Phosphorus Atoms, 6] 

Vinnicombe, E 3} Problems tn Quantative Biology, review, 885 

Virooainen, N , and Defendi, Y Agility of Haemotopoitic Spleen Colonies to 

form Macrophages tn vitro, 1069 

Viet, D H see under Gressitt, J L 

Vogt, Peter R see under Schneider, Erie D 

Volpato, S see under Conconi, F 

Vorobiev, L ay Potassium Selective Microelectrodes with Precipitate in the 
Tip, 45 


Waaay, B B Obstuary of Professor George Macdonald, 691 
Wade, Nicholas All change at Cal?, 1005 
Scienza e Tecnica, review, 1293 
Graphic Work of M C Escher, review, 690 

Wan, R L, Taylor, H F, Intarakosit, P, and Shannon, T G D Halogen 
Derivative of 4-Hydroxybenzoic Acid as Root Growth Stimulants and the 
Importance of Light in this Response, 870 

Walker, Alan, and Rose, M D Fossi? Hominoid Vertabra from the Miocene of 
Uganda, 980 

Walker, G P L The Eruption of Hekla in Historical Times, review, 1188 

Walker ii G Action of Potato Peel Extracts in modifying Tuber Dormancy, 

Walker, P M B_ The Cellular Role of Macromolecules, review, 884 

Walker, W H C see under Goldie, D J 

Wall, A } see under Bolton, J G 

Wallis, R see under Keen, | M 

Ward, T C see under Gordon, M 

Wareham, A C, Duncan, C J, and Bowler, K 
insect Muscle, 970 

Warren, B A see under Reid, jun 

Warren, Kenneth S, and Peters, Pierre A Cercariae of Schistosoma mansoni 
and Plants Attempts to penetrate Phaseolus vulgaris and Heydychium 
coronarium produces a Cercaricide, 647 

Warren, P J, and Sheldon, P W Association between Pandalus borealis and 
Fine-grained Sediments off Northumberland, 579 

Warrington, Elizabeth K, and Weiskrantz, L New Method of Testing Long- 
term Reteetion with Special Reference to Amnesic Patients, 973 

Watanabe, Tsutomu see under Okada, Motoyuki 

Waterlow,J C _ see under Nichols, B L 

Watkins, J , and Tee, D E H Measurement and Significance of Weight Hetero- 
geneity in Some Protein and Polysaccharide Preparations, 533 

Watrasiewicz, ne , and Spicer, P Vibration Analysis by Stroboscopic Holo- 
graphy, 

Watson-Wilhams, J 

Wattiaux, R see under Vainer, H 

Watts, D C see under Watts, R L 

ee RSE „and Watts, D C Gene Duplication and the Evolution of Enzymes, 


Wayne, R P see under Izod, T B 
Webb, J S Effect of Dehydration on Bacterial Recombination, 1231 
Thornton, |, and Fletcher, J Geochemical Reconnaisance and Hypo- 

duprosis, 1010 

Webster, A S see under Shakeshaft, J R 

Weil, Jair T, and Windle, J J Electron Spin R&sonance Study of Nitroxide 
Radicals from Diethythydroxylamine, Dioctylhydroxylamine and N- 
Hydroxypyrrolidine, 842 

Werskrantz, L see under Warrington, Elizabeth K 

Weiss, Spay B, and Stevens, F S$ Urinary Peptides derived from the 
Cross-linked Regions # Connective Tissue, 66! 

Weitkamp, L R,and Chagnon, N A Albumin Maku a New Variant of Human 
Serum Albumin, 759 


Permeability and Excitation of 


see under Phillips, C Í 


Wells, Angela M, and Evanf, C R Effect of Humming on the Visibility of a 
Stabilized Retinal Imgge, 1168 
White, T E see under Evans, B , 
Whitehouse, W J see under Dyson, E D 
Whittaker, V P see under Hopkin, Judy M 
Wickramasinghe, N C ,Ireland,} G , Mandy, K , Seddon, H , and Wolstencroft, 
R D Origin of the Diffuse Interst@lar Bands, 412 
see under Krishna Swamy 
see under Naklikar, J Y 4 
Stimulation of Interstellar OH by Phonons, 713! 
see under Hoyle, F 
Wicockson, J see under Ashwood-Smith, M J 
Wilcox, } see under Robertson, A 
Wiles, M R see under Reddy, M L 
Wilford, M 3 Hamilton's Principle and Physical Systems, review, 295 
Wilkinson, R G, and Stocker, B A D Genetics ang Cultural Properties of 
Mutants of Salmonella typhimurium lacking ineGlucosyl and Galactosyl 
Lipopolysaccharide Transferases, 955 
Williams, E Land Wilson, H H Mechanism of Bonding in Aqueous Nickelous 
Nitrate-Magnesium Oxide Cement, 548 
Willams, N A see under Bennett, C E G 
Wilmer, E N Human Histology, review, |188 
Wrilmar, Cecile and Hellendoorn, Marja Growth and Morphogenesis of Asparagus 
Cells cultured in vitro, 369 
Wilson, H H see under Williams, E L 
Wilson, H R see under Tollin, P 
Wilson, R J3 H see under Kay, G 
Windle, J J see under Weil, Jair T 
Wollam, David Obituary of Professor] D Boyd, 986 
Wolstencroft, R D see under Wickramasinghe, N C 
Won Song, Chang, and Tabachnick, Joseph Epidermal Cell Population Kinetics 
in Albino Guinea-pig Skin, 650 


Wood, B J B see under Nichols, B W 
Wood, D G L see under Payne, J P 
Wood, J E see under Roy, Sujoy B 


Woodford, } A T Differences in Flight Capacity between Naturally Occurring 
see anid Summer Forms of Myzuz persicae (Sulz ) (Hemiptera Aphidi- 
dae), 58: 

Woodruff,M F A Purification of Antilymphocytic Antibody, 82! 

Worth, William S Distribution of Plasma Fatty Acid before and after Canine 
Hepatic Homografe, 618 

Wright, R D see under Blair-West, J R 

Wurtman, Richard J, Larin, F, Axelrod, J, Schien, H M, and Rosasco, K 
Formation of Melatonin and 5-Hydroxyindole Acetic Acid from “C» 
Tryptophan by Rat Pineal Glands in Organ Culture, 953 

Wurtman, Richard J3 see under Manshardt, James 

Wyn-Roberts, D see under Harris, C L 


Yeon, D H, and Ganor, E Chemical Composition of Dew and Dry Fallout 
in Jerusalem, Israel, 1139 

Yamada, Minoru Extracellular Recording from single Neurones in the Olfactory 
Centre of the Cockroach, 778 

Yamada, M see under Tonomura, K 

Yamaguchi, Michio, and Kandatsu, Makoto Catabolic Rate of Body Protein in 
Rat during the Earher Stages of Protein Depletion, 668 

Yamakura, Sueo Obituary of Dr Shuher Fujitaka, 1683 

Yamamoto, K see under Miyay!, T 

Yamamura, Y see under Kokubu, T 

Yasumitsu, T see under Takao, T 

Yuan, Robert see under Meselson, Matthew 

Yolton,R L see under Jacobs, G H 

Yong Sung Choi, and Carr, Charles W Competitive Binding of Streptomycin 
and Magnesium with Escherichia Coli Ribosomes, 557 

Yonge,C M see under Goreau, T F 

York, D H _ see under Phillis, J W 

Youdim, N G H see under Sandier, M 

Young, D W see under Tollin, P 

Young, G T see under Camble, R 

Young, } Z Nobel Lectures, review, 585 

Yousef, M K , and Johnson, H D lodine Compounds in the Plasma of Rats 
Effect of Exposure to High Environmental Temperatures, 182 

Youssef, F G, and Allen, D M Part Played by Cihate Protozoa in Rumen 
Function, 777 

Yusifov, N 1 see under Kuzin, A M 


Zak, S see under Lannigan, R 

Zalik, Sara Eisenberg, and Meza, Isaura 
Lens, 179 

Zhdanov, V M see under Lavrov, 5 V 

Zimiri, |, and Mason, J Electrophoresis of Ferritins, 258 

Zuckerman, Bert M_ see under Gunner, Harm B 

Zuckerman, Solly The State of Public Science, 808 


in vitro Culture of the Regenerative 


SUB | ECT. INDEX 


8 


e 
Asdominal Brushes of Mate Noctuid Lepidoptera Pheromones from the (R T 
Aplin and M C Birch), 1167 
Aberations during Normal Epithelial Proliferation 
and B Lannerstad), 568 
Abercrombie, M, and Brachet, Jean (editors) 
review by Michael Begg, 293 
Ability of Haemotopoietic Spleen Colonies to form Macrophages in vitro (M 
Virolainen and V Defendi), 1069 
of Leucocytes to recognize some Foreign Gamma Globulins during 
Pinacytosis (C Bona and Gr Ghyka), 172 
Abnormalities in the Electrocardiograms of Young Sheep and Lambs grazing 
Natural Pastures low in Selenium (K © Godwin), 1275 
ABO Blood Groups, Secretor Status, and Intestinal Mucosal Concentrations of 
Alkaline Phosphatase (M J S Langman, A Constantinopoulos and! A D 
Bouchter), 863 
Aborigines of Australia Unusual Distribution of Red Cell Acid Phosphatase 
among (L Y C Lat), 1186 
Abrahams, Ralph, and Robbin, Joel 
L S Goddard, 485 
Absence of Thymus tn a Mouse Mutant (E M Pantelouris), 370 
of B-Globin Synthesis and Excess of a-Globin Synthesis in Homozygous 
8-Thalassaemic Subjects from the Ferrara Region (F Conconi, A Bargellest, 
S Pontremoli, V Vigi, S Volpato and D Gaburro), 259 
Absorption Bands at 4890 A and 4760 A at Different Galactic Longitudes 
Profiles of the Unidentified Interstellar (Harry Seddon), 932 
Coefficients for the Forbidden Lines of Atomic Sulphur Wavelengths 
and (J W McConkey, D J Burns,! A Moran andJ A Kernahan), 538 
Distribution of Small Scale Interstellar (K Ishida and K Akabane), 433 
in the Wavelength Range 2mm to 300 um Observations of Atmospheric 
(H A Gebbie and W J Burroughs), [241 
of d«Glucose by the Rabbit Jeyunum during Cholera Toxin-tnduced 
Diarrhoea (Harold A Serebro, Theodore M Bayless, Thomas R Hendrix, 
Frank L Iber and Thomas McGonagle), [272 
of Excited Molecules in Iron Aerosols Spectral (H Jagger and H -G 


Kieschke), 934 °% 
oe of Bromine Chloride Visible(M A A ClyneandJ A Coxon), 


Chromosome (J G Forsberg 


Advances in Morphogenesis, 


Transversal Mappings and Flows, review by 


Accelerated Visual Motion Electroencephalogram Potentials evoked by (D M 
MacKay and W J Rietveld), 677 

Acceleration Produced Electric Fields in Charcoal Bodies (P A Dunkerley), 52 

Accelerator, plans for big machine at Weston, Illinois, news, 4 

Accelerators of the future, news, 706 

Accidents, cost to the community, news, 212 

Accumulation of Dry Matte™by Chrysanthemum morifolium after Flower Removal 
(K E Cocksjull and A P Hughes), 979 

Acetabularia Effect of Kinetin on the Phosphatase Enzymes of (T Spencer), 62 

Acetate by Mercury-resistant Bacteria Stimulative Vapourization of Phenyl- 
Ported (K Tonomura, K Maeda, F Futai, T Nakagami and M Yamada), 


Acetic Acid from “C-Tryptophan by Rat Pineal Glands m Organ Culture 
Formation of Melatonin and 5-Hydroxyindole (Richard J Wurtman, 
a Larin, Jultus Axelrod, Harvey M Schien and Katherine Rosasco), 

Heterochromatic Segments in Vicia revealed by Treatment with HCI- 
(Shin Takehisa), 567 

Acetylcholine in Rat Brain Regional Distribution of Tritiated (S Z Kramer, 

J Seifter and B Bhagat), 184 
Sensitivity of the Mammalian Heart sn sity and in vitro Effect of Excess 
Megnesum on Vagal Inhibition and (G C Somjen and E N Baskerville), 


Acid Coal Mine Spoils 
E L Stone), 768 
Mucopolysaccharides with isolated Amyloid Fibrils 
(C A Pennock), 753 
Phosphatase among Aborigines of Australia 
Red Cell (L Y C Lai), 1186 
Acid-soluble Collagen Intermolecular Relationship between Neutral-salt- 
soluble and (R J Davidson and D R Cooper), [68 
Acidosis Concentrations of Metabolic Intermediates in Kidneys of Rats with 
Metabolic (G A O Alleyne), 847 
Actinomycin D and DNA Interaction between Model Compounds of 
DNA Dependent RNA Synthesis (F Ascoli and M_ Savino), 162 
Interaction between Model Compounds of Physico-chemucal Studies 
(F Ascoli, M Savino and A M Liquori), 162, erratum, 394 
Action after the Dainton Reports (L Rosenhead), 806 
of Atomic Hydrogen on Aqueous Bacteriophage T, (David Dewey and 
Gabriel Stein), 351 
of Bacteriophages obtained from Corynebacterium diphtheriae on C 
ulcerans and C ovis {H R Carne), 1066 
pe Potato Peel Extracts in modifying Tuber Dormancy (M G Walker), 
of Insulin on Sodium Efflux from the Toad Oocyte (E E Bittar, D A T 
Dick and D J Fry), 1280 
of Hydroxyurea on Multiplication of Influenza Virus in Mammalian Cells 
(W C Bell and H F Maassab), 646 
of lontophoretically Applied Tetrodotoxin on Cortical Nerve Cells 
G W Phillis, A K Tebecis and D H York), 27! 
of Procaine on Calctum Efflux from Frog Nerve and Muscle (Albert S 
Kuperman, Bella T Altura and Judith A Chezar), 672 
Potentials induced in Bromolecular Lipid Membranes (Paul Mueller and 
Donald O Rudin), 713 
Potentials Role of Calcium tn the Production of, Calcium Spikes of 
Nerve Cell Membrane (K Koketsu and oa 468 


Availability of Nitrogen to Plants tn (S M Cornwell and 
Association of 


Unusual Distribution of 


Xil 


` 


Activation of Malathion by the Locust Bodywall (Hafiz Ahmed and B G 
Gardiner), 776 
of Small Molecules by Transition Metal fons and their Complexes (R 
Mason), 543 
Acyloligopeptide Methyl (N-) Esters by Mass Spectrometry Detection and 
Location of N-Methyl-amino-acid Residues in (B C Das, $ D Gero and 
E Lederer), 547 . 
Adaptation Phenomena in Phototaxts, Chlamudomonas (A M Mayer), 875 
Adenosine Diphosphate of the Thrombocytopenia induced tn Rabbits by Collagen 
or Thrombin Inhibition by (Dorothy Busfield and E G Tomich), 376 
Monophosphate, Vasopression, !heophylline and, on Short-circuit 
Current across Isolated Rabbit Ileal Mucosa Effects of (Michael Field, 
Gerald R Plotkin and William Silen), 469 
Phosphates and Fibrinogen as a cue of Platelet Aggregation Physico- 
chemical Interaction between (D A Smink, H E J Kruisheer, and C J G 
Bottcher), 375 
Adenosinetriphosphatase Activity tn Liver Mitochondria Effect of Phenylhydra- 
zine and hydrolysed Glucose Cycloacetoacetate on (M C Nath, T G 
Reddi and N Nath), 552 
Adenovirus-infected Cells treated with Hydroxyurea High Titre T Antigen with 
Minimal Amounts of Structural Antigen in lay A Levy, Robert J Huebner, 
Jerome Kern and Raymond V Gilden), 744 
Adjuvanieity of Vitamin A (D W Dresser), 527 
Admiralty Hydrographic Service, (795-1919 The (Vice-Admiral Sir Archibald 
Day), review by Margaret Deacon, 783 
Admissions and school curricula, Oxbridge investigates, news, 500 
Adoptive Suckling in the Grey Seal (E A Smith), 762 
Adrenaline on Oxygen Consumption Rate and Arterial Blood Pressure in the 
Newborn Pig Effects of Noradrenaline and (J LeBlanc and L E Mount), 


Adrenergic #-Blocking Agents tn inducing Histammne Sensitivity in Mice 
Efficacy of (R K Bergman and J Munoz), [173 ie 
Feeding System of Rat Hypothalamus Amphetamine Anorexia by 
Direct Action on the (D A Booth), 869 


Receptor Evidence favouring the Existence of a Single (G Kunos and 
M Szentivany:), 1077 
Responses Increased Receptor Utilization Mechanism of Cocaine 


Potentiation (K Nakatsu and R J Rerffenstein), 1276 
Adsorption Efficiency in the Collision of Molecular Oxygen with Clean Tungsten 
Surfaces (A M Horgan and D A King), 60 
of Wetting Agents and Detergents Rates of (Pasupati Mukerjee), 1046 
Adult Mice Mechanisms in Early and Late Phases of Tolerance induced by 
Parabiosts in (N W Nisbet), 265 
Advances in Morphogenesis (edited by M Abercrombie and Jean Brachet), 
review by Michael Begg, 293 
AEA cuts, parliamentary news, 705 
Aedes detritus Haliday Pre-gravid Phase of Ovarian Development in (M W 
Service), 681 
Aegilops comosa tnto Wheat by Genetically Induced Homoeologous Recombination 
introduction of Yellow Rust Resistance of (Ralph Riley, Victor Chapman 
and Roy Johnson), 383 
AEL redundancies after GEC merger, news, 496 
to build US turbine, news, 211 
Aerosol Attenuation in the Chest Wall of 20 keV X-rays from an Inhaled Radio- 
active (J Rundo, B T Taylor, D V Booker, D Newton and D Scargill), 
643 
Aerosols Spectral Absorption of Excited Molecules in Iron (H Jager and H -G 
Kieschke), 834 
Afganistan Sarcomas in {Leslie H Sobin), 1072 
Aflatoxins Isolation of a New Toxin from Cultures of Aspergillus flavus (J V 
Rodericks, Kenneth R Henery-Logan, A D Campbell, L Stoloff and M 
Jacqueline Verrett), 668 
Africa. Drifting and Rifting of (R W Girdler), 1102 
Age of the Upper Boulder Clay Glaciation in the Midlands {E G Poole), 1137 
report on Old, news, 120 
Research Feasibility in (A Comfort), 320 
Agglutinin in Extracts of WReat Germ Specificity of the (Rosemary Liske and 
D Franks), 860 
Agglutinins and Mitosis Plant (H J Downing, G C M Kemp and M A Den- 
borough), 654 
Agglutination of Bovine Erythrocytes infected with Babesia argengyna in vitro 
(J A Curnow), 267 s 
Aggregation Physico-chemical Interaction between Adenosine Phosphates and 
Fibrinogen as a Cause of Platelet (D A Smink, H E J Kruisheer and 
C E G Bottcher), 373 
Aggregator of Blood Platelets Powerful New-~2-Chloroadenosine-5’-diphos~ 
phate (M Helen Maguire dnd Frank Michal), 571 
Agkistrodon from Asia and the North American Continent 
ships among Venomous Snakes of the Genus (Anthony 
Adams), #6! 
Agonists on the Isolated Guinea-pig leum Sites of Action of some Partial (K 
Takagt, | Takayanagi, F Taga and K Nishino), 573 
Aigratn, Dr Pierre @New head of French reseamch delegation, news, 497 
AIP Seizures tn Experimental Porphyria (Nechama S Kowower and Rica A 
Rock) 9565 
Air Showers at 520 MHz 
Slevin) ®440 
Akademgorodok, Russian scientific city (Angela Croome), news, 796 
Alamethicin Action Potentials induced in Biomolecular Lipid Membranes (Paul 
Mueller and Donald O Rudin), 713 
Alaninuria (8-) ın Patrents with Tuberculosis (Tetsuto Takao, Tsutomu Yasumitsu, 
Tohru Uozumi, Yasuo Kakimoto and Akira Kanazawa), 365 


Phylogenetic Relation- 
Tu and Bryant L 


Radio Pulsas from Extensive (D J Fegan afd P J 


XIV 


Albumin Maku A New Variant of Human Serum Albumin (L R Weitkamp 
and N A Chagnon), 759 
Synthesis, Regulation of, and Catabolism by Alteration of Dietary 
Protein (R Kirsch! Lesley Frith, Elizabeth Black and R Hoffenberg), 578 
Alcohol, breath tests modified, news, 1091 
Aldermaston declassification called for, parliamgntary news, 1204 
Alfven’s Critical Velocity Hypothesis (J C Sheéman), 341 ° 
Alga Production of Hydrogen Sulpfide by a Termophilic Blue-green (Richard P 
Sheridan and Richard YY Castenholz), 1863 
Algae classified Symposium, news, 312 eo 
New Glycolipid Specific to Nitrogen-fixing Blue-green (B W Nichols 
and B J B Wood), 767 ° 
Algebraic Theory of Particle Physics (Yuval Ne'eman), review by P T Matthews, 


Alginates Binding of Calcium and Strontium by (James T Triffitt), 457 
Alignment Hypothesis as the Reason for the Mosaic Unit Phenomenon 
the (R E M Moore), 482 
Alimentary Lipaemia in Rats Genetic Influence on (Meyer Friedman and Sanford 
© Byers), 235 
Alkalt Feldspar Megacrysts and their Inclusions in Cornubian Granites Petro- 
genetic Significance of (B Booth), 1036 
Metals Co-ordination Compounds of, with 8-Hydroxyquinoline and 
Isonitrosoacetophenone (A K Banerjee, A J Layton, R S Nyholm and 
Mary R Truter), 1147 
Alkaline Earth Radiorsotopes in Adult Bone Radial Diffusion and Power Func- 
tion Retention of (John H Marshall and Claude Onkelinx), 742 
Phosphatase ABO Blood Groups, Secretor Status and Intestinal 
Mucosal Concentrations of (M J S Langman, A Constantinopoulos and 
tA D Bouchier), 863 
Phosphatases, Homologous, and Homologous Loc: in Two Sibling 
Species of European Anophelime Mosquitoes (Umberto Bianchi), 382 
Alkaloids Toxicity of Pyrrolizidine (A R Mattocks), 723 
All Change at Cal? (Nicholas Wade), 1005 
Allergens Inhibition of Leuctne and Lysine Aminopeptidase by Atopic (L 
Berrens), 664 
Allergy Mites in Bedroom Air (A M Cunnington and P H Gregory), 1271 
Allocation of Trivial Names to the Gibberellins Proposed Procedure for the 
(J Macmillan and N Takahashi), 170 
Allosterism, news, 903 
Alloys Preparation of Fibre Reinforced Nickel-Gold, using a Solid State Reaction 
(i Ordonez, A A Johnson and K Mukherjee), 443 
Allyl Ligand in some Allyl-Palladium Complexes Stereochemistry of the (R 
Mason and A G Wheeler), 1253 
Alpenrhein and some other Rivers General Relationship between Suspended 
Sediment Concentration and Water Discharge in the (G Muller and U 
Forstner), 244 
Alpha,-globulin and Alphag-macroglobulin of Other Mammals 
Rat Stow (Werner G Heim), 1057 
Aluminium Metåls on the Lunar Surface (K H Sun), 243 
smelter, Swiss tender, news, 116 
smelters and the coal board, news, 397, 398 
with coal power, news, 304 
Amantadine Combined Inhibition of Influenza Virus Reproduction in Cell 
Culture using Interferon and (S Y Lavrov, E | Eremkina, T G Orlova, 
G A Galegov, V D Soloviev and V M Zhdanov), 856 
Amber Suppressron A Nucleotide Change in the Anticodon of a Tyrosine 
Transfer RNA (Howard M Goodman, John Abelson, Arthur Landy, S 
Brenner and J D Smith), 1019 
American Physical Society and political issues, news, 494, 502 
schools with problems, news, 698 
science and effects of 1969 budget, news, 505 
Science tm the Age of Jackson (George H Dantels), review by Marre 
Boas Hall, 983 
Amine Depletor Treatment Female Capulatory Behaviour in Male and Andro- 
genized Female Rats after Oestrogen/ (Bengt J Meyerson), 683 
Amino-acid Composition of “Tubulin” constituting Microtubules of Sperm 
Flagella (tjideo Mohri), 1053 
from Indigofera spicata, Indospicine A New Hepatotoxic (M P Hegarty 
and A W Pound), 354 
Amino-acids and Metal Complexes _ Stereoselective Interaction of (R D 
Gillard, P R Mitchell and H L Roberts), 949 
in cell walls, news, 1100 
Molecular Interactions between Tryptophan and Nucletc Actd Compo- 
nents in Frozen Aqueous Solutions (Thérèse Montenay-Garestier and 
Claude Hélène), 844 
Amino (8-) Laevulinic Acid to Porphobilinogen by Different Tissues of the Poly- 
chaete Annelid Neoamphitrite figulus Conversion of (R Phillips Dales), 553 
Ammopeptidase by Atopic Allergens Inhibition of Leucine and Lysine (L 
Berrens), 664 
Ammonta-Oxygen Fuel Cell (E J Cairns, E L Simons and A D Tevebaugh), 780 
Amnesic Patients New Method of Testing Long-term Retention with Special 
Reference to (Elizabeth K Warrington and L Weiskrantz), 973 
Amoeba proteus on Treatment with Poly:onic Substances Size changes in 
isolated Nucle: of (W Korohoda, J A Forrester, K G Moreman and 
E J Ambrose), 615 
Amoebae, how immortal?, news, 706 
Amphetamine Anorexia by Direct Action on the Adrenergic Feeding System of 
Rat Hypothalamus (D A Booth), 869 
Amyloid FibFils Assoctatio® of Acid Mucopolysaccharıdes with isolated (C A 
Pennock), 753 
Analogue System for Active Transport using Charged Membranes Transport of 
lons against their Concentration Gradients in an (Russell Paterson), 545 
Analogues of Polynucleotides Synthetic (M H Halford and A S Jones), 639 
Analysis of Antibodies against Synthetic Angiotensin II by the Passtve Haemagglu- 
tination Technique (Felix M Dietrich and Hannes Frischknecht), 264 


Test of 


Relation between 


Androgenized Female Rats after Oestrogen/Amine Depletor Treatment Female 
Copulatory Behaviour in Male and (Bengt J Meyerson), 683 
Anelastic and Dielectric Effects in Polymeric Solids (N G McC¥um, B E Read 
and G Willams), review by R P Sheldon, 883 
Effect of 


Angiotensin on Uptake of rae In Tissues of Pghed Rats 
Cocaine, Desipramine and (D T Palsand F D Masucci), 772, erratum, 1084 
Radioimmunoassay of (H } G Hollermans, J van der Meer and J L 
¥ouber), 277 ú 6 
Il by the Passive Haemagglutination Technique Analysigof Antibodies 
against Synthetic {Felix M Dietrich and Hannes Frischknecht), 264 
-Renin System Peptide Inhibitors of the (T Kokubu, E Ueda, S Fuji- 
moto, K Hiwada, A Kato, H Akutsu, Y Yamamura, S Saito and T 
Mizoguchi), 456 
Angling and the cigarette manufacturers, news, 503 
Ponca sh Problems T Science and Technology, news, I 
ngus fragifls me Structure of the Sensory Endings in the Vomero-nasa 
Organ of the Slowgworm (L H pe eA 275 = ! 
e 
e . 


INDEX : 


Anisotropic Sofe X-ray Background Flux Detection of (C $ Bowyer, G B 
Field and J E Mack), 32, erratum, 296 
Annealing of Single Phase Pplycrystalline Sulphide Ores (R L Stanton and Helen 
Gorman), [60 ree 
Anndid Neoamphitrite figulus Conversion of d6-Amino Laevulinic Acid to Porpho- 
bilinogen by Different Tissues of the Polychaete (R Phillips Dales), 553 
Annua Review of Genetics, Vol | (eded by Herschel L Roman), review by 
G Pontecorvo, 885 . 
Anopheles gambiae Giles in the Sudan 
J L Cloudsley-Thompson), 879 
Anopheline Mosquitoes Homologous Alkaline Phdphatases and Homologous 
Loci in Two Sibling Species of European (Umberto Bianchi), 381 
Anorexta by Direct Action on the Adrenergic Feeding System of Rat Hypothala- 
mus Amphetamine (O A Booth), 869 
Antarctic evidence Origin of Nitrate Deposits (G G C Claridge and} B 
Campbell), 428 
Antagonism of Presynaptic Inhibition in the CuneategNucleus by Picrotoxin 
(N R Bannaand § J Jabbur), 83 e 
Antarctica Palaeomagnetism of a Stratiform Intrusion ın the Pensacola Mountains 
{Myrli E Beck, jun, Arthur B Ford and Walter W Boyd), 535 
Antelopes Historical Zoogeography of (A W Gentry), 874 
Antiamoebin L-2-Ammno-3-phenyl-!-propanol (L-Phenylalantnol) as a Constituent 
of a Fungal Metabolite (P Y Deshmukh and M G Vardya), 849 
Antibiotics as Cation Carriers, Cyclic, news, 1209 
Antibodies against Synthetic Angiotensin Il by the Passive Haemagglutination 
Technique Analysts of (Felix M Dietrich and Hannes Frischknecht), 264 
Detection of Insulin Precipitating (M Ceska), 356 
Antibody and Complement Passive Sensitization of Salmonella adelaide to the 
Bactericidal Action of (D Rowley and Keven J Turner), 657 
Purification of Antilymphocytic (M F A Woodruff), 821 
-forming Cells during the Early Stages of the Immune Response DNA 
Synthesis in the Development of (A Szenberg and A J Cunningham), 747 
Gamma G4-Globulin, causing Inhibition of Clotting Factor VIII (Burton R 
Andersen and William D Terry), 174 
Reaction Measurement of an Antigen-, by a Static Method Utilizing a 
Porous Gel (Claude Sculeil and Alfred Nisonoff), 144 
Synthesis in Chickens bursectomized as Embryos Gamma Globulin 
Production and (Pierson J Van Alten, William A Cain, Robert A Good 
and Max D Cooper), 358 
Technique Location of Gamma Globulin in the Endocardium tn Rheu- 
matic Heart Disease by the Ferritin-labelled (R Lannigan and S Zaki), 173 
Anticodon of a Tyrosine Transfer RNA Amber Supression a Nucleotide 
Change tn the (Howard Goodman, John Abelson, Arthur Landy, S Brenner 
and J D Smith), [019 
Antigen-Anzibody Reaction by a Static Method utilizing a Porous Gel 
ment of an (Claude Sculeil and Alfred Nisonoff), 144 
Structural, in Adenovirus-infected Cells treated with Hydroxyurea, 
High Titre T Antigen with Minimal Amounts of (Jay A Levy, Robert J 
Huebner, Jerome Kern and Raymond V Gilden), 744 
Antigenic Stimulation in Adult Rats Proliferation of Mast Cells after (John J 
Miller Ill and Leonard J Cole), 263 ° 
Stimulus Normal Immune Responses of ®ursaless Chickens to a 
Secondary (M Elaine Rose and Eva Orland), 231 
Antigens in DMBA-induced Leukaemia of Rats Lack of Complement Fixing 
(Nehama Sharon and Morris Pollard), 363 
RNA in Mouse Cells exposed to Different (Karel Raska, jun and Edward 
P Cohen), 721 
Anti-gonadotropin Sera on Developing Chick Embryo Evidence from Effects of 
Morphogenetic Properties of Follicle-Sttmulating Hormone (Gajanan V 
Sherbet and M S Lakshmi), 1257 
Antilymphocyte Globulin Immunosuppressive Effects of Lymphoid Cel} 
Proliferation in Mice receiving (A M Denman, Evelyn J Denman and 
E J Holborow), 177 
Sera fn vitro Detection of Immunosuppressive Activity of (J F Bach 
and B Antione), 658 
Serum Erasure of Immunological Memory with (Eugene Lance), 557 
Serum with Haemoporetic Stem Cells Cross-reaction of (E O Field 
and J E Gibbs), 56} 
Antilymphocytic Antibody Purification of (M F A Woodruff), 821 
ioe on Sensittzed Spleen Cells In vivo and in vitro Effect of (Keith James), 
Anti-metabolic Extract from the Brain of Protopterus aethiopicus (Henry Swan, 
Dalton Jenkins and Kerwin Knox), 671! 
Antimony on Disordered Substrates Production of Epitaxial Films of (K G 
Robbins and J M Thomas), 1251 
Antioxidant Metabolism, news, 1004 
Antisera Numerical Taxonomy and Influenza B Virus (Anna M Lee), 620 
Antisymmetric Raman Scattering Tensor Experimental Observation of an (J A 
Kontngstein and O S Mortensen), 445 
Anti-tumour Activity of S-Carbamyl-cysteine (Richard H Adamson), 751 
Ants, Possibility of Investigating Movement in a Group of, by the Mossbauer 
Effect (T Bonchev, | Vassilev, T Sapundzhiev and M Etimov), 96 
“Anxiety” Effects of Drugs on Conditioned (Derek Blackman), 769 
Aortic Valve Mechanism of Closure of the (B J Bellhouse and F H Bellhouse), 


Dry Season holozy of (Salah M Omer and 


Measure- 


Apparent HeLa Cell Contamination of Human Heteroploid Cell Lines (Stanley M 
Gartler), 750 

Appetite reduction Amphetamine Anorexia by Direct Action on the Adrenergic 
Feeding System of Rat Hypothalamus (D A Booth), 869 

Apphiation of Laser Interferometry to Physiological Studies of Excitable Tissues 
{R Sandlın, L Lerman, W Barry and | Tasaki), 575 

Applications of Magnetic Circular Dichroism and Optical Rotatory Dispersion 
Measurements (B Briat and Carl Djerassi), 918 

Aqueous Humour Vitamin B,, Content of (C | Philips, R G Ainley, P Van 
Peborgh, J Watson-Wilhams and A C Bottomley), 67 

Substrates at Low Surface Pressures Circulation within Monolayer 
sg on (E R Moss, D M Himmelblau, R $ Schechter and R L Pitzer), 
4! 

Arbovirus through ‘Millipore’ Membranes _ Filtration of (J Casals), 648 

Are the Optical Luminosity Fluctuations of 3C 273 Random? (Tom Manwell and 
M Simon), 93! 

Argence, Emile, and Kahan, Theo Theory of Waveguides and Cavity Resonators, 
review by P J B Clarricoats, 108 

Argon Characteristic Energy Loss of Electrons transmitted through (G C 
Hale and J B Hasted), 945 
renee at 77 4°K on a Microporous Glass (B Evans and T E White), 


Argyle, Michael Psychology and Social Problems, review by K T Strongman, 586 

Arm Movement Response of Neurones in the Motor Cortex during Perfor- 
mance of a Simple Repetitive (Erich S Luschei, Robert A Johnson and 
Mitchell Glickstein, 190) 


Artertal Blood Pressure in the Newborn Pit EWects of Noradrenaline and 
Adrenaline on Oxygen Consumption Rate and a LeBlanc and L E Mount), 


Artificial Reconstruction of a Species of Fern, Asplenium adulterrnum (J D Lakis), 


Asbestosis report, news, 120 

Asparaginase (L-) Activity in Human an@ Animal Sera (Maureen B Lee and John M 
Bridges), 758 4 

Asparagus cells cultured in vitro Growth and Morphogenesis of (Cecile Wilmar 
and Marja Hellendoofh), 369 

Aspergillus flavus Isolation of a New Toxin from Cultures of (J V Rodericks, 
Kenneth R Henery-Logan, A D Campbell, L Stoloff and M Jacqueline 
Verrett), 668 . 

Aspieiim adulcerinum Artificial Reconstruction of a Species of Fern (J. D Lovis), 


Aspartate transcarbamylase, sub-unit structure, news, 902 
Association between alus borealis and Fine-grained Sediments off North- 
umberland (P J Warren and R W Sheldon), 579 
of Acid Mucopolysaccharides with isolated Amyloid Fibrils (C A 
Pennock), 753 
of Commonwealth universities, report, news, 500 
Radtative Possible Important Loss Process for Metallic lons tn the 
lonosphere (W Swider, jun ), 438 
Asthma and the High Frequency Sound Environment (R K Mason), 360 
Astronomers, general assembly of International Union, advance notice, news, 599 
Astronomical Society, Royal, awards, news, 212 
Astronomy and space research, budgets examined, news, 991 
Old and New (Ernest Agar Beet), review by J D North, 389 
Attenuation in the Chest Wall of 20 keV X-rays from an Inhaled Radioactive 
Arrosa {J} Rundo, B T Taylor, D V Booker, D Newton and D Scargill), 
Atlantic Ocean Characterization of Carbonaceous Material from the Puerto 
Rico Trench of the (R A Friedel and A J Nalwalk), 345 
Atlantic Salmon Disease Fungus (L G Willoughby), 872 
E in Mycological Aspects of Diseased (Mary R Stuart and Hubert T 
uller), 90 
Atlas of Electron Spin Resonance Spectra (B J H Bielski and J M Gebicki), 
review by M C R Symons, 689 
Atmospheric Absorption in the Wavelength Range 2mm to 300 um Observa- 
tions of (H A Gebbie and W J Burroughs), 1241 
Layer, Superadiabatic, on Venus, as inferred from the Venera Probe 
Measurements (A D Anderson), 627 
Atomic Hydrogen on Aqueous Bacteriophage T-, 
Gabriel Stein), 351 
Oxygen in upper atmosphere, news, 310 
Sulphur Wavelengths and Relative A-Coefficients for the Forbidden 
Lines of (J W McConkey, D J Burns,! A Moran andJ A Kernahan), 538 
Atopic Allergens Inhibition of Leucine and Lysine Aminopeptidase by (L 
Berrens), 664 
ATPase, Sterords and, news, 508 
Aubrey Jones on universyy pay, news, 3 
Auditor-General on univerSity funds, news, 496 
Auricle Frequency Conduction Velocity and Rate of Depolarization in Rabbit 
J W Viersma, L N Bouman and M Mater), 1177 
Austenite and Mineral Oil in Lubricant Failure Role of (W Grew and A 
Cameren), 481 
Australian, Native, and Introduced Spectes of Animals, Phystological, Morpho- 
logical and Behavioural Adaptation to Sodium Deficient Environment by 
Wild (J R Blair-West, J P Coghlan, D A Denton, J R Nelson, Elspeth 
Orchard, B A Scroggtgs,R D Wright, K Myers and C L Junqueira), 922 
ie re and its Genetic Interpretation (Sandor Rakı), review by Ralph 
Riley, 291 
Auxin RA Detached Leaves 


Action of (David Dewey and 


Production of (A R Sheldrake and D H Northcote), 


Catabolism of Lactobacillus bulgaricus Effect of 8-Indolylacetic Acid on 

the Growth and the (P E Pilet and B Blanc), 285 

Availability of Nitrogen to Plants in Acid Coal Mine Spoils ($ M Cornwell and 
E L Stone), 768 

Avian Embryo Biochemistry of the (Alexis L Romamoff), review by John 
McKenzie, 107 

Avidins and Lysozymes 
Green), 254 

Axoplasmic Transport of C-Noradrenaline and Protein in Splenic Nerves (B G 
Livett, L B Green and L Austin), 278 

Azulene-type Radical obtained on Heating 3,4-Benzpyrene 
of an (W F Forbes and J C Robinson), 550 


Evidence for a Genetic Relationship between (N M 


Possible Formation 


1e Vitamin, Content of Aqueous Humour (C | Phillips, R G Ainley, P Van 
Peborgh, E J Watson-Williams and A C Bottomley), 67 
Babbage, Charles The Ninth Bridgwater Treatise, review by Marie Boas Hall, 
1191 


Babesia argentina fn vitro Agglutination of Bovine Erythrocytes infected with 
{3 A Curnow), 267 

Babesiosis Human Case of Piroplasmosis (J E P Fitzpatrick, C Cotton Kennedy, 
Mary G McGeown, D G Oreopoulos,J H Robertson, M A O Soyannwo), 
861 

Bacillus megaterium Combined Lethal Effect of Zinc Chloride and Gamma 
Irradiation on (M_ Kiortsis), 745 

Bacteria, Chemotaxonomic Studies of Gram Negative, by means of Pyrolysis-Gas- 
Liquid Chromatography (E Reiner and W H Ewing), 191 

Stimulative Vapourization of Phenyl-mercuric Acetate by Mercury- 

resistant (K Tonomura, K Maeda, F Futa, T Nakagam: and M Yamada), 
44 


Structure and Distribution of Glycosyl Diglycerides in (N Shaw and 
J Baddiley), 142 
to extract ores, news, 408 
Bacterial Diets in Growing Rats 
Adrian D Mandel), 106! 
Metabolites Drag Reduction by (Paul R Kenis), 940 
Recombination Effect of Dehydration on (S J Webb), 1231 
Spores and Micrococcus radiodurans to Ultraviolet irradiation at Low 
Temperatures Response of (M J Ashwood-Smith, J Copeland and J 
Wilcackson), 337 
Strains, and the Probable Interaction of Two Types of Primary Lesion 
Low Oxygen Enhancement Ratios for Radtogensitive (Tikvah Alper), 862 
Bactericidal Action of Antibody and Complement Passive Sensitization of 
Salmonella adelaide to the (D Rowley and Keven J Turner), 657 


Nutritional Evaluation of (Jacob Shapira and 


: INDEX sa 


Bacteriophage T Action of Atomic Hydrogen on Aqueous (David Dewey and 
Gabriel Stein), 35! 
Bacteriophages obtained from Corynebacterium diphtheriae on Culcerans and 
Covis Action of {H R Carne), 1066 
Bacterium growing under Carbon Monoxide Photosynthetic (Peter Hirsch), 555 
Baldwin, Ernest Dynamic Aspec$ of Biochemistry, review by C A Ross, 588 
Bangor progresses with broad botany, news, 605 
Barium lons for Caicium lons Effect on the Guinea-pig Taenia Coli of the 
Substitution of Strontium or (Y Hotta and R Tsukut), 867 
Sulphate in Sea Water Solubility of (J D Burton, N J Marshall and 
A 3 Phillips), 834 3 
Barrage for prevention of London flood, news, 80 
in Morcambe Bay, news, 599 
Barrett, Charles S, and Massalski, T B 
Smaliman, 389 
Barrington, E J W 
Ardley, 106 
Basalts Self-reversing Oceanic, news, 1207 
Base Metal Sulphides Genesis of Concordant Deposits of 
Approach (B W Robinson and R G J Strens), 536 
Sequence Differences among Vertebrates Recognition of DNA (John 
Baldwin and Chev Kidson), 1256 
Basin Origin of the Lake Constance (German Muller and R A Gees), 836 
Battersby, A R see under Taylor, W | 
Beament, } W L,andJ E Traherne (editors) 
J W S Pringle, 393 
Bedroom Air Mites in (A M Cunnington and P H Gregory), 1271 
Beet, Ernest Agar Astronomy Old and New, review by J D North, 389 
Behaviour Rats prefer the Home Cage to the Runway following Intermittent 
put not Consistent Reinforcement (Ravid Premack and Mitri E Shanab), 
Bell, Ritchie C Plant Variation and Classification, review by ) G Hawkes, 885 
Ben-David’s report for OECD, news, 892 
Benzene and Naphthalene Excited Electronic States of (J B Birks, L G 
Christophorou and R H Huebner), 809 
Bering Land Bridge, The (edited by David M Hopkins), review by R J Price, 1187 
Bernal, J D The Origin of Life, review by J W S Pringle, 291 
Bielsk, B J H, and Gebickt, J M Arlas of Electron Spin Resonance Spectra, 
review by M C R Symons, 689 
Big Machine, the British view, news, 221 
Biliprotein from the Ova of a Key-hole Limpet (W H Bannister, J V Bannister 
and H Micallef), 754 
Binding of Calcium and Strontium by Alginates (James T Triffitt), 457 
of Carcinogenic Hydrocarbons to DNA of Mouse Skin during Inhibition 
of DNA Synthesis Reduced (Rudolf Suss and H Rainer Maurer), 752 
of Formylmethionyl-tRNA to 30S Ribosomal Sub-units (M A Mukundan, 
John W B Hershey, Kathryn F Dewey and Robert E Thach), 1013 
of Streptomycin and Magnesium with Escherichia coli Ribosomes 
Competitive (Yong Sung Cho: and Charles W Carr), 557 
of Strontium and Calcium in Protein and Non-protein Fractions of 
Serum in the Rabbit Relative (Elizabeth Lloyd), 355 
Properties of Saliva Iron (Peter L Reilly, Peter S Davis and Donald J 
Deller), 68 
Biochemical Characterization of Mutants of Salmonella typhimurium lacking 
Glucosy! or Galactosyl Lipopolysaccharide Transferases (M J Osborn), 957 
study of Synaptic Lysosomes Histochemical and (Mildred K Gordon, 
Klaus G Bensch, Grace G Deanin and Malcolm W Gordon), 523 
Genetics, Vol I, No | (edited by Charles R Shaw), review by G 
Pontecorvo, 105 
pharmacology unit for King's College, news, 404 
Biochemistry of the Avian Embryo (Alexis L Romanoff), review by John McKenzie, 


Structure of Metals, review by R E 


Invertebrate Structure and Function, review by D J 


An Experimental 


Insects and Physiology, review by 


Brodeterioration information centre established, news, 996 
Biological Action of Blood Serum of Schizophrenic Patients in relation to Stress 
(D D Orlovskaja, L Z Gaskin and E I Minsker), 473 
and Chemical warfare, news, 799 
Phase Relationships (Martin Macklin), 622 . 
Biologists, Royal Society report on postgraduates, news, 1200 
Biology of Anopheles gambiae Giles in the Sudan Dry Season (Salah M Omer 
and J L Ctoudsley-Thompson), 879 
of barrages, news, 599 
of Dreaming, The (Ernest Hartmann), review by J | Evans, 985 
of the Howler Monkey (edited by Manuel Rene Malinow), review by 
John Napter, 1082 
Biology qualifications in Europe, news, I 
Bromolecular Lipid Membranes Action Potentials induced im (Paul Mueller and 
Donald O Rudin), 713 
Biosatellites a waste of money, news, 899 
Birds and Viability of their Eggs Relation between DDT in Diets of Laying 
(F J S Jones and D D B Summers), [162 
nesting in the Centre and on the edges of a Colony Differences in the 
Quality of (J C Coulson), 478 
Bismuth Structure corresponding to the Ideal Composition 3Bi,0, {7Nb,0, 
(E T Keve and A C Skapsk:), 841 
Bistability caused by Substrate Inhibition of Peroxidase in an Open Reaction 
System (Hans Degn), 1047 
Bivalve Molluscs Growth Lines in the Larvae and Adults of (R H Millar), 683 
Bivalve Shells indicate Longer Month and Year in Cretaceous then Present 
Fossil (Wilham B N Berry and Richard M Barker), 938 
Black Egg Lecithin-Cholesterol Films Influence of pH, Sodium and Calcium fons 
on the dc Resistance of (S Ohkt and A Goldup), 458 
Blair, Dr W Franklin, chairman, IBP, news, 702 
Blinc, R (editor) Magnetic Resongnce and Relaxation, review by D T Edmonds, 
1080 


Distribution of Ethanol between Plasma and Erythrocytes in Whole 
(J P Payne, D W Hill and D G L Wood), 963 

groupinggand genetics, news, 1004 

Groups ABO, Secretor Status, and Intestinal Mucosal Concentrations of 
Alkaline Phosphatase (M J S Langman, A Constantinopoulos andi A D 
Bouchier), 863 + . 
Platelet and Megakaryocyte Membrane Surface Specialization of (Kome! 
Nakao and Alfred A Angrist), 960 
ma ts Glycogen Synthetase Activity in (H Vatner and R Wattiaux), 

I e 

Platelets, Powerful New Aggregator of—2-Chloroadenosine-5 -diphos- 
phate (M Helen Maguire and Frank Michal), 57! 

Pressure in the Newborn Pig Effects of Noradrenaline and Adrenaline 
on Oxygen Consumption Rate and Arterial (J LeBlanc and L E Mount), 77 

Sera in Foetuses and the Newborn Vartatrons in Embryospecific 
Globulins of Human (Yu S Tatarimov), 964 ce 

Serum of Schizophrenic Patignts relation to Stress Biological Action 
of (D D Orlovskaja,L Z Gaskin and E | Minskee), 473 


Blood 


xvi 


PEE Algae New Glycolipid specific to Nitrogen-fixing (B W Nichols 
and B J B Wood), 767 
Production of Hydrogen Sulphide by a Thermophilic (Richard P Shretdan 
and Richard W Castenholz), [063 
BMA reform suggested, news, 119 
Body Protein in Rat during the Earlier Stag& of Protein Depletion 
Rate of (Michio Yamaguchi and Makoto Kandatsu), 668 
Total, and Muscle Respiratory Rases in infants with Malnutrition 
Relationship between (B L Nichols, D J Barnes, A Ashworth, GAO 
Alleyne, C F Hazlewood and J C Waterlow), 475 
Bodywall Activation of Malathion by the Locust (Hafiz Ahmed and B G Gardiner 
Bodywall Activation of Malathion by the Locust (Hafiz Ahmed and B G 
Gardiner), 776 
Bonding in Aqueous Nickelous Nitrate-Magnestum Oxide Cements 
of {E L Williams and H H Wilson), 548 
Bone Marrow Cells and Thymus induced by 19S Alpha-2 Globulin tn Irradiated 
Mice Regeneration pf {i Berenblum, M Burger and A Knyszynskt), 857 
Radial Diffusion and Power Function Retention of Alkaline Earth Radio- 
isotopes in Adult (John H Marshall and Claude Onkelinx), 742 
Bones, Stable Lead tn Fossil Ice and (Zbigniew Jaworowski), 152 
strontium in, news, 118 
Borth Bog as nature reserve, news, 402 
Botany and Agricultural Botany at Bangor, news, 405 
Botulism 1966 (edited by M Ingram and T A Roberts), review by | L Martin, 489 
Boulder Clay Glactation in the Midlands, Age of the Upper (E G Poole), 1137 
Boundary Current in the Western South Pacific Detection of a Deep (Joseph 
Reid, yun, Henry Stommel, E Dixon Stroup and Bruce A Warren), 937 
Bovine Erythrocytes infected with Babesia argentina in vitro Agglutination of 
(J A Curnow), 267 
Ova in the Rabbit 
P Scanlon), 867 
Boyd, Professor J D Obituary by David Wollam, 986 
Brachet, Jean see under Abercrombie, M 
Bradykinin New Test for Biological Identification of (H Edery), 70 
Brain Amines and drugs, news, 412 
Homogenates, Rabbit Prostaglandin Content of Particulate and Super- 
natant Fractions of (Judy M Hopkin, E W Horton and V P Whittaker), 
7 


Catgbolic 


Mechanism 


Contynuous Cleavage of Fertilized (J Sreenan and 


Regional Distribution of Tritiated Acetylcholine in Rat (S Z Kramer, 
J Seifter and B Bhagat), 184 
Breast Cancer Sebaceous Gland Activity in (M J Krant, C S Brandrup, R S 
Greene, P E Pochi and J S Strauss), 463 
Breathalyzer modified, news, 1091 
Brightman, R , obrtuary, 794 
Bristles Selection for the Absence of Scutellar (J B Gibson), 188 
Bristol Siddeley excess profits, parliamentary news, 898 
British Schools to go Metric (Nigel Hawkes), news, 1205 
British View of the Big Machine, news, 221 
Bromide Crystal Structure and the Lower Phase Transition in Solid Deuterium 
(E Sandor and M W Johnson), 541 
lons on Junctional Transmission Effect of (S Muchnik and P W Gage), 


Crystal Seructures of some Protoactinium (D Brown, T J Petcher and 

A J Smith), 737 

Bromine Chloride Visible Absorption Spectrum of (M A A Clyne and J A 
Coxon), 448 7 

Bronchial Muscle Effects of Prostaglandins on Human (W J F Sweatman and 
H O J Colher), 69 

Bronk resigns from Rockefeller, news, 1198 

Brood-protection in a Deep-sea Holothurian 
(Bent Hansen), 1062 

Brown, A F Statistical Physics, review by R Collins, 1079 

Brown, G M see under Wagner, L R 

Brushes of Male Noctuid Lepidoptera 
Aplin and M C Birch), 1167 

Building, international institute for coordination, news, 402 

Bulbus aortae ® Some Aspects of Heart Function in Patella vulgata L (H D 
Jones), 1170 

Burbidge, Geoffrey, and Burbidge, Margaret 
F D Kahn 

Burbidge, Margaret see under Burbidge, Geoffrey 

Burmese Subjects Inactivation of isoniazid in (S E Smith and Tun Kyi), 1273 

Burroughs, contract for USAF won from IBM, news, 5 

Bursaless Chickens Normal Immune Responses of, to a Secondary Antigenic 
Stimulus (M Elame Rose and Eva Orlans), 231 

Bursectomy Gamma Globulin Production and Antibody Synthesis in Chickens 
bursectomized as Embryos (Pierson J Van Alten, William A Catin, Robert 
A Good and Max D Cooper), 358 

Butyrate Regulation of Insulin Secretion by Short Chain Fatty Acids W 
Montague and K W Taylor), 853 


Oneirophanta mutabilis Theet 


Pheromones from the Abdominal (R T 


Quast-stellar Objects, review by 


C, tn Comets Discussion of the “Forbidden” Intercombination Transition of 
{R J Fallon), 1240 
uC-Noradrenalıine and Protein tn Splenic Nerves 
{B @ Livett, L B Green and L Austin), 278 
Cal?, All change at (Nicholas Wade), 1005 
Calamoichthys calabaricus Tetrapod Characteristics of the Pituttary Gland of 
(Michael D Lagos), 473 
Calcran Dolomites and Dedolomitrzation (Amitai Katz), 439 
Calerte-Sodium Oleate Flotation System Influence of Carbon Dioxide in the 
(V Y Sampat Kumar and A K Biswas), 1255 
Calcium and Strontium by Aiginates Binding of {James T Triffitt), 457 
and Strontium tn Human Plasma Comparative Ulerafiltrabihty of 
(Janusz Szymendera and Stefan Madajewicz), 968 
Carbonate Content of Karst Water in relation to Flow-through Time 
{A F Pitty), 939 
Concentrations in Mi@e Effect of Heparin on Sevum (Carlos A Bonilla, 
Reed M Stringham, jun and Ivan M Lytle), 1281 
Efflux from Frog Nerve and Muscle Action of Procaing on (Albert S 
Kuperman, Bella T Altura and Judith A Chezar), 672 
in Protein and Non-protein Fractions of Serum im the Mabbit Relative 
Binding of Strontium and (Elizabeth Lloyd), 355 
in Reproductive Physiology (K Simkiss), review by B Lofts, 983 
lons Effect on the Guinea-pig Taenta Col: of the Substitution of Stron- 
tium or Barium lons for (Y Hotta and R Tsukut}, 867 
lons Influence of pH, Sodium and, on the dc Resistance of Black Egg 
« fCecithin-Cholesterol Films (S Ohkr and A Goldup), 458 
Spikes of Nerve Cell Membmne Role of Calcium in the Production of 
Action Potentialg (K Koketsu and S Nishi), 468 


e 


Axoplasmic Transport of 


INDEX . 


Californian Grassland Rélationships among Functional Properties of (M P 
Austin), 1163 

a sey annual report, ne®s, 118 . 

CaNes in Wild Ungulates Method for deriving a Survival Curve of Young 
{C A Spinage), 480 

Canagtan Cancer Canference, Vol 7 (Prtqceedings), review by P W Bzrlow, 688 

Cancer and isoenzymes, news, 804 a 

Sebaceous Gland Activity in Breast (M ® Krant, C $ Brardrup, R $ 

Greene, P E Pochi and J $ Strauss), 463 

Canine Hepatic Homograft Distribution of Plasm@ Fatty Acid betore and after 
(Wiliam S Worth), 618 

Cannula Stimulus-induced Release of Substances from Olfactory Bulb using the 
Push-Pull (Thomas N Chase and Irwin J Kopin), 466 

Carbamy!-cysteine (S-) Anti-tumour Activity of (Richard H Adamsen) 751 

Carbohydrate on Hepatic Lipogenesis in the Rat Effect of Dietary {E Bailey, 
C B Taylor and W Bartley), 47! 

Carbon Dioxide Fixation in Marze, Sugar Cane and BSbacco and its Relation to 


Photorespiration Comparison of the Kinetics of Photosynthetic (A 
Goldsworthy), 62 
in Muscle Storage of (Mark Heymann and Nei! Chernmiack), 855 


in the Calcite-Sodium Oleate Flotation System Influence of (Y Y Sampat 


Kumar and A K Biswas), 1255 
Carbon fibre reinforced plastics, news, 797 
Carbon Fibre Reinforced Polymers in a Vacuum Environment 
Harris and D Wyn-Roberts), 98! 
Carbon Monoxide Gas Detection of Oxygen Atoms during Gamrra Radiolysis 
of (J P Briggs and P G Clay), 947 
Photosynthetic Bacterium growing under (Peter Hirsch), 555 
with Haemoglobin at Low Temperature Kinetics of Association of 
{R Bannerjee, P Douzou and A Lombard), 23, erratum, 296 
Carbon Tetrachloride Initiation of Free Radical Polymerization by Manganese 
Carbonyl and (C J Bamford and R Denyer), 59 
Carbonaceous Material from the Puerto Rico Trench of the Atlantic Ocean 
Characterization of (R A Friedel and A J Nalwalk), 345 
Meteorite Occurrence of Olivine ina Type | (J F Kerridge), 729 
Carbons and Graphites Stress Dependence of Tensile Creep Rate in (D B 
Fischbach), 840 
Carboxypeptidase, resolution of, news, 708 
Carcinogenic Hydrocarbons to DNA of Mouse Skin during Inhibition of DNA 
Synthesis Reduced Binding of (Rudolf Suss and H Rainer Maurer), 752 
Oil Fractions, MRC report after 20 years, news, 1208 
Carcinogenicity Response of an Active Component of Croton Oil to Short-term 
Tests on (Conrad Libermann, Philippe Lazar, Ivan Chouroulinkev and 
Maurice Guerin), 563 
Cardiac Muscle Simultaneously Recorded Oscillations in Membrane Potential 
and Isometric Contractile Force from (R A Jensenand B G Katzung), 96] 
Cardiganshire Human Influence upon Vegetational History in North (Peter D 
Moore), 1006 
Careers and children occupational choice, report, news, 1093 
Carnegie Institute, research report, news, 894 
Carotenoids Taxonomic Significance of (L R GeValadon and Rosemary $ 
Mummery), 1066 
Carp, Cyprinus carpio Environmental Temperature and Plasma Electrolyte 
Regulation in che (A H Houston and Jane A Madden), 969 
Caryophyllaceae at Low Temperatures in relation to Geographical Distribution 
Germination of (P A Thompson), 1156 
Case agers the Special Theory of Relativity, The (Herbert Dingle), 19, erratum, 


Wear of (C L 


Castle, and Transport White paper, news, 114 
Cat Submaxillary Saliva, Vasopressor Substanc® in, Stalotonin (C Moriwaki, 
Susanne Beilenson and M Schachter), 270 
Catabolic Rate of Body Protein in Rat during the Earlier Stages of Protein Deple- 
tton (Michto Yamaguchi and Makoto Kandatsu), 668 
Catabolism by Alteration of Dietary Protein Regulation of Albumin Synthesis 
and (R Kirsch, Lesley Frith, Elizabeth Black and R Hoffenberg), 578 
Catalase Compound {1 Sub-unit Nature of (Peter Jones, A Suggett and R H 
Pain), 1050 
Catalysts Heterogeneous Oxidation of Methane over Palladium (3 G Firth and 
H B Holland), [252 
Catalytic Activity of Platinum Electrodes resulting from Cathode Pretreatment 
Enhanced (J N Hiddlesten), 1047 
Cathode Pretreatment Enhanced Catalytic Activity of Platinum Electrodes 
resulting from (J N Hiddleston), 1047 
Catton Carriers, Cyclic Antibrotics as, news, 1209 
Optical Study of Particle Size of Montmorillonite with Varrous Adsorbed 
(A Banın and N Lahav), 1146 
Cavitaton induced by Vorticity at a Smooth Flat Wall (M J Kenn and P Minton), 
Nucleation of Freezing tn Supercooled Water by (M N Plooster), 1246 
Cell-Cell Interactions ın vitro Odontogenesis (H C Slavkin,J Beirle and L A 
Bavetta), 269 
Cultures Stem-cell Inactivation ın Mixed Spleen (R V Petrov, L § 
Seslavina and E ! Panteleyev), 559 
Cycle on Recovery from Radiation Damage in the Mouse Liver Effect 
of (J E Coggle), 180 
ce of Uterine Smooth Muscle (P M Carroll and D D Sereda), 
membranes, models, news, {28 
Numbers in Tendons Specific Method for Estimating (K G Reid), 357 
wall amino acids, news, 1100 
Cellular Biology of the Uterus (edited by Ralph M Wynn), review by N F 
Morris, 784 
DNA Synthesis caused by fododeoxyuridine Polyoma Virus-tnduced 
Release of (Akiko Kasamaki, Tamar Ben-Porat and Albert S Kaplan), 756 
interdependence, news, 506 
Immune Competence of Spleen Bursa and Thymus Cells (W A Cain, 
M D Cooper and R A Good), 87 
Role of Macromolecules The (P H Jellinck), review by P M B Walker, 
Cellulose Acetate Simphified Procedure for Immunodiffusion Techniques on 
(J Korn), 1261 
Cements Mechanism of Bonding in Aqueous Nickelous Nitrate-Magnesium 
Oxide Cement (E L Williams and H H Wilson), 548 
Centaurus XR-2 Nova Model of (P J Edwards), 43 
Centrifuge Closed Continuous-flow (George Judson, Alan Jones, Robert 
Kellogg, Dean Buckner, Robert Eisel, Seymour Perry and Wiliam 
Greenough), 816 
Centriole and Spindle, news, 02 
Ceramics Neutron Activation Analysis of Medieval (A Aspinall, D N Slater 
and P Mayes), 388 


Cercariae of Schistosoma mansom and Plants Attempts to penetrate Phaseolus 
vulgaris and Hedychium coronarium, produces @ Cercaricide (Kenneth S$ 
Warren and Pierre A Peters), 647, addendum, 692 

Effects of Joseph G 


Cercarial Extracts of Schistosoma mansoni on Hela Cells 
Otero), 38! i 

Cercaricide Attempts to penetrate Praseolus Vulgaris and Heydychium® coro- 
narium produces a, Cer@rize of Schistosoma mansoni and Plants (Kenneth S 
Warren and Pierre A Peters), 647 

Cerebellar Cortex Distrib@tion of Dehydrogenase in the (Z Lodin, J Muller 
and J Faltin), 655 

Cerebral functions, logical analysts of, news, 603 

Cerebrospinal Fluid Relationship between Concentrations of Human Chorionic 
Gonadtrophin in Plasma and (K D Bagshawe, A Hilary Orr and A G J 
Rushworth), 950 

CERN and the Proposed European Biology Laboratory, news, 317 

CERN» Development High Energy Neutrino Experiments at (C A Ramm), 


discusses 300 GeV machine, news, 1090, 1199 
Chandler Wobble Theoretical Model for the (G Colombo and I } Shapiro), 156 
Changes in Collagen Cross-linking in Rats with Reduced Food Intake (Zdenek 
Deyl, Arthur Everitt and Jan Rosmus), 670 
in iron Metabolism tn Natives of 13,000 ft brought down to Sea Level 
(A O Carmena, A Segade F J Cavagnaro and N G de Testa), 70 
tn Membrane Impedance associated with a Cortical Contraction in the 
Egg of Xenopus laevis (D Gingell and J F Palmer), 98 
Channel tunnel, no cancellation, parliamentary news, 800 
Chapelcross, slow repairs, parliamentary news, 898 
Characteristic Energy Loss of Electrons transmitted through Argon (G C Hale 
and J B Hasted), 945 
Characterization and Rapid Labelling of Pituitary RNA (D F Salaman and K $ 
Kirby), 454 
of Carbonaceous Material from the Puerto Rico Trench of the Atlantic 
Ocean (R A Friedel and A J Nalwalk), 345 
Charcoal Bodies Acceleration Produced Electric Fields in (P A Dunkerley), 52 
Charged Membranes Transport of lons against their Concentration Gradients 
in an Analogue System for Active Transport using (Russell Paterson), 545 
Chelates Stimulated Emission and Laser Action from the Organic Ligand of 
Gandolinium (N Filipescue, C R Hurt and N McAnvoy), 631 
Chemical and Biological warfare, news, 799 
Composition of Dew and Dry Fallout in Jerusalem, Israel (D H Yaalon 
and E Ganor), 1139 
Defence establishment, function, parliamentary news, 705 
Potential Transport Processes and the (A G McLellan), 349 
Protection against X-irradiation by a New Reducing Agent [,4-Dithio- 
threitol in Marsupral Leucocytes in Culture (Y A E Bick and W D 
Jackson), 479 
Pumping of OH Molecules Formation and (P M Solomon), 334 
Transfer of Learned Fear (G Ungar, L Galvan and R H Clark), 1259 
Chemilumtnescenegram, the Discrimination of Chemiluminescent Mixtures 
(D S Bersis and Je Nikokavouras), 451 
Chemiluminescent Mixtures Discrimination of, the Chemilummescenegram 
D S Bersis and J Nikokavouras), 451 
Chemists for industry, conference, news, 893 
Chemotaxonomic Studies of some Gram Negative Bacteria by means of Pyrolysus- 
Gas-Liquid Chromatography (E Reiner and W H Ewing), 19! 
Chest Wall of 20 keV X-rays from an Inhaled Radioactive Aerosol Attenuation 
in zhe (J Rundo, B T Taylor, D V Booker, D Newton and D Scargill), 


64 

Chick Embryo Evidence frog Effects of Anti-gonatotropin Sera on Developing, 
Morphogenetic Properties of Follicle-Stimulating Hormone (Gajanan V 
Sherbet and M S Lakshmi), 1257 

Chicks Specific Habituation by (D B Broom), 880 

Chinese Hamster Cells tn vitro Growth promoting Effect of Lysolecithin on 
(Karin Nilausen), 268 

to repair Sub-lethal Damage when X-irradiated in the Plateau Phase of 

Growth Failure of (George M Hahn), 741 

Chinese Science after the cultural revolution, news, 1196 

Chlamydomonas Adaptation Phenomena in Phototaxts (A M Mayer), 875 

Chlorella pyrenordosa Light Induced Uptake of Potassium and Chloride by (! 
Barber), 876 

Chloride by Chlorella pyrenoidosa 
Barber), 876 

Visible Absorption Spectrum of Bromine (M A A Clyne and J A 

Coxon), 448 

Cholera Toxtn-tnduced Diarrhoea Absorption of d-Glucose by the Rabbit 
Jejunum during (Harold A Serebro, Theodore M Bayless, Thomas R 
Hendrix, Frank L Iber and Thomas McGonagle), 1272 

Cholesterol-Lecithin Films {[nfluence of pH, Sodium and Calcium lons on the 
dc Resistance of Black Egg (S Ohki and A Goldup), 458 

Choline in cell wail, news, 1100 

Cholinergic Systems Conformational Relationship between the O-C-C-N+ 
System of Phospholipids and Substrates of Muscarinic and (M Sundarlingam), 


Light Induced Uptake of Potassium and (3 


35 
Chondroitin Sulphate in Skin of Mice with Carcass Nitrogen Loss during Starva- 
ton Correlation of Loss of Hyaluronic Acid and (H Sobel, M Hewlett 
and R Cohen), 1279 
Chorion and Uterine Muscle Production of Renin by in vitro Cultures of Human 
(E M_Symonds, Margaret A Stanley and S L Skinner), 1152 
Chorionic Gonadotrophin in Plasma and Cerebrospinal Fluid Relationship 
between Concentrations of Human (K D Bagshawe, A Hilary Orr and 
A G J Rushworth), 950 
Chorlton, Frank An Introduction to Fluid Dynamics, review by K Stewartson, 
199 , Textbook of Fluid Dynamics, review by K Stewartson, 199 
Chromaffin Granules in Tissue Section Determining Sizes and Distribution of 
Sizes of Spherical Bodies such as (R E Coupland), 384 
Chromatin Structural Units in, and their Orientation on Membranes (H G 
Davies and J V Small), $133 
Chromium, Grain Boundary Diffusion Effects in Films of Gold on (P S Kenrick), 
Chromosomal Spindle Fibres to Enzyme Disruption 
Removed (G C Hoskins), 748 
Chromosome Aberrations during Normal Epithelial Proliferation (J G Forsberg 
and B Lannerstad), 568 
Aberrations Low pH of Irradiated Sucrose in Induction of (Muriel Y 
Bradley, Linda L Hall and Sarah } Trebsicock}, 1182 
Breakage, Viruses and, news, 507 
replication Late DNA Synthesis in Heterochromatin (A Lima-De-Farta 
and Halina Jaworska), 138, erraturn, 1295 
Chromosomes of Glossina pallidipes Austen Mitotic (P E Hulley), 977 
Hypothesis to explain Synapsis of Meiotıc (Winston E Ratnayayake), 
e 


Sensitivity of Micrurgically 


’ INDEX 


XVU 
a 


Accumulation of Dry Matter 
e 


Chrysanthemum morifolium after Flower Removal 
by (K E Cockshull and A P Hughes), 979 
Cigarette filter, Robert Strickman, news, [17 
Cthate Protozoa in Rumen Function Part Played by {F G Youssef and D M 
Allen), 777 ¢ 
Cirewlation within Monolayer Fifms on Aqueous Substrates at Low Surface 
Pressures (E R Moss, D M Himmiélblau, R S$ Schechter and R L 
Piezer), 349 * 
Circulatory Respomse to High Altitude Hypoxia in Man Immediate (Sujoy B 
Roy, J S Gulerta, P K Khanna, J R Talwar, S C Manchanda, J N 
Pande, V S Kaushik, P S Subba and J E Wood), t177 
Civil research at defence establishments, how much?, parliamentary news, 999 
Clarias batrachus (Linn) New Glandular Structure in the Kidney of (Shyama 
Sharma), 84 
Cleavage of Fertilized Bovine Ova in the Rabbit 
P Scanlon), 867 
Clearer. J E Thymidine MetabolismZand_Cell Kinetics, review by A J $ Davies, 
Climate Control in the USSR, news, 1003 
Cirnical and Pharmacological Effects of Monoamine Precursors or Haloperidol in 
Chronic Schizophrenia (T Persson and B E Roos), 854 
Chaical Virology (R H A Swain and T C Dodds), review by A D Macrae, 200 
Closed Continuous-flow Centrifuge (George Judson, Alan Jones, Robert Kellogg, 
Dean Buckner, Robert Eisel, Seymour Perry and William Greenough), 816 
Clotting Factor VII! Gamma G4-Globulin Antibody causing Inhibition of (Burton 
R Andersen and William D Terry), 174 
CNAA giving awards, third report, news, 699 
Coal for Smelters, news, 304 
and future policy, news, 397, 398 
Coal Mine Spoils Availability of Nitrogen @® Plants in Acid (S M Cornwell and 
E L Stone), 768 
Particles in the Source of “Time-of-Flight’”” Mass Spectrometer 
Heating of (W K Joy, W R Ladner and E Pritchard), 640 
Coarsening, Particle, in the Solid State (R V Day and J Barford), 1145 
Cocaine, Desipraimine and Angiotensin on Uptake of Noradrenaline in Tissues 
of Pithed Rats Effect of (D T Pals and F D Masucci), 772, erratum, 1084 
Potentiation Mechanism of, Increased Receptor Utilization (K Nakatsu 
and R J Reuffenstein), 1276 
Coceidial Sporozoites by Freezing 
Vetterling), 1262 
Cockroach Extracellular Recording from Single Neurones in the Olfactory 
Centre of the (Minoru Yamada), 778 
Cohn, Waldo E see under Davidson, J N 
Collagen Cross-linking tn Rats with Reduced Food Intake 
Deyl, Arthur Everitt and Jan Rosmus}, 670 
Intermolecular Relationship between Neutral-salt-soluble and Acid- 
soluble (R J Davidson and D R Cooper), 168 
or Thrombin Inhibition by Adenosine Diphosphatt of the Thrombo- 
cytopenta induced in Rabbits by (Dorothy Busfield and E G Tomich), 376 
Collision of Molecular Oxygen with Clean Tungsten Adsorption Efficiency in 
the (A M Horgan and D A King), 60 
Colonization of a Marine Goby through the Panama Canal 
W Rubinoff and Ira Rubinoff), 476 
Colony Differences ın the Quality of Birds nesting in the Centre and on the 
Edge of a (J C Coulson), 478 
Combined Inhibition of Influenza Virus Reproduction in Cell Culture using 
Interferon and Amantadine (S V Lavrov, E | Eremkina, T G Orlova, 
G A Galegov, V D Soloviev and V M Zhdanoy), 856 
Lethal Effect of Zinc Chloride and Gamma Irradiation on Bacillus 
megaterium (M Kiortsis), 745 
Comets Discussion of the “Forbidden” Intercombination Transition of C, in, 


Continuous (J Sreenan and 


Laser 


Preservation of (D J Doran and J M 


Changes in (Zdenek 


Interoceanic (Robert 


Committee for bottom of oceans, news, 116 
Committees (sub-) of Ministry of Defence, parliamentary news, 504 
Common Cold Identification of Rhinovirus Stran DC (R M Conant, Y V 
Hamparian, E J Stoteand D A J Tyrrell), 1264 A 
Comparative Ultrafiltrabilty of Calcium and Strontium in” Human Plasma 
(Janusz Szymendera and Stefan Madajewicz), 968 
Zoology Museum at Harvard, news, 1000 
Comparison of the Kinetics of Photosynthetic Carbon Dioxide Fixation in Maize, 
Sugar Cane and Tobacco, and its Relation to Photorespiration (A Golds- 
worthy), 62 
Competitive Binding of Streptomycin and Magnesium with Escherichia coli 
Ribosomes (Yong Sung Choi and Charles W Carr), 557 
Complement Component Reaction of the Terminal, Immune Haemolysis (O 
Gotze, | Haupt and H Fischer), 1165 
Fixing Antigens in DMBA-induced Leukaemia of Rats Lack of (Nehama 
Sharon and Morris Pollard), 363 
Passive Sensitization of Salmonella adelaide to the Bacterterdal Action of 
Antibody and (D Rowley and Keven J Turner), 657 
Complex Formations between Iso and Syndiotactic Polymethylmethacrylate in 
Solutions (W B Van den Berg, B Hijmans, P Pret and D Herkens), 949 
Complexes Stereachemistry of the Allyl Ligand in some Allul-Palladium (R 
Mason and A G Wheeler), 1253 
Composite Minor Intrusions in South Eastern Snowdonia (Alan V Bromley), 731 
Composition of the Optically Active Fraction of a Texas Petroleum (N Danieli, 
E Gil-Av and M Louis), 730 
of Trabecular Bone in Children and its relagion to Radiatio Dosimetry 
(E D Dyson and W J Whitehouse), 576 
Compound |! Sub-unit Nature of Catalase (Peter Jones, A Suggett and R H 
Pain), 1050 
Compton Effect 
Oster), 148 . 
Scattering in Radio Sources Stimulated Inverse (Peter Goldreich, Richard 
McCray and Martin] Rees), 931 
Computer Recognition of Syntactic Structure by (Irwin D J Bross), 1078 
Simulation of a Model Gynoadioecy in Origonum vulgare (S K Jain), 764 
society, British, professional body?, news, 697 
Technology, new firm, news, 210 N 
training, qualifications and courses, news, 7 
Computers and Employment (L R B Elton), 1109 
final @ritish merger, news, 1207 à 
for mgdicine, parliamentary new® 120 
for stack control and production, symposium, rews, 1203 
in action, numbers, parliamentary news, 800 
price increases announced, news, 115 
Concave Grating Spectrometers New Mounting for (M Sawada), [247 
Concentration Gradients in an Analogue System for Active Transport using 
eet Membranes Transport of lons against their (Russell Paterson), 
45 p 
Concentrations of Metabole Internediaté& in Kidneys of Rats with Metabolic 
Acidosis (G A O Alleyne), 847 ® 
e 


New Restriction on Models for Quast-stellar Objects (L 


XV 


Concordant Deposits of Base Metal Sulphides Genesis of, an Experimental 
Approach (8 W Robinson and R G } Serens), 536 
Concorde and noise, parliamentary news, 999 
finance, parliamentary news, 898 
Condensation of the Planets (F Hoyle and N @ Wickramasinghe), 415 
Conditioned "Anxiety? Effects of Drugs on (Berek Blackman), 769 . 
Conductance or Resistance (R D Stark), 779 
Conduction Velocity and Rate of Depolarizatién in Rabbit Auricle 
(J W Viersma, L N Bouman and M Mater), 1177 . 
Conformational Relationship between the O-C-C-N+ System af Phospholipids 
and Substrates of Muscarfpic and Cholinergic Systems (M Sundaralingam), 
35 
Conjunctional cells RNA in the Elementary Bodies of Trachoma Agent (Israel 
Sarov and Yeckiel Becker), 849 
Connective Tissue Proteins Urinary Peptides derived from the Cross-linked 
Regions of (Jacqueline B Weiss and F S Stevens), 66! 
Conservation corps set up, news, 1204 
Contact Angles for Thin Lipid Films and the Determination of London-van der 
Waals Forces (DÙ A Haydon and J L Taylor), 739 
Contamination of Human Heteroploid Cell Lines Apparent HeLa Cell (Stanley M 
Gartler), 750 
Continental Slope pf Southern Portugal 
Roberts and A H Stride), 48 
Continuous Cleavage of Fertilized Bovine Ova in the Rabbit (J Sreenan and P 
Scanlon), 867 
Contraception in France, news, 596 
Contractile Force, Isometric, from Cardiac Muscle Simultaneously Recorded 
Oscillations in Membrane Potential and (R A Jensen and B G Katzung), 
961 
Contraction Kinetics of Myofilartenc Activation in Potentiated, Staircase 
Phenomenon in Human Skeleton Muscle (John E Desmedt and Karl 
Hainaut), 529 
Contracture in Slow Muscle Fibres 
and È Stefani), 1274 
Control of Growth in Two Populations of Elephant Seals (M M Bryden), 1106 
Copeman, W S The Worshipful Society of Apothecaries of London, review by 
Edwin Clarke, 1083 
Conversion of d-Amino Laevulinic Acid to Porphobilinogen by Different Tissues 
of the Polychaete Annelid Neoamphitrite figulus (R Phillips Dales), 553 
Convulsant Action of Polyphenols (A Angel and K J Rogers), 84 
Co-ordinated Neuromuscular Activity in Insect Spiracles at Sub-zero Tempera- 
tures (Barbara N Burkett and H A Schneiderman), 95 
Co-ordination Compounds of Alkali Metals, with 8-Hydroxyquinoline and Iso- 
nitrosoacetophenone (A K Banerjee, A J Layton, R S Nyholm and 
Mary R Truter), 1147 
Copulatory Behaviour in Male and Androgenized Female Rats after Oestrogen/ 
Amine Depletor Treatment Female (Bengt | Meyerson), 683 
Coral Community oh Muddy Sand (T F Goreay and C M Yonge), 421 
Cornea, Herpesvirus Infection of Human Mesodermal Tissue, detected by 
Electron Microscopy (Chandler Dawson, Birgitta Togni, Thomas E Moore, 
jun and Virginia Coleman), 461 
in Tadpoles of Rana temporaria Effect of Light and Dark on Secondary 
Induction of (Y V Popov and D V Popov), 1169 
Corneal Thickness and Hydration Relation of Epithelsal lon Transport to (Keith 
Green), 1074 
Cornubian Granites Petrogertetic Significance of Alkali Feldspar Megacrysts and 
their Inclusions ın (B Booth), [036 
Correlation of Loss of Hyaluronic Acid and Chondroitin Sulphate in Skin of Mice 
with Carcass Nitrogen Loss during Starvation (H Sobel, M Hewlett and 
R Cohen), 1279 
Correspondence of Isaac Newton, The, Vol 4 (edited by J F Scott), review by 
L Rosenfeld, 485 
Corrosion of Iron and Formation of Iron Phosphide by Desulfovibrio desulfurtcans 
(Warren P iverson), 1265 
Cortex Distribution of Dehydrogenase in the Cerebellar (Z Lodin, J Muller 
and J Faltin), 655 
of Foetal Guinea-pig Thymus Striated Muscle in the (T Mandel), 276 
Cortical Contraction in the Egg of Xenopus faevis~ Changes in Membrane 
Impedance associated with a (D Gingell and J F Palmer), 98 
Nerve Cells Action of Jontophoretically Applied Tetrodotoxin on 
(J W Phillis, A K Tebects and D H York), 271 
Cortisol Binding to Plasma Proteins Temperature Dependence of (D J Goldie, 
N Hasham, P M Keane and W H C Walker), 852 
Cortisone Inhibition of Development in Drosophila by (P Dennis Smith, 
Pamela B Koenig and John C Lucchesi), 1286 
Secretion Normocalcaemia in relation to (Jennifer Jowsey and George 
W Simons), 1277 
Corynebacterium diphtheriae on C ulcerans and C ovis 
obtained from {H R Carne), 1066 
Cosmic Microwave Background Interpretation of (J V Naklikar and N C 
Wickramasinghe), 1235 
Rays Radio Emitting Electrons tn the Galaxy and the Solar Modulation 
of (K C Anand, R R Daniel and S$ A Stephens), 25 
X-rays Detection of Anisotropic Soft X-ray Background Flux (C S 
Bowyer, G B Field and J E Mack), 32 
Cosmogonic Fragmentation (Joseph F Bird), 1239 
Cosmologia Heltum Production Half Life of the Neutron and (R J Taylor), 
° 
Test Radio Sources in Opposite Directions as a {Jan-Erik Solheim), 41, 
erratum, 202 
Cost of roads, report, news, 695 
per unit of electricity, parliamentary news, 898 
Cutting Cakes Blindfold (F V Bale), correspondance, 1296 
aa AT eal at 2,700 MHz (A J Shimmins, J G Bolton and J V 
all), 
Cousin tsland, preservation, news, 307 
Cows, Sheep, Pigs and Pounds (N W Pirie), correspondence, 1296 
Coypu and Mink tn the wild, news, 9 
Crab Limulus Discrete Potengals in the Dark-adapted Fye of the (John E 
Dowling), 28 
Crabs, Commensal Hermie Detachment of Sea Anemones by, and by Mechanical 
and Electrica! Stimuli (D M Ross and L Sutton), 380 8 
Crack detector launched, news, 798 e 
Crater Tycho Multiphase Development of the Lunar (R G Grom and G 
Fielder), 611 
Creep Rate tn Carbons and Graphites 
Fischbach}, 840 
Cretaceous’? Has the Pacific Basin moved as a Rigid Plate since the (W E 
Farrell), 1034 
* than Present Fossil Bivalve Shells indicate Longer Month and Year in 
{Wiliam B N Berry and Richard M Barker), 938 
Fritical Velocity Hypothesis Alfvén’s (J C Sherman), 341 
e 


Frequency 


Late Tertiary Slumping on the (D G 


Neurotrophic Control of (R Elul, R Miledi 


Action of Bacteriophages 


Stress Dependence of Tensile (D B 


INDEX . 


, 
Crop Yield Plant Competition and (H Farazdaghi and P M Harris), 289 
Crosland reconsiders Stans#ed, news, 79! 
Cro§-linked Regions of Connective Tissue Proteins Urinary Peptides derived 
from the (Jacqueline B Weiss and F S Stevens), 661 
Cross-linking in Rats with Reduced Foog Intake Changes in Collagen (Zdenek 
eyl, Arthur Everitt and Jan Rosms), 670 
Cross-reaction of Anti-lymphocyte Serum with Ha@moporetic Stem Cells (E O 
Field and J E Grbbs), 561 
Croton Oil to Short-term Tests on Carcinogenicigy Response of an Active 
Component of (Conrad Libermann, Philippe Lazar, Ivan Chouroulinkov 
and Maurice Guerin), 563 
Cruickshank, T C, Dodds,,T C, and Gardiner, Dugald L 
review by E N Willmer, 1188 
Crustacea related to Latitude and Depth Vision Index for Isoped (Robert J 
Menzies, Robert Y George and Gilbert Rowe), 93 
Crystal growth facilities, SRC grant, news, 1094 ° 
Structure and the Lower Phase Transition in Solid Deuterium Bromide 
{E Sandor and M W = Johnson), 541 
Structure corresponding to the Ideal Composition 3B1,0, 17Nb.O,; 
(E T Keve and A Č Skepski), 841 
Structure of Ethylenebidiguanide Silver (II) Nitrate (N R Kunchur), 
539 
Structures of some Protoactinitum Bromides (D Brown, T J Petcher 
and A J Smith), 737 
Crystallography, new Italian association, news, 803 
Crystals, Mixed, of Phenazine and N-Oxyphenazine 
Glazer and S Pramatus), 58 
Ctenophores Specialized Connexions between Nerve Cells and Mesenchynal 
Cells in (Mari-Lux Hernandez-Nicatse), 1075 
Culcerans and Cavis Action of Bacteriophages obtained from Corynebacterium 
diphtheriae on (H R Carne), 1066 
Cultural Properties of Mutants of Salmonella typhimurium lacking Glucosyl or 
Galactosy! Lipopolysaccharide Transferases Genetics and (R G Wilkinson 
and B A D Stocker), 955 
Cultural revolution and effects on Chinese science, news, 1196 
Cultures Stem-cell Inactivation in Mixed Spleen Cell (R V Petrov, L S$ 
Seslavina and E | Pantelejev), 559 
Cuneate Nucleus by Picrotoxin Antagonism of Presynaptin Inhibition in the 
(J R Bannaand S J Jabbur), 83 
“Current Contents” for Physicists, news, 704 
Cuts in government spending, news, 207 
Cyclic Antibiotics as Cation Carriers, news, 1209 
polypeptides NMR Studies of Gramicidine S ın Solution (A M Liquori 
and F Conti), 635 
Cycloacetoacetate on Adenosinetriphosphatase Activity tn Liver Mitochondria 
Effect of Phenylhydrazine and Hydrolysed Glucose (M C Nath, T G 
Reddi and N Nath), 552 
Cyclophosphamide on the Production of Interferon Effect of (T W E Robinson 
and R B Heath), [78 
Gyeloprem as a Hereditary Malformation (Peter Pfitzer gnd Horst Muntefering), 
. 


Human Histology, 


Refractive Indices of (A M 


Cysteamine as a Radioprotector, news, 1209 

Cytogenetical Polymorphism and Evolution tn Mammalian Somatte Cell Popula- 
ttons (D T Hughes), 518 

Cytokmnins Stimulation of Transpiration by (H H Luke and T E Freeman); 873 

Cytological Differentiation in the Young Adult Organ of the Chick Correlation 
with, Lens Soluble Proteins (J M Genis-Galvez, J M Castro and E 
Battaner), 652 

Cytophotometry DNA Dynamics in Rat Granuloporesis studied by (A Balazs 
and Gy Rappay), [66 

Cytoplasmic Lactate Dehydrogenase of Rat Liver Cells Differences tn Isozyme 
Hentai Nucleic and (Y L Nemchinskaya, L Sh Ganelina and A D 

raun), 2! 


Dany Rhythm in the Noradrenaline Content of Rat Hypothalamus (James 
Manshardt and Richard J Wurtman), 574 

Dainton, Gordon-Walker questioned, parliamentary news, 1096 

report, news, 792 
report and mathematics, news, 897 
Reports, Action after the (L Rosenhead), 806 

Daniels, George H American Science in the Age of Jackson, review by Marie 
Boas Hall, 983 

Daude!, Raymond The Fundamentals of Theoretical Chemistry, review by C A 
Coulson, 1080 

Davidson, | N , and Cohn, Waldo E (editors) Progress in Nucleic Acid Research 
and Molecular Biology, Vol 7, review by K Burton, 1292 

Day, J H A Monograph on the Polychaeta of Southern Africa, review by R 
Phillips Dales, 1187 

Day, Vice-Admiral Str Archibald The Admiralty Hydrographic Service, 1795- 
1919, review by Margaret Deacon, 783 

DDE (pp’) Success of Eggs of the Shag on the Farne Islands, Northumberland, in 
relation to their Content of Dieldrin and (G R Potts), 1282 

DDT in Diets of Laying Birds and Viability of their Eggs Relation between 
(F 1 S Jonesand D D B Summers), 1162 

Decimilization, no delay, parliamentary news, 504 

stop or comma, news, 995 

Decompression Sickness using the Doppler Flowmeter in vivo Detection of 
Circulating Gas Emboli associated with (Murlin F Gillis, Palmer L Peterson 
and Manuel T Karagianes), 965 

Dedolmitization Calcan Dolomites and (Amitai Katz), 439 

Deep Boundary Current in the Western South Pacific Detection of a (Joseph 
Reid, jun , Henry Stommel, E Dixon Stroup and Bruce A Warren), 937 

De-esterification using lon Exchangers (Y Z Frehwein), 642 

Defence research and development examination, Select Committee, news, 998 

research methods approved of, Select Committee, news, 120! 

Deficiency of Erythrocyte Nicotinamide Adenine Dinucleotide Nucleosidase 
(NADase) Activity in the Negro (Won G Ng, George N Donnell and W R 
Berbren), 65 

Degradation of “Diazinon’’ by Synergistic Microbial Action (Harm B Gunner 
and Bere M Zuckerman), [183 

Dehydration on Bacterial Recombination Effect of (S J Webb), 123! 

Dehydrogenase tn the Cerebellar Cortex Distributton of Some (Z Lodin, J 
Muller and J Falein), 655, 

Re at Peripheral Nerves im Krabbe’s Disease Segmental (B D 

ej, 

Densely lonizing Radiation and X-rays, news, 1208 

. 


. INDEX XIX 


ry 

Density Inhomogeneities in the Universe Large-scale (M J Rees and D W 
Sciama), 511 i ' 

Semi-annual Variation in Thermospheric (Reginald E Newell) 150, 
erratum, 394 

Dentition of Kenyaphithecus ofricanus po {L S$ B Leakey), 827 

Depth Habrtats of Pelagic Foraminira during the Pleistocene (Barbara Lidz, 
Alexis Kehm and Herffirick Miller), 245 

Depolarization in Rabbit Auricle Frequency, Conduction Velocity and Rate of 
(J W Viersma, L ® Bouman and M Mater), 1177 

Deposits of Base Metal Sulphides Genesis of Concordant, an Experimental 
Approach (B W Robinson and R G J Strens), 536 

Depressants Action of Procaine on Calcium Efflux from Frog Nerve and Muscle 
{Albert S Kuperman, Bella T Altura and Judith A Chezar), 672 

Dermal Necrosis Resistance of Rambow Trout to Ulcerative (J T Carbery and 
K L Strickland), 1158 

DES building bulletin, 8g, science block design, news, 7 

controls distribution of teachers, news, 212 
transferring postgraduate awards to central government?, news, 495 

Design for science block, DES building bulletin 39, news, 7 

Desipramine and Angrotensin on Uptake of Noradrenaline in Tissues of Pithed 
Rats Effect of Cocaine (D T Pals and F D Masucci), 772, erratum, 1084 

Desulfovibrio desulficans Corrosion of iron and Formation of fron Phosphide by 
(Warren P Iverson), 1265 

Detachments of Sea Anemones by Commensal Hermit Crabs and by Mechanical 
and Electrical Stimuli (D M Ross and L Sutton), 380 

Detection and Location of N-Methyl-amino-acid Residues in N-Acyloligopeptide 
Methyl Esters by Mass Spectrometry (B C Das, S D Geroand E Lederer), 

of a Deep Boundary Current in the Western South Pacific (Joseph Reid, 
yun, Henry Stommel, E Dixon Stroup and Bruce A Warren), 937 

of an Anisotropic Soft X-ray Background Flux (C S Bowyer, G B 
Field and J E Mack), 32, erratum, 296 

of Insulin Prectpitating Antibodies (M Ceska), 356 

of Oxygen Atoms during Gamma Radiolysis of Carbon Monoxide Gas 
(J P Briggs and P G Clay), 947 

Porèrganis Rates of Adsorption of Wetting Agents and (Pasupati Mukerjee), 

Determining Sizes and Distribution of Sizes of Spherical Bodies such as Chromaffin 
Granules in Tissue Sections (R E Coupland), 384 

Deuterium Bromide Crystal Structure and the Lower Phase Transition in Solid 
(E Sandor and M W Johnson), 541 

Development and Systematics of Some Pacific Marine Sumbiotic Capepods 
(Patricia L Dudley), review by | Gordon, 1081 

Development Growth Hormone in Human (Michael T Makler), 1149 

of High Energy Neutrino Experiments at CERN (C A Ramm), 913 

Devonian plants, Linnean Society on, news, 126 

Dew and Dry Fallout in Jerusalem, Israel Chemical Composition of (D H 
Yaalon and E Ganor), 1139 

Diadema antiliarum Pigmentation ın the Radial Nerve of (N Millott and H 
Okumura), 92 . 

Diarrhoea Absorption “of d-Glucose by the Rabbit Jeyunum during Cholera 
Toxin-induced (Harold A Serebro, Theodore M Bayless, Thomas R 
Hendrix, Frank L [ber and Thomas McGonagle), 1272 

Diatomic Molecules and the Ground State of VO Nuclear Hyperfine Interactions 
in(D Richards and R F Barrow), 842 

“Diazinon”™ by Synergistic Microbial Action 
and Bert M Zuckerman), |183 

Dict onary of Science and Technology, English-German (compiled by A F Dorian), 
review by Mary Lindley, 109 

Dieldrin and pp’ DDE Success of Eggs of the Shag on the Farne Islands, North- 
umberland, tn relation to their Content of (G R Potts), 1282 

Dietary Carbohydrate on Hepatic Lipogenesis in the Rat Effect of (E Batley, 
C B Taylor and W Bartley), 471 

Protein Regulation of Albumin Synthesis and Catabolism by Alteration 
of (R Kirsch, Lesley Frith, Elizabeth Black and R Hoffenberg), 578 

Diets in Growing Rats Nutritional Evaluation of Bacterial (Jacob Sjapira and 
Adrian D Mandel), 1061 

Difference in Flight Capacity between Naturally Occurring Spring and Summer 
fond). of Myzuz persicae (Suiz) (Hemiptera Aphididae) J A T Wood- 
ford), 583 

Differences in Localization of Salmonella Flagella in Lymph Node Follicles of 
Germ-free and Conventional Rats (J J Miller Ii and D O Johnsen), 1059 

in Isozyme Patterns of Nucleic and Cytoplasmic Lactate Dehydrogenase 
of Bat Liver Cells (V L Nemchinskaya, L Sh Ganelina and A D Braun), 
25 

in the Quality of Birds nesting in the Centre and on the Edges of a 
Colony (J C Coulson), 478 

Diffuse Interstellar Bands Origin of the (N C Wickramasinghe, J G Ireland, 
K Nandy, H Seddon and R D Wolstencroft), 412 

Diffuston Coefficient of Radium A Measurement of the (Otto G Raabe), 1143 

eo in Films of Gold on Chromium Grain Boundary (P $ Kenrick), 
49 
Radial, and Power Function Retention of Alkaline Earth Radioisotopes 
in Adult Bone (John H Marshall and Claude Onkelinx), 742 

Dimensional Problem of the Power Law in Rheology (J H Prentice), 157, 1249 

Dimethoxyphenethylamine _ Nor.Chloropromazine Sulphoxide and 3,4 (Harry R 
Steinberg and James Robinson), 1054 

Dimitroff, Professor G Z , obituary, 787 

Diphtheria Action of Bacteriophages obtained from Corynebacterium diph- 
theriae on C ulcerans and C ovis {H R Carne), 1066 

Toxin New Form of (Ronald S Goor), 1051 

Directed Emission Model for Quasars (N A Porter), 329 

Directorate of Overseas Surveys, annual report, news, 214 

Disarmament, draft of non-proiiferation treaty, news, 299 

Discharge in the Alpenrhein and some other Rivers General Relationship 
between Suspended Sediment Concentration and Water (G Muller and 
U Forstner), 244 

Discontinuities in the History of Seafloor Spreading (Eric D Schneider and 
Peter R Vogt), 1212 

Discontinuity at a Liquid Free Surface 
Sellin), 536 

Discovery of Rhabdopleura (Hemichordata) at Plymouth {A R D Stebbing), 1284 

Discrete Potentials in the Dark-adapted Eye of the Crab Limulus John E Dowling), 
28 


Degradation of (Haim B Gunner 


Existence of a Surface Tension (R H J 


Discrimination between Heavy Water and Water by the Mouse (C U M 
Smith), 760 
Learning in Animals 
field), 929 
of Chemiluminescent Mixtures 
Bersts and } Nikokavouras), 451 
Discussion of the “Forbidden” Intercombinatron Transition of C, in Comets 
{R J Fallon), 1240 è k 


an Analysis through Side-effects (T M Bloom- 


the@Chemiluminescenegram (D S 


Disordered Substrates Production of Epitaxial Films of Ant 
Robbins and JM Thomas), 1251 peti Mad (K G 


Dispersal of Larvae by Equatorial Ocean Currents and its Importance to the 
Zoogeography of Shoal-water Tropical Species (Rudolf S Scheltema), 1159 
Dissemination of information, naws, 1095 


Distribution Functions Radial, from Smafi Packings of Spheres (G Mason), 733 

Mixtures “Least-squares” Estimation of (M S Bartlett and P D M 
Macdonald), 195 

of Ethanol between Plasma and Erythrocytes in Whole Blood (J P 
Payne, D W Hilland D G L Wood), 963 

of Excitation and Inhibition in Receptive Fields of Lateral Geniculate 
Neurones (G H Jacobs and R L Yolton), 187 

of Interstellar Absorption Smali Scale (K Ishida and K Akabane), 433 

of Plant Roots in Soil Estimation of the (R Scott Russell and F B 
Ellis), 582 

of Plasma Fatty Acid before and after Canine Hepatic Homograft (Witham 
S Worth), 618 

of Some Dehydrogenase in the Cerebellar Cortex (Z Lodin, J Muller 
and J Faltin), 655 


Dithiothreitol (1,4-) in Marsupial Leucocytes in Culture Chemical Protection 
against X-irradiation by a New Reducing Agent (Y A E Bick and W D 
Jackson), 479 


Diurnal Variation at Two British Observatories Trend in the Harmonic Energies 
of the (R J Lamden), 347 


Diversification at Harwell (John Maddox), 607 


DMBA-tnduced Leukaemia of Rats Lack of Complement Fixing Antigens m 
(Nehama Sharon and Morris Pollard), 363 


DNA Base Sequence Differences among® Vertebrates 

Baldwin and Chev Kidson), 1256 

by Mammalian Cells in Culture 
Robins and D M Taylor), 1228 

-dependent RNA Polymerase and Polyribosomal Profiles tn Deficrent 
Chick Liver lacking in Vitamin By, Effect of Orotic Acid on Activity of 
Nuclear (C M Caldarera, B Barbirol: and M Marchetti), 755 

dynamics in Rat Granulopoiesis studied by Cytophotometry (A Balazs 
and Gy Rappay), 166 

Gene Converston Temperature Data from Sordaria fimicolo on the 
Correction of Mts-paired Bases (B C Lamb), 353 

Interaction between Model Compounds of Actinomycin D and, DNA 
Dependent RNA Synthesis (F Ascoli and M Savine), 162 

Interaction between Model Compounds of Actinomycin D and, Physico- 
chemical Studies {F Ascoh, M Savino and A M Liquori) 162, erratum, 394 

of Human Lymphocytes Radiation Stimulated [Incorporation of Thymi- 
dine into the (Richard G Evans and Amos Norman), 455 

of Mouse Skin during Inhibition of DNA Synthesis , Reduced Binding of 
Carcinogentc Hydrocarbons to (Rudolf Suss and H_ Rainer Maurer), 75 

restriction enzyme, endonuclease Il]-K, news, 1097 

sigeericson Enzyme from E col: (Matthew Meselson and Robert Yuan), 


Recognition of (John 


Nuclear Uptake of Exogenous (A B 


RNA and Protein in Different Micro-organisms as a Function of Maximal 
Growth Rate Ratios between Contents of (Vagn Lerck), 1153 
Synthesis caused by lododeoxyuridine Polyoma Virus-induced Release 
of Cellular (Akiko Kasamaki, Tamar Ben-Porat and Albert S Kaplan), 756 
Synthesis in Heterochromatin Late {A Lima-De-Faria and Halna 
Jaworska), 138, erratum, 1295 
Synthesis in the Development of Antibody-forming Cells during the 
Early Stages of the Immune Response (A Szenberg and A J Cunningham), 
Synthesis Sites of Inhibition by Kethoxal bis(Thtosemicarbazone) 
(Barbara A Booth, David G Johns, Joseph R Bertino and Alan C 
Sartorelli), 250 
Doctorates in the US, details, news, 497 
Doctors and career prospects, news, 120 
Doctrine of Chances, The (A de Moive), review by D G Kendall, 389 
Dodds T C see under Cruickshank, T C 
Dodds, T C see under Swain, R H A 
Dolomites Calcian, and Dedolmitization (Amita: Katz), 439 
Dolomitic Limestones Significance of Styolites in (J E Glover), 835 
Doppler Flowmeter In vivo Detection of Circulating Gas Emboli associated with 
Decompression Sickness using the (Murlin F Gillis, Palmer L Peterson 
and Manuel T Karagranes), 965 
Dorian, A F Dictionary of Science and Technology, English-German, review by 
Mary Lindley, [09 
Dormancy Action of Potato Peel Extracts in modifying Tuber (M G Walker), 


Dorsal Ocelli in the Phototactic Reaction of the Migratory Locust Locusta migra- 
tora L Photoinhibitory Function of the (Charles K Barry and Rudolf 
Jander), 675 

Double Helix, The, Watson’s memoirs, news, 1088 

Infections in the Host Snat! Indoplanorbis exustus Interaction of Trema- 
todes by Predatton within Natural (Donald Heyneman and T Umathevy), 
283 

Drag-reducing Additives on Vortex Stretching Effects of (G E Gadd), 1040 

Drag Reduction by Bacterial Metabolites (Paul R Kents), 940 

Drifting and Rifting of Africa (R W Girdler), 1102, e 

Drinking Rates and Gill lonic Turnover tn relation to External Salinities in the 
Eel (J Maetz and È Skadhauge), 372 

Drosophila by Cortisone Inhibition of Development in (P Dennis Smith, Pamela 
B Koenig and John C Lucchesi), 1286 

Drug-produced Isolation and ghe Sensitive Period 

Macdonald), 1158 

Inhibition by, of the Accumulation in vitro of 5-Hydroxytryptamine in 
Guinea-pig Vas Deferens (Donald Eccleston, Ngem B Thoa andJ ulus 
Axelrod), 846 

in schools, news, 702 

in US, senate investigations, news, 114 

on Conditioned “Anxiety” Effects of Derek Blackman), 769 

research at new biochemical pharmacology unit, news, 404 

Dry Season Mology of Anopheles gambigg Giles in the Sudan (Salah M Omer and 
j L Cigudsiey-Thompson), 879 

dT/dA Measurement of (A Douglas and D J Corbishley), !243 

Dubreil, P , and Dubreil-Jaction, M L Lectures on Modern Algebra, review by 
L S Goddard, 689 

Dubreil-Jacotin, M L see under Dubreil, P 

Dudiey, Patricia L Development and Systematics of Some Pacific Marine 
Symbiotic Copepods, review by | Gordon, 1081 ar 

Dungeness, B , parliamentary news, $02 @ 

Duration of Sensitive Pertod for Track Recording in Miga (F M Russell), 5! 

Dynamic Aspects of Biochemistry (Ernest Baldwin), review by C A Ross, 588 @ 


Imprinting (Glenn E 


Drugs 


xX INDEX ° 


Earth mounds, formationgof, news, 900 

Emergence of Two Erythroblast Lines in Erychroporests during Growth and 
Haemorrhage in the Rat (B | Lord), 1026 

Emission at 4125 Polarization of Galactic Radi® {F G Smith), 831 

Emission from Geomagnetically Trapaed Particle Radio (C C Harvey), 50 ° 

Emission Model for Quasars Directed (N A Porter), 329 

Emission Stimulated, and Laser Action from the Organic Ligand of Gandolinium 
Chelates (N Filipescue, C R Hurt and N McAnvoy), 631° 

Empirical Correlation between the Molecular Electric Field Gradients and the 
Average Molecular Polartzabilities of some Halogen Compounds (Paul 
Machmer), 165 

Employment Computers and (L R B Elton), 1109 

Endocardium tn Rheumatic Heart Disease by the Ferritin-labelled Antibody 
Technique Location of Gamma Globulin in the (R Lannigan and S$ 
Zak), 173 

Endonuclease Ill-K, tsolated fram E cols, news, 1097 

Energies, Harmonic, of the Diurnal Variation at Two British Observatories 
Trend in the (R J Lamden), 347 

Energy Surface, and Evaporation Rate of Spherical Particles of Radu less than 
500 À (M Blackman, N D Lisgarten and L M Skinner), [245 

Engineer in Wonderland, The (E R Laithwaite), review by Nigel Hawkes, 20! 

Engineering institutes urged to merge, news, 697 

Engineering institutions, world federation established, news, 1090 

Engineering Institutions not to merge, news, 498 

Engineering for US undergraduates, news, 211 

Engineering tn schools, news, 210 

Engineering, international comparisons, news, 3 

Engineers and Scientists in Industry (S G Hooker and N Kurti), 609 

Engstrom-Finean Biological Ulerastrucfure (J B Finnean), review by R G Burge, 
391 


Enhanced Catalytic Activity of Platinum Electrodes resulting from Cathode 
Pretreatment (J N Hiddleston), 1047 

Enhancement of Skin Homografts and Dissoctation of Immune Responses tn Mice 
tmmunized with Lyophilized Tissues in Freund's Adjuvant (J Churna), 175 

Environmental Temperature and Plasma Electrolyte Regulation in the Carp, 
Cyprinus carpio (A H Houston and Jane A Madden), 969 

Environmental Temperature Effect of Exposure to High, lodine Compounds in 
the Plasma of Rats (M K Yousef and H D Johnson), 182 

Enzootic Rabies in Rodents in Thailand (Paul C Smith, Kwanyuen Lawhaswasdi, 
Willam E Vick and Jack S Stanton), 954 

Enzyme Action Preparation and Use of Porous Sheets with (G Kay, M D Lilly, 
A K Sharp and R J H Wilson), 641 

Enzyme Disruption Sensitivity to Micrurgically Removed Chromosomal Spindle 
Fibres to (G C Hoskins), 748 

Enzymes Effects of Tannic Acid on Erythrocyte (Fritz Herz and Eugene Kaplan), 

Enzymes Gone Duplication and the Evolution of (R L Watts and D C Watts), 

Enzymes on the Pharmacology of Isolated Organs Effects of (M Grossman, W 
Kalow and P Cooper), 1151 

Enzymes, insoluble, news, 126 

Enzymes of Acetabularia Effect of Kinetin on the Phosphatase (T Spencer), 62 

Ephestia kuhniella Z Effect of Ecdysone on the Puparium Formation in Irradiated 
(A M Kuzin,} K Kolomytseva and N | Yusifov), 643 

Epidermal Cell Population Kinetics tn Albino Gutnea-pig Skin (Chang Won Song 
and Joseph Tabachnick), 650 

Epidermal Iron Pigments in Red Species (Peter Flesch), 1056 

Epitaxial Films of Antimony on Disordered Substrates Production of (K G 
Robbins and J M Thomas), 1251 

Epic ig a Growth Factor in Urinary Calcul: and Gallstones (Katherine Lonsdale), 


Epithelial lon Transport to Corneal Thickness and Hydratron 
Green), 1074 

Epithelial Proliferation Chromosome Aberations during Normal (J G Forsberg 
and B Langerstad), 568 

Equatorial Ocean Currents and tts Importance to the Zoogeography of Shoal- 
water Tropical Spectes Dispersal of Larvae by (Rudolf S Scheltema), 1159 

Erasure of Immunological Memory with Anti-lymphocyte Serum (Eugene Lance), 

Error in the Measurement of Normal Stress Differences tn Polymer Solutions in 
Steady Shear Flow Possible Systematic (J M Broadbent, A Kaye, A S 
Lodge and D G Vale), 55 

Error in the Special Theory of Relativity (L Essen), 19 

Eruption of Hekla ın Historical Times, The (S Thorarinsson), review by G P L 
Walker, 1188 

Erythroblast Lines in Erythropotesis during Growth and Haemorrhage in the 
Rat Emergence of Two (B | Lord), 1026 

Erythroctttc Forms of Plasmodium vincke: Primary Exo- (J Bafort), 1264 

uaa Enzymes Effects of Tannic Acid on (Fritz Herz and Eugene Kaplan), 


Relation of (Kerth 


Erythrocyte Nicotinamide Adenine Dinucleotide Nucleosidase (NADase) Activity 
in the Negro Deficiency of (Won G Ng, George N Donnell and W R 
Berbren), 65 

Erythrocytes and Leucocytes Electrophoretic Study of Glutathione Reductase 
in Human (Jean-Claude Kaplan and Ernest Beutler), 256 

Erythrocytes containing Haemoglobin tn a Wood Boring Mollusc 
Haemofoelic (A D An$ell and N Balakrishnan Nair), 357 

Erythrocytes in Whole Blood Distribution of Ethanol between Plasma and 
(J P Payne, D W Hill and D G L Wood), 963 

Erythrocytes infected with Babesia argentina jn vitro Agglutination of Bovine 
(1 A Curnow), 267 

Erythropotests during Growth and Haemorrhage*in the Rat 
Erythroblast Lines tn (B 1 Lord), 1026 

Erythroporetin Enhancing Factor in Serum of a Calf with Primary Familial Poly- 
cythaemia (D Van Dyke, M L Norr and B Tennant), 1027 

Erythropoietin in vitro which simulates that of a Massive Dose in vivo Effect of 
(Henry Borsook, Karen Ratner, Brenda Tattrte, Dian Teigler and L G 
Lajcha), 1024 e Py 

Eskimos, report on adaptation, news, 215 

ESRO discussed space conference, news, 995 

ESRO preparing for conference, news, 69 6 

umainn o oe Distribution of Plant Roots in Soil (R Scott Rusgell and F B 

Is), 

Estuaries Saprofegnia parasitica Coker in (Mary Stuart and Hubert Fuller), 1157 

Estuaries Saprolegnia parasitica Coker tn (M W Dick), 874 

Ethanol between Plasma and Erythrocytes in Whole Blood 
(J P Payna, D W Hilland D G L Waad), 963 

Ethics for Kidney transplants, news, 595 

Fchylenebidiguanide Stlver (IH) Nitrate g Crysgal Structure of (N R Kunchur), 


Occurrence of 


Emergence of Two 


Distribution of 


Eyglenoid | lagellates (Gordon F Leedale), review by G E Fogg, 201 
e 


e 
European Nuclear Energy Agency, fast-reactor project, news, 495 
European Nuclear Energy (Ntgel Hawkes), news, 16 
Europpan physical society, news, 597° 
European technological cooperation, no publication, parliamentary news, 1204 
Eustatic. Sea Level Change tn the Pelopoggse Holocene Earth Movements and 
R C Flemming), 1032 
Evaporation Rate of Spherical Particles of Radi tess¢han 500 Å Surface Energy 
and (M Blackman, N D Lisgarten and L M Skinner), 1245 
Evidence favouring the Existence of a Single Adrenerg@& Receptor (G Kunos and 
M Szentivany!), 1077 
Evidence for an Extragranular Localization of Tyrosine Hydroxylase (Pierre 
Laduron and Frans Belpaire), 1155 
Evidence for a Genetic Relationship between Avidins and Lysozymes (N M 
Green), 254 
Evidence that there are Two Forms of Fluoride in Human Serum (Donald R 
Taves), 1050 tad 
Evoked Potentials reflecting Interecular and Monocufar Suppression (D M 
MacKay), 81 
Evolution and radio sources Counts of Radio Sources at 2,700 MHz (A J 
Shimmins, J G Bolton and J V Wail), 818 
Evolution of Enzymes Gene Duplication and the (R L Watts and D C Watts), 
25 
Evolution of the MG (Robert Rowland), 240 
Evolutionary Processes and Reversals of the Earth’s Magnetic Field (C G A 
Harrison), 46 
Evolutionary Rate at the Molecular Level (Motoo Kimura), 624 
Ewe pO, Levels in the Placental Circulation of the Mare and (R S Comline and 
M Silver), 76 
Excess Magnestum on Vagal Inhibition and Acetylcholine Sensitivity of the Mam- 
malian Heart in situ and in vitro (G C Somjen and E N Baskerville), 679 
Excited Electronic States of Benzene and Naphthalene (J B Birks, L G Christo- 
phoreu and R H Huebner), 809 
Excitable Tissues Application of Laser Inteferometry to Physiological Studies of 
(R Sandlin, L Lerman, W Barry and | Tasaki), 575 
Excitatton and Inhtbition in Receptive Fields of Lateral Geniculate Neurones 
Distribution of (G H Jacobs and R L Yolton), 187 
Excited Molecules in fron Aerosols Spectral Absorption of {H Jager and H -G 
Kieschke), 934 
peas Surface Tension Discontinuity at a Liquid Free Surface (R H J 
Sellin), 536 
Exo-erythrocytic Forms of Plasmodium vincker Primary (J Bafort), 1264 
Exogenous DNA by Mammaltan Cells in Culture Nuclear Uptake of (A B 
Robins and D M Taylor), 1228 
Expedition to Inishtrahull Glasgow University Exploration Society (D R 
Bowes, A M Hopgood and John Smart), 344 
Experimental Observation of an Antisymmetric Raman Scattering Tensor ( A 
Koningstein and O S Martensen), 445 
Experimental Verification of the Theory of Relativity (F J M Farley, J Bailey 
and E Picasso), 17 
Experiments in Animal Behaviour (Marguerite D Hainsworth), review by J D 
Carthy, 785 . 
Exploiting technology, civi! service report, news, 994 
Explorer 35 ın orbit round moon, news, 408 
Extension z A Mid-Labrador Sea Ridge (G Leonard Johnson and James A 
ew), 
Extinction by Interstellar Silica Grains (R F Knacke), 44 
Extinction by Quartz Grains Interstellar (K S Krishna Swamy and N C 
Wickramasinghe), 1236 
Extracellular Recording from Single Neurones in tge Olfactory Centre of the 
Cockroach (Minoru Yamada), 778 
Extragalactic Soft X-ray Astronomy (M J Rees, D W Sctamaand G Setti), 326 
Extragranutar Localization of Tyrosine Hydroxylase Evidence for an (Pierre 
Laduron and Frans Belparre), 1155 
Extraneural Sheath in Insects Structure and Function of the (P S Boulton and 
C H Fraser Rowell), 379 
Eye of Chick Lens Soluble Proteins Correlation with Cytological Differentia- 
tion in the Young Adult Organ of the Chick (J M Genis-Galvez, J M 
Castro and E Battaner), 652 
Eye of the Crab Limulus Discrete Potentials in the Dark-adapted (John E 
Dowling), 28 
Eyeball-Muscle Mechanics Fixation Tremor in relation to (H Beng: and J G 
Thomas), 773 
Earth Movements Holocene, and Eustatic Sea Level Change in the Peloponese 
{N C Flemming), 1032 
Earthquake in Turkey, findings, news, 14 
Koyna (Hart Narain and Harsh Gupta), 1138 
Location and Magnitude Group Analysis of Variance for (B A Boult 
and H Freedman), 47 
Earthquakes, catalogue, news, 703, Skopje, news, 703 
Earth’s Magnetic Field Evolutionary Processes and Reversals of the (C G A 
Harrison), 46 
Eastwood, Eric Radar Ornithology, review by G Y T Matthews, 107 
Ecdysone on the Puparium Formation in Irradiated Ephestia kuhniella Z 
of (A M Kuzin, | K Kolomiytseva and N | Yusifov}, 743 
Lunar Occulation of a Solar Active Region at 4 cm Wavelength (M R 
Kundu and T Velusamy), [132 


Pr ta Restriction Enzyme from (Matthew Meselson and Robert Yuan), 
Effect of Dehydration on Bactertal Recombination (S J Webb), 1231 
enzymes endonuclease Hi-K isolated, news, 1097 
New Controlling Element in the Lac Operon of (Karin Ippen, Jeffrey H 

Miller, John Scarfe and Jonathan Beckwith), 825 

Escherichia coli Effect of Haemoglobin on Experimental Infections with 

Pasteurella septica and (J J Bullen and Henry J Rogers), 86 

KI2 Came from, Where, news, 1000 

Ribosomes Competitive Binding of Streptomycin and Magnesium with 
(Yong Sung Cho: and Charles W Carr), 557 

Sedimentation Behaviour of Rapidly Labelled RNA (Michael Fry and 
Michael Artman), 66! 

Eddies, cavitating Cavitation induced Vorticity at a Smooth Flat Wall (M J 
Kenn and P Minton), 633 
Education committee, specialist, for parliament, news, 896 
Educational technology, grant for Sussex, news, 7 
Edwards, W N Geology of the Country around Ollerton, review by F M 
Taylor, 1189 

Eel Drinking Rates and Gill Ionic Turnover in relation to External Salintties in 
the (I Maetz and E Skadhauge), 372 

Efficacy of f-Adrenergic Blockigg Agents in inducing Histamine Sensitivity tn 
Mice {R K Bergman and } Munoz), 1173 

Efficiency of universities, news, 1197 

EFTA eeactions to British smelters, news, 398 


Effect 
Eclipse 


E col: 


Reacts P A An Introduction to the Liquid State, review by J S Rowhnson, 
e 


Egg of the Rhesus Monkey Time Relationships of Spermatozoon Penetfation 
into the (J H Marston and W A Kelly), 1073 7 f 
of Xenopus laevis Changes uy Membrane Impedance associated. with a 
Cortical Contraction in the singel and J F Palmer), 98 ° 
Egsleston, J F Problems ® Quantitative Biology, review by E J Vinnicombe, 


Elastic and Viscoelastic Rurameters Rational Geometry for measuring {M 
Gordon, S C Hunter,J A Love and T C Ward), 735 
Electric Field Gradients and the Average Molecular Polarizabilities of some 
Halogen Compounds Empirical Correlatign between the Molecular 
(Paul Machmer), 165 
Fields in Charcoal Bodies Acceleration Produced (P A Dunkerley), 52 
Electrical Research Association, CEGB withdrawal, news, 599 
Stimuli Detahment of Sea Anemones by Commensal Hermit Crabs 
and Mechanical an8 (D M Ross and L Sutton), 380 
Electrocardiograms of Young Sheep and Lambs grazing Natural Pastures low in 
Selentum Abnormalities in the (K © Godwin), 1275 
Electrodes for Electrophysiology Reduction of Response Time for Potenttal in 
Salt Bridge (Alfred Strickholm), 80 
pauses Effects of Jupiter's Satellite lo (J H Piddington and J F Drake), 
Electroencephalogram Potentials evoked by Accelerated Visual Motion (D M 
MacKay and W J Rietveld}, 677 
Electrolyte Regulation ın the Carp, Cyprinus carpio Environmental Temperature 
and Plasma (A H Houston and Jane A Madden), 969 
Electromagnetic Ship's Log Two-component (M J Tucker, N D Smith and 
E P Collins), 1244 
Electron densities and collision frequencies 
(Wilham C Heard), 1038 
Micrographs Reconstruction of Three Dimensional Structures from 
(D J De Rosier and A Klug), 130 
Microscopy Herpesvirus Infection of Human Mesodermal Tissue 
(Cornea), detected by (Chandler Dawson, Birgitta Togni, Thomas E 
Moore, jun and Virginia Coleman), 461 
showers Duration of Sensitive Period for Track Recording in Mica 
(F M Russell), 51 
Spin Resonance Results Molecular Conformation of Thymidine and a 
Comparison with some (P Tollin, H R Wilson and D W Young), [148 
Spin Resonance Spectra Atlas of (B J H Bielski and J M Gebicki), 
review by M C R Symons, 689 
Spin Resonance Study of Nitroxide Radicals from Diethylhydroxylamine 
Dioctylhydroxylamine and N-Hydroxypyrrolidine (Jair T Weil and J 3 
Windle), 842 
Electronic States Excited, of Benzene and Naphthalene (J B Birks, L G 
Christophorou and R H Huebner), 809 
Electrons as a Cause of the Irregular Behaviour of the F, Region 
(Marsha R Torr and D G Torr), 45 
Radio Emitting, in the Galaxy and the Solar Modulation of Cosmic Rays 
(K_C Anand, R Daniel and S A Stephens), 25 
Self-trapping of Radiation Produced (R Schiller), 1141 
transmitted through Argon Characteristic Energy Loss of (G C Hale 
and J B Hasted), 945 
Electrophoresis for Free (J Broome), correspondence, 1296 
of Ferritins (1 Zimiri and J Mason), 258 
Electrophoretic Study of Glutathione Reductase in Human Erythrocytes and 
Leucocytes {Jean-Claude Kaplan and Ernest Beutler), 256 
Electrophystology Reductign of Response Time for Potential in Salt Bridge 
Electrodes for (Alfred Strickhalm), 80 
Elements and Formulae of Special Relativity (E A Guggenheim), review by P T 
Landsberg, 883 
Elephant Seals Control of Growth in Two Populations of (M M Bryden), 1106 
Eliminating False Alarms when detecting Seismic Events Automatically (K J 
Muirhead), 533 
EMBO, laboratory prospects, news, 300 
meeting discussed joint lab, news, 401, 407 
Plan for a Laboratory, news, 314 
Embryonic Tissues, Syngeneic Failure to induce Transplantation Resistance 
against Polyoma Tumour Cells with (R C Ting), 858 
Embryos and Newborn Rats Pathogenic Effects of Rubella Virus on (Edward 
other, Jean Fox, George Bohigian, Claudia Beaty and Alphonse Du Pree), 
Effect of Oxygen Concentration on the Development of Two-Cell 
Mouse (Susan Auerbach and R L Brinster), 465 
Embryospecific Globulins of Human Blood Sera in Foetuses and the Newborn 
Variations in (Yu S Tatarinov), 964 


Mesospheric-Stratospheric Coupling 


Precipitated 


Faon, from Rabbit Anti-mouse Lymphocyte IgG on the Graft versus Host 
Reaction in F, Hybrid Mice Effect of (J D Naysmith and K James), 260 
F, Region Precipitated Electrons as a Cause of the Irregular Behaviour of the 
(Marsha R Torr and D G Torr), 45 
Face Centred Cubic Metals Mechanisms of Fatigue Damage in {K D Nair 
and | Le May), 634 
Factors for Protein Synthesis, news, 1210 
Fatlure of Chinese Hamster Cells to repair Sub-lethal Damage when X-irradiated 
in the Plateau Phase of Growth (George M Hahn), 741 
to detect Interferon in the Urine of Persons with Virus Infections (R A 
Bucknall, N B Finter and C C Draper), 462 
to induce Transplantation Resistance against Polyome Tumour Cells 
with Syngeneic Embryonic Tissues (R C Ting), 858 
Fallout tn Jerusalem, Israel Chemical Composition of Dew and Dry (D H Yaalon 
and E Ganor), 1139 
False Alarms Eliminating, when detecting Seismic Events Automatically (K J 
Muirhead), 533 
Familial Behaviour of Tilapia (Pisces, Cichlidae) and its Implications (J CI 
Ruwet), 977 
Polycythaemia Erythropoietin Enhancing Factor in Serum of a Calf 
with Primary (D Van Dyke, M L Norr and B Tennant), 1027 
FAO/WHO report on nutrition, news, 1094 
Farne Islands, Northumberland, in relation to their content of Dreldrin and pp’ 
DDE Success of Eggs of the Shag on the (G R Potts), 1282 
dougie 4 project announcement by EuropeangNuclear Energy Agency, news, 
49: 


Fatigue Damage ın Face Centred Cubic Metals Mechanisms of {K D Nair and 
I Le May), 634 Cie 


¢ INDEX Xx! 


Fatty Acid Patterns Free, of Human Maternal Plasma, Perfused Placenta and 
Umbilical Cord Plasma (A Robertson, H Sprecber and J Wilcox), 378 
Plasma, before and after Canine Hepatic*Homograft Distribution of 
(William $ Worth), 618 
Fatty Acids Regulation of nsun Secretion by Short Chain (W Montague and 
è K W Taylor), 853 bd 3 
Fasman, Gerald D (editor) Poly-a-Amino Acids, review by E M Bradbury, 391 
Fe Mechanism of Oxidation of Magnetite to y-Fe,O, {K J Gallagher, W 
Feitknecht and U Mannweiler), 1118 
Fear Chemical Transfer of Learned (G Ungar, L Galvan and R H Clark), [259 
Feasibility in Age Research (A Comfort), 320 ° 


Feldspar Megacrysts and their Inclusions in Cornubian Granites 
Significance of Alkali (B Booth), 1036 
Female Copulatory Behaviour in Male and Androgenized Female Rats after 
Oestrogen/Amine Depletor Treatment (Bengt J Meyerson), 683 
Fern, Asplenium adulterium Artificial Reconstruction of a Species of (J D 
Lovis), 1163 
Ferredoxin, Spinach Mossbauer Effect Study of the State of Iron ın (C E Johnson 
and D O Hall), 446 
Ferritin-labelled Antibody Technique Location of Gamma Globulin tn the 
Eogocanaiunt in Rheumatic Heart Disease by the (R Lannigan and S Zaki), 
Ferritins Electrophoresis of (1 Zimirt and J Mason), 258 
Fertilization, Delayed, and Human Sexual Behaviour Mongolism (James German), 
516 
Fertilized Bovine Ova ın the Rabbit 
P Scanlon), 867 
Fiamme in Ignimbrites Second Additional Theory of Origin of (Alexander R 
McBirney), 938 ° 
Fibre Reinforced Nickel-Gold Alloys using a Solid State Reaction 
of (J Ordonez, A A Johnson and K Mukherjee), 443 
Fibrils Association of Acid Mucopolysaccharides with isolated Amyloid (C A 
Pennock), 753 
Heparin and the Stabilization of (B J Cuddigan), 779 
Stabilizing Factor Fibrin Substrate free from both Plasminogen and 
(M J Allington), 375 
Substrate free from both Plasminogen and Fibrin Stabilizing Factor 
(M J Allington), 375 
Field Guide to the National Parks of East Africa A (John G Willtams), review by 
Christopher R Field, 786 
filamentous Phages specific for the | Sex Factor (G G Meynell and A M Lawn), 


Petrogenetic 


Continuous Cleavage of (J Sreenan and 


Preparation 


Fibrin 


Filtration of Arbovirus through ‘Millipore’ Membranes (J Casals), 648 
Fine-grained Sediments off Northumberland Association between Pandalus 
borealis and (P J Warren and P W Sheldon), 579 
Fine Structure of Nerve Fibres in Smooth Muscle of the Vas Deferens in Normal 
and Reserpinized Rats (Kenneth E Farrell), 279 S 
of the Sensory Endings in the Vomero-nasal Organ of the Slow-worm 
Anguis fragifhs (L H Bannister), 275 
Finland, Central, Lake Lappayarvi a Possible Meteorite Impact Structure (Nils- 
Bertil Svensson), 438 
Finnean, J B — Engstrom-Finnean Biological Ultrastructure, review by R G 
Burge, 39! 
Fire statistics for 1966, news, 1093 7 
Firth, paymona (editor) Themes in Economie ‘Anthropology, review by Paul 
Inzig, 
Fish farming, news, 704 
Fitter, Richard The Penguin Dictionary of British Natural History, review by 
Mary Lindley, 689 
Fixation Tremor tn relation to Eyeball-Muscle Mechanics (H Bengi and J G 
Thomas), 773 
Fixing of nitrogen, news, 219 
Flagella  Amino-acid Composition of “Tubulin” constituting Microtubules of 
Sperm (Hideo Mohri), 1053 
Flame Photometry Theory (E Pungor), review by J K Foremang390 
Flight Capacity Difference in, between Naturally Occurring Spring and Summer 
Forms ol Myzuz persicae (Sulz ) (Hemiptera Aphididae) (J A T Wood- 
ford), 583 
Flotation rk Influence of Carbon Dioxide tn the Calcite-Sodium Oleate 
(V Y Sampat Kumar and A K Biswas), 1255 
Flower Removal Accumulation of Dry Matter by Chrysanthemum morifolium 
after (K E Cockshull and A P Hughes), 979 
Flu and bronchitis, viruses, news, 8 
Fluid Viscosity on Pipe Flow Effect of Pipe Diameter, Vibration Amplitude and 
(A S Morton), 53 
through a Vibrating Pipe Motion of a (A S Morton), 838 
Fluorescence Microscopy Maximum-intensity (R Barer), 672 
Fluoride in Human Serum Evidence that there are Two Forms of (Donald R 
Taves}, 1050 
Fluoroaromatic Groups 
Massey), 740 
Follicles of Germ-free and Conventional Rats Differences in Salmonella Flagella 
tn Lymph Node (J J Miller Ill and D O Johnson), 1059 
Food Intake, Reduced Changes in Collagen Cross-linking in Rats with (Zdenek 
Deyl, Arthur Everitt and Jan Rosmus), 670 e e 
Foot and Mouth, report on source, news, 894 
parliamentary news, 602 
vaccination Time for a change of policy, news, 1088 
Foetal Forms of Skeletal Muscle ven pass Histidine and Adult and (I P 
Trayer, C | Harris and Se! erry), 
Guinea-pig Thymus Striated Muscle in the Cortex of (T_ Mandel), 276 
Haemoglobin in Marrow Cultures of Human Adults Production of 
{Judith Goshin Hall and Arno G Motulsky), 569 
Foetuses and the Newborn Vartations in Embryospecific Globulins of Human 
Blood Sera in (Yu S Fatartnov), 964 
Follicle-Stimulating blormone Morphogenetics Properties of, Evidence from 
Effects of Anti-gonadotropin Sera on Developing Chick Embryo (Gajanan V 
Sherbet and M S Lakshmi), 1257 
Foraminifera Wuring the Pleistocene Wepth Habitats of Pelagic (Barbara Lidz, 
Alexis ehm and Hendrick Miller), 245 
“Forbidden” Intercombination Transition of Ca in Comets 
(R J Fallon), 1240 
Lines of Atomic Sulphur Wavelengths and Relative A-Coeffictents for 
the (J W McConkey, D J Burns,| A Moran andJ A Kernahan), 538 
Ford, Arthur B see under Beck, Myrl E 2 
Forestry acreage, parliamentary news, 308, 
Formamide Standard Potential of the Silver-Silver Bragnide Electrode in (K W 
Morcom and B L Muju}, 1046 e 


Ligands containing (M L Reddy, M R Wiles and A G 


Discussion of the 


XXII 
d 


Formation and Chemical Pumping of OH Molecules {P M Solomon), 334 
of earth mounds, news, 900 
of ©,(tAg) in a Photochemical System involving Ozone (T P J Izod 
and R P Wayne), 947 
of Melatonin and 5-Hydroxyindole Aceti® Acid from 1C-Tryptophan by 
Rat Pineal Glands in Organ Cylture (Ricard J Wurtman, Frances Lafin, 
Juhus Axelrod, Harvey M Schien and Kagherine Rosasco), 953 
Formylmethionyl-tRNA to 30S Ribosomal Sub-units Binding of (M A Mukundan, 
John W B Hershey, Kathryn F Dewey and Robert E Th&ch), 1013 
Fossil Bivalve Shells indicate Longer Month and Year in Cretaceous than Present 
(William B N Berry and Eichard M Barker), 938 
Hominoid Vertebra from the Miocene of Uganda (Alan Walker and 
M D Rose), 980 
Ice and Bones Stable Lead in (Zbigniew Jaworowski), 152 
Vertebrates (edited by Colin Patterson and P H Greenwood), review 
by Barry Cox, 1187 
Fractionation of Iron in the Solar System (D C Tozer), 437 
Fragmentation, Cosmogonic (Joseph F Bird), 1239 
Free Fatty Acid Patterns of Human Maternal Plasma, Perfused Placenta and 
Umbilical Cord Plasma (A Robertson, H Sprecher and J Wilcox), 378 
Radical Polymerization by Manganese Carbonyl and Carbon Tetra- 
chloride Initiation of (C J Bamford and R Denyer), 59 
radicals Electron Spin Resonance Study of Nitroxide Radicals from 
Diethylhydraxylamine, Dioctylhydroxylamine and N-Hydroxypyrrolidine 
Uair T Weil and J 3 Windle), 842 
Freezing in Suparcooled Water by Cavitation 
1246 
Preservation of Coccidial Sporozoites by (D J Doran and J M Vetter- 
hing), 1262 
French physicists short of cash, news, 596 
Scientists striking, news, 796 
Screntists, What they do, news, 406 
French-Soviet space agreement signed, news, 402 
French view on contraception, news, 596 
Frequency, Conduction Velocity and Rate of Depolarization in Rabbit Auricle 
(J W Viersma, L N Bouman and M Mater), [177 
Pc J, with Latitude Variations in (R R Heacock, V P Hessler, Sucks- 
dorff, Christian, Kivinen, Mater, and Kataja, Eero), 153 
Freund’s Adjuvant Enhancement of Skin Homografts and Dissociation of Immune 
Responses ın Mice immunized with Lyophilized Tissues tn (J Churna), 175 
Frog Nerve and Muscle Action of Procaine on Calcium Efflux from (Albert $ 
Kuperman, Bella T Aftura and Judith A Chezar), 672 
FSSU and alternatives, news, 302 
Fuel aay Ammonta-Oxygen (E J Cairns, E L Simons and A D Tevebaugh), 
for electricity, increases since devaluation, news, 405 
policy, parliamentary news, 1096 
Furon, Raymond The Problem of Water, review by H L Penman, 487 
Fuyitaka, Dr Shuhet Obituary by Sueo Yamakura, 1083 
Functional Properties of Californian Grassland Relationships among (M P 


Nucleation of (M N Plooster), 


Austin), 1163 

Fundamentals of Theoretical Chemistry, The (Raymond Daudel), review by C A 
Coulson, 1080 

Fungal Metakolite L-2-Amino-3-phenyl-l-propanol (L-Phenylalaninol) as a 


Constituent of a (P V Deshmukh and M G Vaidya), 849 
Origin Modification’ of Uricaemia and the Excretion of Uric Acid 
Nitrogen by an Enzyme of (P Kissel, M Lamarche and R Royer), 72 
Fungi gepreleania parasitica Coker in Estuaries (Mary Stuart and Hubert Fuller), 


Atlantic Salmon Disease (L G Willoughby), 872 
in saline conditions Saprofegnia parasitica Coker in Estuaries (M W 
Dick), 875 
Further X-ray evidence of Regularly Distributed Lysine in a-Keratin (M Spei, 
G Heidemann and H Halboth), 247 
Fusion reactor designs, report, news, 1093 
researche what future, news, 125 


Fungus 


Gatactic Longitudes Profiles of the Unidentified Interstellar Absorption Bands 
at 4890 A and 4760 A at Different (Harry Seddon), 932 
Magnetic Field Spiral Structure and (P A H Seymour), 147 
Radio Emisston at 7125 Polarization of (F G Smith), 83! 
Galactosyl! Lipopolysaccharide Transferases Biochemical Characterization of 
Mutants of Salmonella typhimurium lacking Glucosy! or (M J Osborn), 957 
Lipopolysaccharide Transferases Genetics and Cultural Properties of 
Mutants of Salmonella typhimurium lacking in Glucosyl or (R G Wilkinson 
and B A D Stocker), 955 
Galaxy A Second Variable N-, 3C3903 (R D Cannon, M V Penston and 
Margaret J Penston), 340 
and the Solar Modulation of Cosmic Rays Radio Emitting Electrons in 
the {K C Anand, R R Dantel and S A Stephens), 25 
Gallstones Epitaxy as a Growth Factor in Urinary Calcul and (Katherine 
Lonsdale), 56 
Galtung, Johan Theory and Methods of Social Research, review by C Madge, 587 
Gamma GA fpiobulin Antibody causing inhibition of Clotting Factor VIII (Burton 
R Andersen and Willt'¥m D Terry), 174 
Globulin in the Endocard:um tn Rheumatic Heart Disease by the Ferritin- 
labelled Antibody Technique Location of (R Lannigan and S Zak), 173 
Globulin Production and Antibody Synthesis in Chickens bursectomized 
as Embryos (Pierson J Van Alten, William A Cain, Robert A Good and 
Max D Cooper), 358 7 
Globulins during Pinocytosts Ability of Leucocytes to recognize some 
Foreign (C Bona and Gr Ghyka), 172 
irradiation on Bacillus megaterium Combined Lethal Effect of Zinc 
Chloride and (M Kiortsis), 745 
Radtolysis of Carbon Monoxide Gas Detection of Oxygen Atoms during 
(J P Brags and P G Clap), 947 . 
Gandolintum Chelates Stimulated Emisston and Laser Action from the Organic 
Ligand of (N Filipescue, C R Hurt and N McAnvoy), 631 
Ganong, William F see under Martini, Leician ¢ 
Gardiner, Dugaid L see under Cruickshank, T C d 
Gas, coming ashore from North Sea, news, 10 
Discharges Sintering in (C E G Bennett, N A McKinnon and L S 
Williams), 1288 
Emboli associated with Decompression Sickness using the Doppler 
Flowmeter In vive Detection of Circulating (Murlin F Gillis, Palmer L 
Peterson and Manuel T Karagianes), 965 
prices agreed, news, 993 ° e 
Gastroenteritis Isolators of Vibrio parahcemolyticus from the Northwest Pacific 
e (John Baross and J Liston), 1263 


INDEX À. 


e 
Gebrcki, J M see under Bielsk, B J H 
Geckonid lizards, news, 125 ý 
GenedAmplification in the Oacyte*Nucleus of Mutant and Wild-type Xenopus 
Naevis (Eva Perkowska, H C Macgregor and M L Birnstiel), 649 
Conversion Temperature Data yn Sordaria fimicola on the Correction 
ot Mis-paired Bases (B C Lamb), 3. 
Duplication and the Evolution of Enzymes (È L Watts and D C Watts), 
1125 
function control 
Bretscher), 509 
General Relationship between Suspended Sediment Concentration and Water 
Discharge in the Alpenrhei and some other Rivers (G Muller and U 
Forstner), 244 
Genesis of Concordant Deposits of Base Metal Sulphides 
Approach (B W Robinson and R G J Strens), 536 
Genettc Analysis of Behaviour, The (P A Parsons), revigw by James Shields, 392 
Influence on Alimentary Lipaemia in Rats (Meyer Friedman and Sanford 
O Byers), 235 
Relationship between Avidins and Lysozymes 
Green), 254 
Genetics and Cultural Properties of Mutants of Salmonella typhimurium lacking 
Glucosyl or Galactosy] Lipopolysaccharide Transferases (R G Wilkinson 
and B A D Stocker), 955 
Biochemical, Vol 1, No | (edited by Charles R Shaw), review by G 
Pontecorvo, 105 
Genetically induced Homoeologous Recombination Introduction of Yellow Rust 
Resistance of Aegilops comosa into Wheat by (Ralph Riley, Victor Chapman 
and Roy Johnson), 383 
Geniculate Neurones Distribution of Excitation and Inhibition in Receptive 
Fields of Lateral (G H Jacobs and R L Yolton), 187 
Geochemical Reconnaisance and Hypacuprosis (J S$ Webe, | Thornton and K 
Fletcher), 1010 
Geographical Distribution Germination of Caryophyllaceae at Low Tempera- 
tures in relation to (P A Thompson), 1156 
Geology in British Universities (A D Stewart), correspondence, 987 
of the Country around Ollerton (W N Edwards), review by F M 
Taylor, {189 
of the Nerghbourhood of Langholm, The (Memoirs), review by G Y 
Craig, 1080 
Geomagnetic Disturbances 
Krassoysky), | 136 
Dynamo Energy, news, 506 
polarity reversal and fauna, news, 1097 
Geomagnetically Trapped Particles Radio Emission from {C C Harvey), 50 
Geometry for measuring Elastic and Viscoelastic Parameters Rational (M 
Gordon, S C Hunter, } A Love and T C Ward), 735 
Geophysical Calendar for 1968, IUWDS International, 589 
Germ-free and Conventional Rats Differences in Salmonella Flagella in Lymph 
Node Follicles of (J J Miller Ill and D O Johnson), 1059 
Germination and Seedling Growth Rate Effect of Seed Extract of Trifolium 
subterraneum on (A W Ferguson), 1064 ° 
of Caryophyllaceae at Low Temperatures in relation to Geographical 
Distribution (P A Thompson), 1156 
Gibberellin Synthesis in Leaves Red Light Induction of (E M Reid, J B Clements 
and D J Carr), 580 
Gibberellins Proposed Procedure for the Allocation of Trivial Names co the 
(J MacMillan and N Takahashi), 170 
Gill lonic Turnover in relation to External Salinities in the Eel 
and (J Maetz and E Skadhauge), 372 e 
Gillham, Mary E Sub-Antarctic Sanctuary, review by M W Holdgate, 105 
Ginsberg, David New chairman for Parliamentary and Scientific Committee, 
news, 898 
Gittins report, Welsh primary schools, news, 404 
Glacial Facies and the Origin of the South Atlantic Basin 
(Lawrence A Frakes and John C Crowell), 837 
Glaciated Landforms Nature of (Valerie M Hayes), [035 
Glaciation in the Midlands Age of the Upper Boulder Clay (E G Poole), {137 
Glaciology and the International Hydrological Decade (J W Glenn), 319 
Glandular Structure tn the Kidney of Clarias batrachus (Linn) New (Shyama 
Sharma), 84 
Glasgow University Exploration Society Expedition to Inishtrahull (D R Bowes, 
A M Hopgood and John Smart), 344 
Glass Surfaces Porous Layers at (P A Sewell), 441 
Glasses by lon Exchange Strengthening of (D K Hale), [115 
Natural, under Proton Bombardment Lummescent Properties of Rocks, 
Meteorites and (I M Blair and J A Edgtngton)}, 157 
Gliomas Mitotic Activity in the Primate Subependymal Layer and the Genesis 
of (P D Lewts), 974 
Globin (8) Synthests Absence of, and Excess of a-Globin Synthesis in Homozygous 
B-Thalassaemic Subjects from the Ferrara Regton (F Conconi, A Bargellest, 
S Pontremoli, Y Vigt, S Volpato and D Gaburro), 259 
Globulin Immunosuppressive Effects of Lymphoid Cell Proltferation tn Mice 
receiving Anti-lymphocyte (A M Denman, Evelyn J Denman and E J} 
Holborow), 177 
in Irradiated Mice Regeneration of Bone Marrow Cells and Thymus by 
19S Alpha (1 Berenblum, M Burger and A Knyszynski), 857 
metabolism tn Thalassaemia, news, 903 
Globulins of Human Blood Sera in Foetuses and the Newborn 
Embryospecific (Yu S$ Tatarinov), 964 
Glossina pallidipes Austen Mitotic Chromosomes of (P E Hulley), 977 
Gjow-worms tn a Population of Cepaea nemoralis Natural Selection by (Peter 
O'Donald), 194 
Glucose (d-) by the Rabbit Jeyunum during Cholera Toxin-induced Diarrhoea 
Absorption of (Harold A Serebro, Theodore M Bayless, Thomas R 
Hendrix, Frank L iber and Thomas McGonagle), 1272 
Cycloacetoacetate on Adenosinetriphosphatase Activity in Liver Mito- 
chondria Effect of Phenylhydrazine and hydrolysed (M C Nath, T G 
Reddi and N Nath), 552 
Glucosyl or Galactosy! Lipopolysaccharide Transferases Biochemical Charac- 
terization of Mutants of Salmonella typhimurium lacking (M J Osborn), 957 
of Galactosyl Lipopolysaccharide Transferases Genetics and Cultural 
Properties of Mutants of Salmonella typhimurium lacking {R G Wilkinson 
and B A D Stocker), 955 
Glycolipid specific to Nitrogen-fixing Blue-green Algae 
and B J B Wood), 767 
Glutathione Reductase in Human Erythrocytes and Leucocytes 
Study of (Jean-Claude Kaplan and Ernest Beutler), 256 
Glycerophosphatase (f-) and Lateral Root Development (J F Sutcliffe and R 
Sexton), 1285 s 
Glycogen Synthetase Activity ın Blood Platelets (H Vainer and R Wattiaux), 95! 
Glycosyl Diglycerides in Bacterta Structure and Distribution of (N Shaw and 
©) Bagdiley) 142 


How Repressor Mole@iles Function (Mark S 


an Experimental 


Evidence for a (N M 


Heating of the Upper Atmosphere during (V 1 


Drinking Rates 


Late Palaeozoic 


Variations in 


New (B W Nichols 


Electrophoretic 


$ INDEX 


Gold ori Chromiim Grain Boundary Diffusion Effects in Films of {P S Kenrick), 
Goldfish Brain during Learning RNA Chahges in (V E Shashoua), 238 
Telencephalic Parenchyma Regeneration of Peripheral Nerve 
into (Jerald J Bernstein), 183 e 
Gonadotrophin in Plasma apd CereMospinal Fluid Relationship between Con- 
centrations of Human Choriomc (K D Bagshawe, A Hilary Orr and 
A G J Rushworth), 950 


pashan Selection of Prey Oddity or Conspicuousness? (Helmut C Mueller), 


plant 


Goslin, David A Teachers and Testing, review by Malcolm Parlett, 295 


Gossick, B R Hamilton's Principle and Physical Systems, review by M J 
Wilford, 295 
Graft Induction of Immunological Paralysis to Heterologous Tumours (Nicole 


Suciu-Foca), 1268 
versus Host R@action tn F, Hybrid Mice Effect of F(ab’), from Rabbit 
Lymphocyte IgG on the () D Naysmith and K James), 260 
Grain Boundary Diffusion Effects in Films of Gold on Chromium (P S$ Kenrick), 
Gram Negative Bacteria Chemotaxonomic Studies of, by Means of Pyrolysis- 
Gas-Liquid Chromatography (E Reiner and W H Ewing), 191 
Gramicidine S in Solution NMR Studies of (A M Liquori and F Conti), 635 
Granites Petrogenetic Significance of Alkali Feldspar Megacrysts and their 
Inclusions in Cornubian (B Booth), 1036 


Granular Materials Tensile Strength of (W B Pietsch), 736 
Granuloporesis studied by Cytaphotometry DNA Dynamics in Rat (A Balazs 
and Gy Rappay), 166 
Graphic Work of M C Escher, review by N M L Wade, 690 
Graphites Stress Dependence of Tensile Creep Rate in Carbons and (D B 
Fischbach), 840 
Grating Spectrometers New Mounting for Concave (M Sawada), 1247 
Green, Keith Relation of Epithelial lon Transport to Corneal Thickness and 
Hydration, 1074 
Greenwood, P H see under Patterson, Colin 
Ground State of VO Nuclear Hyperfine Interactions in Diatomic Molecules and 
the (D Richards and R F Barrow), 842 
Group Analysis of Variance for Earthquake Location and Magnitude (B A Boult 
and H Freedman), 47 
Growth and Morphogenesis of Asparagus Cells cultured in vitro (Cecile Wilmar 
and Marja Hellendoorn), 369 
Hormone in Human Development (Michael T Makler), 1149 
Lines ın the Larvae and Adults of Bivalve Molluscs (R H Millar), 683 
models Control of Growth in Two populations of Elephant Seals 
(M M Bryden), 1106 
-promoting Effect of Lysolecithin on Chinese Hamster Cells in vitro 
(Karin Nilausen), 268 
Rate Ratios between Contents of DNA, RNA and Protein in Different 
Micro-organisms as a Function of Maximal (Vagn Leick), 1153 


Guggenheim, E A Eféyrents and Formulae of Special Relativity, review by P T 
Landsberg), 883 
Gucker, pank T ‚and Siefert, Raiph L Physical Chemistry, review by J C Robb, 


Guidance on use of university buildings, news, 595 
Guinea-pig leum Sites of Action of some Partial Agonists on the Isolated (K 
Takagi, | Takayanagi, F Taga and K Nishino), 573 
Skin Epidermal Cell Population Kinetics in Albino (Chang Won Song 
and Joseph Tabachnigk), 650 
Taenta Coli of the Substitution of Strontium or Barium lons for Calcium 
lons Effect on the (Y Hotta and R Tsuku:), 867 
Thymus Striated Muscle in the Cortex of Foetal (T Mandel), 276 


Gunstone, F D An Introduction to the Chemistry and Biochemistry of Fatty 
Acids and their Glycerides, review by P B Garland, 1190 
Ce ee? in der Entwicklung der Modern Physik, review by L Rosenhead, 
9 


Stee in Origanum vulagare Computer Simulation of a Model (S K Jain), 


Habitat rescue set up, news, 1204 

Habitats of Pelagic Foraminifera during the Pleistocene 
Alexis Kehm and Hendrick Miller), 245 

Habituation by Chicks Specific (D B Broom), 880 

Habituation tn a Rotifer and Protozaoan Non-local Nature of Phillip B 
Applewhite), 287 

Haemagglutination Technique Analysis of Antibodies agatnst Synthetic Angto- 
tensin İl by the Passive (Felix M Dietrich and Hannes Frischknecht), 264 

Haemocoelic Erythrocytes containing Haemoglobin in a Wood Boring Mollusc 
Occurrence of (A D Ansell and N Balakrishnan Nair), 357 


Haemoglobin at Low Temperature Kinetics of Assoctation of Carbon Mono- 

xide with (R Bannerjee, P Douzou and A Lombard), 23 

basic functional entity, news, [211 

in a Wood Boring Moliusc Occurrence of Haemocoelic Erythrocytes 
containing (A D Ansell and N Balakrishnan Nair), 357 

in Marrow Cultures of Human Adults Production of Foetal (Judith 
Goslin Hall and Arno G Motulsky), 569 

on Experimental Infections with Pasteurella septica and Escherichia Colt 
Effect of (J J Bullen and Henry J Rogers), 86 

Torino—a43 {CDI) Phenylalaninae -> Valine (A Beretta, Y Prato, E 
Gallo and H Lehmann), 1016, erratum, 1192 

Variant Japanese (T Miya, Y Ohba, K Yamamoto, S Shibata, ! luch: 
and M Takenaka), 89 


Haemoglobins of Salmon-Trout Hybrids 
3 O'Rourke), 65 

Haemolysis, Immune Reaction of the Terminal Complement Component (O 
Götze, | Haupt and H Fischer), 1165 

Haemopotetic Stem Cells Cross-reaction of Anti-lymphocyte Serum with {E O 
Field and J] E Grbbs), 561 

Haemorheology and microcirculation, news, 707 

Haemorrhage tn the Rat Emergence of Two Erythroblast Lines in Erythropotesis 
during Growth and (B | Lord), 1026 

Haemotoporetic Spleen Colonies to form Macrophages in vitro Ability of (M 
Virolatnen and V Defendi), 1069 e 

Hainsworth, Marguerite D Experiments in Animal Behaviour, review by J D 
Carthy, 785 

Half Life of che Neutron and Cosmological Helium Production (R J Taylom, 433 


Depth (Barbara Lidz, 


Proteins and (Peter J Haen and Fergus 


XxXiit 


Halogen Compounds Empirica! Correlation between the Molecular Electric 
Field Gradients and the Average Molecular Pglarizabilities of some (Paul 
Machmer), 165 

Derivatives of 4-Hydroxybenzoic Acid as Root Growth Stimulants and 
the Importance of Light®in this Response (R L Wain, H F Taylor, P 
© — Intarakesit and T G D Shannon), 870 

Haloperidol in Chronic Schizophrenia inical and Pharmacological Effects of 
Monamine Precursors or tT Persson and B E Roos), 854 

Hallucinogens, Fhe (A Hoffer and H Osmond), review by J R Smythies, 784 

eee Principle and Physical Systems (B R Gossick), review by M J Wilford, 

Hamster Cells in vitro Growth promoting Effect of Lysolecithin on Chinese 
(Karin Nilausen), 268 

to repair Sub-lethal Damage when X-irradiated in the Plateau Phase of 
Growth Failure of Chinese (George M Hahn), 741 
Handbook of Chemistry and Physics, review by Elisabeth Lewis, 887 
of Experimental immunology (edited by D M Weir), review by J H 
Humphrey, 1291 
of Living Primates, A (J. R Napier and P H Napier), review by Erte H 
Ashton, 488 

Hafäppan Period Monsoon over the Indus Valley during the (C Ramaswamy), 

Harkness fellowships reduced, news, 212 

Harmonic Energies of the Diurnal Variation at Two British Observatories 
in the (R J Lamden), 347 

Hartmann, Ernest The Biology of Dreaming, review by J J Evans, 985 

Harwell director, Dr W Marshall, news, 497 

Diversification at (John Maddox), 607 
diversification heat transfer and fluid flow, news, 8 
Has the Paane Basın moved as a Rigid Plac® since the Cretaceous? (W E Farrell), 
4 

Hatchabılıty Relation between DDT ın the Diets of Laying Birds and Viability 
of their Eggs (F J S Jones and D D B Summers), t162 

HCi-Acetic Acid Heterochromatic Segments in Vicia revealed by Treatment 
with (Shin Takehisa), 567 

Health Expenditures, WHO report, news, 797 

in Vietnam {Anne Clayton), news, 503 
Heart Function in Patella vulgata L Some Aspects of (H D Jones), 1170 
Transplants, american cules, news, 895 

Heathrow, developments, news, 598 

Heating of the Upper Atmosphere during Geomagnetic Disturbances (V | 
Krassovsky), 1136 

Heavy Water and Water 

HeLa Cell Contamination of Human Heteroploid Cell Lines 
M Gartler), 750 

Cells Effects of Cercarial Extracts of Schistosoma mansoni on (Joseph G 
Otero), 381 
tahun Froducnon, Cosmological 


Trend 


Discrimination by the Mouse (C U M Smith), 760 
Apparent (Stanley 


Half Life of the Neutron and (R J Taylor), 


Hehx-Coil Transition Proton Magnetic Resonance and the (E M Bradbury, C 
Crane-Robinson, H Goldman and H W E Rattle), 812 
Hemichordata at Plymouth Discovery of Rhabdopleura (A R D Stebbing), 1284 
Heparin and the Stabrization of Fibrin (B J Cuddigan), 779 
on Serum Calcium Concentrations in Mice Effect of (Carlos A Bonilla, 
Reed M Stringham, jun and Ivan M Lytle), 1281 
Hepatic Homograft Distribution of Plasma Fatty Acid before and after Canine 
(William $ Worth), 618 
Lipogenesis in the Rat Effect of Dretary Carbohydrate on (E Bailey, 
C B Taylor and W Bartley), 471 
Hepatotoxic Amıno-acıd from Indigofera spicata, Indospicine A New (M P 
Hegarty and A W Pound), 354 
Herbarium bequeathed to Natural History Museum, news, 801 
Hereditary Factors in Carcinoma (Henry T Lynch), review by P C Koller, 199 
f Malformation Cyclopism as a (Peter Pfitzer and Horst Muntefering), 
071 
Heriot-Watt have new head, Or R A Smith, news, 500 ° 
Hermit Crabs and by Mechanical and Electrical Stimul Detachment of Sea 
Anemones by Commensal (D M Ross and L Sutton), 380 
Herpesvirus Infection of Human Mesodermal Tissue (Cornea) detected by Electron 
Microscopy (Chandler Dawson, Birgitta Togni, Thomas E Moore, jun and 
Virginia Coleman), 461 
Heterochromatic Segments in Vicia revealed by Treatment with HC!-Acetic Acid 
(Shin Takehisa), 567 
Heterochromatin Late SNA Synthesis in (A Lima-De-Faria and Halima Jaworska), 
138, erratum, 1295 
Heterocycles with Tetra-coordinated Phosphorus Atoms Huckel Molecular 
Orbital Models for (R Vilceanu, A Balint and Z Simon), 61 
Heterodera Vulval Bodies in Certain Species of (E M Wilson), 879 
Heterogeneous Oxidation of Methane over Palladium Catalysts (J G Firth and 
H B Holland), [252 
Heterogenizing Virus Skin (G J Svet-Moldavsky, D M Mkheidze, A L 
Liozner and A Ph Bykovsky), 102 
Heterologous Tumours induction of Immunological Paralysis to (Nicole Suciu- 
Foca), 1268 
Heteroploid Cell Lines Apparent HeLa Cell Contamination of Human (Stanley M 
Gartier), 750 
Heydychium coronarium produces a Cercaricide 
vulgaris and Cercariae of Schistosoma mason: and Plant: 
Warren and Pierre A Peters), €47 
High Altitude Immune Response of Rabbits during Short Term Exposure to 
(Robert P Tengerdy and Theodore Kramer), 367 
Energy Neutrino Experiments at CERN Development of (C A Ramm), 
3 ° 


Frequency Sound Environment Asthma and the (R K Mason), 360 
School Science Intellectual Style and (A J Cropley and T W Field), 
1211 
Titre T Antigen with Minimal Amounts of Structural Antigen in Adeno- 
virus-infected Cells treated with Hydroxyurea (Jay A Levy, Robert J 
Huebner, Jereme Kern and Raymond V g3ilden), 744 
Hinditmbs of Young Cats asa result of Hypervitaminosis A Skeletal Abnormalities 
inthe (L Clark and A A Seawright), 1174 
Hip Joint {congruent Surfaces in the Human (Peter Bullough, John Goodfellow, 
Alan Sth Greenwald and John O'Connor), 1290 
Histamine Activities in the Plasma of Sub-human Primates and Man (John H 
Peters and Gale R Gordon), 274 
Sensitivity in Mice Efficacy of 8-Adrenergic Blocking Agents in inducing 
(R K Bergman and J Munoz), 1173 
Histidine and Adult and Foetal Forms of Skeletal Muscle Myosin 3-Methyl (1 P 
Trayer, C | Harris and $ V Perry), 452 ca 
Histochemical and Biochemical Stugy of Synaptic Lysosomes (Mildred K Gordon, 
Klaus G Bensch, Grace G Deanin and Malcolm W_ Gordon), 523 
Historical Zoogeography of Antelopes (A W Gentry), 874 e 


Attempts to penetyate Phaseolus 
(Kenneth 5 


XXIV 


Histoire du me depuis l'An Mil (Emmanuel Le Roy Ladurie), review by H H 
Lamb, 
Hockenhull, D J D (editof Progress in Industrial Microbiology, Vol 6, review 
by Anne Clayton, 488 
Hoffer, A, and Osmond, H The Hallucinogens, geview by J R Smythies, 784 
Holocene Earth Movements and Eustatic Sea Letel Change in the Peloponnese 
(N C Flemming), 1032 
marine sediments, meeting, news, 802 © 
Hologram Interferometry Observation of Surface Vibration Mades by Strobo- 
scopic (E Archbold and A E Ennos), 942 
Holographic Model of Temporal Recall (P T Chopping), 781 
Model of Temporal Recall improved (D Gabor), 1288 
Model of Temporal Recall (D Gabor), 584 
Model of Temporal Recall (H C Longuet-Higgins), 104 
Holography meeting, news, 407 
ais Analysts by Stroboscopie (B M Watrasiew:ez and P Spicer), 
2 
Holothurian, Deep-sea, Oneirophanta mutabilis Theel 
(Bent Hansen), 1062 
Homoeologous Recombination Introduction of Yellow Rust Resistance of 
Aegilops comosa into Wheat by Genetically Induced (Ralph Riley, Victor 
Chapmar and Roy Johnson), 383 
Homogenous system Brstability caused by Substrate Inhibition of Peroxidase tn 
an Open Reaction System (Hans Degn), 1047 
Homograft Distribution of Plasma Fatty Acid before and after Canine Hepatic 
(William S Worth), 618 
Reaction in Pigs Use of Horse Anti-pig Leucocyte Serum to suppress 
the (J N Lucke, E J Immelman, M © Symes and A C Hunt), 560 
Homografts and Dissociation of Immyne Responses tn Mice immunized with 
Lyophilized Tissues in Freund's Adjuvant Enhancement of Skin (J. Churna), 
5 


Brood-protection in an 


Homologous Alkaline Phosphatases and Homologous Loci tn Two Sibling Spectes 
of European Anopheline Mosquitoes (Umberto Branchi), 382 

Homonord Vertebra Fossil, from the Miocene of Uganda (Alan Walker and 
M D Rose), 980 

Homozygous f-Thalassaemic Subjects from the Ferrara Region Absence of 
B-Globin Synthesis and Excess of a-Globin Synthesis in (F Conconi, A 
Bargelles:, S Pontremoli, V Vigi, S Volpato and D Gaborro), 259 

Hopkins, David M (editor) The Bering Land Bridge, review by R J Price, 1187 


Hormone in human Development Growth (Michael T Makler), 1149 
Morphogenetic Properties of Follicle-Stimulating Evidence from Effects 
of Anti-gonadtropin Sera on Developing Chick Embryo (Gajanan V 
Sherbet and M $ Lakshmi), 1257 
Hormones, Staphylococcal Responses to, news, 312 
Horse Anti-pig Leucocyte Serum to suppress the Homograft Reaction in Pigs 
Use of (J N Lucke, E J Immelman, M O Symes and A C Hunt), 560 
Hoskins, J Mitchell ‘Virological Procedures, review by J S Porterfield, 984 
Hospitals and patients, report, news, 305 
Host Reaction in F, Hybrid Mice Effect of F(ab*), from Rabbit Lymphocyte IgG 
on the Graft versus (J D Naysmith and K James), 260 
Housing, documentation of literature by new organization, news, 402 
Hoverport for Kent, news, 208 
Hovercraft HM2, rigid sidewall, launching, news, 701 
SRN-4 launched, news, 499 
How Repressor Molecules Function (Mark $ Bretscher), 509 
Hoyle, Fred Astronomical Society Prize, news, 213 
Huckel Molecular Orbital Models for Heterocycles with Tetra-coordinated 
Phosphorus Atoms {R Vilceanu, A Balint and Z Simon), 6! 
Human Adults Production of Foetal Haemoglobin in Marrow Cultures of 
(Judith Goslin Hall and Arno G Motulsky), 569 
Case of Piroplasmosis (Babestosis) (J E P Fitzpatrick,C Cotton Kennedy, 
Mary G McGeown, D G Oreopoulos, J H Robertson, and M A O 
Soyannwo), 86! 
Development Growth Hormone in (Michael T Makler), 1149 
Erythrocytes and Leucocytes Electrophoretic Study of Glutathtone 
Reductase tn (Jean-Claude Kaplan), 256 
Histology (Bruce Cruickshank, T C Dodds and Dugald L Gardiner), 
review by E N Wilmer, 1188 
Influence upon Vegetational History in North Cardiganshire (Peter D 
Moore), 1006 
Lymphocytes Radiation Stimulated Incorporation of Thymidine inte the 
DNA of (Richard G Evans and Amos Norman), 455 
Placenta Urokinase Inhibitor in (Takehiko Kawano, Kazul Morimoto 
and Yahtro Uemura), 253 
Power Output (C T M Davies and R Rennie), 770 
‘ce Visual Delay (T Guinn, W L Kilmer, E Craighill and B Reynolds), 
Serum, Normal Smal) Molecular Weight Vitamin B Binders in 
(Evangelos Gizis and Leo M Meyer), 272 
Humming on the Visibthty of a Stabilized Retinal [mage 
Wells and C R Evans), [168 
Hyaluronic Acid and Chondroitin Sulphate in Skin of Mice with Carcass Nitrogen 
Loss during Starvation Correlation of Loss of (H Sobel, M Hewlett and 
R Cohen), 1279 
Hydra Biological Phase Relationships (Martin Macklin), 622 
Hydration Relation of Epithelial lon Transport to Corneal Thickness and (Keith 
Green)” 1074 ° 
Hydraulics Research Station, report, news, 10 
Hydrocarbons Reduced Binding of Carcinogenic, to DNA of Mouse Skin during 
Inhibition of DNA Synthesis (Rudolf Suss and H Ratner Maurer), 752 
Hydrogen capable of Maser Action at 21 Centimetres? Is Interstellar (S H 
Storer and D W Sciama), 1237 * 
on Aqueous Bacteriophage T, Action of Atomic (David Dewey and 
Gabriel Stein), 351 
Sulphide by a Thermophtlic Blue-green Alga 
Sheridan and Richard W Castenholz), 1063 
Hydrological Decade, international Glaciology and the (J W Glenn), 319 
Hydrolysed Glucose Cycloacetoagetate on Adenosinetriphosphatase Activity in 
Liver Mitochondria Effect of Phenylhydrazine and (M C Nath, T G 
Redds and N Nath), 552 
Hydrothermal Synthesis of Sodtum-Mordegite in Pebble Form (I M feen wi 
King and R Wallis), 1045 
Hydroxy-3-methoxyphenylglycol (4-) Formation in Man by Reserpine Promotion 
of (M Sandler and N B H Youdim), 771 
Hydroxybenzore Acid (4-} as Root Growth Stimulants and the Importance of 
Light in this Response Halogen Derivative of (R L Wain, H F Taylor, 
P Intarakosit and T G D Shannon), 870 
Hydroxylase Evidence for an Extragranular Localization of Tyrosine (Pierre 
Laduron and Frans Belpaire), 115% s 
Hydroxyproline Excretionen Phosphate Depleted Rachitic Rats Urinary (Victor 
ry Parsons and Malcolm Self), 551 


Effect of (Angela M 


Production of (Richard P 


INDEX $ 


Hydroxyquinoline (8-) and Isofitrosoacetophenone Co-ordination Compounds 
of Alkali Metals with (At K Banerjee, A J Layton, R $ Nyholm and Mary 
Truter}, 1147 hes 
ryptamine (5-) in Guinea-pig Vas Deferens Inhibition by Drugs of the 
Accumulation in vitro of (Donald Eccleston, Ngem B Thoa and Julius 
A&elrod), 846 
Hydroxyurea High Titre T Antigen with Mintftal Amounts of Structural 
Antigen in Adenovirus-infected Cells treated with (lay A Levy, Robert J 
Huebner, Jerome Kern and Raymond V Guilder, 744 
on Multiplication of Influenza Virus in Mammalian Cells 
(W C Bell and H F Maassab), 646 
Hyperfine interactions Nuclear, in Dratomic Molecules and the Ground State 
of VO {D Richards and R F Barrow), 842 
Hyperluteimrzation and Precocious Opening of the Vagina in Rats with a Trans- 
verse Cut in the Hypothalamus made shortly after Birth Induction of 
{Peter N Martinovitch, Olivera K Ivanisevic and Jowan V Martinovic), 866 
Hypervitaminosis A Skeletal Abnormalities in the Hindifmbs of Young Cats as a 
result of {L Clark and A A Seawrtght), 1174 
Hypocuprosis Geochemical Reconnaisance and (J $ Webb, | Thornton and K 
Fletcher), 1010 
Hypoglycin-A Teratogenic Effects of (T V N Persaud), 47} 
Hypothalamus Amphetamine Anorexia by Direct Action on the Adrenergic 
Feeding System of Rat (D A Booth), 869 
Daily Rhythm in the Noradrenaline Content of Rat (James Mansharde 
and Richard J Wurtman), 574 
made shortly after Birth Induction of Hyperluteimzation and Preco- 
cious Opening of the Vagina in Rats with a Transverse Cut in the (Petar N 
Martnovitch, Olivera K lvanisevic and Jovan V Martinovic), 866 
Hypothesis to explain Synapsis of Meiotic Chromosomes (Winston E Raynayake), 
1070 


Hydro: 


Action of 


Hypoxia in Man fmmediate Circulatory Response to High Altıtude (Sujoy B 
Roy, 3 S Guleria, P K Khanna, } R Talwar, S C Manchanda, J N 
Pande, V S Kaushik, P S Subba and J E Wood), !177 


laea and non-proliferation treaty, news, 299 
IBP has new chairman, news, 702 
IBM, lost contract for USAF to Burroughs, news, 5 
price increases and new 360 computer, news, [15 
Identification of Bradykinin New Test for Biological {H Edery), 70 
of Rhinovirus Strain DC {R M Conant, V V Hamparan, E J Stott and 
D A J Tyrrell), 1264 


Ignimbrites Second Additional Theory of Origin of Fiamme in (Alexander R 
McBirney), 938 

IgG on Sensitized Spleen Cells In vivo and tn vitro Effect of Anti-lymphocytic 
(Kerth James), 261 


e 
eal Mucosa Effects of Vasopressin, Theophylline and Adenosine Monophosphate 
on Short-circuit Current across Isolated Rabbit (Michael Field, Gerald R 
Plotkin and William Siten), 469 
ileum Sites of Action of some Partial Agonists on the Isolated Guinea-pig (K 
Takagi, | Takayanagi, F Taga and K Nishino), 573 
Immediate Circulatory Response to High Altitude Hypoxia in Man (Sujoy B Roy, 
J S Gulerta, P K Khanna, J R Talwar, $ C Manchanda, J N Pande, 
V S Kaushik, P S Subba and J E Wood), 1177 
Immune Competence Cellular, of Spleen Bursa gnd Thymus Cells (W A 
Cain, M D Cooper and R A Good), 87 
Haemolysis Reaction of the Terminal Complement Component (O 
Gotze, | Haupt and H Fischer), 1165 
Response DNA Synthesis in the Development of Antibody-forming 
Cells during the Early Stages of (A Szenberg and A J Cunningham), 747 
Response Induction of the Primary (1 Mackay Murrey}, 430 
Response of Rabbits during Short Term Exposure to High Altitude 
(Robert P Tengerdy and Theodore Kramer), 367 
Responses tn Mice immunized with Lyophilized Tissues in Freund's 


Adjuvant Enhancement of Skin Homografts and Dissociation of (J 
Churna), 175 
Responses Normal, of Bursaless Chickens to a Secondary Antigenic 


Stimulus (M Elane Rose and Eva Orlans), 231 
Immunity, Cancer and Chemotherapy (edited by Enrico Mihich), review by Peter 
Alexander, 1291 
Immunodiffusion Techniques on Cellulose Acetate 
(J Korn), 1261 
Immunological Memory with Anti-lymphocyte Serum Erasure of (Eugene 
Lance), 557 
PS alysi to Heterologous Tumours Induction of (Nicole Suciu-Foca), 
Response Role of X, Y and Z Cells in (J Halasa), 859 
Immunosuppressive Activity of Anti-lymphocyte Sera in vitro Detection of 
(J F Bach and B Antoine), 658 
Effects of Lymphoid Cell Proliferation in Mice receiving Anti-lymphocyte 
Globulin (A M Denman, Evelyn J Denman and E J Holborow), 177 
tmplant into Goldfish Telencephalic Parenchyma Regeneration of Peripheral 
Nerve (Jerald J Bernstein), 183 
Impotence Principle in Descriptive Morphology (Bernard Meltzer and Nigel 
Searle), 1289 
Imprinting Drug-produced Isolation and the Sensitive Period (Glenn E Mac- 
donald), 1158 
{mproved Holographic Model of Temporal Recall (D Gabor), 1288 
Inactivation of Isoniazid in Burmese Subjects {S E Smith and Tun Ky), [273 
Inclusions tn Cornublan Granites Petrogenetic Significance of Alkali Felspar 
Megacrysts and their (B Booth), 1036 
vans ae over the Tropical Pacific (W H Quinn and W V 
rt), 
Incongruent Surfaces in the Human Hip Joint (Peter Bullough, John Goodfellow, 
Alan Seth Greenwald and John O’Connor), 1290 
Increased Receptor Utilization Mechanism of Cocaine Potentiation (K Nakatsu 
and R J Reuffebsteub), 1276 
India, Northward Drift of-—-Examination of Recent Palaeomagnetic Results 
(M W McElhinny), 342 
Indigofera spicata, a New Hepatotoxic Amuno-acid from, Indospicine (M P 
Hegarty and A W Pound), 354 
Indolylacetic Acid (8) on the Growth and the Auxtn Catabolism of Lactobacillus 
bulgaricus Effect of {P E Pilet and B Blanc), 285 
Indoplanorbis exustus Interaction of Trematodes by Predation within Natural 
core Infections tn the Hèst Snail (Donald Heyneman and T Umathevy), 
Indospicine, a New Hepatotoxic Amino-acid from Indigofera spicata (M P 
Hegarty and A W Pound), 354 


Simplified Procedure for 


Induction of Gibberellin Synthests in Leaves ẹRed Light (E M Rei 
Clements and D J Carr), $80 ? Bes Bore 
of Immunological Paralysis to Heterologous Tumours (Nicoleg Suciu- 
Foca), 1268 i Fi 
of Hyperluteinization ard Precocious Opening of the Vagina in Rats with 
a Transverse Cut in the Hypgghalamus made shortly after Birth gPetar N 
Martinovitch, Olivega K lvaffsevic and Jovan V Martinovic), 866 
of the Primary Immune Response (I Mackay Murray), 430 
Indus Valley during the ġiarappan Period Monsoon over the (C Ramaswamy), 


Industrial Expansion Bill, news, 303 
microbiology, news, 128 
infants with Malnutrition Relationship between Total Body and Muscle Res- 
piration Rates in (B L Nichols, D J Barnes, A Ashworth, G A O 
Alleyne, C F Hazlewood and J C Waterlow), 475 
infections, Experimental, with Pasteurella septica and Escherichia coli Effect of 
Haemoglobin Oa (J J Bullen and Henry J Rogers), 86 
Mononucleosis Continuous Suspension Culture of Peripheral Blood 
Leucocytes (Philtp R_ Glade, Julus A Kasel, Harold L Moses, Jacqueline 
Whang-Peng, Peter F Hoffman, John K Kammermeyer and Lawrence N 
Chessin), 564 
influence of Carbon Dioxide tn the Calcite-Sodium Oleate Flotation System 
(V Y Sampat Kumar and A K Biswas), 1255 
of bH, Sodium and Calcium fons on the dc Resistance of Black Egg 
Lecithin-Cholestero!l Films (S Ohkt and A Goldup), 458 
information dissemination in Physics, American institute with grant, news, 497 
retrieval, SDJ service, news, 1095 
influence of Micro-organisms on the Distribution in Roots of Phosphate labelled 
with Phosphorus-32 (D A Barber, J Sanderson and R Scott Russell), 644 
of Temperature on Isometric Contractions of Rat Skeletal Muscles (R 
Close and J F Y Hoh), 1179 
Influences on Parent Behavior (Lots Meek Stolz), review by Annette Lawson, 987 
Influenza B Virus Numerical Taxonomy and (Anna M Lee), 620 
Virus in Mammalian Cells Action of Hydroxyurea on Multiplication of 
(W C Bell and H F Maassab), 646 
Virus Reproduction in Cell Culture using Interferon and Amantadine 
Combined Inhibition of (S V Lavrov, E | Eremkina, T G Orlova, G A 
Galegov, Y D Soloviev and V M Zhdanov), 856 
Infrared images for geology, news, 600 
spectroscopy of aqueous solutions, news, 313 


inhibition by Adenosine Diphosphate of the Thrombocytopenia induced in 

Rabbits by Collagen or Thrombin (Dorothy Busfield and E G Tomich), 376 

by Drugs of the Accumulation in vitro of S-Hydroxytryptamine in Guinea- 
pig Vas Deferens (Donald Eccleston, Ngem B Thoz and Julius Axelrod), 846 

by Las,ocarpine of RNA Synthesis RNA Polymerase and Induction of 
Tryptophan Pyrralase Activity (J Reddy, C Harris and D Svoboda), 659 

in Receptive Fields of Lateral Geniculate Neurones Distribution of 
Excitation and (G H Jacobs and R L Yolton), (87 

of Cellular DNA Synthesis caused by lododeoxyuridine Polyoma 
Virus-induced Release of (Akiko Kasamaki, Tamar Ben-Porat and Albert S 
Kaplan), 756 «| 

of Development in Drosophila by Cortisone (P Dennis Smith, Pamela B 
Koenig and John C Lucchesi), $286 

of DNA Synthesis by Kethoxal bis (Thiosemicarbazone) Sites of (Barbara 
A Booth, David G Johns, Joseph R Bertino and Alan C Sartorelli), 250 

of Leucine and Lysine Amtnopeptidase by Atopic Allergens {L Berrens), 


66 
inhibitors Peptide, of the Renin-Angiotensin System (T Kokubu, E Ueda, S 
Fuyrmoto, K Hiwada, A Kato, H Akutsu, Y Yamamura, S Saito and T 
Mizoguchi), 456 œ 
Inhibitory Effect of 1,2-bis(2-Benzimidazoyl) t,2-ethanediol Derivatives on Polio- 
virus (Sumiyuk: Akihama, Masayoshi Okude, Katsuo Sato and Shizue 
Iwabuchi), 562 
inhomogeneities tn the Universe Large-scale Density (M J Rees and D W 
Sciama), 511 
{nishtrahull Glasgow University Exploration Society Expedition to (D R 
Bowes, A M Hopgood and John Smart), 344 
initiation of Free Radical Polymerization by Manganese Carbonyl and Carbon 
Tetrachloride (C J Bamford and R Denyer), 59 
Insect Muscle Permeability and Excitation of (A C Wareham, C J Duncan and 
K Bowler), 970 
Insect pests, current research, parliamentary news, 602 
Insects and Physiology (edited by J W L Beament andJ E Traherne), review by 
3 W S Pringle, 393 
Structure and Function of the Extraneural Sheath in {P S Boulton and 
C H Fraser Rowell), 379 
Insecticides, Applied Biologists discuss, news, 1098 
Insoluble enzymes, news, 127 
Institutions, merger for engineers proposed, news, 697 
Insulin on Sodium Efflux from the Toad Oocyte Action of (E E Bittar, D A T. 
Dick and D J Fry), 1280 
Precipitating Antibodies Detection of (M Ceska), 356 
Secretion by Shore Chain Fatty Acids Regulation of (W Montague and 
K W Taylor), 853 
integumental Prgments of the Millipede Polydesmus angustus (Latzel) (A E 
Needham), 975 
Intellectual Style and High School Science (A J Cropley and T W Field), [211 
interaction between Modei Compounds of Actinomycin D and DNA DNA 
Dependent RNA Synthesis (F Ascol: and M Savino), 162 
between Model Compounds of Actinomycin D and DNA  Physico- 
chemical Studies (F Ascoli, M Savino and A M Liquor), 162, erratum, 394 
of Trematodes by Predation within Natural Double Infections in the 
Host Snail Indopfanorbis exustus (Donald Heyneman and T Umathevy), 283 
{interactions of Hadrons, The (Hartman Pilkuhn), review by P T Matthews, 197 
Intercombination Transition of C, in Comets Discussion of the “Forbidden” 
(R J Fallon), [240 
interference of Sub-millimetre Waves over 450 m Path Difference (N W B 
Stone, H A Gebbie, D W E Fuller, A R Loft and C C Bradley), 1043 
interferometry, Laser Application to Physiological Studies of Excitable Tissues 
(R Sandlin, L Lerman, W Barry and | Tasaki), 575 
{nterferon and Amantadine Combined inhibition of influenza Virus Reproduc- 
tron in Cell Culture using (S V Lavrov, E | Eremkina, T G Orlova, 
G A Galegov, V D Soloviev and V M Zhdanov), 856 
Effect of Cyclophosphamide on the Production of (T W E Robinson and 
R B Heath), 178 
in the Urine of Persons with Virus Infections Failure to detect (R A 
Bucknall, N B Finter and C C Draper}, 462 
intermittent but not Consistent Reinforcement Rats prefer the Home Cage to 
the Runway following (David Premack did Mitr: E Shanab), 288 
Intermolecular Relationship between Neutral-salt-soluble and Acid-soluble 
Collagen (R J Davidson and D R Cooper), [68 


z INDEX XXY 


International Institute for Documentation of Housing, Building and Planning, 
A news, A 
nteroceanic Colonization of a Marine Goby through the Panama Canal (Robert 
W Rubinoff and ira Rubinoff), 476 4 k j 
Interocular and Monocular Syppression Evoked Potentials reflecting (D M 
P MacKay), 81 . 
Interpretation of Cosmic Microwave Background (J Y Nakhkar and N C 
Wickramasinghe), 1235 e 
Interstellar Absorption Bands at 4890 A and 4760 A at Different Galactic 
Longitudes Profiles of the Unidentified (Harry Seddon), 932 
Absorption Small Scale Distribution of (K Ishida and K Akabane), 433 
Bands Origin of the Diffuse {N C+Wickramasinghe, J G Ireland, K 
Nandy, H Seddon and R D Wolstencroft), 412 
Extinction by Quartz Grains (K S$ Krishna Swamy and N C Wick- 
ramasinghe), 1236 
Hydrogen capable of Maser Action at 21 Centimetres? ts (S H Storer 
and D W Scama), 1237 
OH by Phonons Stimulation of (N C Wickramasinghe), 1131 
Shock Waves Production of OH Molecules in (G B field, P A 
Aannstad and P M Solomon), 435 
Silica Grains Extinction by (R F Knacke), 44 
Interstratified Structure formed from a Pre-heated Mica by Acid Treatment 
{K Tomita and T Sudo), 1043 f 
Interferometry Observation of Surface Vibration Modes by Stroboscopic 
Hologram {E Archbold and A E Ennos), 942 
Intestinal Mucosal Concentrations of Alkaline Phosphatase ABO Blood Groups, 
Secretor Status and (M J S Langman, A Constantinopoulos and! A D 
Bouchter), 863 
Intra-uterine Device on Uterine Motility tn the Rhesus Monkey Effect of an 
(J H Marson and W A Kelly), 774 
Introduction of Yellow Rust Resistance of Aegilops comosa into Wheat by 
Genetically Induced Homoeologous Recombination (Ralph Riley, Victor 
Chapman and Roy Johnson), 383 
jon Animal Behaviour An (Aubrey Manning), review by J D Carthy, 
to Fluid Dynamics, An (Frank Chorlton), review by K Stewartson, 199 
to the Chemistry and Biochemistry of Fatty Acids and their Glycerides 
An (F D Gunstone), review by P B Garland, 1190 
to the Liquid State An (P A Egelstaff), review by J S Rowlinson, 198 
Intrusion, Strattform, i the Pensacola Mountains, Antarctica Palaeomagnetism 
of a (Myrl E Beck, jun , Arthur B Ford and Walter W Boyd), 535 
Intrusions, Composite Minor, tn South Eastern Snowdonia (Alan Y Bromiey), 731 
Invertebrate Structure and Function (E J) W Barrington), review by D J Atdley, 


In vitro Characteristics of a Poxvirus isolated from Rhesus Monkeys (Ann H 
Nicholas and Wilbur T McNulty), 745 
Culture of the Regenerative Lens (Sara Eisenberg Zalk and Isaura 
Meza), 179 * 
Detection of Immunosuppressive Activity of Anti-lymphocyte Sera (J F 
Bach and B Antoine), 658 
In vivo Detection of Circulating Gas Emboli associated with Decompression 
Sickness using the Doppler Flowmeter (Murlin F Gillts, Palmer L Peterson 
and Manuel T Karagianes), 965 
lododeoxyurtdine Polyoma Virus-induced Release of Cellular DNA Synthesis 
caused by (Akiko Kasamaki, Tamar Ben-Porat and Albert $ Kaplan), 756 
lo Flecerodynamig Effects of Jupiters Satellite (@ H Piddington and J F Drake), 
93 
lodine Compounds ın Plasma of Rats Effect of Exposure to High Environmental 
Temperature (M K Yousef and H D Johnson), 182 
lon Exchange Strengthening of Silicate Glasses by (9 K Hale), 1115 
Exchangers De-esterification using (Y Z Frohwetn), 642 
Transport to Corneal Thickness and Hydration Relation of Epithelial 
(Keith Green), 1074 
lomic Turnover tn relation to External Salinities in the Eel Drinking Rates and 
Gill J Maetz and E Skadhauge), 372 
fonization Ultra-low Levels of Terrestrial (Abraham R Liboff and Morris H 
Shamos), 629 = 
lonosphere Possible Important Loss Process for Metallic lons in the, Radiative 
Association (W Swider, jun), 438 
lons against their Concentration Gradients tn an Analogue System for Active 
Transport using Charged Membranes (Russell Paterson), 545 
and their Complexes Activation of Small Molecules by Transition 
Metal (R Mason), 543 
in the lonosphere Possible Important Loss Process for Metallic, Radia- 
tive Association (W Swider, jun }, 438 
lontophoretically Apphed Tetrodotoxin on Cortical Nerve Cells Action of 
(J W Phillis, A K Tebecits and D H York), 271 
Iron Aerosols Spectral Absorption of Excited Molecules in (H Jager and H -G 
Kieschke), 934 
and Formation of Iron Phosphide by Desulfovibrio desulfurtcans Corro- 
sion of (Warren P Iverson), 1265 
Binding Properties of Saliva (Peter L Reilly, Peter S Davis and Donald J 
Deller), 68 
in Spinach Ferredoxin Mossbauer Effect Study of the State of (C E 
Johnson and D O Hall), 446 
in the Solar System Fractionation of {D C Tozer), 437 
Mechanism of Oxidation of Magnetite m y-Fe,O; (K J®Gallagher, W 
Feitknecht and U Mannwerler), 1118 
Metabolism in Natives of 13,000 ft brought down to Sea Level Changes 
ın (A O Carmena, A Segade, F J Cavagnaro and N G de Testa), 70 
Metals on the Lunar Surface (K H Sun), 243 
Pigments in Red Specees Epidermal (Peter Flesch), [056 
Irradiated Ephestia kuhmella Z Effect of Ecdysone on the Puparium Formation 
in(A M Kuzim, l K Kolonytseva and N I Yusifov), 643 
Mice Regeneration of Bone Marrow Cells and Thymus by 19S Alpha 
Globulin in (1 Berenblum, M Burger and A Knyszynski), 857 
frradiation at Low Temperatures Response of Bacterial Spores and Micrococcus 
radiodurans o Ultraviolet (M J Astwvood-Smith, J Copeland and J 
Wilcockson), 337 
is Interstellar Hydrogen capable of Maser Action at 2} Centimetres? (S H Storer 
and W Scrama), 1237 e = 
Iso and Syndiotactic Polymethylmethacrylate in Solutions Complex Formations 
between (W B Van den Berg, B Hymans, P Piet and D Heikens), 949 
isoantıgens Solubilization of Human Leucocyte Membrane (Dean L Mann, G 
Nicholas Rogentine, jun, John L Fahey and Stanley G Nathenson), 1180 


isoenzymes and cancer, news, 804 
Isolated Nucle: of Amoeba proteus on Treatment with Polyionic Substances Size 
Changes in (W Korohoda, J Æ Forrester, K G Moreman and E J 
Ambrose), 615 e 


XXVI 
Ld 


Isolation and the Sensitive Period, Drug-produced, Imprinting (Glenn E 
Macdonaid), 1158 
of a New Toxindrom Cultures of Aspergillus flavus (J V Rodricks, 
Kenneth R Henery-Logan, A D Campbell, L Stoloff and M Jacqueline 
Verrett}, 668 
of Salmonella typhimurium Mutants with Increased Recipient Ability by 
the Use of R Factor (Motoyuk: Okada and Tsutomu Watanabe), 854 
of Vibrio parahaemolyticus from the Nogthwest Pacific (John Baross and 
J Liston), 1263 
Isometric Contractile Force from Cardiac Muscle SimultaneBusly Recorded 
Oscillations in Membrane Rotential and (R A Jensen and B G Katzung), 
961 . 
Contractions of Rat Skeletal Muscles 
(R Close and J F Y Hoh), 1179 
Isomazıd in Burmese Subjects Inactivation of (S E Smith and Tun Kyi), 1273 
isonitrosoacetophenone Co-ordination Compounds of Alkali Metals with 
8-Hydroxyquinoline and (A K Banerjee, A J Layton, R S Nyholm and 
Mary R Truter), 1147 
isopod Crustacea related to Latitude and Depth Vision Index for (Robert J 
Menzies, Robert Y George and Gilbert Rowe), 93 
Isozyme Patterns of Nuclerc and Cytoplasmic Lactate Dehydrogenase of Rat 
Liver Cells Differences in (Y L Nemchinskaya, L Sh Ganelinaand A D 
Braun), 25! * 
Italan crystallographic association, new, news, 803 
IUWDS International Geophysical Calendar for 1968, 589 


Influence of Temperature on 


Jines Haemoglobin Varrant (T M:a, Y Ohba, K Yamamoto, S Shibata, ! 
lucht and M Takenaka), 89 

Jeyunum during Cholera Toxin-induced Diarrhoea Absorption of d-Glucose by 
the Rabbit (Harold A Serebro, Theodore M Bayless, Thomas R Hendrix, 
Frank L Iber and Thomas McGonagle), 1272 

felling H The Cellular Role of Macromolecules, review by P M B Walker, 


Jennings, J N and Mabbutt, J A (editors) Landform Studies from Australa 
and New Guinea, review by M M Sweeting, 390 

Jerusalem, Israel Chemical Composition of Dew and Dry Fallout in (D H 
Yaalon and E Ganor), 1139 

Jodrell Bank Mark Ill Radto Telescope The (H P Palmer and B Rowson), 21 

Johnson, D O see under Miller, I,J J 

Johnson, M W see under Sandor, E 

Johnson, Roy see under Riley, R 

Junctional Transmission Effect of Bromide lons on (S Muchnik and P W Gage), 


373 
Jupiter e Sacellee lo Flectrodynamic Effects of (J H Piddington and J F Drake), 


K Phenomena Possible Explanation of Anomalies in Neutral (R Spitzer), 943 
Kahan, Theo see under Argence, Emile 
Karst Water in relation to Flow-through Time Calcium Carbonate Content of 


(A F Pitty), 939 
Kenyapithecus ofricanus Lower Dentition of t S B Leakey), 827 
Keratin (a-) Further X-ray Evidence of Regularly Distributed Lysine in (M Sper, 
G Herdlemann and H Halboth), 247 
Kethoxal bis(Thiosemicarbazone) Sites of Inhibition of DNA Synthesis by 
(Barbara A Booth, Davis G Johns, Joseph R Bertino and Alan C 
Sartorelli), 250 
Keyhole Limpet Biliprotein from the Ova of a (W H Bannister, } Y Bannister 
and H Micallef), 754 
Kidney of Clarias batrachus (Linn ) 
Sharma), 840 
transplants, ethics, news, 595 
Krdneys of Rats with Metabolic Acidosis 
mediates in (G A O Alleyne), 847 
Kinetics in Albino Guinea-pig Skin Epidermal Cell Population (Chang Won 
Song and Joseph Tabachnick), 650 
of Association of Carbon Monoxide with Haemoglobin at Low Tempera- 
ture (R Bannerjee, P Douzou and A Lombard), 23, erratum, 296 
of Myofilament Activation in Potentiated Contraction Staircase 
Phenomenon in Human Skeleton Muscle (John E Desmedt and Karl 
Hainaut), 529 
of Photosynthetic Carbon Dioxide Fixation in Maize, Sugar Cane and 
Tobacco, and its Relation to Photoresptration Compartson of the (A 
Goldsworthy), 62 
Kinetin on the Phosphatase Enzymes of Acetabularia Effect of (T Spencer), 62 
Kactiwakes Differences in the Quality of Birds nesting in the Centre and on the 
Edge of a Colony( J C Coulson), 478 
Knaflrch, H B, Kenney, J F, and Hessler, Y P 
Micropulsattons in the Magnetosphere, [134 
Knowledge Memory and the Increase of (J Z Young), 905 
Koyna Earthquake (Hart Narain and Harsh Gupta), 1138 
Krabbe’s Disqgse Segmental, Demyelination of Peripheral Nerves in (B D 


New Glandular Structure in the (Shyama 


Concentrations of Metabolic Inter- 


Longitudinal Spread of pc ! 


Lake), 171 
Kuchler, A W Vegetation Mapping, review by P Greig-Smith, 886 
Kucherov, N ! Optical Instability of the Earth’s Atmosphere, review by R G 


Bingham, 1079 
Kuzmin, A D, and Salomonovich, A E  Radsoastronomical Methods of Antenna 
Measurements, review by R D Davies, io? 


Ld Amino d-phenyk-l-propanel L-Phenylalanıno!) as a Constituent of a Fungal 
Metabolite (P Y Deshmukf and M G Vaidya), 849 ° 

Labelling, Rapid, of Pituitary RNA Characterization and {D F Salaman and 
K'S Kirby), 454 

Labrador (Mid-), Sea Ridge Extension ofthe (G Leonard Johnson fi James A 
Pew), 1033 

Lac Operon of E Col New Controlling Element im the (Karin Ippen, Jeffrey, 
H Miller, John Scaife and Jonathan Bechwith), 825 

Lack of Complement Fixing Antigens in DMBA-induced Leukaemia of Rats 
(Nehama Sharon and Morris Pollard), 363 

Lactate Dehydrogenase of Rat Liver Cells Differences in isozyme Patterns of 
Mucleic and Cytoplasmic (V L Nemchinskaya, L Sh Ganelina and A D 
Braun), 25! ° e 

Lactation studied, news, 10%9 


INDEX s 


Lactobacillus bulgaricus Effege of £-Indolylacetic Acid on the Growth and the 
Auxin Catabolism of (8 E Pilet and B Blanc), 285 
Lactoge Repressor, news, 410 è 
taduriý; Emmanuel Le Roy Histoire du Climat depuis l'An Mil, review by H H 
amb, 687 
Laevuling. Acid, 6-Amino, to Porphobilinagen by Different Tissues of the Poly- 
chaete Annelid Neoamphutrite figulus onversion of (R Phillips Dales), 553 
Larthwaite,E R The Engineer in Wonderland, review by Nigel Hawkes, 201 
Lake Constance Basın Origin of the (German Muller and R A Gees), 836 
Lappajarv:, Central Finland a Possible M&eorite Impact Structure 
{Nuls-Berti! Svensson), 438 
Lamb, B C Gene Conversion Temperature Data from Sordaria fimicola on 
the Correction of Mis-paired Bases, 353 
Lambda Genes, regulation, news, 904 
Lambs grazing Natura! Pastures low in Selenium Abnormalities in the Electro- 
cardiograms of Young Sheep and (K O Godwin), 1275 
Landform Studies from Australia and New Guinea {edito by J N Jennings and 
J A Mabbutt), review by M M Sweeting, 390 
Landing sites on the moon, news, 596 
Languages tn Schools, British lack of enthusiasm report, news, 701 
Lappajarvi, Lake, Central Finland a Possible Meteorite Impact Structure (Nils- 
Bertil Svensson), 438 
Large-scale Density Inhomogeneities in the Universe (M J Rees and D W 
Sciama), 511 
Larvae and Adults of Bivalve Molluscs Growth Lines in the (R H Millar), 683 
by Equatorial Ocean Currents and its Importance ta the Zoogeography 
of Shoal-water Tropical Species Dispersal of (Rudolf $ Scheltema), 1159 
Laser Action Stimulated Emission and, from the Organic Ligand of Gandolinium 
Chelates (N Filipescue, C R Hurt and N McAnvoy), 631 
Heating of Coal Particles in the Source of '‘Time-of-Flight” Mass Spec- 
trometer (WY K Joy, W R Ladner and E Pritchard), 640 
Interferometry to Physiological Studies of Excitable Tissues 
of {R Sandin, L Lerman, W Barry and! Tasaki), 575 
Raman Spectra of Sorbed Species (P J Hendra and E J Loader), 637 
Lastocarpine of RNA Synthesis, RNA Polymerase and induction of Tryptophan 
Pyrrolase Activity Inhibition by (J Reddy, C Harris and D Svoboda), 659 
L-Asparaginase Activity in Human and Animal Sera (Maureen B Lee, John M 
Bridges), 758 
Late DNA Synthesis in Heterochromatin (A Lima-De-Faria and Halına Jaworska), 
138, erratum, 1295 
Palaeozore Glacial Facies and the Origin of the South Atlantic Basin 
{Lawrence A Frakes and John C Crowell), 837 
Tertiary Slumping on the Continental Slope of Southern Portugal (D G 
Roberts and A H Stride), 48 
Lateral Root Development £-Glycerophosphatase and (J F Sutcliffe and R 
Sexton), 1285 
Latitude and Depth Vision Index for Isopod Crustacea related to (Robert J 
Menzies, Robert Y George and Gilbert Rowe), 93 
Variations in Pe | Frequency with (R R Heacock, V P Hessler, Christian 
Sucksdorff, Mater Kivinen and Eero Kataja), 153 
layered lanepus Rocks (L R Wagnerand G M Brown), reyrew by R V Brooks, 
» 


Layers at Glass Surfaces Porous (P A Sewell), 441 
Laying Birds and Vtability of their Eggs Relation between DDT in Diets of 
(F J S Jones and D D B Summers), 1162 
LDH, isoenzymes and cancer, news, 804 
Lead, Stable, in Fossil Ice and Bones (Zbigniew Jaworowski), [52 
Learned Fear Chemical Transfer of (G Ungar, L Galvan and R H Clark), 1259 
Learning in Animals, Discrimination an Analysis through Side-effects (T M 
Bloomfield), 929 
RNA Changes tn Goldfish Brain during (Y P Shashoua), 238 
“Least-squares” Estimation of Distribution Mixtures (M S Bartlett and P D M 
Macdonald), 195 
ances of Auxin by Detached (A R Sheldrake and D H Northcote), 


Application 


Leaves 


19. 
Lecithin-Cholesterol Films influence of pH, Sodium and Calcium lons on the 
dc Resistance of Black Egg (S Ohki and A Goldup), 458 
Lectures on Modern Algebra (P Dubreil and M L Dubreil-Jacotin), review by 
L S Goddard, 689 
Leedale, Gordon F Euglenoid Fiagelfates, review by G E Fogg, 201 
Lens fn vitro Culture of the Regenerative (Sara Eisenberg Zalik and Isaura 
Meza), 179 
Soluble Proteins Correlation with the Cytological Differentiation in 
the Young Adult Organ of the Chick (1 M Genis-Galvez,J M Castro and 
E Battaner), 652 
Lepidoptera Pheromones from the Abdominal Brushes of Male Noctuid (R T 
Aplin and M C Birch), 1167 
Lesion, Primary Low Oxygen Enhancement Ratios for Radiosensitive Bacterial 
Strains, and the Probable Interaction of Two Types of (Tikvah Alper), 862 
Letter to an Imaginary Soviet Scientist, news, 123 
Leucine and Lysine Aminopeptidase by Atopic Allergens Inhibition of (L 
Berrens), 664 
Leucocyte Membrane Isoantigens Solubslrzation of Human (Dean L Mann, G 
Nicholas Rogentine, jun , John L Fahey and Stanley G Nathenson), 1180 
Serum to suppress the Homograft Reaction in Pigs Use of Horse Antt- 
pig (J N Lucke, E J Immelman, M O Symes and A C Hunt), 560 
Leucocytes Electrophoretic Study of Glutathione Reductase in Human Ery- 
throcytes and (Jean-Claude Kaplan and Ernest Beutler), 256 
Marsupial, in Culture Chemical Protection against X-irradiation by a 
New Reducing Agent 1,4-Dithiothrertol in (Y A E Bick and W D 
Jackson}, 479 
to recognize some Foreign Gamma Globulins during Pinocytosis Ability 
of (C Bona and Gr Ghyka), 172 
Leukaemza of Rats Lack of Complement Fixing Antigens in DMBA-induced 
(Nehama Sharon and Morris Pollard), 363 
Leukaemtas L-Asparaginase Activity in Human and Animal Sera (Maureen B 
Lee and John M Bridges), 758 
Leyland and BMH merger, news, 302 
Libraries, report on scientific, news, 216, 217 
Ligand of Gandolinium Chelates, Organic Stimulated Emission and Laser Action 
from the (N Filpescue, C R Hurt and N McAnvoy), 631 
Ligands containing Fluoroaromatic Groups (M L N Reddy, M R Wiles and 
A G Massey), 740 
Light and Dark on Secondary Induction of Cornea in Tadpoles ot Rana temporaria 
Effect of (V V Popov and D Y Popov), 1169 
in this Response Halogen Derivative of 4-Hydroxybenzoic Acid as 
Root Growth Stimulants and the importance of (R L Wain, H F Taylor, 
P Intarakosit and T G D Shannon), 870 
Induced Uptake of Potassium and Chloride by Chiore'ia pyrenordosa (J 
Barber), 876 
Limestone Calcium Carbonate Content of Karst Water in relation to Flow- 
ghrough Time (A F Pitty), 939 


mp 


. INDEX 


Limestones Significance of Styolites in Dolomitic 
Limpet Biliprotein from the Ova of a Keyhole ( 
and H Micallef), 754 
Limpets Some Aspects of Heart Function in Patella vulgata L (H D JonesW1170 
Himola ET Potentials in the Dark-adapted Eye of the Crab (Jfhn E 
owling), 
Linnean Society on Devonran plants, bus, 126 bd 
Lipaerma, Alimentary, in Rats Genetic Influence on (Meyer Friedman and 
Sanford O Byers), 235 
Lipid Films Contact Arles for Thin, and the Determination of London-van 
der Waals forces (D A Haydon and J L Taylor), 739 
Membranes Action Potentials induced in Biomolecular (Paul Mueller 
and Donald © Rudin), 713 
peroxides, news, 604 
Lipids ime of (Vittorio Luzzati, A Tardieu and T Gulik-Krzywick:), 


J E Glover), 835 
PA Bannıster, J V Bannister 


Lipogenesis in the Rat® Effect of Dietary Carbohydrate on Hepatic (E Bailey, 
C B Taylor and W Bartley), 471 


Lipopalysaccharide Pyrogenicity of “Pyromen” (Peter Baume), 970 
Transferases Biochemical Characterization of Mutants of Salmonella 
typhimurium lacking Glucosyl or Galactosyl (M J Osborn), 957 
Transferases Genetics and Cultural Properties of Mutants of Salmonella 
typhimurtum lacking ın Galactosyl and Glucosy! (R G Wilkinson and 
B A D Stocker), 955 
Liquid Chromatography Chemotaxonomic Studies of Gram Negative Bacteria 
by Pyrolysis-Gas-Liquid Chromatography (E Reiner and W H Ewing), 191 
Š Ie Surface Existence of a Surface Tension Discontinuity ata (R H J 
ellin), 
Living one New Simple Method of Micrurgy on (K W Jeon and! J Lorch), 


Liver, Chick, lacking in Vitamin By, Effect of Orotic Acid on Activity of Nuclear 
DNA-dependent RNA Polymerase and Polyribosomal Profiles in Deficient 
(C_M Caldarera, B Barbiroli and M Marchetti), 755 
Effect of Cell Cycle on Recovery from Radiation Damage in the Mouse 
(J E Coggle), 180 
Mitochondria Effect of Phenythydrazine and Hydrolysed Glucose 
Cycloacetoacetate on Adenosine-triphosphatase Activity in {M C Nath, 
T G Reddi and N Nath), 552 
Localization of Tyrosine Hydroxylase 
Laduron and Frans Belpatre), 1155 
Location of Gamma Globulin in the Endocardium in Rheumatic Heart Disease by 
the Ferritin-labelled Antibody Technique (R Lanmigan and $ Zaki), (73 
Loci, Homologous, in Two Sibling Species of European Anopheline Mosquitoes 
Homologous Alkaline Phosphatases and (Umberto Bianchi), 382 
Locust Bodywall Activation of Malathion by the (Hafiz Ahmed and B G 
Gardiner), 776 
Migratory, Locusta migratoria L Photoinhibicory Function of the Dorsal 
Ocelli in the Phototactie Reaction of the (Charles K Barry and Rudol 
Jander), 675 
London flood prevention with barrage, news, 799 
London-van der Waals,forces Contact Angles for Thin Lipid Films and the 
Determination of © A Haydon and J L Taylor), 739 
London’s water examined, board report, news, 1202 
Long chain molecules, statistical mechanics for, news, 126 
Longitudinal Spread of pc | Micropulsations in the Magnetosphere (H B Knaflich, 
J F Kenney and V P Hessler), 1134 
Low Oxygen Enhancement Ratios for Radiosensitive Bacterial Strains, and the 
Probable Interaction of Two Types of Primary Lesion (Tikvah Alper), 862 
Low pH of Irradiated Sucrose in Induction of Chromosome Aberrations (Muriel V 
Bradley, Linda L Halland Sarah J Trebticock), 1182 
Surface Pressures “Circulation within Monolayer Films on Aqueous 
Substrates at (E R Moss, D M Himmelblau, R S Schechter and R L 
Pitzer), 349 
Lower Dentition of Kenyapithecus africanus (L S B Leakey), 827 
Phase Transition in Solid Deuterium Bromide Crystal Structure and 
the (E Sandor and M W Johnson), 541 
LSE proposals for student participation, news, 699 
Lubricant Fatlure Role of Austenite and Mineral Oil in (W Grew and A 
Cameron), 481 
Luminescent Properties of Rocks, Meteorites and Natural Glasses under Proton 
Bombardment (1 M Blair and J A Edgington), 157 
Lunar Crater Tycho Multiphase Development of the (R G Strom and G 
Fielder), 611 
Occulation of a Solar Active Regton at 4 cm Wavelength (M R Kundu 
and T Velusamy), 1132 
Society of Birmingham, 200 years (D G King-Hele), news, 211 
Surface Metals on the (K H Sun), 243 
Lungfish Anti-metabolic Extract from the Brain of Protopterus aethiopicus 
(Henry Swan, Dalton Jenkins and Kerwin Knox), 671 
Lymph Node Follicles of Germ-free and Conventional Rats Differences in 
Salmonella Flagellain (J J Miller iHi and D O Johnson), 1059 
Lymphocyte IgG on the Graft versus Host Reaction in F, Hybrid Mice Effect of 
F(ab), from Rabbit (J D Naysmith and K James), 260 
Lymphocytes Observations on the Presence of Titanium and Zinc in Human 
(Kenneth G Carroll and James L Tulks}, 1172 
Radiation Stimulated Incorporation of Thymidine into the DNA of 
Human (Richard G Evans and Amos Norman), 455 
Lymphoid Cell Proliferation tn Mice receiving Anti-lymphocyte Globulin 
Immunosuppressive Effects of (A M Denman, Evelyn J Denman and E J 
Ho.borow), 177 
Lynch, Henry T Hereditary Factors in Carctnoma, review by P C Koller, 199 
Lyophilized Tissues in Freund’s Adjuvant Enhancement of Skin Homografts and 
Dissociation of Immune Responses in Mice immunized with (J Churna), 
75 


Evidence for an Extragranular (Pierre 


Lysine Aminopeptidase by Atopic Allergens Inhibition of Leucine and (L 


Berrens), 664 
ina-Keratin Further X-ray Evidence of Regularly Distributed (M Sper, 
G Herdlemann and H Halboth), 247 
Lysolecithin on Chinese Hamster Cells in vitro 
(Karin Nilausen), 268 
Lysosomes Histochemical and Biochemical Study of Synaptic (Mildred K 
Gordon, Klaus G Bensch, Grace G Deanin and Malcolm W Gordon), 523 
Evidence for a Genetic Relationship between Avidins and (N M Green), 
254 


Growth-promoting Effect of 


Mabbutt, J A see under Jennings, } N ® 
Macdonald, Professor George Obituary by B B Waddy, 691 
Machine tools support by Mintech, news, 600 


XXVII 


Macromolecules Measurement of Normal Stress Differences m Solutions of 
(J Harris), 1248 

Macrophages in vitro Ability of Haemotopoitic Spigen Colonies to form (N 
Virolainen and V Defendi), 1069 

Magic of Numbers, The (K Schiller), correspondence, 1084 


Magnesium Metals on the Luar Surface (K H Sun), 243 

on Vagal Inhibition and Acetylcholine Sensitivity of the Mammalian 
Heart, in situ and im vitro Effect of Excess (G C Somjen and E N 
Baskerville), 679 

Oxide-Nickelous Nitrate Cements 
(E L Withams and H H Wilson), 548 , 

with Escherichia colt Ribosomes Competitive Binding of Streptomycin 
and (Yong Sung Choi and Charles W Carr), 557 


Magnetic Circular Dichroism and Optical Rotatory Dispersion Measurements 
Applications of (B Briat and Cart Djerassi), 918 
Fauna! Boundaries, news, 1097 
Field Evolutionary Processes and Reversals of the Earth's (C G A 
Harrison), 46 
Field Spiral Seructure and Galactic (P A H Seymour), 147 
ince and Relaxation (edited by R Blinc), review by D T Edmonds, 
Resonance in Biological Systems (edited by A Ehrenberg), review by 
M Ebert and N J F Dodd), 486 7 
Resonance Proton, and the Helix-Coil Transition (E M Bradbury, 
C Crane-Robinson, H Goldman and H W E Rattle), 812 
Storms, reconnexion model, news, 1099 
Magneuite to }-Fe.O, Mechanism of Oxidation of (K J Gallagher, W Feitknecht 
and U Mannweiler), 1118 
Magnetosphere Longitudinal Spread of pe | Micropulsations in the {H B 
Knaflich, J F Kenney and Y P Hessler), 1134 
model, news, 1099 
Magnitude Group Analysis Variance for Earthquake Location and (B A Boult 
and H Freedmanyj, 47 
Maize, Sugar Cane and Tobacco Comparison of the Kinetics of Photosynthetic 
Carbon Dioxide Fixation in, and its Relation to Photorespiration (A 
Goldsworthy), 62 
Maku, Albumin a New Variant of Human Serum Albumin (L R Weitkamp and 
N A Chagnon), 759 
Malathion by the Locust Bodywall Activation of (Hafiz Ahmed and B G 
Gardiner), 776 
Maitormationi Cyclopism as a Hereditary (Peter Pfitzer and Horst Muntefering), 
Malformations Teratogenie Effects of Hypoglycin-A (T V N Persaud), 471 
Malinow, Manuel Rene (editor) Biology of the Howler Monkey, review by John 
Napier, 1082 
Malnutrition, FAQ/WHO report, news, 1094 
Relationship between Total Body and Muscle Respiration Rates in 
Infants with (B L Nichols, D J Barnes, A Ashworth, G A © Alleyne, 
C F Hazlewood and J C Waterlow), 475 
Mammalian Cells in Culture Nuclear Uptake of Exogenous DNA by (A B 
Robins and D M Taylor), 1228 
Heart in situ and in vitro Effect of Excess Magnesium on Vagal Inhibition 
ana Acetylcholine Sensitivity of the (G C Somjen and E N Baskerville), 
Somatic Ceil Populations 
{D T Hughes), 518 
Man Histaminase Activities in the Plasma of Subhuman Primates and (John H 
Peters and Gale R Gordon), 274 
Manganese Carbonyl and Carbon Tetrachloride Initiation of Free Radical 
Polymerization by (C J Bamford and R Denyer), 59 
Manning, Aubrey An Introduction to Animal Behaviour, review by J D Carthy, 


Mechanism of Bonding in Aqueous 


Cytogenetic Polymorphism and Evolution in 


Mare and Ewe pO, Levels in the Placental Circulation of the (R S Comline and 
M Silver), 76 
Marine Goby through the Panama Canal Interoceanic Colonization of a (Robert 
W_Rubinoff and Ira Rubinoff), 476 e 
Marine Science, directory, news, 598 
sediments, Holocene, meeting, news, 802 
Marrow Cultures of Human Adults Production of Foetal Haemoglobin in 
(Judith Goslin Hall and Arno G Motulsky), 569 
Marshall, Dr W New director at Harwell, news, 497 
Marsupial Leucocytes in Culture Chemical Protection against X-irradiation by 
a New Reducing Agent !,4-Dithiothreitol in (Y A E Bick and W D 
Jackson), 479 
Marsupialia Prodromus of the Comparative Serology of (J A W Kirsch), 418 
Martin, Lucian, and Ganong, William F (editors) Neuroendocrinology, Vol 2, 
review by (K Brown-Grant), 585 
Maser Action at 21 Centimetres? ts Interstellar Hydrogen capable of (S H 
Storer and D W Scrama), 1237 
Mass Spectrometer Laser Heating of Coal Particles in the Source of “Time-of- 
Flight” (W K Joy, W R Ladner and E Pritchard), 640 
Spectrometric Analysts of Oxygen (C E Brion), 946 
Massalski, T B see under Barrett, Charles S 
Mast Cells after Antigenic Stimulation in Adult Rats 
Miller Iil and Leonard } Cole), 263 
Maternal Plasma, Human, Perfused Placenta and Umbilical Cord Plasma Free 
Fatty Acid Patterns of (A Robertson, H Sprecher and J Wilgox), 378 
Mathematics and the Dainton report, news, 897 e 
Maximum-tntensity Fluorescence Microscopy (R Barer), 672 
Maxwell, Gavin Seals of the World, review by L Harrison Matthews, 105 
McCrum, N G, Read, B E, and Williams,G Anelastic and Dielectric Effects in 
Polymeric Solids, review by R P Sheldon, 883 
Measles vaccination scheme, new 503 
Measurement and Significance of Weight Heterogeneity in Some Protein and 
Polysaccharide Preparations (J Watkins and D E H Tee), 533 
of an Antigen-Antibody Reactton by a Static Method utilizing a Porous 
Gel (Claude Scule:! and Alfred Nisonoff), 144 
of dT/dA (A Douglas and D J Corbishley), 1243 
of Normal Sgress Differences in Solutiogs of Macromolecules (J Harris), 
1248 
of the Diffusion Coefficient of Radium A (Otto G Raabe), 1143 
Mechanical $d Electrical Stimuli Detgechment of Sea Anemones by Commensal 
Hermrt®Crabs and (D M Ross and L Sutton), 380 
Stimulation Response of Pine Seedlings to (W C Asher), 134 
Mechanism of Bonding in Aqueous Nickelous Nitrate-Magnesium O xide Cements 
(E L Wilhams and H H Wilson), 548 
of Closure of the Aortic Valve (B J Bellhouse and F H Belihouse), 86 
of Olfactory Transduction (Barnett Rosenberg, T N Misra and Robert 
Switzer), 423, corrigendum, 692 MOi 
of Oxidation of Magnetitig to yëe,O, (K J Gallagher, W Feitknecht 
and U Mannweiler), 1118 r 


Proliferation of (John J 


XXVII 


Mechanisme m Early and Late Phases of Tolerance induced by Parabiosis in Adult 
Mice (N W Nisbet}, 265 
of Fatigue Damage ın Face Centred Cubic Metals (K D Nair and | 
Le May), 634 
Medical computers, parliamentary news, 1204 
research in Ireland, news, 60! 
Medicines Bill published, news, 496 ¢ 
Medieval Ceramics Neutron Activation Analysis of (A Aspinall, D N Slater 
and P Mayes), 388 
Megacrysts and their Inclusions in Cornubian Granites Petrogé@netic Significance 
of Alkali Feldspar (B Booth), 1036 
Megakaryocyte Membrane Surface Specialization of Blood Platelet and (Kome: 
Nakao and Alfred A Angrist), 960 
Meiotic Chromosomes Hypothesis to explain Synapsis of (Winston E Raynayake), 
1070 
Melanocyte and their Substructures Polymelanosomes of the (Kedar N Prasad 
and Mahendra P Jamuar), [067 
Melatonin and 5-Hydroxyindéle Acetic Acid from C-Tryptophan by Rat Pineal 
Glands in Organ Culture Formation of (Richard J Wurtman, Frances 
Lar, Julius Axelrod, Harvey M Schien and Katherine Rosasco), 953 
Membrane Impedance Changes in, associated with a Cortical Contraction in 
the Egg of Xenopus laevis (D Gingell and J F Palmer), 98 
fsoantigens Solubilization of Human Leucocyte (Dean L Mann, G 
Nicholas Rogentine, jun, John L Fahey and Stanley G Nathenson), [180 
of Uterine Smooth Muscle Cell (P M Carroll and D D Sereda), 666 
Potential and Isometric Contractile Force from Cardiac Muscle Simul- 
taneously Recorded Oscillations in (R A Jensen and B G Katzung), 96] 
Surface Specialization of Blood Platelet and Megakaryocyte (Komet Nakao 
and Alfred A Angrist),‘960 


Membranes Action Potentials inguced in Biomolecular Lipid (Paul Mueller 
and Donald O Rudin), 713 
Filtration of Arbovirus through ‘Millipore’ (J Casals), 648 
Structural Units in Chromatin and their Orientation on (H G Davies 
and J V Small}, 1333 
Transport of lons against their Concentration Gradients in an Analogue 
System for Active Transport using Charged (Russell Paterson), 545 
Memory and the Increase of Knowledge (J. Z Young), 905 
Holographic Model of Temporal Recall (D Gabor), 584 
Transfer Effect of Methionine Sulphoximine on (Stanislav Reinis and 
Jaroslav Kolousek), 680 
with Anti-lymphocyte Serum 
Lance), 557 
Mercury-resistant Bacteria Stimulattve Vapourrzation of Phenyl-mercuric 
Acetate by (K Tonomura, K Maeda, F Futai, T Nakagami and M Yamada), 
664 


Erasure of Immunological (Eugene 


Merger, Leyland and BMC, news, 302 
Mesenchymal Cells in Ctenophores Specialized Connexions between Nerve 
Cells and (Mari-Luz Hernandez-Nicaise), 1075 
Mesodermal Tissue (Cornea) Herpesvirus Infection of Human, detected by 
Electron Microscopy (Chandler Dawson, Birgitta Togni, Thomas E Moore, 
jun and Virginia Coleman), 46! 
Mesospheric-Stratospheric Coupling (William C Heard), 1038 
Message of the Genes, The (Navin Sullivan), review by M S Bretscher, 785 
Metabolic (Anti-) Extract from the Brain of Protopterus aethiopicus (Henry Swan, 
Dalton Jenkins and Kerwin Knox), 671 
Intermediates in Kidneys of Rats with Metabolic Acidosis 
tions of (G A O Alleyne), 847 
reactions research unit, news, 307 
Metabolism, Iron, in Natives of 13,000 ft brought down to Sea Level Changes 
in (A © Carmena, A Segarde, F J Cavagnaro and N G de Testa), 70 
Metabolite L-2-Amino-3-phenyl-!-propanol (L-Phenylalaninol) as a Constituent 
of a Fungal (P V Deshmukh and M G Vaidya), 849 
Metabolites Drag Reduction by Bacterial (Paul R Kenis), 940 
Urinary, in Parkinson’s Disease (Frederick A Kuehl, yun, W J A 
Vandenheuvel and Robert E Ormond), 136, erratum, 1084 
Metal Complexes Stereoselective Interaction of Amino-acids and (R D Gillard, 
P R Mitahell and H L Roberts), 949 
fons, Transition, and their Complexes Activation of Smal! Molecules 
by (R Mason), 543 
Sulphides Genesis of Concordant Deposits of Base, an Experimental 
Approach (B W Robinson and R G J Strens), 536 
Metallic lons in the lonosphere Possible Important Loss Process for, Radiative 
Association (W Swider, jun ), 438 
Metals abstracts, new monthly, news, 500 
Mechanisms of Fatigue Damage tn Face Centred Cubic (K D Nair and 
I Le May), 634 
on the Lunar Surface (K H Sun), 243 
Meteorite Impact Structure A Possible, Lake Lappayarvi, Central Finland 
(Nils-Bertil Svensson), 438 
Occurrence of Olivine in a Type | Carbonaceous (J F Kerridge), 729 
Meteorites and Natural Glasses under Proton Bombardment Luminescent 
Properttes of Rocks (1 M Blair and J A Edgington), 157 
Methane over Palladium Catalysts Heterogeneous Oxidation of (} G Firth and 
H B Holland), 1252 
Methionine Sulphoximine on Memory Transfer 
Jaroslav Kolousek), 680 
Method for deriving a Survival Curve of Young Calves in Wild Ungulates (C A 
Spinage), 480 e 
Methods for Estimating the Primary Production of Forests (P } Newbould), 
review by Eustace W Jones, 886 
Methy!l-amino-acid (N-) Residues in N-Acyloligopeptide Methyl Esters by Mass 
Spectrometry Detection and Location of (B C Das, S D Gero and E 
Lederer), 547 
(Methyluracy! (6-)) on the Synthesis of Nuclei? Acids Regulatory Effect of N°- 
Benzyladenine and Pseudothymine (B | Pozsar and Gy Matolcsy), 848 
Metric, British Schools to go (Nigel Hawkes), news, 1205 
units for the Ordnance survey, news, 122 
Metrication for industry, news, 795 
Metrology Interference of Submillimetre Waves over 450 m Path Difference 
(N W B Stone, H AeGebbire, D W E Fuller, R Loft and C C 
Bradley), 1042 
Metropolitan water board report, news, 1202 
MG Evolution of the (Robert Rowlands, 240 
MHD, dynamo, news, 506 
Mica by Acid Treatment Interstratified Structure formed from a Pre-heated 
(K Tomita and T Sudo), 1043 
Duration of Sensitive Period for Track Recording in (F M Russell), 51 
Micro-algae, film at Linnean Soctety, news, 313 
Microbial Action Degradation of “‘Diazinon” by Synergistic (Haim B Gunner 
sartd Bert M Zuckerman), 1183 
Microbiology, industrial, news, 128 @ 
Microcirculation and Haemorheology, news, 407 
e 


Concentra- 


Effect of (Stanislav Remis and 


INDEX ; i 


Micrococcus radiodurans to Ufraviolet Irradiation at Low Temperatures Response 
of Bacterial Spores ang {M J Ashwood-Smith, J Copeland and J Wilcock- 
son), 337 : 

Miet\elecerodes with Precipitate inthe Tip Potassium Selective (L N Vorobiev), 

0 

Miercgorganisms as a Function of Maximal Growth Rate Ratios between 

Contents of DNA, RNA and Prote™ in Different (Vagn Leick), 1153 
on the Distribution in Roots of Phasphate labelled with Phosphorus-32 
Influence of (D A Barber, J Sanderson and R_Scott Russell), 644 

Microporous Glass Argon Sorption at 77 4°K on a%B Evans and T E White), 

8i 


Micropulsatrons in the Magnetosphere Longitudinal Spread of pc | (H B 
Knaflich, J F Kenney and V P Hessler), 1134 
Microscopy Maximum-tntensity Fluorescence (R Barer), 672 
Microtubules of Sperm Flagella Amuino-acid Composition of “Tubulin” constitu- 
ting (Hideo Mohrt), 1053 
Microwave Background in a Steady State Universe (LPR Shakeshaft and A S 
Webster), 339 
background Interpretation of Cosmic (J V Nakhkar and N C 
Wickramasinghe), 1235 
Spectra Molecular Structures of Propargyl Amine from (K Bolton, 
N L Owen and J Sheridan), 164 
Micrurgicalily Removed Chromosomal Spindle Fibres to Enzyme Disruption 
Sensitivity of (G C Hoskins), 748 
Micrurgy on Living Cells New Simple Method of (K W Jeon andi J Lorch), 
4 


Mid-Labrador Sea Ridge 
Pew), 1033 
Migratory Locust Locusta migratoria L Photoinhibitory Function of the Dorsal 
Ocell: in the Phototactic Reaction of the (Charles < Barry and Rudolf 
Jander), 675 

Mihich, Enrico (editor) 
Alexander, 1291 

Miles, A E W (editor) Structural and Chemical Organization of Teeth, Vol 1, 
review by A R Ten Cate, 785 

Milk production, biochemistry of, news, 1099 

Miller, Or Henry, new vice-chancellor of Newcastle, news, 214 

Millipede Polydesmus angustus (Latzel) Integumental Pigments of the (A E 
Needham), 975 

‘Millipore’ Membranes Filtration of Arbovirus through (J Casals), 648 


Mine Tarar rr of the Diffusion Coefficient of Radium A (Otto G 
abe}, 
Spotls Availability of Nitrogen to Plants in Acid Coal (S M Cornwell 
Raabe), 1143 
and E L Stone), 768 
Mineral Oil tn Lubricant Failure 
Cameron), 481 


Mink and coypu tn the wild, news, 9 
in the Wild (O Yenge), correspondence, 692 
Ministerral meeting, OECD, news, 993 
Ministry of Technology and machine tools scheme, news? 600 
ise of unda Fossil Hominoid Vertebra from the (Alan Walker and M D 
ose), 
Mis-paired Bases Temperature Data from Sordaria fimicola on the Correction of 
Gene Conversion (B C Lamb), 353 
Mites in Bedroom Air (A M Cunnington and P H Gregory), 1271 
Mitochondria Effect of Phenylhydrazıne and Hydrolysed Glucose on Adenosine- 
triphosphatase Activity tn Liver (M_C Naht, T G Reddi and N Nath), 552 
Mitosis Plane Agglutinins and (H J Downing, G C M Kemp and M A 
Denborough), 654 e 


Mitotic Activity in the Primate Subependymal Layer and the Genesis of Gliomas 
{P D Lewis), 974 
Chromosomes of Glossina pallidipes Austen (P E Hulley), 977 
Mittwoch, Ursula Sex Chromosomes, review by P E Polani, 292 
Models for Quasi-stellar Objects New Restriction on (L Oster), 148 
Modification of Uricaemia and the Excretion of Uric Acid Nitrogen by an Enzyme 
of Fungal Origin (P Kissel, M Lamarche and R Royer), 72 
Monophosphate, Adenosine, Vasopression, Theophylline and, on Short-circuit 
Current across tsolated Rabbit Ileal Mucosa Effect of (Michael Field, 
Gerald R Plotkin and William Stlen), 469 
Moive, A de The Doctrine of Chances, review by D G Kendall, 389 


Molecular Conformation of Thymidine and a Comparison with some Electron 
Spin Resonance Results (P Tollin, H R Wilson and D W Young), 1148 
Electric Freld Gradients and the Average Molecular Polarizabilitres of 
some Halogen Compounds Empirical Correlation between the (Paul 
Machmer), 165 
Interactions between Tryptophan and Nucleic Acid Components in 
Frozen Aqueous Solutions (Thérése Montenay-Garestier and Claude 
Helena), 844 
Level Evolutionary Rate at the (Motoo Kimura), 624 
Orbital Models for Heterocycles with Tetra-coordinated Phosphorus 
Atoms Huckel (R Vilceanu, A Balint and Z Simon), 6i 
Oxygen with Clean Tungsten Adsorption Effictency tn the Collision of 
(A M Horgan and D A King}, 60 
Structures of Propargy! Amine from Microwave Spectra (K Bolton, 
N L Owen and J Sheridan), 164 
Molecules, Small, by Transition Metal lons and their Complexes 
{R Mason), 543 
Mollusc Occurrence of Haemocoelic Erythrocytes containing Haemoglobin tn a 
Wood Boring (A D Ansell and N Balakrishnan Nair), 357 
Molluscs Growth Lines in the Larvae and Adults of Bivalve (R H Millar), 683 
Daneel Delayed Fertilization and Human Sexual Behaviour (James German), 


Extension of the (G Leonard Johnson and James A 


Immunity, Cancer and Chemotherapy, review by Peter 


Role of Austenite and (W Grew and A 


Activation of 


Monoamine Precursors or Haloperidol in Chronte Schizophrenia Clinical and 
Pharmacological Effects of (T Persson and B E Roos), 854 

Monocistronic messenger and protein sub-units, news, | 101 

Monocular Suppression Evoked Potentials reflecting Interocular and (D M 
MacKay), 81 

Monograph on the Polychaeta of Southern Africa, A (J H Day), review by R 
Phillips Dales, 1187 

Monolayer Fitms on Aqueous Substrates at Low Surface Pressures Circulation 
yachun (E R Moss, D M Himmleblau, R S Schechter and R L Pitzer), 

Mononucleosis, Infectrons Continuous Suspension Culture of Peripheral Blood 
Leucocytes (Philip R Glade, Juhus A Kasel, Harold L Moses, Jacqueline 
Whang-Peng, Peter F Hoffman, John K Kammermeyer and Lawrence N 
Chessin), 564 

Monoxide Photosynthetic Bacterium growing under Carbon (Peter Hirsch), 555 

Monsoon over the Indus Valley@uring the Harappan Period (C Ramaswamy), 628 

Montmorillonite with Various Adsorbed Cations Optical Study of Particle Size 

A of (A Banın and N Lahay), 1146 


Moon, landing sites on the, news, 595 a 
Pictures, news, 309 bd 
Morcambe Bay barrage, news, 599 z M4 


Mordenite (Sodium-), in Pebble Form Hydrothermal Synthesis of (| M een, 
W J King and R Wallis), 1045 
Morphogenesis of Asparagus Cells fultured in vitro Growth and Cecile 
Wilmar and Marja Hellendoorn), 369 
Speculations on the Use of Orthonormal Functions in the Study of 
(Bernard Meltzer), 125 
Morphogenetic Properties of Follicle-stimulattng Hormone Evidence from 
Effects of Anti-gonadotropin Sera on Developing Chick Embryo (Gajanan V 
Sherbet and M S Lakshmi), 1257 
Morphological and Behavioural Adaptation to Sodium Deficient Environment by 
Wud Native Australian and Introduced Species of Animals Physiological 
G@ R Blair-West, J P Coghlan, D A Denton, J F Nelson, Elspeth 
Orchard, B A Sceoggins,R D Wright, K Myers and C L Junqueira), 922 
Morphology Impotence Principle in Descriptive (Bernard Meltzer and Nigel 
Searle), 1289 
Mortality figures, news, 305 
Mosaic Unit Phenomenon Test of the Alignment Hypothesis as the Reason for 
the (R E M Moore), 482 
Mosquitoes Homologous Alkaline Phosphatases and Homologous Loc: in Two 
Sibling Species of European Anopheline (Umberto Bianchi), 382 
Pre-gravid Phase of Ovarian Development in Aedes detritus Haliday 
(M W Service), 681 
Moss-forest Weevils Moss growing on Living Papuan (J L Gressitt, G A 
Samuelson and D H Vitt), 765 
Moss growing on Living Papuan Moss-forest Weevils (J L Gressitt, G A 
Samuelson and D H Vitt), 765 
Mossbauer Effect Possibility of investigating Movement in a Group of Ants 
by the {T Bonchev, | Vassilev, T Sapundzhiev and M Etimov), 96 
ü rie ar the State of fron tn Spinach Ferredoxin (C E Johnson and D O 
atl), 
Motion of a Fluid through a Vibrating Pipe (A S Morton), 838 
Motor Cortex during Performance of a Simple Repetitive Arm Movement 
Response of Neurones in the (Erich S Luschei, Robert A Johnson and 
Mitchell Glickstein), 190 
Units in the Skeletal Muscle of Xenopus Laevis Types of (R S Smith and 
J Lannergren), 281 
Motorists, controls on norse, news, [202 
Mouse Cells exposed to Different Antigens 
Edward P Cohen), 721 
Discrimination between Heavy Water and Water by the Mouse(C U M 
Smith), 760 
MRC metabolic reactions research unit, news, 307 
m-RNA transeription, measurement of gene control at level of, news, 903 
Mucopolysaccharides with isolated Amyloid Fibrils Association of Acid (C A 
Pennock), 753 
Mucosa Effects of Vasopressin, Theophylline and Adenosine Monophosphate on 
Short-circuit Current across Isolated Rabbit Ileal (Michael Field, Gerald R 
Plotkin and WilliafhgSilen), 469 
in vivo Effect of Secretin on Human Rectal (Patricia G Johansen, Beat 
Hadorn and Charlotte M Anderson), 468 
Mucosal Concentrations of Alkaline Phosphatase, ABO Blood Groups, Secretor 
Status and Intestinal (M J S Langman, A Constantinopoulos and! A D 
Bouchier), 863 
Muir-Wood, Dr H M Obituary by Ellis Owen, 1294 
Multiphase Development of the Lunar Crater Tycho (R G Strom and G 
Fielder), 611, erratum, 888 
system in hydra Bidllogical Phase Relationships (Martin Macklin), 622 
Muons Duration of Sensitive Period for Track Recording tn Mica, 51 
Muscarinic and Choltnergic Systems Conformational Relationship between the 
DEENS System of Phospholipids and Substrates of (M Sundarlingam), 


RNA ın (Karel Raska, jun and 


Muscle building, news, [100 
Effects of Prostaglandins on Human Bronchial (W J F Sweatman and 
H © J Collier), 69 
Fibres Neurotrophic Control of Contracture in Slow (R Elul, R 
Medi and E Stefani), 1274 
meeting report, news, [3 
of Xenopus laevis Types of Motor Units in the Skeletal (R $ Smith 
and J Lannergren), 281 
Permeability and Excitation of Insect (A C Wareham, C J Duncan and 
K Bowler), 970 
Respiratory Rates tn Infants with Malnutrition Relationship between 
Total Body and (B L Nichols, D J Barnes, A Ashworth, G A O Alleyne, 
C F Hazlewood and J C Waterlow), 475 
Storage of Carbon Dioxide in (Mark Heymann and Net] Cherntack), 865 
Striated, in the Cortex of Foeta! Guinea-pig Thymus (T Mandel), 276 
Muscles Influence of Temperature on Isometric Contractions of Rat Skeletal 
{R Close and J F Y Hoh), 1179 
Museums, changes in directors, news, 601 
Mutant Absence of Thymus in a Mouse (E M Pantelourts), 370 
Mutants, Salmonella typhimurium, with Increased Reciptent Ability by the Use of 
R Factor Isolation of (Motoyuk: Okada and Tsutomu Watanabe), 854 
Mycological a he of Diseased Atlantic Salmon (Mary R Stuart and Hubert T 
uller), 
Myocardium Respiration in (David Challoner), 78 
Myofilament Activation in Potentiated Contraction Kinetics of, Staircase 
Phenomenon in Human Skeleton Muscle (John E Desmedt and Karl 
Harnaut), 295 
Myosin Skeletal Muscle, 3-Histidine and Adult and Foetal Forms of {I P Trayer, 
C I Harris and S V Perry), 452 
Myzuz persicae (Sulz) (Hemiptera Aphididae) Differences in Flight Capacity 
between Naturally Occurring Spring and Summer Forms of (J) A T 
Woodford), 583 


Niepenzyladenine and Pseudothymine (6-Methyluracyl) on the Synthesis of 
Nuclete Acids Regulatory Effect of {B | Pozsar and Gy Matolcsy), 848 

N-Galaxy, a Second Variable, 3C390 3 (R D Cannon, M V Penston and Margaret 
J Penston), 340 

N-Methyl-amino-acid Residues in N-Acyloligopeptide Methyl Esters by Mass 
Spectrometry Detection and Location of (B C Das, S D Gero and E 
Lederer), 547 

N-Oxyphenazine Refractive Indices of Mixed Crystals of Phenazine and (A M 
Glazer and S$ Pramatus), 58 8 

NADase Deficiency of Erythrocyte Nicotinamide Adenine Dinucleotide Nucleo- 
sidase (NADase) Activity in the Negro (Won G Ng, George N Donnell, 
and W R Berbren), 64 . 


: INDEX 


XXIX 
+ 


Naphthalene Excited Electronic States of Benzene and (J B Birks, D G 
Christophorou and R H Huebner), 809 
NASA seeks money for biosatellites, news, 899 
National Parks Commission, annual report, news, 897 
plan, first information, nêws, 597 
J Science Foundation weal@er in Washington, news, 1200 
Natives of 13,000 ft brought down to Sea Level Changes in Iron Metabolism in 
{A © Carmena, A Segade?F J Cavagnaro and N G de Testa), 70 
Natural and Aaquired Immunologic Unresponsiveness (William O Weigle), 
review by! M Raitt, 392 
gas prices agreed, news, 993 A 
Selection by Glow-worms in a Population of Cepaea nemoralis (Peter 
O’Donald), 194 
History Museum bequeathed herbarium, news, 80! 
Nature conservancy, new reserves, news, 1092 
of Glactated Landforms {Valerie M Hayes), 1035 
Reserve at Borth Bog, news, 402 
tratls, instructions for owners, news, 702 
Ne'eman, Yuval Algebraic Theory of Particle Physics, review by P T Matthews, 
197 
Neoamphitrite figulus Conversion of d-Amino Laevulinic Acid to Porphobilinogen 
by Different Tissues of the Polychaete Annelid (R Phillips Dales), 553 
Neonatal Splenectomy Absence of Runting in Mice {L Kubai and R Auerbach), 
460 
NERC new chairman Prof Y C Wynne-Edwards, news, 998 
setting up data centre for oceanographers, news, 1203 
Nereis virens Uptake of Organic Solutes by (G Chapman and A G Taylor), 763 
Nerve Cell Membrane, Calcium Spikes of Role of Calcium in the Production of 
Action Potentials (K Koketsu and S Nishi), 468 
Celis Action of lontophoreticall$ Applied Tetrodotoxin on Corticat 
(i W Phillis, A K Tebecis and D H York), 271 
Cells and Mesenchymal Cells in Ctenophores 
between (Mari-lL.uz Hernandez-Nicatse), 1075 
Fibres 11 Smooth Muscle of the Vas Deferens in Normal and Reserpinized 
Rats Fine Structure of (Kenneth E Farrell), 279 
Peripheral, Implant tnto Goldfish Telencephalic Parenchyma 
tron of a Gerald J Bernstein), 183 
Nesting Differences in Birds, in the Centre and on the edge of a Colony (J C 
Coulson), 478 
Nettleton, Dr H R Obituary by W Ehrenberg, 296 
Neuroendocrinology, Vol 2 (edited by Lucian Martini and William F Ganong), 
review by K Brown-Grane, 585 
Neurological Disease, inherited, news, 311 
Neuromuscular Activity in Insect Spiracles at Sub-zero Temperatures Co- 
ordinated (Barbara N Burkett and H A Schneiderman), 95 
Neurones Distribution of Excitation and Inhibition m Receptive Fields of 
Lateral Geniculate (G H Jacobs and R L Yolton), 187 
in the Motor Cortex during Performance of a Simple Repetitive Arm 
Movement Response of (Erich S Lusche1, Robert A Johnson and Mitchel? 
Glickstein), 190 
in the Olfactory Centre of the Cockroach Extracellular Recording from 
Single (Minoru Yamada), 778 
Neurotrophic Control of Contracture tn Slow Muscle Fibres (R Elul, R Miledi and 
E Stefanı), 1274 . 
Neutral K Phenomena Possible Explanation of Anomalies in (R Spitzer), 943 
Neutral-salt-soluble and Acid-soluble Collagen Intermolecular Relationship 
between {R J Davidson and D R Cooper), 168 
Neutrino Feperimonts at CERN Development of High Energy (C A Ramm) 


Specialized Connexions 


Regenera+ 


Neutron Activation Analysis of Medieval Ceramics (A Aspinall, D N Slater and 
P Mayes), 388 
Half Life of the, and Cosmological Helium Production (R J Taylor), 433 
all Optical Identification of the First (M Ryle and judy A Bailey), 
90 
New Controlling Element in the Lac Operon of E Col (Karin Ippen, Jeffrey H, 
Miller, John Scaife and Jonathan Beckwith), 825 
Era for Salk Institute? (Jonas Salk), correspandence, 394 
Form of Diphtheria Toxin (Ronald S Goor), 1051 
Glandular Structure in the Kidney of Clarias bactrachus (Linn ) (Shyama. 
Sharma), 84 
Glycolipid specific to Nicrogen-fixing Blue-green Algae (B W Nichols 
and B J B Wood), 767 
ideas off the ground, NRDC discussion, news, 1203 
Method of Testing Long-term Retention with Special Reference to 
Amnesic Patients (Elizabeth K Warrington and L Weiskrantz), 973 
Mounting for Concave Grating Spectrometers (M Sawada), 1247 
Restriction on Models for Quasi-stellar Objects (L Oster), 148 
Simple Method of Micrurgy on Living Cells (K W Jeon and! J Lorch), 
463 
Test for Biological Identification of Bradykinin (H Edery), 70 
Newborn Pig Effects of Noradrenaline and Adrenaline on Oxygen Consumption 
Rate and Arterial Blood Pressure in the (J Leblanc and L E Mount), 77 
Newbould, P J Methods for Estimating the Primary Production of Forests» 
review by Eustace W Jones, 886 m 
Newgale Shingle Embankment, St Bride’s Bay, Pembrokeshire 
(C Harrison), 155 
Newton, The Correspondence of Isaac, Vol 4 (edited by J F Scott), review by 
L Rosenfeld, 485 
Nickel-Gold Alloys using a Solid State Reaction Preparation of Fibre Reinforced 
(J Ordonez, A A Johnson and K Mukherjee), 443 
Nickelous Nitrate-Magnesium Oxide Cements Mechanism of Bonding in Aqueous 
(E L Wilhams and H H Wilson), 548 
Nicotinamide Adenine Dinucleotide Nucleosidase (NADase) Activity in the 
Negro Defictency of Erythrocyte (Won G Ng, George N Donnell and 
W R Bergren)?64 ® 
Ninth Bridgwater Treatise, The (Charles Babbage), review by Marie Boas Hall, 
119 


e 
Origin of the 


l 

Niobium serlbture corresponding to the Ideal Composition 3B1,0, }7Nb,O, 
(E T Keve and A C Skapski), 841 

Nitrate Crystal Structure of Ethylbidiguanide Silver (III) (N R Kunchur), 539 

Deposits Origin of (G G C Claridge and] B Campbell), 428 

Nitrate-Magnesium Oxide Cements Mechanism of Bonding in Aqueous Nickelous 
(E L Willams and H H Wilson), 548 

Nitrogen Fixation, news, 219 é 

Nitrogen-fixing Blue-green Algae N®w Glycolipid specifi to (B W Nichols and 
B J B Wood), 767 


XXX 
(J 
Nitrogen Loss during Starvation Correlation of Loss of Hyaluronic Acid and 
Chondroitin Sulphate in Skin of Mice with Carcass (H Sobel, M Hewlett 
and R Cohen), [2 
to Plants in Acid Coal Mine Spoils 
E L Stone), 768 . 
Uric Actd, by an Enzyme of Fungal Ogtgin Modification of Uricagmra 
and the Excretion of (P Kissed, M Lamarche and R Royer), 72 
Nitroxide Radicals from Dtethy!hydroxylamyne, Dioctylhydroxylamine and 
N-Hydroxypyrrolidine Electron Spin Resonance Study of (Jair T Weil 
and J J Windle), 842 
NMR Studies of Gramicidine S in Solution (A M Liquori and F Conti), 635 
No Data on Sonic Booms, news, 4101 
Nobel Lectures, review by J Z Young, 585 
Noise controls on Motorists, news, 1202 
Nonlinear Partial Differential Equations (Symposium), review by T A A Broadbent, 
1190 
Non-local Nature of Habituation in a Rotifer and Protozoan (Phillip B Apple- 
white) 287 
Non-proltferation treaty, draft, news, 299 
Nor,Chlorpromazine Sulphoxide and 3,4-Dimethoxyphenethylamine (Harry R 
Steinberg and James Robinson), 1054 
Noradrenaline and Adrenaline on Oxygen Consumption Rate and Arterial 
Blood Pressure in the Newborn Pig Effects of (J LeBlancand L E Mount), 


Availability of (S M Cornwell and 


(4C-) and Protein in Splenic Nerves Axoplasmic Transport of (B G 
Livett, L B Green and L Austin), 278 
Concent of Rat Hypothalamus Daily Rhythm in the (James Mansharde 
and Richard J Wurtman), 574 
in Tissues of Pithed Rats Effect of Cocaine, Destpramine and Angio- 
tensin on Uptake of (D T Palgand F D Masucci), 772, erratum, 1084 
Normal Immune Responses of Bursaless Chickens to a Secondary Antigenic 
Stimulus (M_ Elaine Rese and Eva Orlans), 231 
Normocalcaemia tn relation to Cortisone Secretion (Jennifer Jowsey and George 
W Simons), 1277 
Northumberland Association between Pandalus borealis and Fine-grained 
Sediments off (P J Warren and P W Sheldon), 579 
Northward Drift of India—Examination of Recent Palaeomagnetic Results (M W 
McElhinny), 342 
Nova Model of Centaurus XR-2 (P J Edwards), 43 
Novel Facilcation of Peptide Synthesis (R Camble, R Garner and G T Young), 
24 
NRDC discuss small firms with new ideas, news, 1203 
support for superconducting motor, news, 400 
Nuclear DNA-dependent RNA Polymerase and Polyribosomal Profiles in 
Deficient Chick Liver lacking in Vitamin Bı, Effect of Orotic Acid on 
Activity of (C M Caldarera, B Barbiroli and M Marchetti), 755 
Energy, European (Nigel Hawkes), news, 16 
Hyperfine dnteractions in Diatomic Molecules and the Ground State of 
VO (D Richards and R F Barrow), 842 
Power stations, design controversy, news, 594 
power stations, tenders questioned, parliamentary news, 1096 
Power stations, sites, news, 594 
Uptake of Exogenous DNA by Mammalian Cells in Culture (A B 
Robins and D M Taylor), 1228 
Nucleation of Freezing in Supercooled Water by Cavitation (M N Plooster), 1246 
Nuclere Acid Components in Frozen Aqueous Solutions Molecular Interactions 
berween Tryptophan and (Thérèse Montenay-Garestier and Claude Helène), 


Molecular Conformation of Thymidine and a Comparison with some 
ce Spin Resonance Results {P Tollin, H R Wilson and D W Young), 
Regulatory Effect of N*-Benzyladenine and Pseudothymine (6-Methyl- 
uracyl) on the Synthesis of (B 1 Pozsar and Gy Matolcsy), 848 
Nucleic and Cytoplasmic Lactate Dehydrogenase of Rat Liver Cells Differences 
in lsozyme Patterns of (Y L Nemchinskaya, L Sh Ganeltna and A D 
Braun), 251 
Nucleotide Citange in the Anticodon of a Tyrosine Transfer RNA Amber 
Suppression a (Howard M Goodman, John Abelson, Arthur Landy, S 
Brenner and J D Smith), 1019 
group discussion, news, 220 
substitutions Evolutionary Rate at the Molecular Level (Motoo 
Kimura), 624 
Nucleus of Mutant and Wild-type Xenopus laevis Gene Amplification in the 
Oocyte (Eva Perkowska, H C Macgregor and M L Birnstiel), 649 
Nuffield transplantation unit opened, news, 400 
Numerical Taxonomy and Influenza B Virus (Anna M Lee), 620 
Nutrition, FAO/WHO report, news, 1094 
Nutritional Evaluation of Bacterial Diets in Growing Rats (Jacob Shapira and 
Adrian D Mandel), 1061 


O-c-c-n+ System of Phospholtpids and Substrates of Muscarinic and Cholinergic 
Systems Conformational Relationship between (M Sundaralingam), 35 
Observation Experimental, of an Antisymmetric Raman Scattering Tensor 
(J A_Keningstein and O S$ Mortensen), 445 
of® Rapidly Pulsayng Radio Source (A Hewish, S J Bell, J D H 
Pilkington, P F Scott and R A Collins), 709 
of Surface Vibration Modes by Stroboscopic Hologram Interferometry 
(E Archbold and A E Ennos), 942 
Observations of Atmospheric Absorption tn the Wavelength Range 2 mm to 
300 um (H A Gebbie and W ! Burroughs), 124! 
on the Presence of Titanium and Zinc im Human Leucocytes (Kenneth G 
Carroll and James L Tullis), 1172 
Occulation of a Solar Active Region at 4 cm Wavelength Lunar {M R Kundu 
and T Velusamy), 1132 
Occupational choice, report, news, 1093 
Occurrence of Haemocoelic Erythrocytes containing Haemoglobin tn a Wood 
Boring Mollusc (A D Affsell and N Balakrishnan N&tr), 357 
of Olivine in a Type I Carbonaceous Meteorite (J F Kerridge), 729 
Ocean Currents and its Importance to the Zoogeography of Shoalwater Tropical 
Species Dispersal of Larvae by €quatortal (Rudolf S Scheffema), 1159 
floor, committee announced, news, 116 
Oceanic Basalts, Self-reversing, news, 1207 
Oceanographers to get data centre, news, 1203 
Oceanography, French industrial association for, news, 6 
Oceli in the Phototactic Reaction of the Migratory Locust Locusta migratoria L 
Photoinhibitory Function of the Dorsal (Charles K Barry and Rudolf 
* Jander), 675 
Odontogenesis Cell-Cell Interaction in vitro (H C Slavian, J Berle and L A 
Bavetta), 269 * 


INDEX : 


OECD, meeting on technolggy gap, news, 891, 892 
ministerial meeting, Paris, news, 993 
a on US science, news, [14 x 
t report on engineering, international study, news, 3 
report on steel, news, 304 
& report of US scence policy, newsa 205, 224, 225 
Oestrogen/Amine Depletor Treatment male Gppulatory Behaviour in Male 
and Androgenized Female Rats after (Bengt J Meyerson), 683 
OH by Phonons Stimulation of Interstellar (N C ickramastnghe), 1131 
Molecules Formation and Chemical Pumping of (P M Solomon), 334 
Molecules in Interstellar Shock Waves Production of (G B Field, 
P A Aannestad and P M Solomon), 435 
Oil fractions, carcinogenic, news, 1208 
Mineral, in Lubricant Failure Role of Austemte and (W Grew and A 
Cameron}, 481 
Old Age examined, Office of Health Economics report, news, 1201 
Oldham, Dr C H G, on Chinese Science, news, 1197 e 
Oleate Flotation System Influence of Carbon Dioxide in the Calcite-Sodium 
(V Y Sampat Kumar and A K Biswas), 1255 
Olfactory Bulb using the Push-Pull Cannula Stimulus-induced Release of 
Substances from (Thomas N Chase and Irwin J Kopin), 466 
Centre of the Cockroach Extracellular Recording from Single Neurones 
in the (Minoru Yamada}, 778 
Transduction Mechanism of (Barnett Rosenberg, T N Misra and 
Robert Switzer), 423 
Olivine in a Type | Carbonaceous Meteorite Occurrence of (J F Kerridge), 729 
Oneirophanta mutabilis Theel Brood-protection tn a Deep-~sea Holothurian (Bent 
Hansen), 1062 
Onkelinx, Claude see under Marshall, John H 
Oocyte Nucleus of Mutant and Wild-type Xenopus laevis Gene Amplification tn 
the (Eva Perkowska, H C Macgregor and M L Birnsttel), 649 
Open university, news, 997 
Operon of E col New Controlling Element in the Lac (Karin Ippen, Jeffrey H 
Miller, John Scaife and Jonathan Beckwith), 825 
Optical Identification of the First Neutron Star? (M Ryle and Judy A Bailey), 
907 


Instability of the Earth’s Atmosphere (N | Kucherov), review by R G 


Bingham, 1079 
Luminosity Fluctuations of 3C 273 Random? Are (Tom Manwell and 


M Simon), 931 
Quality Proustite and Pyrargyrite Synthesis of (W Bardsley and O 
Jones), 444 
Rotatory Dispersion Measurements Applications of Magnetic Circular 
Dichroism and {B Briat and Carl Dyerassi), 918 
Study of Particle Size of Montmorillonite with Various Adsorbed Cations 
(A Banın and N Lahay), 1146 
Optically Active Fraction of a Texas Petroleum Composition of the (N Danieli, 
E Gil-Av and M Louis), 730 
Ordinary Differential Equations (Fred Brauer and John A Nobel), review by L $ 
Goddard, 485 
Oreopoulos, D G 
Ores, Polycrystalline Sulphide 
Helen Gorman), 160 
Organic Ligand of Gandolintum Chelates Stimulated Emission and Laser Action 
from the (N Filipescue, C R Hurt and N McAnvoy), 631 
Solutes Uptake by Nereis virens (G Chapman and A G Taylor), 763 
Organs Effects of Enzymes on the Pharmacology of Isolated (M Grossman, W 
Kalow and P Cooper), 115! 
Orgueil Meteorite (J D Bernal), correspondence, 1296 
Origanum er Gynodioecy ın Computer Symulation of a Model (S K 
Jain), 76 
Origin of Life, The (J D Bernal), review by J W S Pringle, 291 
of Nitrate Deposits (G G C Claridge and | B Campbell), 428 
of the Diffuse Interstellar Bands (N C Wickramasinghe, J G Ireland, 
K Nandy, H Seddon and R D Wolstencroft), 412 
of the Lake Constance Basin (German Muller and R A Gees), 836 
of the Newgale Shingle Embankment, St Bride’s Bay, Pembrokeshire 
(C Harrison), 155 
Orotic Acid on Activity of Nuclear DNA-dependent RNA Polymerase and Poly- 
ribosomal Profiles in Deficient Chick Liver lacking tn Vitamin B,, Effect of 
(C M Caldarera, B Barbiroli and M Marchetti), 755 
Orthonormal Functions in the Study of Morphogenesis Speculations on the Use 
of (Bernard Meltzer), 196 
Ornithology, Radar (Eric Eastwood), review by G V T Matthews, 107 
Oscillations in Membrane Potentral and isometric Contractile Force from Cardiac 
Muscle Simultaneously Recorded (R A Jensen and B G Katzung), 961 
Osmond, H see under Hoffer, A 
Ova of a Keyhole Limpet Biliprotein from the (W H Bannister, J V Bannister 
and H Micallef), 754 
Ovarian Development in Aedes detritus Haliday Pre-gravid Phase of (M W 
Service), 681 
Overseas visitors, US and Commonwealth lists, news, 799 
Oxbridge admissions and school curricula, investigation, news, 500 
Oxford degree classes undivided, news, 499 
developments for institutions, news, 797 
students, requests for representation refused, news, 1091 
Oxidation of Magnetite to y-Fe,O, Mechanism of {K J Gallagher, W Feit- 
necht and U Mannwerler), 1118 
of Methane over Palladium Catalysts 
H B Holland), 1252 
Oxidative Coupling of Phenols, Vol | (W | Taylor and A R Battersby), review 
by] F W McOmte, 984 
Oxygen, Atomic, in upper atmosphere, news, 310 
Atoms during Gamma Radiolysis of Carbon Monoxide Gas Detection of 
U P Briggs and P G Clay), 947 
Concentration on the Development of Two-cell Mouse Embryos Effect 
of (Susan Auerbach and R L Brinster), 465 
Consumption Rate and Arterial Blood Pressure in the Newborn Pig 
ao of Noradrenaline and Adrenaline on (J Le Blanc and L E Mount), 
consumption Resptration in Mycardium (David Challoner), 78 
Enhancement Ratios (Low) for Radiosensitive Bacterial Strains, and the 
Probably Interaction of Two Types of Primary Leston (Tikvah Alper), 862 
Formation of O,(’Ag) tn a Photochemical System involving Ozone 
(T B lzod and R P Wayne), 947 
Mass Spectrometric Analysis of (C E Brion and W B Stewart), 946 
Molecular, with Clean Tungsten Adsorption Efficiency in the Colliston 
of (A M Horgan and D A King), 60 
pO, Levels in the Placental Circulation of the Mare and Ewe (R S 
Comline and M Silver}, ®76 
with Clean Tungsten Surfaces Adsorption Efficiency in the Collision of 
Molecular (A M Horgan and D A King), 60 


see under Fitzpatrick, J E P 
Annealing of Single®Phase (R L Stanton and 


Heterogeneous (J G Firth and 


Oxygen-Ammonia Fuel Cell (E J Carns, E L Simo 
Ozone Formation of O.(4Ag) in a Photochemical 
and R P Wayne), 947 « 6 
Sunspot Cycle and the Quasi-biennial Stratospheric Oscillation G A 

Berson and R N Kulkarni), $133 


í e 


and A D Tevebaugh), 780 
stem involving (T B Izod 


Po, Levels in the Placental Circulation of the Mare and Ewe (R S Comline and 
M Silver), 76 
Pacific Basin moved as a Rigid Plate since the Cretaceous? Has the (WE 
Farrell), 1034 
Detection of a Deep Boundary Current in the Western South (Joseph 
Reid, jun , Henry tommel, E Dixon Stroup and Bruce A Warren), 937 
Incoming Solar Radiation over the Tropical (W H Quinn and W V 
Burt), 149 
Isolation of Vibrio parahaemolyticus from the Northwest (John Baross 
and J Liston), 1263 
Packings, Small, of Spheres Radial Distribution Functions from (G Mason), 733 
Palaeomagnetic Results Examination of Recent, Northward Drift of India (M W 
McElhinny), 342 
Palaeomagnetism of a Stratiform Intrusion in the Pensacola Mountains, Antarc- 
tica (Myr! E Beck, jun , Arthur B Ford and Walter W Boyd, jun ), 534 
Potasstum-Argon Ages and Petrology of some Volcanic Rocks (G Brent 
Dalrymple and Allan Cox), 323 
Palaeozoic Glacial Facies and the Origin of the South Atlantic Basin 
rence A Frakes and John C Crowell), 837 
Palladium Catalysts Heterogeneous Oxidation of Methane over (J) G Firth 
and H B Holland), 1252 
Complexes Stereochemistry of the Allyl Ligand in some Allyl- (R 
Mason and A G Wheeler), 1253 
Panama Canal Interoceanic Colonization of a Marine Goby through the (Robert 
W Rubinoff and Ira Rubinoff), 476 
Pancreatic ribonuclease, news, 128 
Pandalus borealis and Fine-grained Sediments off Northumberland Association 
between (P J Warren and R W Sheldon), 579 
Papuan Moss-forest Weevils Moss growing on Living (J L Gressitt, G A 
Samuelson and D H Vitt), 765 
Parabiosis 11 Adult Mice Mechanisms tn Early and Late Phases of Tolerance 
induced by (N W Nisbet), 265 
Paralysis to Heterologous Tumours 
Foca), 1268 
Parenchyma Regeneration of Peripheral Nerve Implant into Goldfish Tele- 
cephalic (Jerald J Bernstein), 183 
Parkinson's Disease Urinary Metabolites in (Frederick A Kuehl, jun, Wo) A 
Vandenheuvel and Robert E Ormond), 136, erratum, 1084 
Parliamentary and Scientific Committee, new chairman, David Ginsberg, 898 
Parry, ae The Psychology of Human Communication, review by John Cohen, 
e 
Parsons, P A The Genetit Analysis of Behaviour, review by James Shields, 392 
Part Played by Ciliate Protozoa in Rumen Function {F G Youssef and D M 
Allen), 
Particle Coarsening in the Solid State (R V Day and J Barford), 1145 
Size of Montmorillonite with Various Adsorbed Catiorfs 
Study of (A Banın and N Lahav), 1146 
Pasteurella septica and Escherichia coli Effect of Haemoglobin on Experimental 
Infections with (J J Bullen and Henry J Rogers), 86 
Passive Sensitization of Salmorælla adelaide to the Bactericidal Action of Antibody 
and Complement (D Rowley and Keven J Turner), 657 
Patella vulgata L Some Aspects of Heart Function in (H D Jones), )170 
Patterson, Colin, and Greenwood, P H (editors) Fossil Vertebrates, review by 
Barry Cox, 1187 
Patterson, David (editor) Pigments, review by] D Rattee, 587 
Pathogenic Effect of Rubella Virus on Embryos and Newborn Rats (Edward 
aba Jean Fox, George Bohigian, Claudia Beaty and Alphonse Du Pree), 
3 
Patients in Hospital, report, news, 305 
Pc | Frequency with Latitude Variations in (R R Heacock, V P Hessler, 
Christian Sucksdorff, Matti Kivinen and Eero Kataja), 153 
pe |} Micropulsations in the Magnetosphere Longitudinal Spread of {H B 
Knaflich, 3 F Kenney and V P Hessler), 1134 
Pegwell Bay as hoverport, news, 208 
Pelagic Foraminifera during the Pleistocene 
Alexis Kehm and Hendrick Miller), 245 
Peloponese Holocene Earth Movements and Eustatic Sea Level Change in the 
(N C Flemming), 1032 
Penetration into the Egg of the Rhesus Monkey Time Relationships of Sperma- 
tozoon (J H Marston and W A Kelly), 1073 
Penguin Dictionary of British Natural History (Richard Fitter), review by Mary 
Lindley, 689 
Penicillin G given Orally to Rats Effects of Very Large Doses (E Seifter, J J 
Morris and S M Levenson), 1055 
Pensacola Mountains, Antarctica Palaeomagnetism of a Stratirform Intrusion in 
the (Myrl E Beck, jun, Arthur B Ford and Walter W Boyd), 535 
Pentacoordination Ligands containing Fluoroaromatic Groups (M L Reddy, 
M R Wiles and A G Massey), 740 
meeting, news, [003 
Peptide Inhibitors of the Renin-Angiotensin System (Tatsuo Kokubu, Eionsuke 
Ueda, Shiro Fujimoto, Kunio Hiwada, Akira Kato, Hiroshi Akutsu, Yuichi 
Yamamura, Seicht Saito and Tomishige Mizoguchi), 456 
Pega Novel Facilitation of (R Camble, R Garner and G T Young), 


Late (Law- 


Induction of Immunological (Nicole Suctu- 


Optical 


Depth Habitats of (Barbara Lidz, 


Peptides derived from the Cross-linked Regions of Connective Tissue Proteins 
Urinary (Jacqueline B Weiss and F S Stevens), 66! 

Peripheral Blood Leucocytes Continuous Suspension Culture of, Infectious 
Mononucleosis (Philip R Glade, Juhus A Kasel, Harold L Moses, Jacqueline 
Whang-Peng, Peter F Hoffman, John K Kammermeyer and Lawrence N 
Chessin), 564 

Nerve Implant into Goldfish Telencephalic Parenchyma 
of a Gerald J Bernstein), 183 
Nerves in Krabbe's Disease 


Regeneration 
Segmental Demyelination of (B D Lake), 


Permeability and Excitation of Insect Muscle (A C Wareham, C J Duncan and 
K Bowler), 970 

Peroxidase in an Open Reaction System Bistabiltty caused by Substrate Inhibition 
(Hans Degn), 1047 

Pesticides, specifications for, report, news, If 

Petrogenetic Significance of Alkali Feldspar MegSerysts and their Inclusions in 
Cornubian Granites {B Booth), 1036 

Petrol, rocket for research, news, 895 S 


: INDEX 


XXX! 
e 


Petroleum Composition of the Optically Active Fraction of a Texas (N Daniel, 
E Gil-Av and M Louis}, 730 
Petrology of some Volcanic Rocks Palaeomagnetism, Petassium-Argon Ages and 
(G Brent Dalrymple and Allan Cox), 323 
PH of irradiated Sucrose in Inducyon of Chromosome Aberrations 
e Y Bradley, Linda L Hall agd Sarah J Trebtlcock), 1182 
Sodium and Calerum lons Influence of, on the de Resistance of Black 
Egg Lecithin-Cholesterol Fyms (S Ohki and A Goldup), 458 
PHA Plant Agglutinins and Mitosis (H J Downing, G C M Kemp and M A 
Denborough), 654 
Phage for Pseudomonas putida 
Putte), 459 
RNA replication, news, 805 
Phages spoeifie for the | Sex Factor 


Low (Muriel 


Transductng (8 W Holloway and P van de 


Filamentous (G G Meynell and A M Lawn), 


Phantoms, cost enquiries, parliamentary news, 999 
Pharmaceutical factory suggestions, parliamentary news, 1204 
Pharmacological Basis for the Tobacco Smoking Habit (A K Armitage, G H 
Hall and Cathleen F Morrison), 331 
Effects of Monoamine Precursors or Haloperidol in Chronic Schizo- 
phrenia Clinical and (T Persson and B E Roos), 854 
Experiments on isolated Preparations (staff of Dept of Pharmacology, 
University of Edinburgh), review by E W Horton, 688 
Pharmacology of Isolated Organs Effects of Enzymes on the (M Grossman, W 
Kalow and P Cooper), 115! 
Phase Transition in Solid Deuterium Bromide 
{E Sandor and M W Johnson), 54! 
Phaseolus vulgaris and Hedychium coronarium produces a Cercaricide Attempts 
to penetrate, Cercariae of Schistosoma manson: and Plants (Kenneth S$ 
Warren and Pierre A Peters), 647 
Phases of Tolerance induced by Parabtosis în Adult Mice 
and Late (N W Nisbet), 265 
PhD regulations extended, news, 897 
PhD's tn Physics, Royal Society report, news, 994 
tn US, details, news, 497 
Phenazine and N-Oxyphenazine 
Glazer and S Pramatus), 58 
Phenylalanine -> Valine Haemoglobin Torino ~~a43 (CDI) (A Beretta, V 
Prato, E Gallo and H Lehmann), 1016, erratum, 1192 
Phenylhydrazine and Hydrolysed Glucose Cycloacetoacetate on Adenosinetri- 
phosphatase Activity in Liver Mitochondria Effect of (M C Nath, T G 
Reddit and N Nath), 552 
Phenyl-mercuric Acetate by Mercury-resistant Bacteria Stimulative Vapouriza- 
ton of (K Tonomura, K Maeda, F Futa, T Nakagamı and M Yamada), 
6 
Pheromones from the Abdominal Brushes of Male Noctuid Lepidoptera (R T 
Aplin and M C Birch), 1167 
Phonons Stimulation of Interstellar OH by (N C Wickramasinghe), 1131 
Phosphatase among Aborigines of Australa Unusual Distribution of Red Cell 
Acid (L Y C La), 1186 
ABO Blood Groups, Secretor Status and Intestinal Mucosal Concentra- 
tions of Alkaline (M J $ Langman, A Constantinopouplos and! A D 
Bouchier), 863 
Enzymes of Acetabularia Effect of Kinetin on the (T Spencer), 62 
Phosphatases, Homologous Alkaline and Homologous Loci in Two Sibling Species 
of European Anopheline Mosquitoes (Umberto Bianchi), 382 
Phosphate Depleted Rachitic Rats Urinary Hydroxyproline Excretion in (B 
Victor Parsons and Malcolm Self), 551 
labelled with Phosphorus-32 Influence of Micro-organisms on the 
Distribution in Roots of (D A Barber, J Sanderson and R Scott Russell), 
6 


Crystal Structure and the Lower 
Mechanisms in Early 


Refractive Indices of Mixed Crystals of (A M 


Phosphates, Adenosin, and Fibrinogen as a Cause of Platelet Aggregation Physico-~ 
chemical Interaction between (D A Smink, H E J Kruisheerand C J G 
Bottcher), 373 

Phosphide by Desulfovibrio desulficans 
(Warren P Iverson), 1265 

Phospholipids and Electron Transfer, news, 218 

and Substrates of Muscarinic and Cholinergic Systems Conformational 
Relationship between the O-C-C-N+ System of (M Sundaralingam), 35 

Phosphorus Atoms, Tetra-coordinated Huckel Molecular Orbital Models for 
Heterocycles with (R Vilceanu, A Balint and Z Simon), 6] 

Phosphorus-32 Influence of Micro-organisms on the Distribution in Roots of 
Phosphate labelled with (D A Barber, J Sanderson and R Scott Russell), 
644 

Photochemical Production of Quinotd Structures in Wood (Gordon Leary), 672 

System involving Ozone Formation of O,(!Ag) in a (T B Izod and 
R P Wayne), 947 

Photoinhibitory Function of the Dorsal Ocelli in the Phototactic Reaction of the 
Migratory Locust Locusta migratoria L (Charles K Barry and Rudolf 
Jander), 675 

Photolysis Ultraviolet, of Sodium Nitrate Solution in the Laboratory and by 
Sunlight (E G Gori, G L Petriconi and H M Papée), 248 

Photorespiration Comparison of the Kinetics of Photosynthetic Carbon Dioxide 
Fixation in Marze, Sugar Cane and its Relation co (A Goldsworthy), 62 

Photosynthetic Bacterium growing under Carbon Monoxide (Peter Hirsch), 555 

Carbon Dioxide Fixation in Maize, Sugar@Cane and Tobaf&to, and its 
Relation to Photorespiration Comparison of the Kinetics of (A Golds- 
worthy), 62 

Phototactic Reaction of the Migratory Locust Locusta migratoria L Photo- 
inhibitory Function of the Dorsal Ocellt in the (Charles K Barry and 
Rudolf Jander), 675 . 

Phototaxıs, Chiamudomonas Adaptation Phenomena in (A M Mayer), 875 

Phylogenetic Relationships among Venomous Snakes of the Genus Agkistrodon 
from Asia and the North American Continent (Anthony T Tu and Bryant 
L Adams), 761 

Physical Chemistry (frank T Gucker and Ralph b Stefert), review by J C Robb, 
1189 


Corrosion of Iron and Formation of Iron 
. 


Society, American, and political issues, news, 494, 502 
Sociey, European, news, 597 
Physicists Pava arrant contents, news, 704 
Physico-chemical Interaction between Adenosine Phosphates and Fibrinogen as 
a Cause of Platelet Aggregation (D A Smink, H E J Krutsheer and 
C J G Bottcher), 375 
Studies Interaction between Model Compounds of Actinomycin D and 
DNA (F Ascolt, M Savino and A M Liquori), 162, erratum, 394 
Physics Exhibition 1968 (S Tolansky), news, 996 
High energy problems in France, ws, 696 
symbol for instttute and society, news, 122 


. 


XXXII 
$ 


Physiological, Morphological and Behavioural Adaptation to a Sodium Deficient 
Environment by Wild Native Australian and Introduced Species of Animals 
(J R Blar-West, JYP Coghlan,D A Denton,J F Nelson, Elspeth Orchard, 
B A Scroggins, R D Wright, K Myers and C L Junqueira), 922 
Plant Pathology (R K S Wood), reviy by S H Crowdy, 1292 
Studies of Excitable Tissues Applicgtion of Laser Interferometry to 
{R Sandlin, L Lerman, W Berry and | Tasakt), 575 
Phytchaemagglutinin Synthesis of some Serum Proteins in Lymphocytes stimu- 
lated by (P Gerhardt Scheurlen), 1267 
Picrotoxin Antagonism of Presynaptic Inhibition in the Cuneate Nucleus by 
QR Banna and $ J Jabbur), 83 
Pietsch, W B Tensile Strength of Granular Materials, 736 
Pigments —Biliprotein from the Ova of a Keyhole Limpet (W H Bannister, 
J V Bannister and H Micallef), 754 
(edited by David Patterson), review by | D Rattee, 587 
tn Red Species Epidermal Iron (Peter Flesch), 1056 
of the Millipede Polydesmus angustus (Latzel) Integumental (A E 
Needham), 975 
Pigmentation in the Radial Nerve of Diadema antillarum (N Millott and H 
Okumura), 92 
Pigs Use of Horse Anti-pig Leucocyte Serum to suppress the Homograft Reaction 
in (J N Lucke, E J tmmelman, M O Symes and A C Hunt), 560 
Pilkuhn, Hartman The Interactions of Hadrons, review by P T Matthews, 197 
Pine Needle Structure Red (S L Krugman and W B Critchfield), 685 
Seedlings to Mechanical Stimulation Response of (W C Asher), 134 
Pineal Glands in Organ Culture Formation of Melatonin and 5-Hydroxyindole 
Acetic Acid from 'C-Tryptophan (Richard J Wurtman, Frances Larin, 
Julius Axelrod, Harvey M Schien and Kacherine Rosasco), 953 
Pink Spot as a Diagnostic Test in Schizophrenia (V Predescu, D Florescu and 
C Radulescu), 1150 P 
requirements Nor,Chlorpromazine and 3,4-Dimethoxyphenethylamine 
(Harry R Steinberg and James Robinson), 1055 
Pinocytosis Ability of Leucocytes to recognize some Foreign Gamma Globulins 
during (C Bona and Gr Ghyka), 173 
Pipe Diameter, Vibration Amplitude, and Fluid Viscosity on Pipe Flow Effect of 
(A S Morton), 53 
Flow Effect of Pipe Diameter, Vibration Amplitude and Fluid Viscosity 
on (A S Morton), 53 
Piroplasmosis (Babestosis) Human Case of (J E Fitzpatrick, C Cotton Kennedy, 
Mary G McGeown, D G Oreopoulos, J H Robertson, M A O 
Souannwo), 86! 
(Pisces, Cichlidae) Familial Behaviour of Tilapia and its Implications (CI 
Ruwet), 977 
Pitched Rats Effect of Cocaine, Desipramine and Angiotensin on Uptake of 
Loreena in Tissues of (D T Pals and F D Masucci), 772, erratum, 
Pituitary Gland of Calamorchthys calabaricus 
{Michael D kagios), 473 
Hormone action, news, 707 
RNA = Characterization and Rapid Labelling of (D F Salaman and 
K S Kirby), 454 
Placenta, Perfused, and Umbilical Cord Plasma Free Fatty Acid Patterns of 
Human Maternal Plasma (A Robertson, H Sprecher and J Wilcox), 378 
Urokinase Inhibitor in Human (Takehiko Kawano, Kazul Morimoto and 
Yahiro Uemura), 253 
Placental Circulation of the Mare and Ewe pO, Levels in the (R S Comline and 
M Silver), 76 
Planets Condensation of the (F Hoyle and N C Wickramasinghe), 415 
Planning, national details, news, 597 
International institute to coordinate, news, 402 
Plant Agglutinins and Mitosis (H J Downing, G C M Kemp and M A Den- 
borough), 654 
breeding for crop improvement, news, 1002 
Competition and Crop Yield (H Farazdaghi and P M Harris), 289 
growth regulators Stimulation of Transpiration by Cytokinins (H H 
Luke and T E Freeman), 873 
Roots ® Soil Estimation of Distribution of (R Scott Russell and F B 
Ellis}, 582 
taxonomy, Linnear Society meeting, news, 902, erratum, 1192 
Variation and Classification (Ritchie C Bell), review by J G Hawkes, 885 
Plasma and Cerebrospinal Fluid Relationship between Concentrations of 
Human Chorionic Gonadtrophin tn (K D Bagshawe, A Hilary Orr and 
A G J Rushworth), 950 
Comparative Ultrafiltrabiltty of Calcium and Strontium in Human 
(Janusz Szymendera and Stefan Madayewicz), 968 
and Erythrocytes in Whole Blood Distribution of Ethanol between 
U P Payne, D W Hilland D G L Wood), 963 
Electrolyte Regulation in the Carp, Cyprinus carpio Environmental 
Temperature and {A H Houston and Jane A Madden), 969 
Fatty Acid before and after Canine Hepatic Homograft Distribution of 
(William S Worth), 618 
Human Maternal, Perfused Placenta and Umbilical Cord Plasma Free 
Fatty Acid Patterns of (A Robertson, H Sprecher and J Wilcox), 378 
of Rats, lodine Compounds in the Effect of Exposure to High Environ- 
mental Temperature (M K Yousef and H D Johnson) [82 
of Subhuman Primates and Man Histaminase Activities in the (John H 
Peters and Gale R Gordon), 274 
Preteins Tempegirure Dependence of Cortisol Binding to (D J} 
Goldie, N Hasham, P M Keane and W H C Walker), 852 
Plasminogen and Fibrin Stabilizing Factor 
(M J Allington), 375 
Plasmodium vincke! Primary Exo-erythrocytic Forms of (J Bafort), 1264 
Plateau Phase of Growth Failure of Chinese Klamster Cells to Repair Sub-lethal 
Damage when X-irradiated in the (George M Hahn), 74! 
Platelet Aggregation Physico-chemical Interaction between Adenosine Phos- 
phates and Fibrinogen as a Cause of (D A Smink, H E J Kruisheer and 
C E G Bottcher), 373 


Piatalets Glycogen Synthetase Activity in Blood (H Vainer and R Wattiaux), 


Tetrapod Characteristics of the 


Fibrin Substrate free from both 


Powerful New Agerégator of Blood Platelets—2-Chloroadenosine-5‘- 
diphosphate (M Helen Maguire and Michal Frank), 571 
Platinum Electrodes resulting from Caghode Pretreatment 
Activity of (JN Hiddleston), 1047 
Players and the fishermen, news, 503 
Pleistocene Age of the Upper Boulder Clay Glaciation in the Midlands (E G 
Poole), 1137 


Depth Habitats of Pelagic Foraminifera during the (Barbara Lidz, Al 
Kehm and Hendrick Miller), 245 zine aii 


Plutonium Handbook (edited by O 3 Wick), review by P G Mardon, 588 


Plymouth Discovery of Rhabdopleur®(Hemachordata) at (A R D Stebbing}, 1284 
e Polarity of RNA Phages, news, [001 


Paige Catalytic 


INDEX . 


en Compounds Empirical Correlation between the 
ield Gradients and the Average Molecular (Pauk 


Polarizabilities of some Hal 
Molecular Electric 
e Machmer), 165 . 
Polazation of Galactic Radio Emission at 21 25m (F G Smith), 83! 
Polio¥irus Inhibitory Effect of 1,2-bıs(2-Benzımıdazoy!) [,2-ethanediol Deriva- 
®tives on (Sumiyuk: Akihama, Masyoshi Okude, Katsuo Sato and Shizue 
twabuchi), 562 
Pollution and Plants 
and Wilson B Riggan), 684 e 
Poly-c-Amino Acids {edited by Gerald D Fasman), review by E M Bradbury, 39ł 
Polychaete Annelid Neoamphitrite figulus Conversion of d-Amino Laevulinic 
Acid to Porphobilinogen by Different Tissues of the (R Phillips Dales), 553 
Polycythaemra Erythropoietin Enhancing Factor in Serum of a Calf with Primary 
Familial (D Van Dyke, M L Norr and B Tennant), 1027 
Polydesmus angustus Ingegumental Pigments of the Millipede (A E Needham), 


e 
Stomatal Movements a Yearly Rhythm (Gabriel Seidman 


Polyionıc Substances Size Changes tn Isolated Nudd of Amoeba proteus on 
Treatment with (W Korohoda, J A Forrester, K G Moreman and E $ 
Ambrose), 615 

Polymelanosomes of the Melanocyte and their Substructures (Kedar N Prasad 
and Mahendra P Jamuar), 1067 

Polymer Films Tryptophan Emission from Trypsin and (Eloise Kuntz), 845 

Solutions in Steady Shear Flow Possible Systematic Error tn the 
Measurement of Normal Stress Differences in (J M Broadbent, A Kaye, 
A S Lodge and D G Vale), 55 


Polymerase and Induction of Tryptophan Pyrrolase Activity Inhibition by 
Lastocarptne of RNA Synthesis, RNA (J Reddy, C Harris and D Svoboda), 
659 
RNA, and Polyribosomal Profiles in Deficient Chick Liver lacking in 
Vitamin B,. Effect of Orotic Acid on Activity of Nuclear DNA-dependent: 
(C M Caldarera, B Barbirol and M Marchetti), 755 
Polymerization by Manganese Carbonyl and Carbon Tetrachloride 
Free Radical {C ] Bamford and R Denyer), 59 
Polymers in a Vacuum Environment Wear of Carbon Fibre Reinforced {C L. 
Harris and D Wyn-Roberts), 981 
Polymethylmethacrylate in Solutions Complex Formations between Iso and 
Syndiotactic (W B Van den Berg, B Hijmans, P Piet and D Heikens), 949 
Polymorphism, Cytogenetical, and Evolution in Mammalian Somatic Celt 
Populations (D T Hughes), 518 
of Lipids (Vittorio Luzzati, A Tardieu and T Gultk-Krzywicki), 1028 
Polynucleotide chemistry, stacking polymers, news, 12 
Polynucleotides Synthetic Analogues of (M H Halford and A S Jones), 639 
Polyoma Tumour Cells with Syngenerc Embryonic Tissues Failure to induce 
Transplantation Resistance against (R C Ting), 858 
Virus-induced Release of Inhibition of Cellular DNA Synthesis caused by 
lodedeoxyuridine {Akiko Kasamaki, Tamar Ben-Porat and Albert S. 
Kaplan), 756 
Polyphenols Convulsant Action of (A Angel and K J Rogers), 84 
Polyribosomal Profiles in Deficient Chick Liver lacking in Vitamin Bo Effect of 
Orotic Acid on Activity of Nuclear DNA-dependent RNA Polymerase and 
(C M Caldarera, B Barbiroli and M Marchetty)#755 
Polysaccharide Preparations Measurement and Significance of Weight Hetero- 
geneity in Some Protein and (J Watkins and D E H Tee) 533 


Population dynamics Gynodioecy tn Origanum vulgare Computer Simulation 


ofa Model (S K Jain), 764 
Epidermal Cell (Chang Won Song 


Initiation of 


Kinetics in Albino Guinea-pig Skin 
and Joseph Tabachnick), 650 
Porosity Calcium Carbonate Content of Karst Water in relation to Flow- 
through Time (A F Pitty), 939 
Porous Layers at Glass Surfaces (P A Sewell), 441@ 
Sheets with Enzyme Action Preparation and Use of (G Kay, M D 
Lilly, A K Sharp and R J H Wilson), 641 
Porphobilinogen by Different Tissues of the Polychaete Annelid Neoamphitrite 
figulus Converston of 6 Amino Laevulinic Acid (R Phillips Dales), 553 
Parphyna Seizures ın Expersmental (Nechama S Kowower and Rica À Rock), 
65 
Portugal Late Tertiary Slumping on the Continental Slope of Southern (D G. 
Roberts and A H Stride), 48 
Possibility of Investigating Movement in a Group of Ants by the Mossbauer 
Effect (T Bonchev, | Vassilev, T Sapundzhiev and M Etimov), 96 


Possible Explanation of Anomalies in Neutral K Phenomena (R Spitzer), 943, 
erratum, 1084 
Formation of an Azulene-type Radical obtained on Heating 3,4-Benz- 
pyrene (W F Forbes and J C Robinson), 550 
Model for a Rapidly Pulsating Radio Source (Jeremiah Ostriker), 1227 
Systematic Error in the Measurement of Normal Stress Differences in 
Polymer Solutions in Steady Shear Flow (J M Broadbent A Kaye, A S. 
Lodge and D G Vale), 55 
Post Office with gloomy prospects, news, 794 
Postgraduate awards to come from central government?, news, 495 
biologists, Royal Society report, news, 1200 
Potassium-Argon Ages and Petrology of same Volcanic Rocks 
{G Brent Dalrymple and Allan Cox), 323 
Potassium and Chloride by Chlorella pyrenoidosa 
Barber), 876 
Pali Microelectrodes with Precipitate in the Trp (L N Vorobiev), 
separ Extracts in modifying Tuber Dormancy Action of (M G Walker), 


P. laeomagnetism 


Light Induced Uptake of (J- 


Potential in Salt Bridge Reference Electrodes for Electrophysiology Reductiom 
of Response Time for (Alfred Strickholm), 80 
Potentials, Discrete, in the Darkeadapted Eye of the Crab Limulus (John E. 
Dowhng), 28 
Potentiated Contraction Kinetics of Myofilament Activation in Staircase 
Phenomenon in Human Skeleton Muscle (John E Desmedt and Karb 
Hainaut), 529 
Power Function Retention of Alkaline Earth Radioisotopes in Adult Bone Radrab 
Diffusion and {John H Marshall and Claude Onkelinx), 742 
Lawin Rheology Dimensional Problem of the (J H Prentice), 157, 124% 
Output, Human (D T M Davies and R Rennie), 770 
Powerful New Aggregator of Blood Platelets—2-Chloroadenosine 5‘-diphosphate 
{M Helen Maguire and Frank Michal), 571 
Poxvirus isolated from Rhesus Monkeys Jn vitro Characteristics of a (Ann H. 
Nicholas and Wilbur T McNulty), 745 
Prawns Association between Pandalus borealis and Fine-grained Sediments off 
Northumberland (P J Warren and P W Sheldon), 579 


Precipitarea in the Tip Potassiym Selective Microelectrodes with (L N Vorobrev), 


Precipitated Electrons as a Cause of the Irregular Behaviour of the F, Region 
e (Marsha R Torr and D G Torr), 45 


Predation within Natural Double Infections in tNe Host Snail Indoplanorbis 
exustus Interaction of Trematodes by {Donald Heyneman and T 
Umathevy), 283 . : 

Pre-gravid Phase of Ovarian Development in Aedes detritus Haliday (My W 
Service), 681 e 

Premature Infants Transporg Piece M che Urines of Gack $ Remington and 
Irwin A Schafer), 364 


Preparation and Use of Qorous Sheets with Enzyme Action (G Kay, M D 

Lilly, A K Sharp and R J H Wilson), 641 
of Fibre Reimforced Nickel-Gold Alloys using a Solid State Reaction () 

Ordonez, A A Johnson and K Mukherjee), 443 

Preservation of Coccidial Sporozoites by Freezing (D J Doran and J M Vetter- 
Jing), 1262 

Presynaptic Inhibition in the Cuneate Nucleus by Picrotox:n 
(WR Banna and #] Jabbur), 83 

Prey Selection Oddity Conspicuousness? (Helmut C Mueller), 92 

Price, Mr B T, chief scientific adviser for transport, news, 598 

Prices and Incomes Board, to study University salartes, news, 2 


Primary Exo-erythrocytic Forms of Plasmodium vincke: (J Bafort), 1264 
Immune Response Induction of the (| Mackay Murray), 430 
Primate Subependymal Layer and the Genesis of Ghomas Mitotic Activity in the 
(P D Lewis), 974 
Primates and Man Histaminase Activities in the Plasma of Subhuman (John H 
Peters and Gale R Gordon), 274 


Problem of Water, The (Raymond Furon), review by H L Penman, 487 

Problems in Quantative Biology (J F Eggleston), review by E J Vinntcombe, 885 

Procaine on Calcium Efflux from Frog Nerve and Muscle Action of (Albert S 
Kuperman, Bella T Altura and Judith A Chezar), 672 

Processes of Coastal Development (Y P Zenkovitch), review by C Kidson, 1293 

Prodromus of the Comparative Serology of Marsupialia (J A W _ Kirsch), 418 


Production of Auxin by Detached Leaves (A R Sheldrake and D H Northcote), 

of Epitaxial Films of Antimony on Disordered Substrates (K G Robbins 
and J M Thomas), [251 

of Foetal Haemoglobin in Marrow Cultures of Human Adults (Judith 
Goslin Hall and Arno G Motulsky), 569 

of Hydrogen Sulphide by a Thermophilic Blue-green Alga (Richard P 
Sheridan and Richard W Castenholz), [063 

of OH Molecules tn Interstellar Shock Waves (G B Field, P A 
Aannestad and P M Solomon), 435 

of Renin by tn vitro Cultures of Human Chorion and Uterine Muscle 
(E M Symonds, Margaret A Stanley and S L Skinner), 1152 


Profiles of the Unidentified Interstellar Absorption Bands at 4890 A and 4760 A 
at Different Galactic Longitudes (Harry Seddon), 932 


Progress in Industrial Microbiology, Yol 6 (edited by D J D Hockenhull), 
review by Anne Cl8ygon, 488 
in Nucleic Acid Research and Molecular Biology, Vo! 7 (edited by J N 
Davidson and Waldo E Cohn), review by K Burton, 1292 
Proliferation Chromosome Aberrations during Normal Epithelhal (J G 
Forsberg and B Lannerstad), 568 
of Mast Cells after Antigenic Sermulation tn Adult Rats John J Miller Ill 
and Leonard J Cole), 263 
Promotion of 4-Hydroxy-3-methoxyphenylglycol FormationZin Man by Reserpine 
(M Sandler and N B ig Youdim), 771 
Propargyl Amine from Microwave Spectra 
N L Owen and J Sheridan), 164 


Proposed Procedure for the Allocation of Trivial Names to the Gibberellins (J 
MacMillan and N Takahask:), 170, corrigendum, 590 

Prostaglandin Content of Particulate and Supernatant Fractions of Ribbit Brain 
Homogenates (Judy M Hopkin, E W Horton and V P Whittaker), 7! 


Prostaglandins and Toad Spinal Cord Responses (3 W Phillis and A K 
Tebecis), 1076 
on Human Bronchial Muscle Effects of (W J F Sweatman and H O J 
Collier), 69 


Protection, Chemical, against X-irradiation by a New Reducing Agent 1|,4- 
Dichiothreitol in Marsupial Leucocytes in Culture (Y A E Bick and 
A W D Jackson), 479 


Protein and Non-protein Fractions of Serum in the Rabbit 

Strontium and Calcium in (Elizabeth Lloyd), 355 

and Polysaccharide Preparations Measurement and Significance of 
Weight Heterogeneity in Some (J Watkins and D E H Tee), 533 

Depletion Catabolic Rate of Body Protein in Rat during the Earlier 
Stages of (Michio Yamaguchi and Makoto Kandatsu), 668 

from Leaves, parliamentary news, 705 

group meeting, news, 217 

tn Different Mtcro-organtsms as a Function of Maximal Growth Rate 
Ratios between Contents of DNA, RNA and (Vagn Leick), 1153 

Regulation of Albumin Synthesis and Catabolism by Alteration of 
Dietary (R Kirsch, Lesley Frith, Elizabeth Black and R Hoffenberg), 578 

Synthesis, Factors for, news, 1210 

titration, news, 218 


Proteins and Haemoglobins of Salmon-Trout Hybrids (Peter } Haen and Fergus 
J O'Rourke), 65 
Lens Soluble Correlation with the Cytological Differentiation in the 
Young Adult Organ of the Chick (J M Genis-Galvez,J M Castro and E 
Battaner), 652 
Serum, in Lymphocytes stimulated by Phytohaemagglutinin 
of some (P Gerhardt Scheurlen), 1267 
Temperature Dependence of Cortisol Binding to Plasma (D J Goldie, 
N Hasham, P M Keane and W H C Walker), 852 
Tryptophan Emission from Trypsin and Polymer Films (Eloise Kuntz), 845 
Urinary Peptides derived from the Cross-linked Regions of Connective 
Tissue (Jacqueline B Weiss and F S$ Stevens), 66! 
Protoactinium Bromides Crystal Structures of some (D Brown, T J Petcher 
and A J Smith), 737 
Proton Magnetic Resonance and the Helix-Coil Transition {E M Bradbury, C 
Crane-Robinson, H Goldman and H W E Rattle}, 812 
Protopterus aethiopicus Anti-Metabolic Extract from the Brain of (Henry Swan, 
Dalton Jenkins and Kerwin Knox), 671 
Protozoa in Rumen Function Part Played by Ciyate {F G Youssef and D M 


Antagonism of 


Molecufar Structures of (K Bolton, 


Relatıve Binding of 


Synthesis 


Allen), 777 
Protozoan Non-local Nature of Habituation ın a Rotifer and (Phillip B Apple- 
white), 287 . 


. INDEX 


XXXIII 
e 


Proustite and Pyrargyrite 
Jones}, 444 7 


Przewalskt horses, news, 901 
Fseudomonas putida Transducing Phage for (B W Holloway and P van de Putte), 


Synthesis of Optical Quality (W Bardsley and O 


« 


° ° 
Pseudothymine (6-Methyluracyl) on the Synthesis of Nucleic Acids Regulatory 
Effect of N°-Benzyladenine and (B | Pozsar and Gy Matolcsy), 848 


Psychology and Social Problems (Michael Argyle), review by K T Strongman, 


of Human Communication, The (John Parry), review by John Cohen, 586 
Psychotropic drugs Clintcal and Pharmacological Effects of Monoamine Precur~ 
mah or Haloperidol in Chronic Schizophrenia (T Persson and B E Roos), 
Public libraries to pay royalties to authors, news, 500 
Puerto Rico Trench of the Atlantic Ocean Characterization of Carbonaceous 
Material from the (R A Friedel and A J Nalwalk), 345 
Purification of Antilymphocytic Antibody (M F A Woodruff), 82! 
Push-Pull Cannula  Stimulus-induced Release of Substances from Olfactory Bulb 
using the (Thomas N Chase and Irwin J Kopin), 466 
Pulsating Radio Source at a=19"19m, ĝ==-+22° (J G Davies, P W Horton, 
A G Lyne, B J Rickett and F G Smith), 910 
Radio Source Observation of a Rapidly (A Hewish, S J Bell, J D H 
Pilkington, P F Scote and R A Collins), 709 
Pulse Radiolysis of Water and Aqueous Solutions (A K Pikaev), review by C W 


Gilbert, 485 

Pulses from Extensive Air Showers at 520 MHz Radio (D J Fegan and P J 
Slevin), 440 . 

Pungor, E Flame Photometry Theory, review by J K Foreman, 390 


Puparium Formation in Irradiated Ephestia kuhniella Z Effect of Ecdysone on the 
{A M Kuzin,! K Kolomytseva and N | Yusifov}, 743 

Pyrargryte Synthesis of Optical Quality Proustite and (W Bardsley and © 
Jones), 444 

Pyrogenicity of “Pyromen” (Peter Baume), 970 

Pyralysis-Gas-Liquid Chromatography Chemotaxonomic Studies of Gram 
Negative Bacterta (E Reiner and W H Ewing), 191 

«“Pyromen” Pyrogenicity of (Peter Baume), 970 

Pyrrolase Activity Inhibition by Lasiocarpine of RNA Synthesis, RNA Poly- 
merase and Induction of Tryptophan (J Reddy, C Harris and D Svoboda), 


Pyrrolizidine Alkaloids Toxicity of (A R Mattocks), 723 


Quru Grains Interstellar Extinction by (K S Krishna Swamy and N C 
Wickramasinghe), 1236 

Quasar clusters Large-scale Density Inhomogeneities in the Universe (M J 
Rees and D W Sctama), 511 

Quasars Directed Emission Model for (N A Porter), 329 

Quasi-bienntal Stratospheric Oscillation Sunspot Cycle and the (F A Berson 
and R N Kulkarni), 1133 

Quasr-stellar Objects (Geoffrey Burbidge and Margaret Burbidge), review by F D 
Kahn, 883 

Quas-stellar objects Are the Optical Luminosity Fluctuations of 3C 273 Random? 
(Tom Manwell and M Simon), 931 


Quasi-stellar Objects New Restriction on Models for (L Oster), 148 
Quiet Sun, notes on year, news, 119 
Quinoid Structures in Wood Photochemical (Gordon Leary), 672 

2 


R Factor Isolation of Salmonella Typhimurium Mutants with Increased Recipient 
Ability by the Use of (Motoyuk: Okada and Tsutomu Watanabe), 854 
R&D expenditure in England and Wales, parliamentary news, 800 
expenditure tn US, Battelle estrmate for 1968, news, 6 
Rabbit Antt-mouse Lymphocyte IgG on the Graft versus Host Reaction in F, 
Hybrid Mice Effect of F(ab‘), from (J D Naysmith and K James), 260 
Brain Homogenates Prostaglandin Content of Particulate and Super- 
natant Fractions of (Judy M Hopkin, E W Horton and V P Whittaker), 
71 
Heal Mucosa Effects of Vasopressin, Theophylline and Adenosine Mono- 
phosphate on Short-circuit Current across Isolated (Michael Field, Gerald 
R Plotkin and William Silen), 469 
Rabies, Enzootic, in Rodents in Tharland (Paul C Smith, Kwanyuen Lawhaswasdi, 
William E Vick and Jack § Stanton), 954 
Rachitic Rats Urinary Hydroxyproline Excretion in Phosphate Depleted (Victor 
Parsons and Malcolm Self), 551 
Radar Ornithology (Eric Eastwood), reviewJby G V € Matthews, lo? 
Radial Diffusion and Power Function Retention of Alkaline Earth Radioisotopes 
in Adult Bone {John H Marshall and Claude Onkelinx), 742 
Distribution Functions from Small Packings of Spheres (G Mason), 733 
Nerve of Diadema antillarum Pigmentation in the (N Milott and H 
Okumura), 92 © 
Radiation belt Precipitated Electrons as a Cause of the Irregular Behaviour of 
the F, region (Marsha R Torr and D G Torr), 45 
Damage in the Mouse Liver Effect of Cell Cycle on Recovery from 
(J E Coggle), 180 
Densely lonizing, and X-rays, news, 1208 
Dosimetry Composition of Trabecular Bone tn Children and :ts relation 
to (E D Dyson and W J Whitehouse), 576 
Incoming Solar, over the Tropteal Pacific (W H Quinn and W V Burt), 
149 e 
MicroMave Background in a Steady State Universe (J R Shakeshaft and 
A S Webster), 339 
Produced Electrons Self-trapping of (R Schiller), [141 
Stimulated Incorporation of Thymidine into the DNA of Human Lym- 
phocytes (Richard G Evans and Amos Norman), 455 
Radiative Association Possible Important Loss Process for Metallic lons in the 
lonosphere (W Swider, jun ), 438 + oe 
Radical obtained on Heating 3,4-Benz@®pyresfe Possible Fgrmation of an Azulene- 
type (W F Forbes and J C Robinson), 550 


XXXIV 
e 


Radho astronomy boom, news, 80] 
Emission at Al 25 Polarization of Galactic (F G Smith), 831 
Emission from Geomagnetically Trapped Particles (C C Harvey), 50 
Emitting Electrons in the Galaxy and the Solar Modulation of Cosmic 
Rays (K C Anand, R R Daniel and $ $ Stephens), 25, erratum, 590 
Pulses from Extensive Air Showers æ 520 MHz (D J Fegan andeP J 
Slevin), 440 s 
Source at 4C 50 HI/NRAO 150 Spectrum of (Y A Hughes and R V 
Potter), 832 - 
Source Observation of a Rapidly Pulsatıng (A Hewish, S J Bell,J D H 
Pilkington, P F Scott and R A Collins), 709 
Source Possible Modèl for a Rapidly Pulsating (Jeremiah Ostriker), 1227 
Source, Pulsating, at a= 1919m, ô= -+22° (J G Davies, P W Horton, 
A G Lyne,B J Rickett and F G Smith), 910 
Sources at 2,700 MHz Counts of (A J Shimmins, J G Bolton and 
J V Wall), 818 
Sources in Opposite Directions as a Cosmological Teste {Jan-Erik 
Solheim), 41, erratum, 202 
Sources Rapidly Pulsing (Wilham C Saslaw, John Faulkner and 
Peter A Strittmatter), 1222 
Sources Stimulated Inverse Compton Scattering tn (Peter Goldreich, 
Richard McCray and Martin J Rees), 931 
Telescope The Jodrell Bank Mark iI {H P Palmer and B Rowson), 2! 
-telescope for Jodrell Bank, new, no site yet, parliamentary news, 999 
Radioactive Aerosol Attenuation in the Chest Wall of 20 keV X-rays from an 
Inhaled (J Rundo, B T Taylor, D V Booker, D Newton and D Scargill), 
Radioastronomical Methods of Antenna Measurements (A D Kuzmin and A E 
Salomonovich), review by R D Davies, 109 
Radioimmunoassay of Angiotensin (H J G Hollermans, J van der Meer and 
J} L Touber), 277 
Radioisotopes in Adult Bone Radial Diffusion and Power Function Retention o: 
Alkaline Earth (John H Marshall and Claude Onkelinx), 742 
Radioprotector, Cysteamine as a, news, 1209 
Radiosensitive Bacterial Strains, and the Probable Interaction of Two Types ot 
Primary Lesion Low Oxygen Enhancement Ratios for (Tikvah Alper), 862 
Radium A Measurement of the Diffusion Coefficient of (Otto G Raabe), 1143 
Rainbow Trout to Ulcerative Dermal Necrosis Resistance of (J T Carbery and 
K L Strickland), 1158 
Ranki, Sandor Autumnization and its Genetic Interpretation, review by Ralph 
Riley, 291 
Raman Scattering Tensor Experimental Observation of an Antisymmetric 
(J A Koningstein and O S Mortensen}, 445 
Spectra Laser, of Sorbed Species (P J Hendra and E J Loader), 637 
Rana temporia Effect of Light and Dark on Secondary Induction of Cornea in 
Tadpoles of (Y V Popov and D V Popov), 1169 
Rapidly Pulsing Radio Sources (William C Saslaw, John Faulkner and Peter A 
Strittmatter), 1222 
Pulsating Radio Source Observation ofa (A Hewish, S J Bell,J D H 
Pilkington, P F Scott and R A Collins), 709 
Pulsating Radio Source Possible Model for a (Jeremiah Ostriker), [227 
Rates of Adsorption of Wetting Agents and Detergents (Pasupati Mukerjee), 1046 
Rational Geometry for measuring Elastic and Viscoelastic Parameters (M Gordon, 
S C Hunter, J A Love and T C Ward), 735 
Ratios between Contents of DNA, RNA and Protein in Different Micro-organisms 
as a Function of Maximal Growth Rate (Vagn Leick), 1153 
Rats prefer the Home Cage to the Runway following Intermittent but not Con- 
sistent Reinforcement (David Premack and Mitri E Sjamab), 288 
Raw, Professor Frank Obituary by C G Johnson, 691 
Reactivity, valance and, symposium, news, 220 
Read, B E see under McCrum, N G 
Recall Holographic Madel of Temporal (P T Chopping), 781 
Holographic Model of Temporal (H C Longuet-Higgins), 104 
Improved Holographic Mode! of Temporal (D Gabor), 1288 
Receptive Fields of Lateral Gen:culate Neurones Distribution of Excitation and 
Inhibitiog in (G H Jacabs and R L Yolton), 187 
Receptor Evidence favouring the Existence of a Single Adrenergic (G Kunos 
and M Szentivany:), 1077 
Utilization, Increased Mechanism of Cocaine Potentiation (K Nakatsu 
and R J Reuffenstein), 1276 
Recognition of DNA Base Sequence Differences among Vertebrates (John 
Baldwin and Chev Kidson), 1256 
of Syntactic Structure by Computer (Irwin D J Bross), 1078 
Reconnexion model of magnetosphere, news, 1099 
Reconstruction of Three Dimensional Structures from Electron Micrographs 
(D J De Rosier and A Klug), 130 
Recovery from Radiation Damage in the Mouse Liver 
(J E Coggle), 180 
Rectal Mucosa in vivo Effect of Secretin on Human (Patricia G Johansen, Beat 
Hadorn and Charlotte M Anderson), 468 
Red Cell Acid Phosphatase among Aborigines of Australia Unusual Distribution 
of (L Y C La), 1186 
Light Induction of Gibberellin Synthesis in Leaves (D M Reid, J B 
Clements and D J Carr), 580 
Pine Needle Structure (S L Krugman and W B Critchfield), 685 
Species Epidermal Iron Pigments tn (Peter Flesch), 1056 
Redfearn, fwofessorE R  Qbituary by H L Kornberg, 1294 
Reduced Binding of Carcinogenic Hydrocarbons to DNA of Mouse Skin during 
Inhibition of DNA Synthesis (Rudolf Suss and H Rainer Maurer) 752 
Reducing Agent [,4-Dithiothe:tol in Marsuptal Leucocytes in Culture Chemical 
Protection against X-irradiation by a New (Y A E Bick and W D 
Jackson), 479 
Reduction of Response Time for Potential in Salt Bridge Reference Electrodes for 
Electrophysiology (Alfred Strickholm), 80 
Reference Problem, The (Frederic A Lints), correspondence, 1192 
Refractive Indices of Mixed Crystals of Phenazine and N-Oxyphenazine (A M 
Glazer and $ Pramatus), 58 
Regeneration of a Peripheral Nerve Implant into Goldfish Telencephalic Paren- 
chyma (Jerald J Bernstein), 183 b 
of Bone Marrow Cells and Thymus induced by 195 Alpha-2 Globulin in 
Irradiated Mice {1 Berenblum, M, Burger and A Knyszynskj), 857 
Deserve Lens In vitro Culture of the (Sara Eisenberg Zalik aĝi Isaura Meza), 


Effect of Cell Cycle on 


Regional Distribution of Tritiated Acetylcholine in Rat Bran (S Z Kramer, J 
Seifter and B Bhagat), 184 

Regulation of Albumin Synthesis and Catabolism by Alteration of Dietary 
Protein (R Kirsch, Lesley Frith, Elizabeth Black and R Hoffenberg), 578 
sof Insulin Secretion by Short Chain Fatty Acids (W Montague and 
K W Taylor), 853 é 

Regulatory Effect of N&-Benzyladenine and®Pseudothymine (6-Methyluracyl) on 
the Synthesis of Nucleic Acids (B 1 Pozsar and Gy Matolcsy), 848 

. 


INDEX . 


Reinforced Nickel-Gold Ajloys using a Solid State Reaction Preparation of 


Fibre (J Ordonez, Æ A Johnson and K Mukherjee), 443 
Refhforeement Rats prefer the HomeCage to the Runway following Intermittent 
but not Consistent (David Premack and Mitri E Shanab), 288 


Relayon between DDT in Diets of Laying Birds and Viability of their Eggs 
(F J S Jonesand D D B Summ s), 1162 
between Rat Slow Alpha,-globulin and Alpha,-macroglobulin of Other 
Mammals (Werner G Heim), 1057 
of Epithelial lon Transport to Corneal Thi@kness and Hydration (Keith 
Green), 1074 
Relationship between Concentrations of Human Chorionic Gonadotrophin in 
Plasma and Cerebrospinal Fluid (K D Bagshawe, A Hilary Orr and 
A G J Rushworth), 950 
between Total Body and Muscle Respiratory Rates in Infants with 
Malnutrition (B L Nichols, D J Barnes, A Ashworth, G A O Alleyne, 
C F Hazlewood and J C Waterlow) 475 e 
Relationships among Functional Properties of Calfornian Grassland (M P. 
Austin), 1163 
Relative A-Coefficrents for the Forbidden Lines of Atomic Sulphur Wave- 
lengths and (J W McConkey, D J Burns,} A MoranandJ A Kernahan), 
538 
Binding of Strontium and Calcium tn Protein and Non-protein Fractions 
of Serum ın the Rabbit (Elizabeth Lloyd), 355 
Relativity Discussion of the Special Theory of, 17-20 
Experimental Verification of the Theory of (F J} M Farley, J Bailey and 
E Picasso), 17 
Renin-Angrotensin System Peptide Inhibitors of the {T Kokubu, E Ueda, $ 
Fuyimoto, K Hiwada, A Kato, H Akutsu, Y Yamamura, $ Saito and T. 
Mizoguchi), 456 
Renin by in vitro Cultures of Human Chorion and Uterine Muscle Production of 
{E M Symonds, Margaret A Stanley and S L Skinner), 1152 
Repair, to, Sub-lethal Damage when X-irradiated in the Plateau Phase of Growth 
Failure of Chinese Hamster Cells (George M Hahn), 74! 
Replication Late DNA Synthesis in Heterochromatin (A Lima-De-Faria and 
Halina Jaworska), 138, erratum, 1295 
Report from Iron Mountain, review by Brenda Maddox, 489 
Repressor Molecules How they function (Mark S Bretscher), 509 
Research in nationalized industries, parliamentary news, 705 
tn Protozoology (edited by Tze-Tuan Chen), review by M A Sleigh, 200 
in Verbal Behaviour and Some Neurophysiological Implications (edited 
by Kurt Salzinger and Susanne Salzinger), review by R C Oldfield, 1082 
on Research, report, news, 793 
policy, white paper to come, news, 116 
Reserpine Promotion of 4-Hydroxy-3-methoxyphenylglycol Formation in Man 
by (M Sandler and N G H Youdim), 771 
Reserpinized Rats Fine Structure of Nerve Fibres tn Smooth Muscle of the Vas 
Deferens in Normal and (Kenneth E Farrell), 279 
Residues tn N-Acylolrgopeptide Methyl Esters by Mass Spectrometry Detection 
and Locatton of N-Methyl-ammo-acid (B C Das, $ D Gero and E 
Lederer), 547 a 
Resistance Conductance or (R D Stark), 779 
of Black Egg Lecithin-Cholestero! Films Influence of pH, Sodium and 
Calcium lons on the dc (S Ohkt and A Goldup), 458 
of Rainbow Trout to Ulcerative Dermal Necrosis (J. T Carbery and 
K L Strickland), [158 
Resonances, powerful new technique for study, news, 802 
Respiration in Myocardium (David Challoner), 78 
Respiratory Rates tn Infants with Malnutrition _ Relationship between Total 
Body and Muscle (B L Nichols, D J Bafnes, A Ashworth, G A O 
Alleyne, C F Hazlewood and J C Waterlow), 475 
Response Induction of the Primary Immune (| Mackay Murray), 430 
of an Active Component of Croton Or! to Short-term Tests of Carcino- 
genicity (Conrad Libermann, Philippe Lazar, Ivan Chouroulinkov and 
Maurice Guerin), 563 
of Bacterial Spores and Micrococcus radiodurans to Ultraviolet 
Irradiation at Low Temperatures (M J Ashwood-Smith, J Copeland and 
J Wilcockson), 337 
of Neurones tn the Motor Cortex during Performance of a Simple 
Repetitive Arm Movement (Erich S Lusche:, Robert A Johnson and 
Mitchell Glickstetn), 190 
of Pine Seedlings to Mechanical Stimulation (W C Asher), 134 
Time for Potential in Salt Bridge Reference Electrodes for Electro- 
physiology Reduction of (Alfred Strickholm), 80 
Responses Prostaglandins and Toad Spinal Cord (J W Phillisand A K Tevecis), 
6 


Restriction enzyme isolated, news, 1097 
Enzyme from E coli DNA (Matthew Meselson and Robert Yuan), 1110 
Retention with Spectal Reference to Amnesic Patients New Method of Testing 
Long-term (Elizabeth K Warrington and L Weiskrantz), 973 
Retinal Image Effect of Humming on the Visibility of a Stabilized (Angela M. 
Wells and C R Evans), 1168 
Reversal, geomagnetic, and fauna, news, 1097 
Reversals of the Earth’s Magnetic Field Evolutionary Processes and (C G A. 
Harrison), 46 
Rhabdopleura (Hemichordata) at Plymouth Discovery of (A R D Stebbing), 1284 
Rheology Dimensional Problem of the Power Law in (J H Prentice), 157, 1249 
Rhesus Monkey Effect of an Intra-uterine Device on Uterine Motility in the 
(J H Marson and W A Kelly), 774 
Monkeys in vitro Characteristics of a Poxvirus isolated from (Ann H. 
Nicholas and Wilbur T McNulty}, 745 
Rheumatic Heart Disease by the Ferritin-labelled Antibody Technique Location 
of Gamma Globulin in the Endocardium in {R Lannigan and S Zaki), 173 
Rhinovirus Stran DC Identification of (R M Conant, Y Y Hamparian, E J. 
Stott and D A J Tyrrell), 1264 
Rhythm in the Noradrenaline Content of Rat Hypothalamus 
Mansharde and Richard J Wurtman), 574 
Ribonuclease, new, news, 411 
pancreatic, news, 128 
Ribosomal Proteins, news, 508 
Sub-units Binding of Formylmethionyl-tRNA to 305 (M A Mukundan, 
John W B Herschey, Kathryn F Dewey and Robert E Thach), [013 
Sub-units, exchange of, news, 708 
Ribosomes and characterization, news, 1001 
catalytic properties investigated, news, 605 
Competitive Binding of Streptomycin and Magnesium with Escherichia 
Coli (Yong Sung Char afd Charles W Carr), 557 
crystalline, for RNA organization, news, 313 
Rifteng of Africa, Drifting and (R W Girdler}, 1102 


Daily (James 


. INDEX 


RNA, Amber Suppression a Nucleotide Change intthe Anticodon of a Tyrosine 
Transfer (Howard Goodman, John Abelson, APthur La 7 
J D Smith), 1019 f A ndy, $ Brenner and 

and Protein tn Different Micro-organisms as a Function of M 
Growth Rate Ratios between Contents of DNA {Vagn Leick), 115 

Synthesis, DNA Dependent ginteracton between Mode! Compounds 
of Actinomycin D and BNA (F Ascoli and M Savine), 162 

changes m Sek Bran quring Learning (Y E Shashoua), 238 

aracterization apid Labelling of Pituitary (D F Salaman 
K $ Kirby), 454 y ¢ ant 

ab ll fikasornes for organization of, news, 313 

rom Escherichia coli edimentation Behaviour of Rapidly La 
(Michael Fry ane Michael Artman), 661 pile teelled 

tn Mouse Cells exposed to Different Antigens (Kare ska, jun 
Edward P_ Cohen), 721 gens (Karel Raska; qua. ang 

in the Elementary Bodies of Trachoma Agent (Israel 
Becker), 849 X g ( Sarov and Yeckiel 

Polymerase and Polyribosomal Profiles in Deficient Chick Liver lacking 
m Vitamin B Effect of Orotic Acid on Activity on Nuclear DNA- 
dependent (C M Caldarera, B Barbiroli and M Marchetti), 755 

replication, news, 805 

sequences elaborated, news, 409 

sequences of terminals, news, 311 

Synthesis, RNA Polymerase and Induction of Tryptophan Pyrrolase 
Activity Inhibition by Lasiocarpine of (J Reddy, C Harris and D 
Svoboda), 659 

transcription news, 804 

St terminus tf R 17, news, 606 

Road Accidents, cost to community, news, 212 
Road-Track costs, report, news, 695 
Rockefeller, Bronk resigning, news, 1198 
Rocket for research, Petrel, news, 895 
Rocks, Meteorites and Natural Glasses under Proton Bombardment, Luminescent 
Properties of (I M Blar and J A Edgington), t57 
Rod Bi Delay Human (T Guinn, W L Kilmer, E Craightll and B Reynolds), 
Rodents in Thailand Enzootic Rabies in (Paul C Smith, Kwanyuen Lawhaswasd:, 
Wilham E Vick and Jack S Stanton), 954 
Ultrasound in (Gillan D Sewell), 682 
Role of Austenite and Mineral Onl tn Lubricant Fatlure (W Grew and A 
Cameron), 481 
of X, Y and Z Cells in Secondary Immunological Response (J Halasa), 859 
Roman, Herschel L (editor) Annual Review of Genetics, Vol l, review by G 
Pontecorvo, 885 
Romanoff, Alexus L 
McKenzie, 107 
Ronan, Colin A Their Majesties’ Astronomers, review by A Armitage, 783 
Root Development §-Glycerophosphatase and Lateral (J F Sutcliffe and R 
Sexton), 1285 

Growth Stimulants and the Importance of Light in this Response 
Halogen Derrvativ@ gf 4-Hydroxybenzoic Acid as (R L Wain, H F Taylor, 
P Intarakosit and T G D Shannon), 870 

Roots a She Estimation of Distribution of Plane (R Scott Russell and F B 
1s), 

Influence of Micro-organisms on the Distribution in, of Phosphate 
labelled with Phosphorus-32 (D A Barber, ) Sanderson and R Scott 
Russell), 644 

Rotifer and Protozoan 
white}, 287 

Royalties from public librarres@for authors, news, 500 

Rubella Virus on Embryos and Newborn Rats Pathogenic Effects of (Edward 
Cotler, Jean Fox, George Bohigian, Claudia Beaty and Alphonse Du Pree), 


imal 


Biochemistry of the Avian Embryo, review by John 


Non-local Nature of Habituation in a (Phillip B Apple- 


38 

Rumen Function Part Played by Cilate Protozoa in {F G Youssef and D M 
Allen), 777 

ee Mice Absence of, Neonatal Splenectomy (L Kubar and R Auerbach), 


Russtan science city Akademgorodok, news, 796 
space probe Superadiabatic Atmospheric Layer on Venus, as inferred 
from the Venera-4 Probe Measurements (A D Anderson), 627 
Ruwet,J Cl Famıhal Behaviour of Tupia (Pisces, Cichlidae}, 977 
Royal Institution appeal success, news, 1202 


S icar bamyikoyeteiné Anti-tumour Activity of (Richard H Adamson), 751 
Safety ın School, pamphlet, news, 215 
in Space (Angela Croome), news, 498 

Salinities in the Eel Drinking Rates and Gill lonic Turnover in relation to 
External (J. Maetz and E Skadhauge), 372 

iron Binding Properties of (Peter L Reilly, Peter S Davis and Donald J 
Deller), 68 

Vasopressor Substance in Cat Submaxillary, Sialotonin (C Moriwaki, 
Susanne Betlenson and M Schachter), 270 


Salmon Mycological Aspects of Diseased Atlantic (Mary R Stuart and Hubert 


T Fuller), 90 
Disease Fungus Atlantic (L G Willoughby), 872 
Salmon-Trout Hybrids Proteins and Haemoglobins of (Peter } Haen and Fergus 
J O'Rourke), 65 
Salmonella adelaide to the Bactericidal Action of Antibody and Complement 
Passive Sensitization of (D Rowley and Keven J Turner), 657 
Flagella in Lymph Node Follicles of Germ-free and Conventional Rats 
Differences in (J J Miller Hland D © Johnson), 1059 
typhunurium lacking Glucosy! or Galactosy! Lipopolysaccharide Trans- 
ferases Biochemical Characterization of Mutants of (M J Osborn), 957 
typhimurium lacking Glucosyl or Galactosy] Lipopeolysaccharide Trans- 
ferases Genetics and Cultural Properties of Mutants of (R G Wilkinson 
and B A D Stocker), 955 
typhimurtum Mutants with Increased Recipient Ability by the Use of R 
Factor Isolation of (Motoyuki Okada and Tsutomu Watanabe), 854 
Salomonovich, A E see under Kuzmin, A D 
Salt Bridge Reference Electrodes for Electrophysiology Reductron of Response 
Time for Potential tn (Alfred Serickholm), 80 
Salzinger, Kurt, and Salzinger, Susanne (editors) Research in Verba! Behaviour 
and Some Neurophysiological Implications, review by R C Oldfield, 1082 
Saizinger, Susanne see under Salzinger, Kurt 


Saprolegma parasitica Coker in Estuaries (Mary Stuart and Hubert Fuller), 1157 
Coker in Estuaries (M W Dick), 874 
Sarcomas in Afganistan (Leslie H Sobin), 1072 . 


Saliva 


XXXV 
$ 


Satellite lo Electrodynamic Effects of Jupiter's (J H Piddington and J F 
Drake), 935 
propulsion, parliamentary news, 602 
Scanning Electron Microscope pictures, news, 1206 
Schistosoma manson: and PĤnts, Cercariae of Attempts to penetrate 
© Phaseolus vulgaris and H@dychium coronarium produces a Cercaricide 
(Kenneth S Warren and Pierre A Peters), 647 
on Hela Cells Effects of Cercarial Extracts of (Joseph G Otero), 381 
Schizophrenia * Clinical and Pharmacological Effects of Monoamine Precursors 
or Haloperidol in (T Persson and B E Roos), 854 
Pink Spot as a Diagnostic Test in (V „Predescu, D Florescu and C 
Radulescu), 1150 
Schizophrenic Patients im relation to Stress Biological Action of Blood Serum of 
(D D Orlovskaja,L Z Gaskin and E | Minsker), 473 
School-leavers and their careers, parliamentary news, 308 
Schools, American prablem, news, 698 
Council and SCUE compromise on specialization, news, 1195, 1199 
Mathematics Project, director's report, news, 499 
to go Metric, British (Nigel Hawkes), news, 1205 
Schwartz, Dr Charles, and politics in journals, news, 502 
Science Intellectual Style and High School (A J Cropley and T W Field), 1211 
of Science Foundation, news, 601 . 
Policy and SRC spending on space research, news, 991 
policy in the US, OECD report, news, 205, 224, 225 
School, International, in Sydney, news, 893 
The State of Public {Solly Zuckerman), 808 
Scientific adviser for transport, B T Price, news, 598 
Libraries Examined, news, 216, 217 
officers, average age, parliamentary news, 705 
papers, unpublished, for records, Royal Society scheme, news, 798 
Scientists in Industry Engineers and (S G Hooker and N Kurti), 609 
Scienza e Tecnica, review by N M L Wade, 1293 
SCUE, compromise with Schools Council, news, 1195, 1199 
Scutellar Bristles Selection for the Absence of (J B Gibson), 188 
Sea Anemones Detachment of, by Commensal Hermit Crabs and by Mechanical 
and Electrical Stimuli (D M Ross and L Sutton), 380 
Sea-floor Spreading Discontinuities in the (Eric D Schneider and Peter R 
Vogt), 1212 
Sea Water Solubility of Barium Sulphate in (J D Burton, N J Marshall and 
A J Phillips), 834 
Seal Adoptive Suckling in the Grey (E A Smith), 762 
Seals Control of Growth in Two Populations of Elephant (M M Bryden), 1106 
of the World (Gavin Maxwell, with John Stidworthy and David Williams), 
review by L Harrison Matthews, 105 
Sebaceous Gland Activity in Breast Cancer (M_J Krant, C S$ Brandrup, R S 
Greene, P E Pocht and J $ Strauss), 463 
Second Additional Theory of Origin of Fiamme in Ignimbrftes (Alexander R 
McBirney), 938 
Secondary Immunological Response 
Induction of Cornea in Tadpoles of Rang temporaria 
Dark on (VY V Popov and D V Popov), 1169 
Secretin on Human Rectal Mucosa in vivo Effect of (Patricia G Johansen, Beat 
Hadorn and Charlotte M Anderson), 468 
Secretion of 38-Hydroxypregn-5-en-20-one (Pregnenolone) by the Adrenal Gland 
(Margarethe Holzbauer and Helen M Newport), 967 
Secretor Status, and Intestinal Mucosal Concentrations of Alkaline Phosphatase 
ABO Blood Groups (M J $ Langman, A Constantinopoulos and | A D 
Bouchier), 863 
Sediment Concentration General Relationship between Suspended, and Water 
Discharge in the Alpenrhein and some other Rivers (G Muller and U 
Forstner), 244 
Sedimentation Behaviour of Rapidly Labelled RNA from Escherichia col: (Michael 
Fry and Michael Artman), 661 
velocity studies Sub-unit Nature of Catalase Comppund {I (Peter 
Jones, A Suggett and R H Pain), 1050 
Segmental Demyelination of Peripheral Nerves in Krabbe’s Disease (B D Lake), 
171 


. 


Role of X, Y and Z Cells ın (J Halasa), 859 
Effect of Light and 


Sediments off Northumberland Association between Pandolus borealis and 
Fine-grained (P J Warren and P W Sheldon), 579 
Seed Extract of Trifolium subterraneum on Germination and Seedling Growth 
Rate Effect of (A W Ferguson), 1064 
Seismic Events, detecting automatically Eliminating False Alarms when (K J 
Muirhead), 533 
Seizures in Experimental Porphyria (Nechama S Kowower and Rica A Rock), 565 
Select committee on education, news, 896 
committee on science and technology, defence research methods 
examined, news, 1201 
committee on science and technology, Prof Blackett speaks, news, 1096 
Committee on science and technology, investige defence research and 
development, news, 998 
Selection for the Absence of Scutellar Bristles (1 B Gibson), 188 
of Prey Oddity of Conspicuousness? (Helmut C Mueller), 92 
Selective dissemination of information, news, 1095 ê e 
Selenium Abnormalities in the Electrocardiograms of Young Sheep and Lambs 
grazing Natural Pastures low in (K O Godwin), 1275 
Self-reversing Oceanic Basalts, news, 1207 
Self-trapping of Radiation Produced Electrons (R Schiller), HAL 
Sem:-annual Variation in Thermfspheric Density (Reginald E Newell), 150, 
erratum, 394 
Variation in Upper Atmosphere Density (D G King-Hele), 833 
Sensitive Period Drug-produced Isolation and the, Imprinting (Glenn E 


Macdonald), 1158 
for Track Recording in Mica Duration of (F M Russell), 51 


Sensitivity of Micrurgitally Removed Chromosomal Spindle Fibres to Enzyme 
Disruption (G C Hoskins), 748 

Sensory Endingg in the Vomero-nasal Organ of the Slow-worm Anguis fragillis 
Fine Strukture of the {L H Bannister), 275 

Sequences of RNA elaborated, news, 409 

Sera L-Asparaginase Activity ın Human and Animal (Maureen B Lee and John 


M Bridges), 758 
In vitro Detection of Immunosuppressive Activity of Anti-lymphocyte 


(J F Bach and B Antoine), 658 
Serology, Comparative, of Marsupialra Prodromus of the (3 A W = Kursth),418 


Serotin Receptor of Smooth Muscle ® Reappraisal of che, Staltc Acid of Uterine 
Muscle Membrane (P M Carroll and D D Sereda), 667 


XXXVI 
6 


Serum Albumin a New Vanant of Human, Albumin Maku {L R Weitkamp and 
N A Chagnon), 759 
Calctum Concentrations in Mice Effect of Heparin on (Carlos A 
Bonilla, Reed M Stringham, jun and ivan M Lytle), 1281 
Erasure of Immunological Memory, with Anti-lymphocyte (Eugene 


Lance), 557 s 

Evidence that there are Ewo Forms of Fluoride in Human (Donald R 
Taves), 1050 v 

in the Rabbit Relattve Binding of Strontium and Calcium in Protein 


and Non-protein Fractions of (Elizabeth Lloyd), 355. * 

of a Calf with Primary Familial Polycythaemra Erythroporetin Enhan- 
cing Factor in (D Van Dyke, M L Norr and B Tennant), 1027 

of Schizophrenic Patients in relation to Stress Biological Action of 
Blood (D D Orlovskaya, L Z Gaskin and E | Minsker), 473 

Protetns tn Lymphocytes stimulated by Phytohaemagglutinin Synthesis 
of some (P Gerhardt Scheurlen), 1267 

Small Molecular Werght Vitamin B,, Binders in Normal Human (Evan- 
gelos Gizis and Leo M Meyer), 272 

Sex Chromosomes (Ursula Mittwoch), review by P E Polani, 292 


Factor, / Filamentous Phages specific for the (G G Meynell and A M. 
Lawn), 1184 
Sexual Behaviour, Human, Mongolism Delayed Fertilization and (James German), 
516 > 


Shag on the Farne Islands, Northumberland, in relation to their Content of 
Dieldrin and pp’ DDE Success of (G R Potts), 1282 

Shaw, Charles R (editor) Biochemical Genetics, Vo! i, No 
Pontecorva, 105 

Shear rates, medium Measurement of Normal Stress Differences in Solutions of 
Macromolecules (J Harris), 1248 

Sheep Stckling Phenomenon in (E T Rees Evans), 74 

Shingle Embankment, Newgale, St Bride’s Bay, Pembrokeshire 
(C Harrison), 155 

Ship’s Log Two-component Electromagnetic (M J Tucker, N D Smith and 
E P Collins), 1244 

Shoal-water Tropical Species Dispersal of Larvae by Equatorial Ocean Currents 
and its Importance to the Zoogeography of (Rudolf S Scheltema), 1159 

Shock Waves Production of OH Molecules in Interstellar (G B Field, P A 
Aannstad and P M Solomon), 435 

Short-circuit Current across Isolated Rabbit Ileal Mucosa Effect of Vasopressin, 
Theophylline and Adenosine Monophosphate on (Michael Field, Gerald R 
Plotkin and William Silen), 469 

Short Term Exposure to High Altitude Immune Response of Rabbits during 
{Robert P Tengerdy and Theodore Kramer), 367 

Shorts have new chairman, news, 698 

Showers, Air, at 520 MHz Radio Pulses from Extensive {D J Fegan and P J 
Slevin), 440 

Sl units (G W Alderton), correspondence, 490 

Sialic Acid  Cetl Membrane of Uterine Smooth Muscle (P M Carroll and 
D D Sereda), 666 

of Uterine Muscle Membrane Reappraisal of the Serotonin Receptor 

of Smooth Muscle (P M Carroll and D D Sereda), 667 

Stalotonin Vasopressor Substance in Cat Submaxillary Saliva (C Moriwaki, 
Susanne Beilenson and M Schachter), 271, erratum, 590 

Sickliing Phenomenon in Sheep (E T Rees Evans), 74 

Side-effects an Analysis through, Discrimination Learning in Antmals (T M 
Bloomfield), 929 

Sodium Efflux from the Toad Oocyte Action of Insulin on {E E Bittar, D A T 
Dick and D J Fry), 1280 

Siefert, Ralph L see under Gucker, Frank T 

Significance of Styolites in Dolomitic Limestones (J E Glover), 835 

Silica Grains Extinction by Interstellar (R F Knacke), 44 

Silicate Glasses by lon Exchange Strengthening of (D K Hale), 1115 

Sileates of Iron and magnestum Condensation of the Planets (F Hoyle and N C 
Wickramasinghe), 415 

Silver (Ill) Nitrate Crystal Structure of Ethylbidiguanide (N R Kunchur), 539 

Silver-Silver Bromide Electrode in Formamide Standard Potential of the (K W 
MorconPand B L Muju), 1046 

Simkiss, K Calcrum tn Reproductive Physiology, review by B Lofts, 983 

Simphfication of the Synthesis of Tetramethyldipicrylamine (A J Fritsch, C E 
Moore and T S$ Meyer), 350 

Simplified Ne for Immunodiffusion Techniques on Cellulose Acetate (J 
Korn), 126! 

Simultaneously Recorded Oscillations in Membrane Potential and Isometric 
Contractile Force from Cardsac Muscle (R A Jensen and B G Katzung), 
961 

Single Phase Polychrystalline Sulphide Ores 
Helen Gorman), 160 

Sintering ın Gas Discharges (C E G Bennett, N A McKinnon and L $ Williams), 
1288 


t, review by G 


Origin of the 


Annealing of (R L Stanton and 


Stpunculid worm and free moving coral symbiosis Coral Community on Muddy 
Sand (T F Goreau and C M Yonge), 421 
Sites for nuclear power stations, news, 594 
of Action of some Partial Agonists on the Isolated Guinea-pig leum (K 
Takagi, | Takayanagi, F Taga and K Nishino), 573 
of Inhibition of DNA Synthesis by Kethoxal bis(Thiosemicarbazone) 
{Barbara A Booth, David G Johns, Joseph R Bertino and Alan C Sartorell:}, 
250, erratum, 590 
Size Chan®es in Isolated Negicler of Amoeba proteus on Treatment with Polyionic 
Substances (W Korohoda, J A Forrester, K G Moreman and E J 
Ambrose), 615 
Skapski, A C see under Keve, E T 
Skeletal Abnormalities in the Hiındlıimbs of Young Cats as a result of Hyper- 
vitaminosis A (L Clark and A A Seawyight), [174 
Muscles Influence of Temperature on Isometric Contractions of Rat 
(R Close and J F Y Hoh), 1179 
Muscle Myosin 3-Methyl Histidine and Adult and Foetal Forms of 
(| P Trayer, C | Harris and S V Perry), 452 
Muscle of Xenopus Laevis Types of Motor Units ın the (R S Smith and 
Lannergren), 28! 
Skeleton Muscle Staircase Phenomenon in Human, Kinetics of Myofilament 
so in Potentiated Contraction {John E Desmedt and Kar! Hainaut), 
Skin Heterogen:zing Virus (G J Svet®oldavsky, D M Mkheidffe, A L Liozner 
and A Ph Bykovsky), 102 
Homografts and Dissociation of Immune Responses in Mice immunized 
with Lyophilized Tissues in Freund's Adjuvant Enhancement of (J 
Churna), 175 
Skepje, earthquake details, news, 703 
Slow Alpha; globulin and Alpha,-macroglobulin of Other Mammals 
* between Rat (Werner G Heim), 1057 
Muscle Fibres Neurotrofhic Centro! of Contracture in (R Elul, R 
Miledi and E Stefani), 1274 


Relation 


INDEX ; : 


Slow-worm Anguis fragilis „Fine Structure of the Sensory Endings in the Yomero- 
nasal Organ of the {(# H Bannister), 275 
Slumping, Late Tertiary, on the Contjnental Slope of Southern Portugal (D G 
Roberts and A H Stride), 48 
Sma Scale Distribution of Interstellar Absorption (K Ishidaand K Akabane), 433 
Smelter for Aluminium, Swiss tender, ngs, 116 
Smelters for Britain, news, 398 è 
Smith, Dr R A New head of Heriot-Watt, news, 500 
Smith, Professor] L B Obituary by P H Greenwpod, 690 
Smoking and the effects, news, 310 
Smooth Muscle Cell Membrane of Uterine (P M Carrolland D D Sereda), 666 
Muscle of the Vas Deferens in Normal and Reserpinized Rats Fine 
Structure of Nerve Fibres in (Kenneth E Farrell), 279 
Snail Indoplanorbis exustus Interaction of Trematodes by Predation within 
Natural Double Infections in the Host (Donald Heyneman and T 
Umathevy), 283 
Natural Selection by Glow-worms in a Popyftion of Cepaea nemoralis 
(Peter O’Donald), 194 
Snakes of the Genus Agkistrodon from Asia and the North American Continent 
Phylogenetic Relationships among Venomous (Anthony T Tu and Bryant L 
Adams), 761 
Sneed on school engineering, news, 210 
Snowdonia, South Eastern Composite Minor Intrusions in (Alan V Bromley), 
Sodium and Calcium Ions Influence of pH, on the dc Resistance of Black Egg 
Lecrthin-Cholesterol Films (S Ohkı and A Goldup), 458 
Deficient Environment by Wild Native Australian and Introduced 
Species of Antmals Physiological, Morphological and Behavioural Adap- 
tation to (J R Blair-Wese, J P Coghlan, D A Denton,) F Nelson, 
Elspeth Orchard, B A Scroggins, R D Wright, K Myers and C L 
Junqueira), 922 
-~Mordenite in Pebble Form Hydrothermal Synthesis of (1 M Keen, 
W J King and R Wallis), 1045 
Nitrate Solution in the Laboratory and by Sunlight Ultraviolet Photo- 
lysis of (E€ G Gori, G L Petricont and H M Papée), 248 
Oleate Flotation System Influence of Carbon Dioxide in the Calcite- 
(V Y Sampat Kumar and A K Biswas), 1255 
Soft X-ray Astronomy Extragalactic (M J Rees, D W Sciamaand G Sett:), 326 
Soil technology for skyscrapers, news, 600 
Solar Active Region at 4 cm Wavelength Lunar Occulation ofa (M R Kundu 
and T Velusamy), 1132 
Radiation over the Tropical Pacific Incoming (W H Quinn and W V 
Burt), 149 
System Fractionation of iron im the (D C Tozer), 437 
Sree Origin of Alfvén’s Critical Velocity Hypothesis (J C Sherman), 


Solid State Particle Coarsening in the (R V Day and J Barford), 1145 
State Reaction Preparation of Fibre Reinforced Nickel-Gold Alloys 
using a (J Ordonez, A A Johnson and K Mukherjee), 443 
Solomon, P M see under Field, G B 
Solubility of Barium Sulphate in Sea Water (J D Byrton, N J Marshall and 
A J Phillips), 834 e 
Solubilization of Human Leucocyte Membrane Isoantigens (Dean L Mann, G 
Nicholas Rogentine, jun , John L Fahey and Stanley G Nathenson), 1180 
Somatic Cell Populations Mammalian, Cytogenetic Polymorphism and Evolution 
in(D T Hughes), 518 
Some Aspects of Heart Function in Patella vulgata L (H D Jones), 1170 
Sonic Booms and Superbooms, US report, news, 399 
Booms, inadequate understanding, news, 1101 
Sorbed Species Laser Raman Spectra of (P J Hepdra and E J Loader), 637 
Sordaria fimicola on the Correction of Mis-paired Bases Temperature Data 
from, Gene Conversion (B C Lamb), 353 
Sorption at 77 4°K on a Microporous Glass Argon (B Evans and T E White), 


Snails 


Sound Environment, High Frequency Asthma and the (R K Mason), 360 
Source in Opposite Directions as a Cosmological Test Radio (Jan-Erik Solheim), 


South Atlantic Basin Late Palaeozoic Glacial Facies and the Origin of the (Law- 
rence A Frakes and John C Crowell), 837 
Soviet serentist, letter to an imaginary, news, 123 


Space and astronomy research, budgets examined, news, 991 
chamber trials, news, 121 
Safety in (Angela Croome), news, 498 
policy in Europe, report, news, 1089 
travel, trials for longer flights, news, 121 


Special Theory of Relativity (A C W Y Clarke), 20 
The Case against the (H Dingle), 19, erratum, 394 
Error in the (L Essen), 19 
Specialization, Schools Council and SCUE to set up working party, news, 1195, 


Specialtzed Connexions between Nerve Cells and Mesenchymal Cells in Cteno- 
phores (Mari-Luz Hernandez-Nicasse), 1075 

Specific Habituation by Chicks (D B Broom), 880 

Method for Estimating Cell Numbers in Tendons (K G Reid), 357 

Specificity of the Agglutinin in Extracts of Wheat Germ (Rosemary Liske and 
D Franks), 860 

Spectra Laser Raman, of Sorbed Species (P J Hendra and E } Loader), 637 

Spectral Absorption of Excited Molecules in Iron Aerosols {H Jager and H -G 
Kreschke), 934 

Spectrometer, “Time-of-flight” Laser Heating of Coal Particles in the Source of 
(W K Joy, W R Ladner and E Pritchard), 640 

Spectrometers New Mounting for Concave Grating (M Sawada), 1247 

Spectrometric Analysts of Oxygen Mass (C E Brion and W B Stewart), 946 

Spectrum of Bromine Chloride Visible Absorption (M A A Clyne and] A 
Coxon), 448 
ae the Radio Source 4C 50 II/NRAO 150 (V A Hughes and R V Potter), 

Speculations on the Use of Orthonormal Functions in the Study of Morphogenesis 
{Bernard Meltzer), 196 

Sperm Flagella Amino-acid Composition of “Tubulin” constituting Micro- 
tubules of (Hideo Mohri), 1053 

Spermatozoon Penetration into the Egg of the Rhesus Monkey Time Relation- 
ships of (J H Marston and W A Kelly), 1073 

Spheres Radial Distribution Functions from Small Packings of (G Mason), 733 

Spherical Bodies such as Chromaffin Granules tn Tissue Sectron Determining 
Sizes and Distribution of Sizes of (R E Coupland), 384 

Particles of Radu less than 500 A Surface Energy and Evaporation Rate 

of (M Blackman, N D_Lisgarten and L M Skinner), 1245 

Spikes of Nerve Cell MembrMe, Calcium Role of Calcium in the Production of 
Action Potentials (K Koketsu and § Nishi), 468 

Spina bifida appeal launched, news, 1204 


Spinach Ferredoxin Mossbauer Effect Study of the St f 
and DO. tall) sae Y e e of İron ın (C E Johnson 


Spinal Te Responses Prostaglandins and Toad () W Phillisand A K Teveci), 


Spindle and Centriole, news, 1002 
bres to Enzyme Disruption 4 Sensitivity of Micrurgically Reméved 
Chromosomal (G C Hogans), 746 7 ESY 
Spiracles, Insect, at Sub-zero Temperatures Co-ordinated Neuromuscular 
Activity in (Barbara NgBurkett and H A Schneiderman), 95 
Spiral Structure and Galactic Magnetic Field (P A H Seymour), 147 
Spleen Bursa and Thymus Cells Cellular immune Competence of (W A Cain, 
M D Cooper and R A Good), 87 
Cell Cultures Stem-cell Inactivation in Mixed (R Y Petrov, L S 
Seslavina and E | Pantelejev), 559 
Cells In vivo and in vitro Effect of Anti-lymphocytic IgG on Sensttized 
(Keith James), 261 ¢ 
Colonies to form Macrophages in vitro 
Virolamen and V Defends), 1069 
Splenectomy: Neonatal Absence of Runting in Mice (L Kubat and R Auerbach), 


Ability of Haemotoporetic (N 


Sporozoites by Freezing Preservation of Coccidial (D J Doran and J M 
Vetterling), 1262 

Spring and Summer forms of Myzuz persicae (Sulz) (Hemiptera Aphididae) 
Differences in Flight Capacity between Naturally occurring () A T 
Woodford), 583 

Southern Portugal Late Tertiary Slumping on the Continental Slope of (D G 
Roberts and A H Stride), 48 

SRC scheme for visiting fellows, news, 700 

panel for telescope users, news, 307 

St Bride’s Bay, Pembrokeshire Origin of the Shingle Embankment, Newgale 
(C Harrison), 155 

Stable Lead in Fossil Ice and Bones (Zbigniew Jaworowski), 152 

Stabilization of Fibrin Heparin and the (B J Cuddigan), 779 

Stabrlizing Factor, Fibrin Fibrin Substrate free from both Plasminogen and 
(M J Allington), 375 

Stacking of single strand polymers, news, 12 

Staircase Phenomenon in Human Skeleton Muscle Kinetics of Myofilament 
en in Potentiated Contraction (John E Desmedt and Karl Hainaut), 

Standard Potential of the Silver-Silver Bromide Electrode in Formamide (K W 
Morcom and B L Muju}, 1046 

Stansted, modifications to runways, news, 210 

reconsidered, news, 791! 

Staphylococcal Responses to Hormones, news, 312 

Starvation Correlation of Loss of Hyaluronic Acid and Chondroitin Sulphate tn 
Skin of Mice with Carcass Nitrogen Loss during (H Sobel, M Hewlett and 


R Cohen), 1279 
State of Public Scrence The (Solly Zuckerman), 808 
Static Method Measurement of an Antigen-Antibody Reaction by a (Claude 
Sculei! and Alfred Nisonoff), 144 
Statistical mechanics for lèng chain molecules, news, 126 
Physics (A F Brows}, review by R Collins, [079 
Statistics of education, numbers of teachers, news, 1091 
of Education, school leavers, news, 896 
Steady Shear Flow Possible Systematic Error in the Measurement of Normal 
Stress Differences in Polymer Solutions in (J M Broadbent, A Kaye, 
A S Lodge and D G Vale), 55 
State Universe Microwave Background ima (J R Shakeshaft and A S 
Webster), 339 
Steel production greater than demand, OECD report, news, 304 
Stem Cells Cross-reaction of Antilymphocyte Serum with Haemoporetic (E O 
Field and J E Gibbs), 561 
Stem cell Inactivation in Mixed Spleen Cell Cultures (R V Petrov, L S Seslavina 
and E | Pantelejev), 558 
Stereochemistry of the Allyl Ligand in some Allyl-Palladium Complexes (R Mason 
and A G Wheeler), 1253 
Stereoselective Interaction of Amino-acids and Metal Complexes (R D Gillard, 
P R Mitchell and H L Roberts), 949 
Steroids and ATPase, news, 508 
Stimulated Emission and Laser Action from the Organic Ligand of Gandolinium 
Chelates (N Filipescu, C R Hurt and N McAvoy), 631 
Inverse Compton Scattering in Radio Sources (Peter Goldreich, Richard 
McCray and Martin J Rees), 931 


Stimulation in Adult Rats Proliferation of Mast Cells after Antigenic (John J 
Miller [i and Leonard J Cole), 263 
of Interstellar OH by Phonons (N C Wickramasinghe), [131 
of Transpiration by Cytokimins (H H Luke and T E Freeman), 873 
Stimulative Vapourization of Phenyl-mercuric Acetate by Mercury-resistant 
Bacteria (K Tonomura, K Maeda, F Futa, T Nakagam: and M Yamada), 
644, erratum, 645 
Stimulus-induced Release of Substances from Olfactory Bulb using the Push-Pull 
Cannula (Thomas N Chase and Irwin J Kopin), 466 
Stolz, Lois Meek Influences on Parent Behavior, review by Annette Lawson, 887 
Stometal Movements a Yearly Rhythm (Gabriel Seidman and Wilson B Riggan), 


Storage of Carbon Dioxide in Muscle (Mark Heymann and Neil Cherniack), 865 
Strathclyde, SRC grant for crystal growth, news, 1094 
Stratiform Sntruston Palaeomagnetism of a, in the Pensacola Mountains, Antarc- 
tica (Myrl E Beck, yun, Arthur B Ford and Walter W Boyd, jun ), 534 
Stratospheric-Mesospheric Coupling (William C Heard), 1038 
Stratospheric Oscillation Sunspot Cycle and the Quasi-biennial (F A Berson and 
R N Kulkarni), 1133 
Strength Tensile, of Granular Matertals (W B Pietsch), 736 
Strengthening of Silicate Glasses by lon Exchange (D K Hale), 1115 
Streptomycin and Magnestum with Escherichia coli Ribosomes Competitive 
Binding of (Yong Sung Choi and Charles W Carr), 557 
Biological Action of Blood Serum of Schizophrenic Patients in relation 
to (D D Orlovskaa, L Z Gaskin and E | Minsker), 473 
Dependence of Tensile Creep Rate in Carbons and Graphites (D B 
Fischbach}, 840 
Differences in Polymer Solutions in Steady Shear Flow Possible Syste- 
matic Error in the Measurement of Normal (J M Broadbent, A Kaye, 
A S Lodge and D G Vale), 55 
Differences in Solutions of Macromolecules 
(i Harris), 1248 
Striated Muscle in the Cortex of Foetal Guinea-pig Thymus (T Mandel), 276 
Strickman, Robert L and the cigarette filter, news, 117 
Stroboscopic Hologram Interferometry Seer mci of Surface Vibration 
Modes by (E Archbold and A E Ennos), 94 
Holography Vibration Analysis by (B M Watrastewicz and P Spicer), 
142 è 


Stress 


Measurement of Normal 


‘ INDEX 


XXXVII 
8 


Strontium and Calerum in Protein and Non-protein Fractions of Serum in the 
Rabbit Relative Binding of (Elizabeth Lloyd), 355 
by Alginates Binding of Calcium and (James T Triffite), 457 
tn bonds, news, 118 
in Human Plasma Comparative Ultrafiltrability of Calcium and {Janusz 
eSzymendera and Stefan Madæewicz), 968 
or Barium lons for Calcium lons Effect on the Guinea-pig Taenia Coli 
of the Substitution of (Y Hoeta and R Tsukut), 867 
Stroup, E Dixon ee under Reid, jun , J 


Structural and Chemical Organization of Teeth, Vol | (edited by A E W 

Miles), review by A R Ten Cate, 785 

Antigen in Adenovirus-infected Cells tredted with Hydroxyurea High 
Titre T Antigen with Minimal Amounts of Gay A Levy, Robert J Huebner, 
Jerome Kern and Raymond V Gilden), 744 

Geology of Folded Rocks (E H Timothy), review by] G Ramsey, 293 

Units in Chromatin and therr Orientation on Membranes (H G Davies 
and J V Small), 1133 


Structure and Distribution of Glycosy! Diglycerides in Bacteria (N Shaw and 
J Baddiley), 142 
and Function of the Extraneural Sheath in Insects (P S Boulton and 
C H Fraser Rowell), 379 
corresponding to the Ideal Composition 3B1.O, |7Nb,O, (E T Keve 
and A C Skapski), 841 
of Metals (Charles S Barrett and T B Massalski), review by R E Small» 
man, 389 
Student representation, Oxford refusal, news, 1091 


Students and authorities, relationships questioned, news, 992 
qualfied, numbers, parliamentary news, 405 

Styolites ın Dolomitic Limestones Significance of (J E Glover), 835 

Sub-Antarctic Sanctuary (Mary E Gillham), review by M W = Holdgate, 105 

Subependymal Layer and the Genesis of Gliomas Mitotic Activity in the Primate 
(P D Lewis), 974 

Subhuman Primates and Man Histaminase Activities in the Plasma of (John H 
Peters and Gale R Gordon), 274 

Submaxillary Saliva Vaspressor Substance in Cat, Sialotonin {C  Moriwaki, 
Susanne Berlenson and M Schachter), 270 

Sub-millimetre Waves over 450 m Path Difference Interference of (N W B 
Stone, H A Gebbie,D W E Fuller, A R Loftand C C Bradley), 1043 

Substrate Inhibition of Peroxidase in an Open Reaction System Bistability caused 
by (Hans Degn), 1047 

Sub-unit Nature of Catalase Compound If (Peter Jones, A Suggett and R H 
Pain), [050 

structure of aspartate transcarbamylase, news, 902 

Subversive students, news, 992 

Success of Eggs of the Shag on the Farne Islands, Northumberland, in relation to 
their Content of Dieldrin and pp/ DDE (G R Potts), 1282 

Suckling in the Grey Seal Adoptive (E A Smith), 762 4 

Sucrose in Induction of Chromosome Aberations Low pH of Irradiated (Muriel 
V Bradley, Linda L Hall and Sarah J Trebilcock), 1182 

Sudan Dry Season Biology of Anopheles gambiae in the (Salah M Omer and J L 
Cloudsley-Thompson), 879 

Sugar Cane and Tobacco Comparison of the Kinetics of Photosynthetic Carbon 
Dioxide Fixation in Maize, Etc , and sts Relation to Photorespiration (A 
Goldsworthy), 62 

Sullivan, Navin The Message of the Genes, review by M $ Bretscher, 785 


Sulphide Ores, Polycrystalline Annealing of Single Phase (R L Stanton and 
Helen Gorman), [60 

Sulphides Genesis of Concordant Deposits of Base Metal, an Experimental 
Approach (B W Robinson and R G J Strens), 536 

Sulphoxide and 3,4-Dimethoxyphenethylamine Nor.Chloropromazine (Harry R 
Steinberg and James Robinson), 1054 

Sulphoxtmine on Memory Transfer Effect of Methtonine (Stanislav Reinis and 
Jaroslav Kolousek), 680 

Sulphur Wavelengths and Relative A-Coefficients for the Forbidden Lines of 

Atomic (J W McConkey D J Burns,! A MoranandJ A Kernahan), 538 

Sunlight Ultraviolet Photolysis of Sodium Nitrate Solution in the Laboratory 
and by (E G Gort, G L Petriconi and H M Papee), 248 

Sunspot Cycle and the Quast-biennial Stratospheric Oscillation (F A Berson and 
R N Kulkarni), 1133 

Superadıabatıc Atmospheric Layer on Venus, as Inferred from the Venera-4 
Probe Measurements (A D Anderson}, 627 

Superannuation for university teachers, news, 302 

Superconductor for electric motor, news, 399 

Supercooled Water by Cavitation Nucleation of Freezing in (M N Plooster), 
1246 

Supersonic transport aircraft bring control problems, news, 5 

Surface Energy and Evaporation Rate of Spherical Particles of Radi less than 
500 À (M Blackman, N D Lisgarten and L M Skinner), [245 

Tenston Discontinuity at a Liquid Free Surface Existence of a(R H J 
Sellin), 536 
Vibration Modes by Stroboscopie Hologram Interferometry 

tion of (E Archbold and A E Ennas), 942 

Survival Curve of Young Calves in Wild Ungulates Method for deriving a (C A 
Spinage), 480 

Suspension Culture of Peripheral Blood Leucocytes Continuous, Infectious 
Mononucleosis (Philip R Glade, Julius A Kasel, Harold L Moses, jacqueline 
Whang-Peng, Peter F Hoffman, John K Kamnfermeyer and Lawrence N 
Chessin), 564 

Swain, R H A,and Dodds, T C Chimical Virology, review by A D Macrae, 200 

Symbol for Institute of Physics and Physical Soctety, news, 122 

Synapsis of Meiotic Chromosomes Hypothesis to explain (Winston E Raynayake), 


Observa- 


Synaptic Lysosomes Histochemical and Biochemical study of (Mildred K Gordon, 

i Klans G Bensch Grace G Deanin and Malcolm W Gordon), 523 

Syndrotactic Polymethylmethacrylate in Solutions Complex Formations between 

x Iso and W B Van den Berg, B Hijmans, P Piet and D Heikens), 949 

Synergistte Microbtal Action Degradation of "Diazmon” by (Haim B Gunner 
and Bert M ZucRerman), 1183 . 

Syngenerc Embryonic Tissues Failure to induce Transplantation Resistance 
against Polyoma Tumour Cells with (R C Ting), 858 

Syntactic Struct@re by Computer Recogmtion of (Irwin D J Bross), 1078 

Synthesis of Optical Quality Proustite and Pyrargyrite (W Bardsley and O 


Jones), 444 
of eae Serum Proteins m Lymphocytes stimulated by Phytohaemagglu- 


tının (P_ Gerhardt Scheurlen), [267 
we Facilitation of Peptide (R Camble, R Garner and G T Young), 


247 
Synthetase Activity in Blood Platelets Glycogen (H Vainer and R Wattiaex), 


951 . 
Synthetic Analogues of Polynucloetides (M H Halford an? A S Jones}, 639 
e 


oe 


XXXV}! t 


Systematie Error tn the Measurement of Normal Stress Differences in Polymer 
Solutions in Steady Shear Flow Possible (J M Broadbent, A Kaye, A S$ 
Lodge and D G “Vale), 55 


Ta phages, gene control, news, 903 

T Antigen with Minimal Amounts of Structural Antigen in Adenovirus-infected 
Cells treated with Hydroxyurea High Titre (Jay A Levy, Robert J 
Huebner, Jerome Kern and Raymond V Gilden), 744 

TB Inactivation of Isoniazid In Burmese Subjects (S E Smith and Tun Ky), 1273 

Tadpoles of Rana temporia Effect of Light and Dark on Secondary Induction of 
Cornea in (V V Popov and D V Popov), 1169 

Taenia Colt of the Substitution of Strontium or Barium lons for Calcium lons 
Effect on the Gutnea-pig (Y Hotta and R Tsukui), 867 

Tannic Acid on Erythrocyte Enzymes Effects of (Fritz Herz and Eugene Kaplan), 
1259 


Taxonomic Significance of Carotenoids (L R G Valadon and Rosemary S$ 
Mummery), 1066 
Taxonomy ^nd Influenza B Virus Numerical (Anna M Lee), 620 
Taylor, Professor! H Obituary by J E Prentice, 787 
Taylor, W i, and Battersby, A R Oxidative Coupling of Phenols, Vol !, 
review by J] F W McOmie, 984 
Teachers and Testing (David A Goslin), review by Malcolm Parlett, 295 
control of distribution, news, 212 
Teaching aids, grant for Sussex, news, 7 
Technological community in Europe, parliamentary news, 800 
forecasting, French meeting, news, |197 
Technology agreement with USSR°signed, news, 306 
Civil serve examines exploitation, news, 994 
Gap, OECD meeting, news, 891, 892 
gap, Wedgwood Benn addressed Council for Europe, news, 400 
not yet solved economic problems, news, | 
the Ministry's role, news, 594 
Teeth Odontogenesis Cell-Cell Interactions in vitro (H C Slavkin, J Beirle 
and L A Bavetta), 269 
Telecephalic Parenchyma Regeneration of Peripheral Nerve Implant into Gold- 
fish (Jerald J Bernstein), 183 
Telescope users, application panel, news, 307 
Television university, news, 997 
Temperature Data from Sordaria fimicola on the Correction of Mis-paired Bases 
Gene Conversion (B C Lamb), 353 
Dependence of Cortisol Binding to Plasma Protes (D J Goldie, N 
Hasham, P M Keane and W H C Walker), 852 
on Isometric Contractions of Rat Skeletal Muscles 
Close and 3 F Y Hoh), 1179 
Temporal Recall Holographic Model of (D Gabor), 584 
Holographic Model of (H C Longuet-Higgins), 104 
Holographic Model of (P T Chopping), 78 
Improved Holographic Model of (D Gabor), 1288 
Tenders for power stations, parliamentary news, 1096 
Tendons Specific Method for Estimating Cell Numbers in (K G Rerd), 357 
Tensile Creep Rate in Carbons and Graphites Stress Dependence of (D B 
Fischbach), 840 
Tensile Strength of Granular Materials (YV B Pietsch), 736 
Tensor Experimental Observation of an Antisymmetric Raman Scattering (J A 
Koningstern and O S$ Mortensen), 445 
Test of the Alignment Hypothesis as the Reason for the Mosaic Unit Phenomenon 
R M Moore), 482 
Teratogenic Effects of Hypoglycin-A (T V N Persaud), 471 
Terminal Complement Component Reaction of the, Immune Haemolysis (O 
Götze, | Haupt and H Fischer), 1165 
Terrestrial lonization Ultra-low Levels of (Abraham R Liboff and Morris H 
Shamos), 629 
Tertiary period Duscontinuittes in the Sea-floor Spreading (Eric D Schneider 
and Peter R Vogt), 1212 
Tetra-coordinated Phosphorus Atoms Huckel Molecular Orbital Models for 
Heterocycles with {R Vilceanu, A Balint and Z Simon), 6! 
Tetrapod Characteristics of the Pituitary Gland of Calamorchthys calabaricus 
(Michael D Lagios), 473 
Tatramechyldipicrylamine Simplification of the Synthesis of (A J Fritsch, C E 
Moore and F S Meyer), 350 
Tetrodotoxin on Cortical Nerve Cells Action of lontophoretically Applied 
(J W Phillis, A K Tebecis and D H York), 27! 
Texas Petroleum Composition of the Optically Active Fraction of a (N Daniel, 
E Gtl-Av and M Louis), 730 
Textbook of Fluid Dynamics (Frank Chorlton), review by K Stewartson, 199 
Tharand Enzootic Rabres in Rodents in (Paul C Smith, Kwanyuen Lawhaswasd:, 
William E Vick and Jack $ Stanton), 954 
Thalassaemra, Globulin metabolism in, news, 903 
Thames estuary sediments, news, 802 
Their Majesties’ Astronomers (Colin A Ronan), review by A Armitage, 783 
Themes m Economic Anthropology (edited by Raymond Firth), review by Paul 
Einzig, 985 
Theophyligne, Vasopressr 
circuit Current across Isolated Rabbit Heal Mucosa 
Field, Gerald R Plotkin and Willram Silen), 469 
Theoretical Model for the Chandler Wobble (G Colombo and I ! Shapiro), 156 


Theory and Methods of Social Research (Johan Galtung), review by C Madge, 587 
of Waveguides and Cavities, The (B A Waldron), review by P J B 
Clarricoats, 108 
of Waveguides and Cavity Resonators (Emile Argence and Theo Kahan), 
review by P J B Clarricoats, [08 
Thermal Analysis standards, news, 507 
Thermodynamic equilibrium Transport Processes and the Chemical Potential 
(A G McLellan), 349 
Thermophilic Blue-green Alga®* Production of Hydrogen Sulphide by a (Richard P 
Sheridan and Richard W Castenholz), 1063 
Thermoregulation in Tortoises (J L Cloudsley-Thompson), 575 
Thermospheric Density Semi-annuaé Variation in (Reginald é Newell), 150, 
erratum, 394 


Thin Films Production of Epitaxtal Films of Antrmony on Disordered Substrates 
(K G Robbins and J M Thomas), 1251 
Lipid Films and the Determination of London-van der Waals Forces 
Contact Angles for (D A Haydon and J L Taylor), 739 
Thorarinsson, S The Eruption of Hekla in Historical Times, review by GPL 
* Walker, 1188 
Three Dimensional Seguctures fror? Electton Micrographs 
(D J De Rosier and A Klug), 130 


influence of (R 


and Cyclic Adenosine Monophosphate on Short- 
Effects of (Michael 


Reconstruction of 


INDEX à 


Thrombin Inhibition by Adenosine Diphosphate of the Thrombocytopenia 
induced in Rabbits $y (Dorothy Busfield and E G Tomich), 376 
TRrombocytopema induced in Rabbits by Collagen or Thrombin Inhibition by 
Adenosine Diphosphate of the (Dorothy Busfield and E G Tomich), 376 
Thhmidine and a Comparison with sonte Electron Spin Resonance Results 
Molecular Conformation of (P Folin, H R Wilson and D W Young), 
148 e 
into the DNA of Human Lymphocytes Radiation Stimulated Incorpora- 
tron of (Richard G Evans and Amos Normana, 455 
Metabolism and Cell Kinetics (J E Cleaver}, review by A J S Davies, 107 


Thymus Cells Cellular Immune Competence of Spleen Bursa and (W A Cain, 
M D Cooper and R A Good), 87 
ina Mouse Mutant Absence of (E M Pantelouris), 370 
induced by 19S Alpha-2 Globulin tn Irradiated Mice Regeneration of 
Bone Marrow Cells and (1 Berenblum, M Burger and A Knyszynski), 857 
Striated Muscle tn the Cortex of Foetal Guinga-pig (T Mandel), 276 

Tilapia (Pisces, Cichlidae) Familial Behaviour of, @nd tts Implications (J Cl 
Ruwet), 977 

Time for a Change of Policy Foot and Mouth vaccination, [088 

“Time-of-Flight" Mass Spectrometer Laser Heating of Coal Particles in the 
Source of (W K Joy, W R Ladner and E Pritchard), 640 

Time Relationships of Spermatozoon Penetration into the Egg of the Rhesus 
Monkey (J H Marston and W A Kelly), 1073 

Timothy, E H Structural Geology of Folded Rocks, review by] G Ramsay, 293 

Tissue Section Determining Sizes and Distribution of Sizes of Spherical Bodies 
such as Chromaffin Granules in (R E Coupland), 384 

Tissues of Pithed Rats Effect of Cocaine, Desipramine and Angiotensin on 
Uptake of Noradrenaline in (D T Pals and F D Masucci), 772 

Titanium and Zinc in Human Leucocytes Observations on the Presence of 
(Kenneth G Carroll and James L Tullis), 1172 

Titration of proteins, news, 218 

Toad Oocyte Action of Insulin on Sodium Efflux from the {E E Bittar, D A T 
Dick and D J Frey), 1280 

Spinal Cord Responses Prostaglandins and (J W Phillis and A K 
Tevecis), 1076 

Tobacco Comparison of the Kinetics of Photosynthetic Carbon Dioxide 
Fixation in Maize, Sugar Cane and its Relation to Photorespiration (A 
Goldsworthy), 62 

Smoking Habit Pharmacological Basts for the (A K Armitage, G H 
Hall and Cathleen F Morrison), 331 

Toit, Dr P } Obituary by S M Naudé, 787 

Tolerance induced by Parabiosts m Adult Mice 

Phases of (N W Nisbet), 265 

Haemoglobin -a43 (CDI) Phenylalanine > Valine (A Beretta, V Prato, 

E Gallo and H Lehmann), 1016, erratum, 1192 

Torry Canyon, another report, news, 303 

Tortoises Thermoregulation in (J3 L Cloudsley-Thompson), 575 

Toxicity of Pyrrolizidine Alkaloids (A R Mattocks) 723 

Toxin from Cultures of Aspergillus flavus Isolation of a New (J V Rodricks, 
Kenneth R Henery-Logan, A D Campbell, L, Stoloff and M Jacqueline 
Verrett), 668 . 

Toxin-induced Diarrhoea Absorption of d-Glucose by the Rabbit Jeyunum 
during Cholera (Harold A Serebro, Theodore M Bayless, Thomas R 
Hendrix, Frank L Iber and Thomas McGonagle), 1272 

Toxin New Form of Diphtheria (Ronald S Goor), 1051 

Trabecular Bone in Children and its relation to Radiation Dosimetry Compo- 
sition of (E D Dyson and W J Whitehouse), 576 

Trachoma a RNA tn the Elementary Bodies of (Israel Sarov and Yecktel 

ecker), r 
Track Recording in Mica Duration of Sensitive Period for (F M Russell), 51 
Trade and technology agreements to be signed, news, 212 
tm underdeveloped countries, news, 117 
in underdeveloped countries, New Delhi conference, news, 400 

Traherne,J E see under Beament, J W L 

Transcription of RNA, news, 804 

Transducing Phage for Pseudomonas putida (B W Holloway and P van de Putte), 
459, erratum, 692 

Transduction Mechanism of Olfactory (Barnett Rosenberg, T N Misra and 
Robert Switzer), 423 

Transfer Effect of Methionine Sulphoximine on Memory (Stanislav Reims and 
Jaroslav Kolousek), 680 

Transferases Brochemical Characterization of Mutants of Salmonella typhimurium 
lacking Glucosyl or Galactosy! Lipopolysaccharide {M J Osborn), 957 

Transition in Solid Deuterium Bromide Crystal Structure and the Lower 
Phase (E Sandor and M W Johnson), 54! 

Metal lons and their Complexes Activation of Small Molecules by (R 
Mason), 543 

of C, in Comets Discussion of the “Forbidden” [ntercombination 
(R J Fallon), 1240 

Teneueon Effect of Bromide lons on Junctional (S Muchnik and P W Gage), 

Transpiration by Cytokinins Stsmulation of (H H Luke and T E Freeman), 873 

Transplantation Induction of Immunological Paralysis to Heterologous 
Tumours (Nicole Suctu-Foca), 1268 

Resistance against Polyoma Tumour Cells with Syngeneic Embryonic 
Tissues Fatlure to induce (R C Ting), 858 
Surgery Unit opened, news, 401 

Transport, Active, using Charged Membranes Transport of lons against their 

Concentration Gradients tn an Analogue System for (Russell Paterson), 545 

of lons agatnst their Concentration Gradients tn an Analogue System for 
Active Transport using Charged Membranes (Russell Paterson), 545 

Piece in the Urines of Premature Infants (Jack S Remington and Irwin A 
Schafer), 364 

Processes and the Chemical Potential (A G McLellan), 349 

white paper and tts significance, news, [14 

Transversal Mappings and Flows (Ralph Abraham and Joel Robbin), review by L S 
Goddard, 485 

Trematodes by Predation within Natural Double Infections tn the Host Snail 
ee exustus Interaction of (Donald Heyneman and T Umathevy), 


Mechanisms in Early and Late 


Torino 


Tremor Fixation, m relation to Eyeball-Muscle Mechanics (H Beng: and J G 
Thomas), 773 

Trend tn the Harmonic Energies of the Diurnal Variation at Two British Obser- 
vatories (R J Lamden), 347 

Trifohum subterraneum on Germination and Seedling Growth Rate 
Seed Extract of (A W Ferguson), 1064 

Tritiated Acetylcholine in Rat Brain Regional Distribution of (S Z Kramer, 
J Se:fter and B Bhagat), 184 

Trivial Names to the Grbberellins Proposed Procedure for the Allocation of 

e @ MacMillan and N Takahashi), 170 


Effect of 


Tropical Medicins Institute, appeal, news, 10 Ww 

acific Incoming Solar Radiation over th H d 

Bure 149 : e Quinn and W y 
Species Dispersal of Larvae by Equatorial Ocean Currents and its 


Importance to the Zoogeography of Shoal-water (Rudolf S Sceltema), Ji59 
Trout-Salmon Hybrids Proteins and Hazmoglobins of {Peter J Haen and Fergus 
J O'Rourke), 65 . 
Trout to Ulcerative Dermal Necrosis 
K L Strickland), t1586 
Trypsin and Polymer Films Tryptophan Emission from (Eloise Kuntz), 845 
Tryptophan and Nuclete Acid Components in Frozen Aqueous Solutions 
Molecular Interactions between (Thérèse Montenay-Garestier and Claude 
Hélène), 844 
(4C-) by Rat Pineal Glands in Organ Culture Formation of Melatonin 
and 5-Hydroxyindole Acetic Acid from (Richard J Wurtman, Frances 
Lartn, Julius Axelrasl, Harvey M Schien and Katherine Rosasco), 953 
Emission from Trysin and Polymer Films (Eloise Kuntz), 845 
Pyrrolase Activity Inhibition by Lasiocarpine of RNA Synthesis, RNA 
Polymerase and Induction of (J Reddy, C Harris and D Svoboda), 659 
Tuber Dormancy Action of Potato Peel Extracts in modifying {M G Walker), 


Resistance of Rainbow (J T Carbery and 


Tuberculosis 8-Alanmurta in Patients with (Tetsuto Takao, Tsutomu Yasumitsu, 
y Tohru Uozumi, Yasuo Kakimoto and Akira Kanazawa), 365 
Tubulin” constituting Microtubules of Sperm Flagella Amuino-acid Composition 
of (Hideo Mohri), 1053 
Tumour Cells with Syngeneic Embryonic Tissues _Fatlure to induce Transplanta- 
tion Resistance against Polyoma(R C Ting), 858 
Tumours Anti-tumour Activity of S-Carbamyl-cysteine (Richard H Adamson), 


75! 
induction of Immunological Paralysis to Heterologous (Nicole Suciu- 
Foca), 1268 
Tungsten Adsorption Efficiency in the Collision of Molecular Oxygen with 


Clean (A M Horgan and D A King), 60 

Turbine contract for AEI, news, 21! 

Turkish earthquake, findings reported, news, 14 

Two-cell Mouse Embryos Effect of Oxygen Concentration on the Development 
of (Susan Auerbach and R L Brinster), 465 

Two-component Electromagnetic Ship's Log (M J Tucker N D Smith and E P 
Collins}, 1244 

Tycho Multiphase Development of the Lunar Crater (R G Strom and G 

Fielder), 611 

Type | Carbonaceous Meteorite Occurrence of Olivine in a (J F Kerridge), 729 

Types of Motor Units in the Skeletal Muscle of Xenopus laevis (R S Smith and J 
Lannergren), 281 

Tyrosine Hydroxylase Evidence for an Extragranular Localization of (Pierre 
Laduron and Frans Belpaire), 1155 

Transfer RNA, Amber suppression a Nucletodie Change in the Anti- 

codon of a (Howard Goodman, John Abelson, Arthur Landy, S Brenner 
and J D Smith), 1019 

Tze-Tuan Chen (editor) Research in Protozoology, review by M A Sleigh, 200 


Upon, ulcerative dermal necrosis Mycological Aspects of Diseased Atlantic 
Salmon (Mary R Stuart and Hubert T Fuller), 90 
Uganda So Vertebra from the Miocene of (Alan Walker and M D 
ose), 
UGC funds to universities, detis for five years, news, 398 
quinquennium grants, facts unpublished by universities, news, 113 
recurrent grants, news, 301 
Ulcerative Dermal Necrosis Resistance of Rainbow Trout to (J T Carbery and 
K L Strickland), 1158 
Ulerafilerability of Calcium and Strontium in Human Plasma 
(Janusz Szymendera and Stefan Madayewicz), 968 
Ulera-low Levels of Terrestrial lonization (Abraham R = Liboff and Morris H 
Shamos), 629 
Ultrasound in Rodents (Gillian D Sewell), 682 
Ultraviolet Irradiation at Low Temperatures Response of Bacterial Spores 
and Microcuccos radiodurans to {M J Ashwood-Smith, J Copeland and J 
Wilcockson), 337 
Photolysis of Sodium Nitrate Solutions in the Laboratory and by Sunlight 
(E G Gort, G L Petriconi and H M Papee), 248, erratum, 590 
UK-2 Radio Emission from Geomagnetically Trapped Particles (C C Harvey), 


50 
Umbilical Cord Plasma Free Fatty Acid Patterns of Human Maternal Plasma, 
Perfused Placenta and (A Robertson, H Sprecher and J Wilcox), 378 
UNCTAD conference, New Delhi, news, 400 
Underdeveloped countries in world trade, news, 117 
Ungulates, Wild Method for deriving a Survival Curve of Young Calves in 
(C A Spinage), 480 
Units, for Nature, 30! 
Universe Microwave Background in a Steady State (J R Shakeshaft and A S 
Webster), 339 
Universities, Association of commonwealth, news, 500 
discuss efficiency, news, 1197 
University buildings, Guidance on use of, news, 595 
funds, auditor-general investigation, news, 496 
growth slower, news, 398 
of the Air, news, 997 
teachers wanting more pay, news, 2 
Unusual Distribution of Red Cell Acid Phosphatase among Aborigines of Australia 
(L Y C Lan), 1186 
Upper Atmosphere Density Semi-annual Variation in (D G King-Hele), 833 
Atmosphere during Geomagnetic Disturbances Heating of the (V I 
Krassovsky}, 1136 
Boulder Clay Glaciation in the Midlands Age of the (E G Poole), 1137 
Uptake of Organic Solutes by Nereis virens (G Chapman and A G Taylor), 763 
Uranium resources evaluated, news, 893, erratum, 1192 
Uric Acid Nitrogen by an Enzyme of Fungal Origin Modification of Uricaemia 
and the Excretion of {P Kissel, M Lamarche and R Royer), 72 
Uricaemia and the Excretion of Uric Acid Nitrogen by an Enzyme of Fungal 
Origin Modification of (P Kissel, M Lamarche and R Royer), 72 
Urinary Calcul and Gallstones Epitaxy as a Growth Factor in (Katherine 
Lonsdale), 56 
Hydroxyproline Excretion in Phosphate Depleted Rachitic Rats {Victor 
Parsons and Malcolm Self), 551 
Metabolites in Parkinson's Disease (Fred@ick A Kuehl, jun, W J A 
Vandenheuvel and Robert E Ormond), 136, erratum, 1084 
Peptides derived from the Cross-linked Regions of Connective Tissue 
Proteins (Jacqueline B Weiss and F $ Stevens), 66! e 


Comparative 


® INDEX 


eos 


Urine of Persons with Virus Infections Failure to detect Interferon in the (R A 
Bucknall, N B Finter and C C Draper), 462 
Urines of Premature Infants Transport Piece in the (Jack S Remington and 
Irwin A Schafer), 364 
Urokinase Inhibitor in Human Placenta (Takehiko Kawano, Kazul Morimoto and 
eYahiro Uemura), 253 e 
US budget and effects on American science, nws, 505 
Budget for 1969, news, 493a 
science, OECD report, news, 114 
science policy, OECD report, news, 205, 224, 225 
USAF computer contract for Burroughs, not IBM, news, 5 
Use of Horse Anti-pig Leucocyte Serum to suppress the Homograft Reaction in 
Pigs (J N Lucke, E J Immelman, M O Symes and A C Hunt), 560 
USSR signs technology agreement, news, 306 
trade and technology agreements, news, 212 
Uterine Motility in the Rhesus Monkey Effect of an Intra-uterine Device on 
(J H Marson and W A Kelly), 774 
Muscle Membrane, Sialic Acid of Reappraisal of the Serotonin Receptor 
of Smooth Muscle (P M Carroll and D D Sereda), 667 
Muscle Production of Renin by in vitro Cultures of Human Chorion and 
(E M Symonds, Margaret A Stanley and S L Skinner), 1152 
Smooth Muscle Cell Membrane of (P M Carrolland D D Sereda), 666 


Vice: safety measures, news, 13 
Vacuum Environment Wear of Carbon Fibre Reinforced Polymers in a (C L 
Harris and D Wyn-Roberts), 981 ° 
Vagal Inhibition and Acetylcholine Sensitivity of the Mammalian Heart in situ and 
in vitro Effect of Excess Magnesium on (G C Somjen and E N Basker- 
ville}, 679 
Vagina, ın Rats with a Transverse Cut in the Hypothalamus made shortly after 
Birth Induction of Hyperluteintzation and Precocious Opening of the 
(Petar N Marinovitch, Olivera K Ivanisevic and Jovan V Martinovic), 866 
Valence and Reactivity, symposium, news, 220 
Valine Haemoglobin Torino -a43 (CDI) Phenylalanine > (A Beretta, Y Prato, 
E Gallo and H Lehmann), 1016 
Van der Waals forces, London- Contact Angles for Thin Lipid Films and the 
Determination of (D A Haydon andJ L Taylor), 739 
Vanadium Nuclear Hyperfine Interactions in Diatomic Molecules and the Ground 
State of VO (D Richards and R F Barrow), 842 
Variance Group Analysis of, for Earthquake Location and Magnitude (B A 
Boult and H Freedman), 47 
Variations in Embryospecific Globulins of Human Blood Sera in Foetuses and the 
Newborn (Yu S Tatarinov), 964 
in Pc | Frequency with Latitude (R R Heacock, V P Hessler, Christian 
Sucksdorff, Matt: Kivinen and Eero Kataja), 153 
Vas Deferens in Normal and Reserpinized Rats Fine Structure of Nerve Fibres 
in Smooth Muscle of the (Kenneth E Farrell), 279 
Inhibition by Drugs of the Accumulation tn vitro of 5«Hydroxytryptamine 
m Guinea-pig (Donald Eccleston, Ngem B Thoa and Julius Axelrod), 846 
Vasopressin, Theophylline and Cyclic Adenosine Monophosphate on Short- 
circuit Current across Isolated Rabbit Heal Mucosa Effects of (Michael 
Field, Gerald R Plotkin and William Silen), 469 
Vasopressor Substance in Cat Submaxillary Saliva 
Susanne Betlenson and M Schachter), 270 
Vegetation Mapping (A W Kuchler), review by P Greig-Smith, 886 
Vegetational History in North Cardiganshire Human Influence upon (Peter D 
Moore), 1006 
Velocity gradient in Earth’s deep mantle Measurement of dT/dA (A Douglas 
and D J Corbishley), 1243 
Hypothesis Alfvén’s Critical (J) C Sherman), 341 
Venera-4 Probe Measurements inference Superadiabatic Atmospheric Layer on 
Venus (A D Anderson), 627 
Venomous Snakes of the Genus Agkistrodon from Asia and the N&rth American 
Continent Phylogenetic Relationships among (Anthony T Tu and Bryant 
L Adams), 761 
Superadiabatic Atmospheric Layer on, as inferred from the Venera-4 
Probe Measurements (A D Anderson), 627 
Vertebra from the Miocene of Uganda Fossil Hominoid (Alan Walker and 
M D Rose), 980 
Vertebrates Recognition of DNA Base Sequence Differences among (John 
Baldwin and Chev Kidson), 1256 
Very Large Doses of Penicillin G given Orally to Rats Effect of (E Seifter, J J 
Morris and S M Levenson), 1055 
Vibration Amplitude, and Flutd Viscosity on Pipe Flow Effect of Pipe Diameter 
{A S Morton), 53 
Analysis by Stroboscopic Holography (B M Watrasrewicz and P Spicer), 
1142 
Modes by Stroboscopic Hologram Interferometry Observation of 
Surface (E Archbold and A E Ennos), 942 
Vibrating Pipe Motion of a Fluid through a (A S Morton), 838 
Vibrio parahaemolyticus from the Northwest Pacific Isolation of (John Baross 
and J Liston), 1263 
Heterochromatic Segments in, revealed by Treatment with HCl-Acetic 
Acid (Shin Takehisa), 567 . e 
Vietnam, Health in (Anne Clayton), news, 503 
Viking Ships, preservation, news, 306 
Virological Procedures (J Mitchell Hoskins), review by J S Porterfield, 984 
Virus in Mammalian Cells Action of Hydroxyurea on Multiplication of Influenza 
(W C Bell and H F Maassab), 646 
Infections Failure to detect Interferon in the Urine of Persons with 
(R A Bucknall, N B Finter and C C Draper), 462 
influenza, Reproduction in Cell Culture using interferon and Amantadine 
Combined Inhibition of (S V Lavrov, E 1 Eremkina, T G Orlova, G A 
Galegov, Y D Soloviev and Y M Zhdanov), 856 
«induced Relegse of Inhibition of Cellular DNA Synthesis caused by 
lododeoxyuridine — Polyoma (Akiko Kasamakı, Tamar Ben-Porat and 
Albert S Kaplan), 756 
Numerical Taxonomy and Influenza B (Anna M Lee), 620 
Skin tbterogenizing (G J Sve®Moldavsky, D M Mkheidze, A L 
Liozner and A Ph Bykovsky), 102 
Viruses and Cancer, Stoker lecture, news, 605 
and Chromosome Breakage, news, 507 
Filtration of Arbovirus through 'Millipore’ Membranes (J Casals), 648 
in the winter epidemics, news, 8 
Viscoelastic Parameters Rational Geometry for measuring Elastic and (M Gordon, 
S C Hunter, J A Love and T C Ward), 735 
Visible Absorption Spectrum of Bromine Chloride (M é A Clyne and J A 
Coxon}, 448 


Sialotonin (C Moriwaki, 


Venus 


Vicia 


x 

| é 

Visibility of a Stabilized Retinal image Effect of Humming on the (Angela M 
Wells and C R Evans), 1168 

Vision Index for IsoBod Crustacea related to Latitude and Depth (Robert J 
Menzies, Robert Y George and Gilbert Rowe), 93 

Visiting Fellows, SRC scheme, news, 700 + 

Visual Delay Human Rod (T Guinn, W LaKilmer, E Craighill and B Reynolds), 


Motion Electroencephalogram Parentials evoked by Accelerated {D M 
MacKay and W J Rietveld), 677 
Vitamin A Adjuvanicity of (D W Dresser), 527 
Vitamin B,, Binders in Normal Human Serum 
(Evangelos Gizts and Leo M Meyer), 272 
Content of Aqueous Humour (C } Philips, R G Ainley, P Van Peborgh, 
E J Watson-Wilhams and A C Bottomley), 67 
Effect of Orotic Acid on Activity of Nuclear DNA-dependent RNA 
Polymerase and Polyribosomal Profiles in Deficient Chick Liver lacking in 
(C M Caldarera, B Barbiroli and M Marchetti), 755 
Volcanic Rocks Palaeomagnetism, Potasstum-Argon Ages and Petrology of some 
(G Brent Dalrymple and Allan Cox), 323 
Vomero-nasal Organ of the Slow-worm Anguis fragill:s 
Sensory Endings in the (L H Bannister), 275 
Vortex stretching Effects of Drag-reducing Additives on (G E Gadd), 1040 
Vorticity at a Smooth Flat Wall Cavitation induced (M J Kenn and P Minton), 


Small Molecular Werght 


Fine Structure of the 


633 
Vulval Bodies in Certain Species of Heterodera (E M Wilson), 879 


e 
Weener, L R, and Brown, G M 
Brooks, 884 
Waldron, R A The Theory of Waveguides and Cavities, review by P J B 
Clarricoats, 108 
Warren Spring laboratory, annual report, news, 404 
Water and Heavy Water Discrimination by the Mouse (C U M Smith), 760 
Discharge tn the Alpenrhetn and some other Rivers General Relation- 
ship between Suspended Sediment Concentration and (G Muller and U 
Forstner), 244 
organisms in mains, news, 997 x 
Weather and Prehistory (Robert Raikes), review by H L Penman, 487 
Waterbuck Method for deriving a Survival Curve for Young Calves in Wild 
Ungulates (C_A Spinage), 480 
Waterman, Dr A T  Obstuary, 1191 
Watson, Dr J D , moves to Spring Harbor, news, 700 
Watson’s memoirs, The Double Helix, news, 1088 
Wavelengths and Relative A-Coefficients for the Forbidden Lines of Atomic 
oe J W McConkey, D J Burns, K A Moran and J A Kernahan), 
Wear of Carbon Fibre Reinforced Polymers in a Vacuum Environment (C L 
Harris and D Wyn-Roberts), 98t 
Weather station, automatic, news, 121 
satellites, news, 603 
Wedgwood Benn on research establishments, parliamentary news, 504 
to Council for Europe on technology gap, news, 400 
Weevils Moss growing on Living Papuan Moss-forest (J L Gressitt, G A 
Samuelson and D H Vitt), 765 
Weight Heterogeneity in Some Protem and Polysaccharide Preparations 
Measurement and Significance of (J. Watkins and D E H Tee), 533 
Weigle, William © — Natural and Acquired Immunologic Unresponsiveness, 
review by! M Roitt, 392 
Weir, E M (editor) Handbook of Experimental Immunology, review by J H 
Humphrey, 1291 
Wellcome Foundation, first annual report, news, 502 
research grants, news, 1093 
Welsh primary schools, Gittins report, news, 404 
Werning Agents and Detergents Rates of Adsorption of (Pasupatr Mukerjee), 
What French Scientists Do, news, 406 
Wheat Germ Specificity of the Agglutinin in Extracts of (Rosemary Liske and 
D Franks), 860 
Introduction of Yellow Rust Resistance of Aegilops comosa into, by 
Genetically Induced Homoeologous Recombination (Ralph Riley, Victor 
Chapman and Roy Johnson), 383 
Where Escherichia coli K12 Came from, news, 1000 
Who's Who tn Science in Europe, review by Sarah Bunney, 1083 
Wick, O J (editor) Plutonium Handbook, review by P G Mardon, 588 
Wiliams, G see under McCrum, N G 
Wilhams, John G A Field Guide to the National Parks of East Africa, review by 
Christopher R Field, 786 
Wilson, Dr John T , moves to Chicago, news, 1200 
Wilson E M Vulval Bodies in Certain Species of Heterodera, 879 
Wilson’s axe, details, news, 207 
Winfrith reactor opened, news, 795 
Wobble Theoretical Model for the Chandler (G Colombo and I 1 Shapiro), 156 


Layered Igneous Rocks, review by J R V 


INDEX ° 


Wood Boring Mollusc g Occurrence of Haemocoelic Erythrocytes containing 
Haemoglobin in aN D Ansell and N Balakrishnan Nair), 357 
s Photochemical Quinord Structures in (Gordon Leary), 672 
R K $ Physiological Plant Pathology, review by S H Crowdy, 1292 
Vers federation of engineering institutions set up, news, 1090 
rshipful Soctety of Apothecaries of, London, The (W S Copeman), review by 
Edwin Clarke, 1083 . 
Wynne-Edwards, Prof V C New chairman for NERC, news, 998 
Wynn, Ralph M (editor) Cellular Biology of thegUterus, review by N F Morris, 
784 


X, Y and Z Cells in Secondary Immunological Response Role of (J Halasa), 859 

X-trradiation by a New Reducing Agent 1,4-Dithioghreitol in Marsupial Leuco- 
cytes in Culture Chemical Protection agat (Y A E Bick and W D 
Jackson), 479 

X-ray Astronomy Extragalactic Soft (M J Rees, D W Sciama and G Setti), 
326 


evidence of Regularly Distributed Lysine ina-Keratin Further (M Sper, 
G Heidemann and H Halboth), 247 
Soft, Background Flux Detection of Anisotropic (C S Bowyer, G B 
Field and J E Mack), 32, erratum, 296 
Source, variable Nova Model of Centaurus XR-2 (P J Edwards), 43 
stars examined, news, 12 
X-rays, and Densely lonizing Radiation, news, 1208 
from an Inhaled Radioactive Aerosol Attenuation in the Chest Wall of 
20 keV (J Rundo, B T Taylor, D V Booker, D Newton and D Scargill), 
642 
Xenopus laevis Changes in Membrane Impedance associated with a Cortical 
Contraction in the Egg of (D Gingell and J F Palmer), 98 
Gene Amplification in the Oocyte Nucleus of Mutant and Wild-type 
{Eva Perkowska, H C Macgregor and M L Birnstiel), 649 
Types of Motor Units in the Skeletal Muscle of (R S Smith and J 
Lannergren), 28! 


Y ettow Rust Resistance of Aegilops comosa into Wheat by Genetically Induced 
Homoeologous Recombination Introduction of (Ralph Riley, Victor 
Chapman and Roy Johnson), 383 

Yreld Plant Competition and Crop (H Farazdaghi and P M Harris), 289 


L enkoni V P_ Processes of Coastal Development, review by C Kidson, 1293 
Zinc Chloride and Gamma Irradiation on Bacillus megaterium Combined Lethal 
Effect of (M Krortsis), 745 . 
in Human Lymphocytes Observations of the Presence of Titanium and 
(Kenneth G Carroll and James L Tullis), 1172 
Zonal centrifugation, meeting, news, 410 
Zoogeography of Antelopes Historical (A W Gentry), 874 
of Shoal-water Tropical Species Dispersal of Larvae by Equatorial 
Ocean Currents and its Importance to the (Rudolf S Scheltema), [159 


a-Keratin Further X-ray Evidence of Regularly Distributed Lysine in (M Sper, 
G Heidlemann and H Halboth), 247 
B-Alaninuria tn Patients with Tuberculosts (Tetsuto Takao, Tsutomu Yasumitsu, 
Tohru Vozumi, Yasuo Kakimoto and Akira Kanazawa), 365 
B-Indolylacetic Acid on the Growth and the Auxin Catabolism of Lactobacillus 
bulgaricus Effect of (P E Pilet and B Blanc), 285 
f-Thalassaemic Subjects from the Ferrara Region Absence of f-Globin Synthesis 
and Excess of a-Globin Synthesis in Homozygous (F Conconi, A Bargellesi, 
S Pontremolt, Y Vigi, S Volpato and D Gaborro), 259 
l,2-bıs(2-Benzımıdazoyl) 1,2-ethanediol Derivatives on Poliovirus Inhibitory 
Effect of (Sumsyukt Akihama, Masayoshi Okude, Katsuo Sato and Shizue 
Iwabuchi), 562 
3€390 3 a Second Varrable N-Galaxy (R D Cannon, M V Penston and Margaret 
J _Penston), 340 
200-400GeV accelerator, plans for Weston, Illinois, news, 4 
3-Methy! Histidine and Adult and Foetal Forms of Skeletal Muscle Myosin (1 P 
Trayer, C I Harris and S V Perry), 452 
4-Hydroxy-3-methoxyphenylglycol Formation in Man by Reserpine 
of (M Sandier and N B H Youdrm), 771 
5-Hydroxyindole Acetic Acid from “C-Tryptophan by Rat Pineal Glands in Organ 
Culture Formation of Melatonin and (Richard J Wurtman, Frances Larin, 
Julius Axelrod, Harvey M Schren and Katherine Rosasco), 953 
300 GeV machine, CERN discussion, news, [090 
CERN discusses sites, news, 1199 
detatls of British report, news, 221 
report published, news, 208 


Promotion 


Fypinted in Great Britain by FISHER, Knigut & Co Lip, The Gainsboroust Press, St Albans, 


e and fublshed by MACMILLAN (JOURNALS), LTD , at 4 Little Essex Street, London, W C 2 
Saturday, July,6, 1968 


Wolume 217 
JANUARY 6, 1968 


NATURE 


Anglo-Saxon Problems in Science and Technology 


RrcrrvED doctrme has ıt that science and technology 
are the foundations of prosperity m mdustrahzed 
societies, which is why it 1s strange to say the least 
of it that so little has been heard of this principle 
ım the past few weeks, when what the French call the 
Anglo-Saxon countries have been trmmmg thew 
sails to the harsh wmds of 1968 What has gone 
wrong ? How was President Johnson able, on January 
1, to outlme a programme of financial retrenchment 
overseas without breathmg a word about science and 
technology ? And where now, m Britam, 1s all the 
brave talk about the new opportunities which tech- 
nology provides’? Only three years ago, Britam, 
thanks to its new government, was buzzing with 
talk of how technology would magic away the threat 
of national bankruptcy More recently, technological 
strength has been proffered as a means by which 
Europe as a whole could be welded mto a gigantic 
technological community So, has the British Govern- 
ment lost the fah 1t once possessed im science and 
technology ? What else can explam Mr Wedgwood 
Benn’s conspicuous silence in the past few weeks? 
And, in any case, what policies towards science and 
technology should the American and British Govern- 
ments pursue at a time when both of them are 
bemg forced to reduce public expenditure quite drasti- 
cally ? 

The first thing to recognize 1s the difference between 
the time scales of change m technical development 
and in high finance Projects m research and develop- 
ment take years to fructify, but financial crises can 
blow up ın a few months, which ıs why it 1s that 
governments have no choice but to fall back on short- 
term fiscal measures to deal with situations hke 
those which have arisen in Britam and the United 
States (which 1s not to imply that the two crises have 
more than a few elements in common) But the 
danger, of course, 1s that m making plans to deal with 
immediate problems, governments may jeopardize, 
perhaps madvertently, long-term prospects And 
even if their stop-gap policies do no positive harm, 
too great a preoccupation with immediate problems 
may obscure the need for long-term solutions 

Ironically enough, this danger may be more imme- 
wuate in the United States than in Britam The annual 
round of congressional enquiries into the budgets of the 
federal agencies has already demonstrated plaimly 
enough that Congress fully shares the Admmustra- 
tion’s zeal for economies m public spending Indeed, 
m many ways, Congress is the pacemaker, for 1t now 
seems to be accepted that a substantial reduction 
in the scale of government expenditure in the United 
States will be a precondition for congressional approval 


of the tax supplement that the Admmustration would 
lke to have In practice, the economies which have 
been imposed m recent weeks m the spending of the 
federal agencies are real enough, and their effects are 
certain to be palpable Yet ıt is sensible enough, for 
example, that the National Aeronautics and Space 
Administration should be forced to wait for approval 
of its plans for the use of the Saturn rocket system 
ın the 70s until there ıs at least some tangible evidence 
of how the programme of gettmg to the Moon will 
work out 

Probably there ıs also enough slack in the budget 
of the National Institutes of Health for that buoyant 
institution to be more or less unaffected in the year 
immediately ahead To be sure, the National Institutes 
of Health may find itself having to cut back or to 
postpone some of its imaginative but ambitious plans 
for development ın higher education, .particularly 
in the traming of postgraduates, but that will be just 
as well at a time when the relationship between 
American universities and government institutions 
has not been clarified as much as the circumstances 
require Ironically, there ıs much more cause for 
alarm m the ways m which agencies such as the 
Department of Defense and the Atomic Energy 
Commission have been forced to economize m the 
past year, chiefly because these agencies have been 
converted almost overnight from fairy godmothers to 
cheeseparers m their support of basic science and 
technology m the universities and elsewhere The 
trouble, of course, 1s that ın spite of the way in which 
organizations such as the US Office for Naval Research 
have acted as beneficent and visionary supporters of 
scientific developments m the United States and 
elsewhere since the war, and even though the armed 
services and other mission-oriented agencies profess 
that basic research 1s somehow inseparable from their 
more practical endeavours, the amounts bemg spent 
on the support of basic science and technology are 
necessarily marginal At times of sgarcity, 1t 1# mevi-, 
table that they should also seem expendable The 
trouble is that a great many mstitutions elsewhere 
have become dependent on the services and sumilar 
agencies for continuing support These will now 
mevitably feel the draught All this 1s understandable 
enough, but the moral should now be plam A greater 
proportion of the Federal Government’s support for 
basic reseagch ın the universities and elsewhere should 
im future be undertaken by mdependent agencies such 
as the National Science Foundation, even 1f this should 
entail a radical revision of the structure of that organiza- 
tion Such a shift of emphasis 1s, indeed, long overdue, 
and it will be entirely welcohe 1f the present crisis, Š 
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with its shortage of funds for research and for junior 
appomtments ım the larger universities, provides an 
incentive towards a policy like this 

In Bnitam, by contrast, the danger that enforced 
economies will cramp the immediate prosecution of 
science and technology 1s less real thar the danger 
that the urgency of the present crisis will compel 
people to postpone yet again decisions on structural 
problems which affect the support of science and 
technology ın Britain To be sure, 1t 1s too soon to know 
how seriously the finances of the universities will be 
affected by the economies yet to come, but it 1s hard 
to see that even the strongest pressure from the 
Treasury will enable the Department of Education and 
Science to reduce still further the amounts of money 
available to the University Grants Committee m the 
five years from this September Most probably the 
chief result will be to cast down still further those 
who have been hoping against hope that 1t might be 
possible to bring about some revision of the straitened 
terms of grant for the commg qumquenntum But 
these are temporary measures The real question about 
the character of research in British universities which 
needs now to be answered ıs whether they are to be 
endowed so generously with funds for research that 
they can make a continumg and important contribu- 
tion to the’ development of science m Britam, or 
whether that role ıs gradually to be taken over by 
other institutions—probably the government establish- 
ments There 1s an uneasy sense that the cumulative 
effect of the decisions which have been taken about 
research and development m Britam m the past 
five years have tended to emphasize the educational 
function of the universities and to dimmish their 
tmportance as centres of mnovation The difficulty 


Whistling in the Wind 


As good trade unionists know, wage claims at times 
of economic belt-tightenmg are no more successful 
than whistling in a blizzard However sweet the music 
sounds, 1t never carries far The Association of Univer- 
sity Teachers 1s far from being a trade union, if 1t 
were, 16 would probably not have persisted with its 
claim that teachers in universities are underpaid The 
British Government has rewarded the association for 
its pains by asking the Prices and Incomes Board, a 
notoriously unsentimental body, to undertake a survey 
of university salaties When the association’s claims 
were being rebuffed by the Department of Education 
and Science and the University Grants Committee, 1t 
was possible to feel a fatalistic sort of sympathy—but 
1f the Prices and Incomes Board should conclude that 
there are no grounds for an increase, that 1s bkely to 
be an end to the matter And once the board, and its 
chairman, Mr Aubrey Jones, have the bit between 
ther teeth, no government 1s gomg to feel moved to 
set up a review » ody more sympathetic to the teachers 

The burden of the association’s case 1s that academic 
salaries have been allowed to fall behmd those paid to 
comparably skilled people in other jobs But who 1s 
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which universities now find of mereasmg the scale 
of postgraduate ‘teaching ıs one symptom of this 
state of affairs It is hard to beheve that ıt can be 
aN long-term mterests of the British economy 

The place of the government research establish- 
ments 18 also central to the problem of how to manage 
the scientific and technical resources of the British 
economy for long-term prosperity The present 
government ıs temperamentally mclmed to take the 
view that even though many of the establishments 
have outlived the purposes for which they were first 
established, they still have a valuable part to play 
m the advancement of industrial expertise and even, 
sometimes, in the development of pure science And, 
of course, there 1s bound to be some truth in this 
But the question which must really be tackled directly 
as a public issue 1s whether there 1s not now too great 
an emphasis on the importance of the government 
establishments at the expense of mstitutions else- 
where—the universities and mdustry 

It 1s umprobable that the present balance can be 
right, for after all ıt has grown by a succession of 
lustorical accidents Most probably the government 
establishments are at present attempting to do more 
than 1s good for them or for the rest of the British 
economy But it would obviously do more damage 
than good if the establishments were crudely now 
to be reduced m scale—what 1s needed, mstead, 1s a 
mechanism by means of which thefr resources can be 
put more fully at the disposal of the British economy 
The devices in the Science and Technology Act which 
permit diversification at the establishments are not 
suffiaent Perhaps the new White Paper which the 
Ministry of Technology has been advertismg will 
have a better solution to propose 


to know whether or not this has happened because 
academic jobs are so easy to fill? The very large num- 
bers of young men and women who want to stay m 
universities may have so exceeded the number of 
jobs available that the market price has fallen The 
teachers’ hard-luck story might be more convincing 
if fewer of their students behaved as 1f all they want to 
do 1s follow them into academic life The pomt 1s 
sharpened if one remembers that universities ın Britam 
have been expanding at a great pace for the past few 
years, and that the supply of manpower seems to have 
been no mutation to the process It would be good to 
be able to say the same for other activities employing 
highly qualified manpower—the application of com- 
puters in industry, for example, 1s likely to be controlled 
for some years to come by the supply of systems 
analysts 

It 1s also quite legitimate to ask why university 
staff should be paid exactly the same as their opposite 
numbers m industry Ifthe primeiple of comparability 
were applied rigidly, 1t would lead to absurd situations, 
and to a society forqyer fixed in a pecking order estab- 
lished years before This is not the same as arguing 
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that industrialists are in some way more valuable than 
university teachers—that would be an impossible 
position to sustain—or that’ long university holidays 
and the freedoms of academic life should be paid for 
by smaller salaries, but that academic qualifications 
should not be regarded as the passport to a guaranteed 
income. University teachers, above all, should be 
aware of this. A degree is not a professional qualifica- 
tion. It does not entitle its holder to membership of a 
select associations whose members are paid the same 
salary whatever job they do. It might, indeed, be 
better if there were much greater disparities between 
the salaries of graduates, particularly newly qualified 
ones. Not every intending academic can be turned 
into a systems analyst, but a more significant differen- 
tial could help the process along. 

“It is also depressing that the association seems 
determined to establish standard rates of pay at all 
British universities. One of the striking developments 
in education in the United States has been the ability 
of lesser universities to pull themselves up by their 
own bootstraps by offering generous rates of pay. 
The University of Texas, supported by local business, 
is a good example of this. Are universities in Britain 
to be denied similar opportunities for self-improve- 
ment ? 

- The danger implicit in the association’s argument is 
that, if university teachers are to be paid more, indus- 
trial salaries will also increase. And the hard-pressed 
schools, which can really make out a convincing case 
. fora salary review, would be even less able to attract 


: talented graduates. The next few years, which coincide 
with the graduation from universities of the children 


- born in the “bulge’’+years, should offer the schools a 
- real chance to recruit graduates. The universities, 
- with the first major period of expansion after Robbins 


behind them, are likely to be absorbing fewer of their 
<- graduates than they have in the past few years. When 


all this is taken into account, can the association be 
_ said to have presented a convincing case? On past 
form, Mr Aubrey Jones will be only too eager to decide. 


Engineering Compared 
Tne case for the Common Market has seldom been 
- put more cogently than in the recent OECD report on 


the engineering industries of member countries (The 


Engineering Industries in North America—Europe— 

: Japan, OECD, 1967, 30s.). The United States makes a 
-smaller investment in its engineering industries than 
_ does Europe, but produces more than twice as much 
with almost half the number of employees. In spite of 
higher wage levels, the United States invested only 
$4,400 million (at 1958 prices) in 1965 to achieve 
$162,000 million worth of production. Europe, includ- 
ing the United Kingdom, invested $4,500 million in the 
same year to achieve an output of $83,000 million. 
_ Employment figures in 1965 were 6-7 million in the 
- US and 12 million in Europe. During 1966 productivity 
in the US engineering industry was $25,000 a head, 
three times the European average. By contrast, 
productivity was $10,000 a head in-France and Japan, 
< -$8,000 in West Germany and $6%00 in Britain. 
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The OECD report observes that these remarkable 
differences in efficiency are too important to be ex- 
plained by a few causes. But it points out that dis- 
parities in the size anf organization of the market, 
and’ hence in the scale and strueture of production, are 
likely to be a dominaht factor. The necessary re- 
organization of production in Europe, the report says, 
“ean be fruitful only if accompanied . . . by effective 
measures to create a single European market, removing 
not only the traditional barriers (customs) but also all 
the other obstacles to trade (i.e. technical and ad- 
ministrative regulations, different legal and fiscal 
systems, currencies, etc.). In a word, the biggest and 
most acute problem facing the largest industrial sectors 
in Europe is the difficulty of surmounting those 
obstacles which prevent really economic production 
on a large scale.” 

The growth of British engineering industry com- 
pares unfavourably not only with that of the United 
States but also with its European competitors. As 
shown in the table below, its growth during the decade 
1955-65 has been less than that of France or Germany 
and its relative share in the total production of OECD 
member countries has declined. 


DEVELOPMENT OF ENGINEERING INDUSTRIES 1955-65 
Per cent increase Per cent share of OECD 


Country 1965/1955 engineering production 
(1958 prices) 1955 1960 1965 

United Kingdom 37 11-6 11-2 9- 
Germany 91 8-4 10-3 9-6 
France 100 5-1 6-0 5-9 
Italy 91 2-1 2-7 23 
United States 57 61-6 64-7 54-7 
Japan 61l 2:2 6-1 8-6 
Europe OECD 72 34-0 37-4 34-5 

Total OECD 73 100 100 100 


Diagnoses of what is wrong with British industry 
are two a penny and about as valuable to a patient 
who has heard it all before in one form or another. 
More to the point is what is right with American 
industry. The OECD report emphasizes the widely 
known fact that the structure of the United States 
domestic market favours very large-scale production 
with consequent maximum returns on capital. Greater 
profits lead to a higher degree of self-financing than 
in European companies; in absolute terms, invest- 
ment is high and equipment is constantly renewed. 
A further difference is that, whereas in Europe new 
investment must usually be devoted to replacing capital 
stock or increasing production on the same technical 
hase, the United States engineering industry can afford 
to divert the major part of new investment to the less 
immediately profitable ends of innovation and tation- 
alization. Because plant is being used to its technical 
maximum, manpower is highly productive. The rela- 
tively small number of firms reduces administrative 
and technical personnel needs, which is a further factor 
in increasing productivity. Wages, and the standard 
of living, can be allowed to rise accordingly. All this 
has long been known in Europe’ but not, it seems, 
known well enough. 
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Academic Issues 


Tux National Board for Prices and Incomes is becoming 
a maid of all work for the Bytish Government. “The 
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latest Commission to land at the board’s door is a 
survey of the pay of academic staff in universities. 
The government asked the board to take over this 
task, on a continuing basis, mm November, and last 
week the board issued an ‘invitation for written 
evidence from interested organizations. The Associa- 
tion of University Teachers, quick off the mark, had 
submitted evidence .before it was asked, and other 
more slowly moving organizations are certain to follow. 
The Department of Education and Science, the 
University Grants Committee and the Committee of 
Vice-Chancellors and Principals are all likely to respond 
to the call, in their different ways. Some individuals 
may also feel impelled to write to the board, and their 
views, too, will be taken into account, although it 
would be a pity if the board were slowed down in its 
work by a mass of memoranda from individuals. 








Mr Aubrey Jones; new lock at university pay. 


. 

The last attempt to adjudicate on university salaries 
was made by the ill-fated National Incomes Com- 
mission in 1963. The commission, cosily called 
“Nicky” by its friends—and much worse things by the 
TUC, which refused to co-operate—folded up after the 
Conservative Government was defeated in the 1964 
election. Since then, university pay has been settled 
by the Government, in collaboration with the Univer- 
sity Grants Committee. But academics are always 
inclined to believe that the UGC is in cahoots with the 
Government, and the Association of University 
Teachers appealed for an independent review board. 
Offere@ the Prices and Incomes Board, it accepted, 
without, as it says, “prejudice to the future’. The 
AUT argues that salaries of university teachers are 
much lower than those of people with equivalent 
qualifications in other walks of life; since the last 
review, it says, salaries of university teachers have 
inereased by 5 per cent, while those outside academic 
life have had rises of up to 20 per cent. It rejects the 
selfless gestures of some professors who have said that 
in present economic circufmstances university teachers 
should do without a rise. Professors, it implies, are 
the last people who should make these gestures, as 
they are well paid—the great mass of the 15,000 
membership of the AUT is less well off. Professors 
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would be the first to complain if the standard of 
academic work fpll because universities could not 
recruit the best people, it-suggests. 

he board is not saying when it hopes to finish the 
survey. But it has a reputation for getting things 
done, and usually takes about 4-5 months, so there 
could be concrete results by the Middle of this year. 
Mr Aubrey Jones, chairman of the board, has appointed 
himself chairman of the team which will investigate 
university pay. He and another two members of 
the board team will be assisted by» a staff working 
party consisting of at least another three people, who 
will be able to call on all the available expertise— 
economists, statisticians, and the like—-employed by 
the board. In addition, the committee can call on an 
enquiry team to go out and “ferret out the facts”, so 
there seems no lack of professional zeal in the board’s 
approach to the problem. 


Bigger Machine at Weston 


Tue plan to build a new proton accelerator at Weston, 
Illinois, seems to be moving vigorously ahead. Among 
the several innovations which have been made since 
the decision was taken six months ago to go ahead 
with the machine is that the University of Toronto 
has joined the Universities Research Association Inc. 
This consortium of universities is formally respon- 
sible to the US Atomic Energy Commission for the 
construction and operation of the new accelerator. 
Forty-eight universities now belong to the consortium. 
The membership of the Universit’ of Toronto will 
no doubt excite the interest of other universities 
outside the United States. 

The flavour of the Weston Project has changed 
significantly in the past few months, and particularly 
since the appointment last summer of Professor 
Robert Wilson as director of the project. For one thing, 
the accelerator is now known as the 200-400 GeV 
machine, which amounts to an explicit recognition 
that at some stage in the development of the project 
the energy of the protons which the machine produces 
will be doubled to 400 GeV. 

The possibility that accelerators might be graded 
is not of course new, but Professor Wilson seems to 
have hit on a particularly simple and economical 
way of doing this. To begin with, the machine at 
Weston will be fitted out with magnets designed to 
operate at a much higher field intensity than is neces- 
sary for the production of protons at 200 GeV. This 
means that when more money is available, it will be 
possible to increase the operating power of the magnets, 
chiefly by adding to the power supply. This is a 
simpler means of increasing the rating of a proton 
accelerator than some of the other devices which 
have been suggested—the addition of extra magnets, 
for example. All this amounts to a neat exploitation 
of the fact that in the larger accelerators, the costs 
of buying land and building a tunnel are a larger 
proportion of the total, which in turn implies that the 
costs of magnets are comparatively less important. 
Professor Wilson seems to have been able to push 
this balance even further by paying close attention to 
the design of cheap magnets—this is why it is possible 
for him to think of building into the new machine 
magnet capacity that will not be used for some time 
to come. ° 


NATURE, VOL 217, JANUARY 6, 1968 s 


IBM Displaced 


` 
Tas United States Air Force has now chosen to buy 
computers from Burroughs for the second phase gf its 
programme of automation at its bases around the 
world This is a plan to install Inked computers m 
USAF bases to deal with problems of logistics The 
contract was origmally put out to tender last April, 
and was won by IBM with a bid of $114 million 
Honeywell, which had submitted a bid of only $54 
million, complamed to the General Accounting Office 
As a result of thi8, the Comptroller-General ordered the 
cancellation of the IBM contract, despite the Aur 
Force’s assertion that price was only one of five factors 
to be considered, and that only IBM, to use its own 
words, “‘satisfied these areas of response” All four 
manufacturers tendered agam, and Burroughs’ wmnmg 
bid was to provide 135 of its “third-generation” 
B 3500 machines for $60 million 

IBM has confessed itself disappomted by the final 
decision, claiming the superiority of 1ts products The 
USAF, which announced details only of the wmnmg 
bid on both occasions, seems unrepentant It has 
confused a none too lucid issue by saymg that the 
tenders for the second selection “were markedly 
different from the origial submission in terms of 
capacities, speeds and, m some cases, processing 
techniques” It also claims that the delay caused by 
the mtervention of the Comptroller-General cost $18 
million, so that the American taxpayer need only 
congratulate himself on a saving of $36 mullion 
Honeywell has pronounced itself satisfied that the 
original complamt has been shown to have been 
justified, the exercise seems to have lost Honeywell 
no favour with the US Government, for the company 
has just received an order to lease twenty-two com- 
puters, worth $85 milhon, to the Department of 
Defense ` 

Burroughs had won the contract for the first phase 
of the same programme, a $24 milhon order to provide 
computers for organizing supplies at air force bases, 
so that the USAF wıll doubtless find advantages m 
having standard equipment for base logistics The 
first two systems of the second phase will be delivered 
in March, and two further systems will be installed at 
Sheppard Air Force Base, Texas, m April and May 
These will be used for trammg A test programme will 
begin at Langley Air Force Base, Virgima, in Septem- 
ber and, if the results of this are satisfactory, the 
computers will be installed at bases around the world 
durmg 1969 and the first half of 1970 


Supersonic Plans 


THE introduction of supersome transport aircraft 18 
bound to merease problems of air transport control 
and flight plannmg As well as flymg three times as 
fast as aircraft now i service, supersonic aircraft will 
fly much higher, at between 16 and 21 kilometres 
Meteorologists, famihar with the problems of long- 
range forecasting, are already begmning to wonder 
how the supersonics are going to affect them Some 
results of this process of looking ahead have now 
appeared m the form of a report from the World 
Meteorological Organization called Meteorological Prob- 
lems wn the Design and Operation of Supersonic Arreraft 
The report is written by R F Jones, R M MclInturff 
and § Teweles 
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The difficulties of the sonic boom are already famihar 
enough As well as the regular boom which the aircraft 
makes, the report disqusses the phenomenon of “‘super- 
beom”, which 1s thought to ,be caused by the simul- 
taneous arrival at the observation point of shock waves 
from two distinct parts of the fight path Over- 
pressures as great as 3-6 mbar have been recorded in 
low level tests, nearly five times as great as the 
nominal overpressures which the SSTs are expected 
to produce It may be possible to elimmate super- 
booms by avoiding turning manoeuvres or supersonic 
acceleration in level flight, but atmospheric turbulence 
may affect the issue by producing quite rapid accelera- 
tions and changes in aircraft attitude Actual experi- 
ence with the first supersonic airliners will be needed 
before the position is clear 

The actual medence of the boom may also be 
affected by unscheduled changes of flight plan The 
thrust of a jet engine decreases with increasmg tem- 
perature—BOAC, for example, has estimated that a 
five-degree increase m temperature produces a 25 per 
cent deterioration m acceleration between Mach 
l-l and 20 And because the SSTs will fly much 
higher than existmg aircraft, mformation about tem- 
peratures is relatively more scarce Most of the 
handicap of higher temperatures 1s experienced in 
the trans-somic phase of the flight, between Mach 0 8 
and 1 2 

The problems of turbulence, and its effects on an- 
craft, are not well understood One problem, as the 
report explams, 1s that aircraft m flight filter from the 
whole spectrum of turbulence those frequencies to 
which they are most susceptible Thus results with one 
aircraft may not be duplicated with another Short 
wavelength disturbances may affect the fatigue lıfe of 
the aircraft without actually making passengers feel 
uncomfortable, while long wavelengths may move the 
aircraft bodily but smoothly, without imposing great 
strains on its structure Between these two extremes 
there are wavelengths which cause the aircraft to roll 
or pitch Some turbulence is associated with cloud 
structures, and may be possible to avoid, because 
heavy cloud formations can be detected by radar 
Clear air turbulence 1s a more severe problem, and 
there ıs evidence that 1t will be experienced at SST 
cruising heights In flight, warnimg devices may help, 
but only if they can detect CAT 100 miles ahead of 
the aircraft 

There will also be a danger of large doses of radiation, 
because at supersonic aircraft heights the atmosphere 
will be too rarefied to provide a protective screen 
The report confirms the suggestion that galactic cosmic 
rays, a contmuous background through whith the 
SSTs will have to fly, will not be a hazard But there 
does seem to be a danger if exceptional solar events 
such as solar flares are.ignored The report contams 
a calculation by M Haurwitz, previously unpublished, 
which shows that for a hypothetical event of the 
magnitude of the event on November 12, 1960, pas- 
sengers on a three hour flight at 21 km would receive a 
dose of radiation twice as large as that recommended 
for a wholg year Warnmg devices m the aircraft, 
and careful preflight plannmg, will be necessary to 
mimimize the dangers Another hazard ıs the pres- 
ence of ozone m the atmosphere, even small con- 
centrations are poisonous, and 1 1s thought that 
concentrations of more thar 01 ppm by volume 
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could not long be tolerated m the aircraft Concen- 
trations of this order are common at 15 to 18 km, 
and may occasionally be ten to, fifty times as great; 
at 21 km a value 100 times tha danger level may be 
encountered. Fortunately, ozong 1s easily removed by 
filters, which will be fitted to the aircraft. 

Ram and hail are less easy to deal with Haulstones, 
the report says, constitute one of the greatest dangers 
to supersonic flight For this reason, it will be vital 
to avoid penetrating cumulo-nimbus cloud at cruising 
speed, and detection by airborne radar will be pro- 
vided But a supersonic aircraft takes 100 miles to 
change course by 90°, so the equipment will have to 
be reliable, and carefully watched 


Industrial Oceanography 


A NUMBER of French industrial companies have 
formed a scientific and technical association for the 
exploration of the oceans, ASTEO The association 
had its origin ım & project of the development council 
of Aquitaine to establish a regional bureau of marme 
engmeering It was soon realized, however, that the 
task of co-ordinating the large number of industries 
and scientific techniques would require a national 
organization The members of the new association, 
therefore, are companies from all over France, but the 
association’s headquarters will be m Bordeaux 
Naturally enough, several shipyards belong to the 
association, and two of the biggest French shipping 
companies, Messageries Maritimes and the Compagnie 
Générale Transatlantique, are also among the founder 
members But there are a number of firms on this hist 
with relatively few nautical associations Hispano 
and SCNEMA, Nord-Aviation, Dassault and Sud- 
Aviation, the Compagne Générale d’Electricité, and 
SEREB (Société pour l'Etude et la Réalisation des 
Engins Ballistics), whose director-general, M Charles 
Cristofini, will be the first president of the association 

Among the first aims of the association will be to 
review the possibilities for French mdustry m oceano- 
graphy. It is also hoped to establish an mformation 
centre which would use the computers of the SEREB 
at Bordeaux or the Compagnie Générale d’Electricité 
at Marcoussis M Cristofini has taken care to empha- 
size that the association 1s m no way a competitor of 
the National Centre for the Exploration of the Oceans 
Rather, the new association, some of whose members 
are also members of CNEXO, will complement the 
older organization 

In Britain the participation of diverse industries mm 
oceanography 18 rather less formally ordered This 
may bè partly beaause certain large British companies 
active m oceanographical research, such as Hawker 
Siddeley and Vickers, have many subsidiaries or 
associates specializmg im the techniques involved in 
this kind of work Co-operation 1s within the com- 
pany rather than between companies But it 1s 
interesting to note that the British Aircraft Corporation 
has been working with Imperial College, and with the 
assistance of the Bristol shipyard of Charles Hill, and 
Normala Ltd, on the development of an ginderwater 
house (Project Kraken) The Kraken house would be 
situated a hundred feet below the surface, and would 
allow divers to work at depth without having to 
undergo decompression The Guided Weapons Division 
of BAC will be mvestigating the type of structure 
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needed for the Kraken house, and working on the 
features necessary to support hfe This 1s the first 
submarine excursion of this kind by BAC, though the 
Guided Weapons Division played a small part ın the 
British Polaris programme . 

The general objectives for Kraken—named after 
Tennyson’s sea-monster—have been laid down by the 
Imperial College team led by Brian Ray These are 
for a house capable of providing life support to a 
4-man research team hving at depths of 80-100 ft 
for 2-3 weeks or more There would<ilso be an ample 
margin for visitors on shorter missions This range 
hes just with the workmg range of the atmospheric 
gases Most of the work on saturation dives (in France 
and the United States) has concentrated on greater 
depths and on oxyhelium saturation Remarkably 
httle 1s known about the effects of prolonged saturation 
with air under pressure Thus a prime objective 
of the experiment ıs to gather physiological data 
on air saturation divmg ‘The chosen depth range 1s 
practical in a number of ways The cheap gas and 
modest depth will keep down mming costs Much of 
Britam’s contmental shelf ıs within range for 100 
foot diving platforms 

By hvmg at depth much more work can be done 
than from surface dives, each one of which must be 
followed by lengthy decompression Kraken’s pro- 
moters believe that the practical value of the house 
will he m the commercial fields of prospecting, of 
surveying and for research in support of fish farmmg 

The quarters that BAC has designed round these 
objectives are a structure rather lite a railway coach 
divided m two internally. The all-purpose living area 
will be 14 foot long and permanently heated by a 
system of hot water circulating in pipes The 10 foot 
work area will not be heated There 1s no need for @ 
pressure vessel hull smce pressure inside and outside 
Kraken will be at equilibrium (varyimg a httle with the 
rise and fall of the tide) The house will be perma- 
nently open to the sea through a hole in the bottom 
Gas and power will be piped from the surface The only 
thing still lacking 1s the money to build the operational 
house for next summer 


More Social Science 


Toran research and development expenditure m the 
United States durmg 1968 will reach $26,500m— 
an increase of over $700m or of 3 3 per cent compared 
with the estimated expenditure for 1967 This 1s 
the New Year message from the Battelle Memonal 
Institute, whose last year’s prediction for the 1967 
expenditure was m fact 8 per cent below the current 
estimate 

The Federal Government ıs the largest contributor to 
research and development expenditure, and durmg 1968 
is expected to provide $17,200m, an imerease of 
22 per cent on its support last year Industry will 
spend $8,300m, an increase of 48 per cent, and the 
colleges and universities about $865 million, which at 
88 per cent is the largest proportionate increase on 
last year’s figures The remainder of 1968 spending 1s 
made up by the $265 million which will be provided 
by other non-profitmaking mstitutions The Battelle 
Institute pomts out that although the Federal Govern- 
ment 18 the major spurce of research funds, accounting 
for 65 per cent of the total, 69 per cent of all research 
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is ın fact carried out m industry , These figures take 
account of the reduction m Federal research funds 
ees by Congress last month (Nature, 216, 155, 
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Analysis of 1968 “expenditure shows a relative shift 
to the social sciefices m the distribution of Federal 
research funds For the first tıme smce figures became 
available, the mcrease in Federal spendmg m this 
sector will be greater than the mcrease m the physical 
sciences Research mto social problems is a dommant 
factor m the programmes admmustered by the Depart- 
ment of Health, Education and Welfare (HEW), the 
Department of Housing and Urban Development 
(HUD), the Department of Labor and the Office of 
Economie Opportumty (OEO) The 1968 fiscal year 
budgets for these departments are 220 per cent higher 
than those for comparable programmes mn 1961 In 
contrast the spending on research and development by 
the Department of Defense, NASA and AEC has 
mereased by only 73 per cent during this period, most 
of which is a result of the substantial rise m space 
expenditure Nevertheless, these three agencies will 
receive 86 per cent of Federal research funds in 1968, 
as distinct from their 91 per cent share m 1961 

In the decade 1955-65, research and development 
expenditure grew at an annual rate of 14 per cent, 
against an annual growth rate of 55 per cent m gross 
national product The Battelle Institute feels that 
this runaway rate of growth has now been contamed 
and will remain so for the foreseeable future Hence- 
forth research arq development is lhely to grow at 
about the same rate as the GNP Budget admimstra- 
tors ın other countries who have watched with alarm 
the importunate demands of science research will 
take cheer from the modus vwendi now apparently 
reached m the United States Scientists may feel 
differently 


Teaching Aids in Sussex 


A erant of £10,000 has been awarded by the Depart- 
ment of Education and Science to the Centre for 
Academie Services at the University of Sussex to assist 
a co-operative project for the development and applica- 
tion of educational technology at all levels of education 
m the region The centre at Sussex is one of the ten 
which were selected by the University Grants Com- 
mittee to develop audio-visual aids m education It 
was founded m February 1966 with the help of a grant 
from the Rank Organization. 

This particular study will be carried out m associa- 
tion with the Nuffield Resources for Learning Project 
and the five local education authorities of East Sussex, 
West Sussex, Brighton, Eastbourne and Hastings The 
objective 1s to analyse the existing audio-visual re- 
sources m schools and to estimate the potential for 
educational technology m the area Regional co-opera- 
tion m developng new methods and eqmpment will 
be considered and the costs and possible effects of 
such developments will be analysed The proposals 
for jomt activity melude programmed learning, radio, 
closed creuit and broadcast television, language 
laboratories and film and projection systems 

A policy committee has been set up by the university 
to advise on the project and includes the five chief 
education officers of Sussex, Mr BR H Adams (divi- 
sional mspector of schools for the south-east of 
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England), Mr Tim McMullen (co-ordinatmg director 
of the Nuffield Resources for Learnmg Project), 
Professor G Allen (sub-dean of the University School 
of» Educational Studiés), and. Mr Norman Mackenzie 
and Mr Hywel C Jones (director and deputy director 
of the Centre for Academic Services), the university 
will act as co-ordmator for the scheme The project 
was started on November 1, 1967, and is expected to 
last for two or three years 
What is interestmg about the scheme ıs that 1t 
involves the getting together of five local education 
authorities with the university, to ther mutual advant- 
age According to Mr Norman Mackenzie, although the 
operation 1s a modest one 1t will at least show how 
advantageous such co-operation can be 


Training Computer Users 


THE Government and industry are well aware of the 
need for tramed computer manpower and of the short- 
age of suitable traming courses for such personnel 
To help satisfy this demand, the British Computer 
Society 1s mntroduemg professional qualifications this 
year And trammg courses for computer users, par- 
ticularly those on the professional and managerial side, 
are also important It 1s therefore welcome that new 
and extended computer courses are bemg made avail- 
able, from the end of January, to people m just this 
group by Rolls-Royce Ltd 

Rolls-Royce has for many years organized a wide 
range of courses of various levels m computing and 
data processing for its own staff The Ministry of 
Technology seems to have suggested that the firm’s 
courses should be extended to people from other firms 
The suggestion was accepted and the courses now 
offered have been designed to make them acceptable 
to people from a broad range of other organizations 

Five-day residential courses m computer systems in 
management design, research and development will 
be held in Nottingham at a cost of 150 guineas each 
(one gumea = £1:05) One-day appreciation courses 
for executives for 25 guineas will be held in Manchester 
and London J our-week courses m systems analysis 
and design will be held in Largs, Stratford upon Avon, 
Derby and Droitwich In addition there will be three 
short courses for directors of firms with a turnover of 
£50 million and above The value of these new courses 
may lie in the wide experience of Rolls-Royce im specific 
appheations of computers. 


New Look Laboratories 


e 

THE 39th Building Bulletm of the Department of 
Education and Science (HMSO, 13s 6d) deals with 
the design of a science block for a large boys’ grammar 
school The block was designed for the Oxford School 
—a new school formed by the merger of the old- 
established City of Oxford High School and the pre- 
war Southfields School Four architects and a quantity 
surveyor of the Development Group of the Architects 
and Buldmg Branch at the ministry worked on the 
project m coflaboration with the Oxford local authority 
Two consulting firms were called m to advise on heating 
and electrical work, and the school was built m just 
over a year and a half 

The importance of science m the curriculum seems 
to have been fully appreciated from fhe begmnmng, 
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partly on the basıs of the 1961 policy statements of 
the Science Masters’ Association (SMA) and the Asso- 
ciation of Women Science Teachers (AWST) (now 
merged mto the Association fôr Science Educatign) 
Accommodation m the Oxford School was therefore 
provided for each of the three stages of science educa- 
tion in secondary schools described by the SMA and 
the AWST statements—two years of general science 
teaching ın the mtroductory phase, three years of 
mtermediate work leading to O-level and two or 
three years of advanced work The Oxford School 
has a four form entry, and a total of about 800 boys 
Allowance was made for six teaching periods a week 
of science ın the imtroductory phase, three to four 
periods for each of chemistry, physics and biology in 
the middle school and seven periods for each of the 
three subjects in the sixth form The proportion of 
time allotted to science under this scheme 1s higher 
than in most other schools, with the result that the 
science block 1s larger than 1s usual Twenty-four boys 
per class was thought to be the best number for middle 
school science, so that flexibility can be maimtaimed 
in the timetable, while fifteen was considered the 
optimum number for experımental work ın the ad- 
vanced stage Mathematics classrooms have added 
to the size of the block 

Self-contained subject departments were provided 
for the school, followmg the wishes of the staff, but the 
bulletin suggests that better use might have been made 
of space if closer integration had been considered, 
particularly as the boundaries between science subjects 
are becoming more blurred Stores and preparation 
rooms for different subjects which often provide similar 
facilities and apparatus could well be shared by 
laboratories of different discrplmes The design of the 
separate departments 1s described ın detail in the 
bulletin 

As well as educational questions the group had 
definite technical objectives in view ‘The first was to 
test a dymensional control system proposed by Dr 
J W Harding of the Building Research Station in his 
paper ‘“Co-ordimation by Design Modules” The second 
was to develop a rapidly erected “dry” form of con- 
struction that can be used for a variety of ten-storey 
buildings Further use of the hghting system PSALI 
(permanent supplementary artificial hghtmg of ım- 
teriors), first applied by the group to rooms at Harris 
College, Preston, was the third objective This system 
1s designed to provide strong hight during the day to 
compensate for lack of daylight, but at night provides 
a lower level of hght throughout the room The fourth 
intention of the group was to gam experience with a 
compifter for precessing the bill of quantities, and 
apply modern management techniques, such as net- 
work analysis, to the scheme 

The project was under way before even the pre- 
limmary conclusions of the Nuffield Science Teaching 
Project were published, and the bulletin admits that 
the Oxford block may not be the best answer for the 
Nuffield requirements, but the detail and ideas put 
forward in the bulletin will be of considerable value to 
those designing science bfuldings in schoolg. 


Advice from Harwell 


Desprre the admonitiqns of the Select Committee on 
e Science and Technology, Harwell continues to diversify 
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This time it will be Jendmg its experience to engineering 
cofapanies involved in the problems of heat transfer 
andyflud flow In return for an annual fee of about 
£1,000, firms will receve reports on the design of 
equipment, and there will also be a consultation service 
available to individual firms The Chemical Engmeermg 
and Process Division has for the last ten years been 
working on heat transfer and fluid flow m the design 
of nuclear plants, and has therefore come into repeated 
contact with many of the firms that have shown 
mterest ın the new service As early as 1954, for 
example, APV collaborated with Harwell on the 
flow of thorrum bismuthide through pipes This 
history of co-operation doubtless explams the enthu- 
siasm felt m mdustry for the new service The Atomic 
Energy Authority has announced that there will be 
long-term support programmes of research into 
problems chosen m consultation with mdustry 

Perhaps about 10 per cent of Harwell’s scientists 
are now engaged on projects which could be described, 
in the words of the select committee, as “not mextric- 
ably hnked to the primary task” of the Atomic Energy 
Authority Fmding ways of filling ın the spare time of 
vast nuclear establishments 1s not merely a British 
pastime At Oak Ridge Laboratory, in the United 
States, for example, there are teams workmg on de- 
salination and centrifuges for medical use, both areas 
already tackled at Harwell 


Britain Sick . 


Amone the wmter “epidemics” which have recently 
been spreading through Britam, mfluenza at least 
seems to be on the decline But bronchial complica- 
tions associated with the mfection are still mereasing 
and the red warning for extra available hospital beds 
is stall on 

The virus which has been causing this latest out- 
break 1s influenza virus 42, which is very similar to 
that responsible for the pandemic m 1957 and for 
several outbreaks since then Of the three types of 
influenza virus, A, B and O, type A 1s the most common 
cause of influenza m humans and is associated with the 
pandemics and serious epidemics, while type B 1s 
usually associated with small outbreaks which are 
rarely extensive, type C usually causes mapparent 
infections Because the virus 1s not a new sub-type, 
1t 18 thought that most people will have acquired 
unmunity to infection, and that the existmg vaccines 
which consist of recent strams of A2 are likely to 
afford protection The prmecipal danger arises when 
one sub-type mutates to another as m the pandemics 
of 1891, 1918 and 1957 and the serious epidemics 
of 1946 The periodicity of outbreaks on a less extensive 
scale 1s usually related to the accumulation of sus- 
ceptible mdividuals and the removal of immune ones 
by death 

Another RNA virus—respiratory syncytial (chim- 
panzee coryza agent)—has been identified as the cause 
of death of five mfants m Walsall and two more 
mfants have recently been admitted to hospital with 
the same infection This virus, which usually causes 
minor respiratory mfections m adults, may, however, 
be associated with bronchitis and broncho-pneumonia 
in children and 1s yery widespread—imfecting children 
with the first few months after birth Furthermore, 
antibodies present m the serum do not always prevent 


have no symptoms. 
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re-infection. According to Dr H. G. Pereira of the 
National Institute for Medical Research, the pros- 
pects of an efficient killed vaccine are not very géod 
and a lot of work remains to be done in develqping 
an attenuated virug vaccine. 

Thirteen babies have so far died from a bacterial 
infection, gastro-enteritis, caused by E. coli strain 
0-128. Happily, there have been no new cases within 
the last few days. It now seems that the infection 
was not the sole cause of death in every case. The 
involvement of: multiple drug resistance transfer is 
the most likely explanation of how the bacteria 
became resistant to eight of the eleven antibiotics 
which have been tested at the Middlesbrough labora- 
tory. The extrachromosomal element, R factor, which 
is responsible for infectious drug resistance is trans- 
mitted by conjugation from a resistant bacterium, 
through a pilus to a sensitive strain which also becomes 
resistant. The transfer process is repeated from cell 
to cell and the normal process of cell division also 
contributes to the rate of spread of multiple resistance 
in a susceptible population. There has been a suggestion 
that a combination of drugs might be effective in 
combating the infection, but this has only been shown 
experimentally, and in vivo applications would not 
necessarily be successful because the pattern of resis- 
tance in different individuals varies. Adults do not 
‘seem to be similarly infected; they have probably 
developed resistance. 
v Although the strain of Salmonella causing typhoid 
» in the borough of Ealing has not yet been named, the 


> game strain hasbeen isolated from three cases. So 


far, typhoid has been confirmed in two patients, 

and four people have given positive specimens but 
OOS A spokesman at the Ealing 

Health Department said it was difficult to identify 
the original carrier of the infection. 


Mink in the Wild 


Wito populations of mink and coypu, descended from 
‘animals which have escaped from fur farms, have 
een established in England for some years. In spite 
_ of vigorous eradication campaigns, the animals are 

still so numerous that the Ministry of Agriculture 
has now had extended for five years the legislation 

-whereby occupiers of agricultural land are obliged to 
report sightings to the ministry. The regulations 





Coypu: 136,000 killed in three years. 
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which govern the keeping and transporting of the 
animals also remain in force. 

Coypus closely resemble beavers in appearance. 
Originally native to South America, they have been 
established in Suffolk’ and Norfolk since 1939. The 
damage they caused* was largely compensated by 
their activity in keeping dykes and waterways free 
of weeds, and as long as they were worth trapping for 
their pelts their numbers remained within reasonable 
limits. But when coypu fur dropped out of fashion 
the population burgeoned and the damage done to 
crops such as sugar beet and by the burrows made in 
river banks reached significant proportions. 





A thousand mink are trapped each: year. 


In 1962 a campaign was mounted to restrict coypus 
to a few sanctuaries in the Norfolk Broads, and by 
1965 136,000 animals had been killed. 

Dr R. M. Newson of the Ministry of Agriculture's 
Infestation Control Laboratory estimates that the 
survivors of the campaign now number about 5,000. 
Although a population of this order may be relatively 
harmless, rigorous control measures are still necessary 
because of the potential damage which could be caused 
by another population explosion. Not only have 
coypus developed a propensity for sugar beet over 
their usual diet of roots and weeds, but the under- 
mining of dykes by their burrows, combined with high 
floods, could cause inestimable havoc. The population 
of wild mink has increased mere slowly than that of 
coypu. Mink are members of the stoat and weasel 
family and are native to North America. Wild mink 
have been established for some time and about 1,000 
are trapped alive each year. 

There appears to bê room for disagreement on the 
precise amount of damage that mink do. The Ministry 
of Agriculture believes that wild mink are a potentially 
serious pest to fish, wild birds and poultry. Fur- 
breeding experts, however, consider that frogs, mice 
and other economically worthless animals form the 
major part of their diet, and that mink may often be 
blamed for the depredations of other animals such as’ 
ferrets. But the Ministry is sufficiently convinced to 
have set up some 2,000 traps throughout the country. 
Mink fur, of course, still qgmmands a considerable | 
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price on the fashion market. There are now 330 mink 
farms in England which export about £1 million worth 
of pelts a year. An average pelt sells for £10, and 
about 70 pelts may be needed to make a coat. The 
young are born in March at arf average of five to*a 
litter; raised on a diet of liyhts and offal, they 
are ready for pelting in November. For those with 
a feel for mink, the farming can be a profitable 
business. 


Help for the Tropics 


Aw appeal for £2 million has been launched by the 
United Kingdom Foundation for the International 
College of Tropical Medicine. This foundation, an 
entirely independent and academic organization— 
the conception of Mr Geoffrey Myres, a New Zealand 
surgeon with wide experience in the tropies—has been 
set up to serve the cause of medicine in tropical and 
subtropical countries. 

The international college aims to help countries in 
which the shortage of doctors, nurses and other medical 
staff is acute, by establishing postgraduate tropical 
medical centres. At the moment, postgraduate 
tropical medicine training is only available outside 
the tropics as, for example, at the schools of tropical 
medicine in Britain. The centres envisaged by the 
foundation will comprise a hospital for training 
in clinical tropical medicine at postgraduate level, 
a school of tropical, social and preventive medicine 
and a research institute. Under the constitution 
of the college, it will be able to organize study and 
correspondence courses, conduct examinations and 
disseminate information through journals, textbooks, 
visual aids and libraries. 

A- positive step has already been made by the 
donation of land by the government of Uganda for the 
establishment of the first centre. Two other tropical 
countries have also offered land. It is hoped to 
establish other centres in Asia and Latin America, 
Specialists én tropical medicine from 15 countries form 
the advisory council, under the presidency of Professor 
T. A. Lambo, dean of the Medical Faculty, University 
of Ibadan. The council is backed by a separate board 
of trustees to manage financial affairs, and by an 
executive office with a provost to administer the 
college on behalf of the board and council. Charitable 
foundations are being established in several countries. 
The United Kingdom appeal, the first to be made, 
aims to raise enough money to enable the college to 
realize its objectives, and in particular to meet the 
capital expenses of the establishment and running 
costs of the first centre. Prominent people from the 
medical® scientific and other professions and industrial 
and business life are included in the membership of the 
UK council and executive committee. 


Bringing Gas Ashore 


Noxzopy yet knows what natural gas in Britain will 
cost. Despite this, the Gas Council atms to supply 
natural gas to all area boards by 1970, and the total 
expenditure on transmission and distributior over the 
next five years will be about £800 million. The first 
of the new pipelines, from Easington in Yorkshire, 
where gas comes ashore from the West Sole field of the 
British Petroleum Compgny, is already transmitting 
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gas. Since July 1967, it has been feeding an average 
of 100 million cubic feet of natural gas a day into the 
national transmission system. Details have now been 
releaged of a new gas terminal now under construction 
at Bacton on the Norfolk coast. Initial supplies will 
go into the Gas Council’s No. 2 feeder main, now 
almost complete. ? 

The council aims for a huge capacity for this terminal, 
the first part of which is expected to be in operation 
by the middle of 1968. It is intended to have a maxi- 
mum capacity of 4,000 million cubig-feet of natural 
gas a day, nearly four times as much gas as is currently 
used throughout the whole country. The terminal 
will eventually handle natural gas from the 3 major 
fields discovered off the Norfolk coast—the Leman and 
Indefatigable fields which the Shell-Esso Group and 
Gas Council-Amoco Group share, and the Hewett 
Bank field, shared by the Arpet and Phillips Groups. 
Facilities being constructed for the Gas Council are 
for the reception of the gas and its distribution. Among 
the principal processes will be filtering of the gas, 
check-metering if required, heating, blending, odoriz- 
ing and methanol injection. 

A group of architects has been appointed for the 
design of the terminal, and most of the contracts 
awarded. The clients are taking due notice of the need 
for proper landscaping; the basic design for the Gas 
Council and Shell-Esso, which includes tree planting 
and grassed earth, has been agreed with the Royal 
Fine Art Commission. Clearly the hope is that in the 
rush to get natural gas to the public within the frame- 
work of the present economic restrictichs, the amenities 
of the Norfolk coastline will not be sacrificed in aid of 


progress. 


Hydraulics 


Tur Ministry of Technology’s Hydraulics Research 
Station, at Wallingford, Berkshire, has two main 
functions—to investigate specific problems in the 
field of civil engineering hydraulics for organizations 
both in the United Kingdom and overseas, and to 


conduct research in support of this work. The station’s , : 


activities in 1966 are recorded in its annual report, 
just published (HMSO, lls.). Services of the station 
are provided on a non-profit repayment basis and 
they appear to be much in demand; 140 investigations 
were in progress during the year. 

One interesting project involves the possible use of 
synthetic seaweed as an aid in building up beaches, 
The station is trying to find out whether this material 
will promote onshore transport of sand and, if so, 
by what mechanism. Using a special polypropylene 
of normal density but modified elasticity, a model 
seaweed bed was laid offshore from a beach in a wave 
flume, The scale of the model was 1 : 10, and coal 
particles were used as the bed material. In such a 
flume, beach changes could only result from changes 
in onshore-offshore transport. Accumulation on the 
beach necessarily implied that sediment had come in 
from offshore, in contrast to the situation on a real 
beach where accumulation can be caused by changes 
in littoral drift. With the seaweed in position, the sea-bed 
eroded offshore and build-up of the beach occurred. 
Measurements were carried out to find a possible 
explanation for this. Full-scale tests were made at an 
offshore synthetic seaweed installation at Bourne- 
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mouth, and confirmed the laboratory tests, although 
some improvements ın the anchoring of the synthetic 
fibre “pony-tails” were made 

Several overseas projects are bemg mvestigated 
One of the most umportant must be the construction 
of two major dams on the Orange River, South Africa, 
as part of the large scheme to provide hydro-electric 
power and water for wngation The station has 
continued and extended its tests on models of the 
Van der Kloof and the Hendrik Verwoerd dams 
Work on the Van der Kloof dam now meludes investiga- 
tions mto erosion of the river bed some 500 ft down- 
stream of the dam face The aim of tests 1s to find 
the most satisfactory method of armourmg the alluvium 
m order to prevent exposure of the shale, and to 
determme the mmimum size of armouring material 
required and, if possible, to demonstrate a practical 
method of placmg the armourmg The report also 
discusses an analysis bemg made of the benefits the 
station brings to the economy and quotes examples 
based on investigations completed during recent 
years Initial capital savings of approximately £1 25 
milhon have been reported m connexion with construc- 
tion of three new bridges for motorway and trunk- 
road crossmgs of riverflood plams, and a saving of 
£2 milhon resulted from a decision not to build a 
proposed new tramıng wall for the entrance to a port 
after ıt was found that ıt would not produce the 
improvements required The saving of £3 25 million 
on these four projects, the report says, has more than 
paid the whole gost to public funds of setting up and 
running the laboratory 

Receipts for 1966 totalled over £300,000 The cost 
of running the laboratory was £482,000 melusive of 
interest on capital employed and depreciation of 
buildings and plant. 


More Reliable Pesticides 


A RECENT report by the World Health Organization 
(Specifications for Pesticides, WHO, £2) contmues 
the work, begun in 1953, of specifymg the quahty 
control procedures for assessing the condition of 
pesticides The present volume includes specifications 
for all pesticides currently m widespread use m public 
health programmes 

Pesticides are liable to deteriorate during transit 
and storage, especially m the harsh conditions of the 
areas where they are most used Not only the active 
ingredient itself but the physical properties of the 
pesticide, such as its suspensibilty in water, may also 
be impaired ‘The specifications drawn up by the 
WHO Expert Committee enable users and manu- 
facturers to test the quality and durabihty of com- 
mercial pesticides 

As the report pomts out, the standards to which a 
pesticide 1s produced are a compromise between 
what the manufacturer can make, what the user wants, 
and what he 1s prepared to pay for ıt It 1s therefore 
necessary that both manufacturer and user know 
for what purpose a pesticide 1s required, how it 1s to 
be used and what abnormal conditions of storage 
may have to be met 

Estimates that up to a third of world food production 
is destroyed by pests, and mounting evidence of 
the damage that can be causal by the unselective 
application of pesticides, are compellmg motives for 
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° 
a more precisely controlled use of toxie chemicals 
The WHO report 1s a valuable step m this direction 


European Biologists . 


BroLocy 1s a very diverse and all-embracing subject 
and the task of establishing ‘‘equivalences” for univer- 
sity teaching 1s by no means easy Indeed, the question 
arises as to whether it 1s really necessary for higher 
education to be systematically orgamzed A new 
report, How to Qualify as a “Biologist” in the Unwer- 
sites of Europe, by Jean Leclercq, professor of zoology 
at the Faculty of Agronomic Sciences, Gembloux, 
examines this problem The report, which deals with 
the teaching of zoology and general biology at univer- 
sity level, ıs one of a series of publications called 
“Education m Europe” and published by the Council 
for Cultural Co-operation of the Council of Europe 

Of the eight European countries which Professor 
Leclercq has exammed, Britam, he says, has the 
greatest academic freedom The system in Belgium, 
on the other hand, 18 one of the most rigid operating 
in Europe and a great deal of :mportance ıs attached 
to the exact sciences—physics, chemistry, calculus and 
so on—1n the basic traming of biologists Belgian teach- 
mg staff m universities and institutions possessing 
university status do, however, have complete control 
over the content of the courses The situation in France 
1s quite the reverse—the system seems to be less ngid 
but French teachers have less real freedom than their 
Belgian colleagues There exists a Franco—Belgian 
cultural agreement, the object of which 1s to encourage 
future Belgian students with the qualifying diploma 
m science to proceed to the second-stage course in a 
French university or, alternatively, to permit French 
students with a certificate attesting that they have 
passed the qualifying examination for higher studies 
(SPCN) to proceed to take their licence in a Belgian 
university In general, however, this equivalence 
agreement has produced disappointing results 

University entrance from the senior forfhs of secon- 
dary schools into universities in the Federal Republic 
of Germany 1s a fairly easy process and both the 
Diplom and Staatsexamen courses take five to seven 
years On paper the German student 1s entirely free 
to choose the lecture-series which he wants to attend 
and, subject to certam restrictions, to draw up his 
own programme of work considerable academic free- 
dom also exists for the teachers But, according to 
Professor Leclercq, the German system 1s 11]-designed 
for the estabhshing of equivalences and needs to be 
thoroughly remodelled. 

In the Scandmavian countries the univergity cur- 
riculum resembles the studies systems in the univer- 
sities of Germany and Britam and there 1s considerable 
academic freedom The selection process for would-be 
biologists 1s very stiffand the number of young Finns 
hoping to go to university 1s very large The syllabus 
for the first two years of the bachelor (FK) can be 
compared with that of the ordmary licence course in 
France, Belgium and other countries 

As Professor Leclercq pgmts out m his general con- 
clusions, *‘biology studies as carried out m the unrver- 
sities of eght European countries have precious few 
common characteristics” But he feels that the 
difficulty of definmg equivalences should not prevent 
students from transferring from one system to another 
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NEWS AND VIEWS 


What are X-Ray Stars? 


Tr 1s only a few years since rocket flights from North 
America unexpectedly revealed the presence of discrete 
sources of X-ray emission m the sky, but the con- 
sequences have already been quite considerable The 
mere handful of recognizable sources has grown to 
more than thirty, and there 1s every prospect that the 
programmes of rocket exploration planned by several 
groups ın the years ahead will identify many more of 
them Already, however, 1t seems very much as if the 
known X-ray sources differ from each other m mport- 
ant ways The source referred to by Dr P J 
Edwards on page 43 of this issue has been observed 
independently by groups from Australa, Britam and 
the United States, and 1s distmguished by the rapidity 
with which its intensity has changed Between April 
1967, when the first observations were made, and the 
early autumn last year, the mtensity of this source 
had decreased by a factor of sixty It 18 good to see 
that Dr Edwards has been able to put some flesh on 
the familar skeleton of the notion that Centaurus 
XR2 ıs a nova, but there 1s probably still some chance 
that events will bear out one or more of the other 
theories m the field—for example, that X-ray stars 
are bmary systems able to accrete gas or plasma and 
which may also be self eclipsmg And clearly, as the 
work of the Berkeley group reported on page 32 makes 
plain, there is hkely to be continuing interest in the 
years ahead in the general background of X-ray radia- 
tion 

Whether the recent work on the X-ray source called 
Cygnus X2 will simplify these issues it 1s too soon to 
tell Some months ago a group at the California 
Institute of Technology was able tentatively to 
identify the X-ray source with a visible star (Astro- 
physical Journal Letters, 148, 129, 1967) Now ıt has 
turned out that the visible star 1s ın fact a double 
system Writing in the Astrophysical Journal Letters 
(150, 95, 1967) Dr E M Burbidge and her colleagues 
have compared the variations of the Doppler displace- 
ment of spectral lines at mtervals of a few days, and 
have found that the observed variations are most 
easily explamed by supposing that the stars concerned 
are moving in closed orbits at about 250 km a second, 
which imphes an orbital period of a day or so for stars 
which are as massive as the Sun Dr Allan Sandage 
and his colleagues at the Califorma Institute of Tech- 
nology cap this tale m the same journal (page 99) by 
describing fluctuations of the optical mtensity of the 
same source which are measured on a time scale of 
only minutes, and they conclude that the double 
system responsible for ther observations 1s likely to 
consist of two roughly comparable stars separated by 
a distance which is hkely to be a fraction of an astro- 
nomical unit—a mere milhon miles or so for stars 
which are comparable in mass with the Sun Those 
who know about the stabality of stellar structures will 
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probably have plenty to say about fhs model. It 18, 
of course, too soon to know how widely applicable it 
can be 


The Truth about Stacking 
from our Molecular Biology Correspondent 


Permars the most mteresting turn taken m recent 
years by polynucleotide chemistry has arisen out of 
the discovery that smgle-stranded polymers such as 
poly A are not simply random cous m neutral solution 
The observation of spectroscopic effects, implieitly 
associated with defined stereochemistry—hypochrom- 
1city, large and characteristic Cotton effects in optical 
rotatory dispersion or circular dichroism—led to the 
view that the bases were to a large extent stacked on 
one another, and ıt was widely speculated that ın the 
limit of full stacking, the cham would possess the 
conformation of one strand of the double-hehx of a 
fully base-paired nucleic acid However, a physical 
basis for stacking mteractions was lackmg, for no clear 
hydrodynamic evidence was available to demonstrate 
the physical existence of fixed steric relationships 
between bases In the absence of such data, the 
mterpretation of the optical phenomena amounted only 
to a rational guess The deficiency hés now been made 
good by an elegant piece of physical chemistry by 
Eisenberg and Felsenfeld (J Mol Biol , 30,17; 1967) 

Neutral poly A was used, and a series of fractions 
of narrow molecular weight distribution were prepared 
The work rests on the discovery that conditions of 
salt concentration and temperature could be found 
under which the polymer behaved ideally, this 1s at 
the 6, or Flory, temperature, where mteractions 
between polymer molecules, between polymer and 
solvent and between different segments within one 
cham vanish, and the physical properties become 
independent of the concentration of the solution Only 
under these circumstances can 1t be determined 
whether the cham mdeed forms a ngid structure at low 
temperatures, as the optical effects suggest that it 
should, and whether the state of the molecule at any 
given temperature can be seen in terms of a mixture 
only of stacked and unstacked bases, with no other, 
or intermediate, geometries 

All criteria for ideality are fulfilled the conforma- 
tion, as observed primarily m terms of the radius of 
gyration from hght scattermg, but also by viscosity 
and sedimentation, showed high rigidity at low tem- 
perature, as demanded by short-range mteractions 
between the bases As the temperature 18 raised, the 
stacking is progressively disrupted, and the rigid 
structure collapses at an early stage of this process, 
again m a predictable manner The course of the 
transition 1s altogether consistent with a stacked form 
resembling one strand of a double-helix, though no 
actual geometry can of course be deduced It is worth 
noting that these results are mimical to the concept, 
which has recently been aired, whereby thermal break. 
down of stacking egtails oscillations of mcreasing 
amphtude of adjacent bases relative to each other 
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Instead they strongly support a simple two-state 
stacked—unstacked equilibrrum 

As to optical methods, and-the assessment of stackifig 
from such measurements, Cantor and Timoco (Riwo- 
polymers, 5, 821, 1967) have compared calculated 
and observed optical rotatory dispersion curves for 
nine trimers, seven’of them trmucleoside diphosphates 
(no termimal phosphate) It 1s confirmed that there 18 
good agreement on the basis of sums of pairwise inter- 
actions along the cham, and this work supports the 
validity of analyses of smgle-stranded polynucleotides 
in these srmple terms At the same time, Inoue et al 
(J Amer Chem Soc, 89, 5701, 1967) have looked at 
seven trinucleotides—all with the termmal phosphate 
group—and obtain less satisfactory agreement with 
calculated curves, 1t can be deduced that there is a 
considerable effect from the termmal charge It 1s 
also found that stackmg persists m several cases at 
alkalme pH, so long as not more than one of the bases 
in the trimer becomes lonized 


Making Safe Vaccines 
from a Correspondent 


At the fourth meeting of the Cell Culture Committee 
of the Permanent Section of Microbiological Standard- 
zation, held at the National Institute for Medical 
Research (Hampstead Laboratories) m September last 
year, much attention was given to the measures that 
can be taken to elimmate hazards encountered in 
virus vaccine production, in particular the elammation 
of oncogenic factors m the final vacome It was 
emphasized that more standardization both of media 
and of cell substrates would do much to achieve this 
oal 
: As far as cell substrates are concerned, the tissue 
used on the widest scale 1s grown from monkey kidney 
The primary tissue 1s not tested for the presence of 
extraneous agents although attempts are made to 
isolate viruses from control cultures throughout the 
period of vaccme production The recent episode m 
which a number of laboratory personnel were mfected 
by contact with the blood or tissue of a group of 
African green monkeys tragically underlines the dan- 
gers of using primary cultures of uncharacterized 
tissues The further possibility cannot be overlooked 
that an undetected infectious agent may survive 
m the final vaccine product and become apparent 
only after mjection mto man 

Other primary tissues used for vaccme production 
are derived from chick and duck embryos and canine 
kidney These animals are obviously bred ın a much 
cleaner environment than obtams for monkeys m the 
wild, but the possible presence of extraneous agents 
nevertheless enjoms caution Thus although chickens 
have been bred under controlled conditions which are 
free from fowl leukosis viruses, a new mfectious agent— 
that of Marek’s disease—has recently been isolated 
and only a few of the commercial flocks are free from 
both agents Rabbit kidney and guinea-pig kidney 
are also now being used on a small scale, the absence 
of reported isolations of extraneous agents from 
primary cultures of these tissues may be due to lack 
of experience with these cultures rather than freedom 
from infection 

Any new cell substrate for virus vaccine production 
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must be derived from normal tissue and must remam 
normal throughout ıts propagation The cells must be 
frozen until they have been cleared for use by the 
necessary exhaustive tésts It ıs also necessary that 
such tissues should be stutable for the growth of human 
viruses In high titre ° 

Objections have been raised to the use of human 
tassue on the grounds that an undetected agent (onco- 
genic virus or “slow” virus) will be more dangerous 
m a vaccme to be used m man than similar viruses 
that may occur m animal tissue. It must, however, 
be pomted out that none of the primate oncogenic 
viruses (SV) and adenoviruses) gives rise to tumours 
m the species m which it 1s mdigenous, although 
such viruses do produce tumours in other animal 
species (hamsters and the lke) Furthermore, “slow” 
viruses are known to cross species barriers (scrapie 
m sheep and mice), and animal tissue would therefore 
not be safer than human tissue m this respect 

The committee was particularly anxious that greater 
attention should be paid to the use of standardized 
cell culture media The use of a powdered medium 
made in a large batch and tested for suitability before 
release has done much to mmumize changes that can 
arise as a result of nutritionally deficient or drastically 
altered medium Most antibiotics, although preventing 
the growth of bacteria, have no effect on the growth 
of some strains of mycoplasma and their use provides 
no assurance against mycoplasma contammation 
Some batches of serum presumed stemle have been 
found to be contammmated, they may vary widely in 
growth promoting activity, and changing batches may 
occasionally cause chromosomal changes in a cell 
with an unstable chromosomal complement 

For obvious reasons, much attention 1s bemg given 
to the potential oncogenicity m man of new cell sub- 
strates It has been suggested, for example, that a 
latent viral genome in the tissue may hybridize with 
the virus used for vaccine production and thereby be 
activated In general, animal moculation tests are 
msensitive for the detection of oncogenic virftises, and 
ın vitro tests are urgently needed The fusion of candı- 
date cells for virus production with a variety of other 
cell types may provide a useful tool for the demon- 
stration, or exclusion, of the presence of incomplete 
virus m such tissues 

The hazards of makmg virus vaccines stem primarily 
from the use of ul defined and potentially contami- 
nated substrates It 1s encouraging to learn of the 
Increasing activity m the use of a well characterized 
human cell (WJ-38) in the preparation of vaccines for 
clinical trial and to learn also of their use, without 
meident, m a total of well over a million human 
subjects ° 


Muscle Meeting -° 
from a Correspondent 


PASSERS-BY ın Gower Street just before Christmas, 
seemg the large notices proclaizmmg the “Muscle 
Meeting”, might have been forgiven for supposing 
that this was a congress of Weighthfters It was m 
fact merely the wmter meeting of the British Bio- 
physical Society this bore the title “Muscular Con- 
traction” and was organized by Dr H E Huxley and 
Professor D R Wilkie There was an unusually full 
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and mtémational programme and the meeting occupied 
three full days the first structural, the second bio- 
chemical and the third mechanical 

The first day was cumulatively a trifle dispiyriting 
The 380 A and 400 A repeats ffashed across the screen 
for several hours until the mind reeled, and one was 
left with an overall impression of many speculations 
chasing few periodicjties A member of the audience 
was heard to remark that 1t was like trying to discover 
how a watch worked by hstening to the tickmg from 
the outside Nevertheless there were some mteresting 
papers the meeting began with a comprehensive and 
highly informative survey of the present state of struc- 
tural knowledge by H E Huxley F A Pepe (Univer- 
sity of Pennsylvama) described new work using 
antibody-stammg to clarify the geometry of the 
M-hne region Observations on stammg with fluores- 
cent anti-HM™M antibodies m the presence and absence 
of ATP suggested that on contraction a distortion 
occurs in the trypsm-sensitive region umitmg the hght 
and heavy meromyosin entities This 1s an important 
result, the notion of such a distortion as a basis for 
the movement of the cross-bridges m contraction had 
also been hazarded by Huxley, and 1s evidently a 
concept now generally in the air 

Interest was also aroused by a provocative paper 
by G. F Elhott and E Rome (King’s College, London), 
who have observed the separation of the filaments of 
glycermated fibres as a function of pH and ionic 
environment The observed variation has been at 
least qualitatively explamed ın terms primarily of 
coulombic interactions between the filaments, treated 
as charged rods, and the suggestion was made that the 
process of contraction should be viewed ın terms of 
disturbance of these charge relationships 

The second day provided the most consistently 
interesting part of the meeting, with an admurable 
paper by S Ebashi and Y Nomura (University of 
Tokyo) as 1ts centrepiece These workers have made 
remarkable advances in analysmg the relaxing system, 
and have isolated and characterized the protem 
troponin, which is found m association with the rod- 
hke tropomyosin, and promotes its aggregation 
Calcium ions are mvolved and two categories of calerum- 
binding sites have been demonstrated Fixation of 
purified troponin antibodies gives strong evidence 
of 1ts location m the 1-filament region About one 
troponin molecule is present for every turn of the 
actin helix Ebashi also discussed «-actinin this has 
three components, a 6S protem, an aggregate of the 
same protem, and a complex with another protem 
The 68 protein has been shown by antibody methods 
to reside in the Z-band It has a large promoting 
effect eon superprecipitation of actomyosin and gel- 
formation of F-actin Other components were also 
considered, and therr location, proportions and activity 
were surveyed ‘ 

There were interesting contributions also from A 
and P Drezen (State University of New York) on the 
mnor protem components of myosm and on active 
thiol groups m the myosin heads, fram A G Szent- 
Gyorgy (Brandeis University) on the relation of 
nucleotide-bindmg to the actim-myosm jnteraction, 
from J Gergely (Retma Foundation, Boston) on stabil- 
ization of actin conformation by divalent cations and 
nucleotides, and from S V Perry and his associates 
(University of Birmimgham), particularly on the 
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molecular weight and structure of actm, which essen- 
tially resolves a current controversy m favour of a 
low value (about 45,000).for the monomer molecular 
weight 

The final day—on energetics and mechanics— 
yielded, among other things, some interesting observa- 
tions by A F Huxley (Universit) College, London) 
on the transient response of muscle to quick stretch 
or release, which will have to be considered m the 
formulation of any general theory of the contractile 
mechanisms, an informative review by R E Davies 
(University of Pennsylvania) of ATP conversion and 
a deserrption of some techniques for its study, and a 
consideration by D R Wilkie (Umversity College, 
London) of interpretation of heat and energy measure- 
ments on hving muscle 

The meetmg as a whole drew a large audience, 
and the discussions were more than usually lively 
and informed One was left at the same time with 
an impression of specialized interests, and a fairly 
general failure to make a bridge between the three 
rather disparate parts of the meeting A number of 
new ideas were, however, aired and the return in 
stimulus and hard formation was well above average 


Earthquake in Turkey 


Tue UNESCO reconnaissance mission to the earth- 
quake zone of Northern Turkey has concluded the first 
part of 1ts mvestigations Dr N N Ambraseys of 
Imperial College, Dr A Zatopek of Charles University, 
Praha, and Drs M Tasdemiroglue ànd A Aytun of 
Imar ve Iskan Bakanlıgı, Ankara, describe their 
findings 

The earthquake of July 22, 1967, ın Turkey was felt 
over an area of at least 400,000 square kilometres It 
origmated on the extension of the Bolu-Abant fault 
m the Mudurnu River Valley, an active part of the 
North Anatohan fault zone 

Fig 1 shows the general trend of the North Anatohan 
fault zone and the extent of faulting smce 1939 It 1s 
of mterest to note from the figure the remarkable trend 
of the successive faulting along a length of more than 
1,000 kilometres, consistently nght lateral with the 
downthrown side to the north Table 1 gives a lst 
of the most important earthquakes m the fault zone 
With the exception of the earthquakes of 1909 which 
were not documented, and of the shock of October 1944 
which had its epicentre at sea, every other earthquake 
of magnitude equal to or greater than 6°75 has been 
associated with surface faulting progressing from east 
towest It can beshown (Ambraseys and Zatopek, Bull 
Sersmol Soc Amer ,58,47 ,1968)that the seismic energy, 
mm ergs, released by these shocks can be expressed ın 
terms of the length of faultmg L, m centimetres, by 

E(ergs) = 2 x 10% L 128 (1) 

This suggests that the lmear dimensions of the focal 
volume do not merease m the same proportion with 
mcreasing energy content, but that the volume of 
stramed upper crust tends to elongate in the direction 
of faultmg with creasing length of the rupture This 
is more plausible than a suggestion due to Tocher 
(Tocher, Bull Sesmol Soc Amer , 48, 147, 1958) that 
the volume of stramed rock 1s not thicker for the 
largest shocks than for the smallest shocks that produce 
a fault trace ° 
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Table 1 
No. Date Time Epicentre M L D T h 
1 1909 Feb. 9 1124 40°0N-38°) 675 — — — = & 
2 JMZ Aug. 9 0129 407 ~27%3 775 — (10) = e ei 
3 1935 dan. 4 LH 40°2 -27°5 6235 — — — = 
4 1835Jan. 4 1441 40%0 ~27°5 6 — = - = = 
5 1937Ju, 6 1631 39°-5 -26°0 6 -= _ — — 
6 1939 Sep. 22 0036 390 -2770 6-5 — = = e 
7 19389 Nov, 21 0848 e390 -397 6 — = e 
8 1939 Dec, 26 2357 39%7 -397 8 RH 350 370 150 20 
9.1941 Nov, 12 1005. 39°8 -393 6 ee 
Din 2 ‘6 725 RH 70 100 50 16 
&235 eae 
76 RH 280 110 100 14 
76 RH 180 350 100 27 
7-25 — 
575 — = = = 
8&5 č — = = ā = e 
63 40 
62 — — — — — 
74 RH 50 430 0 18 
6-25 
6-1 —_ 
Ti RH 50 160 50 8 
60 — = = = — 
6-25 
8-1 — =- rr — 
62? — = = = 
65 — — = ~ 
68 RH 3 — — — 
es RH 90 190 180 10 





: $ Number of events shown in Fig. 1. L, Length of faulting (km); Mo 
T, throw (em); -hs 





-o The detailed mapping of the fault zone and the study 
_ of the damage associated with the earthquake of 
July 22, 1967, is now being carried out by 
_ the UNESCO Mission to Adapazari. Preliminary 

results show that at least 80 kilometres of new faulting 
occurred between Güney and Sapanca. Magnitude of 
lisplacements was variable, from a few inches to 7 ft., 
but the sense of lateral movement was always right- 
ded, and apart” from local irregularities, down to 
north. About 25 kilometres of surface rupture, 
between Giiney and Dokureum, lie within the zone of 
ruptures associated with the earthquake of May 26, 

7; however, the trace follows neither faults with 
conspicuous geological evidence of recent activity nor 
_ fault-breaks associated with the 1957 earthquake. The 
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e 
next 30 kilometres of faulting lie within a zone of 
recent tectonic movements; they do not follow faults 
regarded by geologists as active but produce a new 
trace. The rest of the fRult-break is discontinuous and 
it is not connected with geological features that show 
very recent activity. ° 

The ground movements in the fault zone were very 
severe and lasted about 15 sec. ‘The first movement 
of the ground was horizontal and strong enough to 
throw down people and burden animals. This move- 
ment was followed by one or two very intense vertical 
shocks, in places sufficiently strong to lift boulders out 
of the ground without disturbing the rims of their 
former seats. 

In spite of the intensity of the ground movements 
in the fault zone, there was very little damage to 
buildings. This is a consequence of the wood frame 
construction and comparatively light roofs of the 
local houses and also of the short duration of severe 
shaking. Adobe and brick structures suffered varying 
degrees of damage, particularly heavy at some distance 
from the fault zone. The mission found that it was 
nearly always wrong to expect the heaviest damage in 
the close vicinity of the fault-break. The earthquake 
killed 87 and wounded 235 people, destroying or 
damaging beyond repair about 4,000 houses, mainly of 
timber frame construction. Improperly designed or 
constructed reinforced conerete structures suffered 
heavy damage as far as Izmit, 70 kilometres from the 
fault zone. 

The mission found it practically impossible to assess 
intensities in the epicentral area. On purely vibra- 
tional criteria the maximum intensity did not exceed 
IX on the Modified Mercalli scale. On the basis of the 
scale, however, the fact that “objects were thrown into 
the air and lines of sight and level were distorted” 
implies an intensity XII (MM). This shows how 
imperfect existing Intensity scales are. 
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Fig. I. Anatolian fault system. 
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European Nuclear Energy 


by 
NIGEL HAWKES 
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Collaboration in Europe is not the rallying-cry it used to be. Organi- 
zations set up in the heyday of collaboration are having to adapt to 


new conditions. 


Tue European Nuclear Energy Agency is now ten years 
old, and, like other organizations set up in the fifties, 
is finding that times have changed. The revival of econo- 
mic nationalism led by France has meant that organiza- 
tions which make a virtue of unanimity have found the 
going hard. Euratom, for example, has been crippled 
by the reluctance of its members to approve a budget 
for 1968. The difficulties of ELDO are by no means 
over. The more flexible organizations have on the whole 
been more successful in adapting themselves to the new 
climate, a conclusion which is perhaps no more than 
a glimpse of the obvious. In these circumstances, the 
suggestion has been made that Euratom should modify 
its structure to enable individual countries to opt out of 
individual contracts without endangering the whole 
organization. ENEA may well be quietly congratulating 
itself—its constitution provides exactly this kind of 
flexibility. This is one of the reasons why ENEA is 
confident of its future, despite the real doubts about the 
form it will take. 

The most important doubt is about Britain’s ability 
to get into the Common Market. Because this would 
also mean getting into Euratom—there is no real distinc- 
tion between the two since the three Common Market 
commissions were merged into one—it would have a 
marked effect on the relations between Britain and the 
ENEA. But until then, there seem unlikely to be any 
dramatig shifts of policy for the ENEA., ` There will, 
however, be a continuing tendency for projects begun 
by ENEA to be shifted to a world basis under the wing 
of the International Atomic Energy Agency. In parti- 
cular, the work on information retrieval and dissemina- 
tion is already going this way. A plan for a European 
Distribution Centre for nuclear reports has been shelved 
for the time being because the IAEA has announced 
its own plans for a world-wide International Nuclear 
Information System. In the absence of the European 





The Dragon reagtor at Wamfrith in Dorset. (UKAEA photograph.) 


Centre, the ENEA plan is being put into operation 
through the services of the British National Lending 
Library for Science and Technology at Boston Spa— 
if the centre is ever built, it would be intended ultimately 
to form part of the international system. 


ENEA EXPENDITURE, 1966-67 


Headquarters (Paris) 
Ispra and Saclay 


Dragon 


Total so far 
Halden (for the period 1963-69) 
Eurochemic (to meet budget deficits) 
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ENEA has been responsible for supporting three 
important projects; the Dragon high temperature reactor 
at Winfrith in the United Kingdom, the Halden reactor 
in Norway, and the Eurochemic fuel re-processing plant 
at Mol in Belgium. All three are long-standing contracts— 
Halden came into being in 1958, and Dragon dates from 
a year later. Both the Halden and Dragon agreements 
have been extended; Halden comes to an end in 1969, 
and Dragon is to finish in 1970. In the case of Dragon, 
however, much will depend on whether Euratom can 
agree on the budget—at the moment the project is being 
kept in being by the United Kingdom and the other 
countries in ENEA who are not members of Euratom. 
By common agreement, the Dragon project has been a 
very happy example of collaboration, and has demon- 
strated the feasibility of the high temperature reactor 
principle. It has also led to some very optimistic assess- 
ments of the economics of fast reactors—in the annual 
report of the ENEA, just published (OECD, Paris), 
fuel cycle costs of 0-12-0-13 d per KWh and gener- 
ating costs of about 0-465 d per KWh are predicted for 
a 528 MW(e) station. These figures (converted at the 
new parity of the pound) make high temperature reactors 
seem an attractive possibility. 

The Halden project now finds its principal use as an 
irradiation facility for testing fuel assemblies. The reactor 
is of the boiling heavy water type, built originally by the 
Norwegian Institutt for Atomenergi. Eurochemic, the 
fuel re-processing plant set up at Mol, came into operation 
in July 1966. In principle, it is expected to be self- 
financing, but in the current state of the nuclear fuel 
business it is unable to make profits. The main difficulty 
is that there is considerable over-capacity in fuel re- 
processing, which means that nobody is making much 
money. As nuclear power expands in Europe, the position 
could improve, but there seems to be a danger that 
Euroehemic will be left only the work which member 
countries are unable to do themselves. The annual 
report, for example, gives information about a contract 
lasting ten years to re-process the fuels from the VAK 
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reactor at Kahl and the KRB reactor at Gumdremmingen 
ın West Germany. But the contract only covers,the 
amounts of fuel which canrfot be handled by a German 
re-processing plant being built at Karlsruhe Euro- 
chemie will have to console itself with the thought that 
if member countries do not use 1ts facilities fully, they will 
find themselves Paying for its deficits. Already the 
OECD council has agreed that up to $53 millon should 
be made available for 1968 and 1969 to cover expenses 
not covered by recerpts 

ENEA also supports a variety of smaller projects The 
computer programme library at Ispra in Italy, originally 
set up for a three year period, 1s now to continue indefi- 
nitely The lıbrary receives computer programmes from 
member countries, checks them, and then sends them 
out to interested organizations Because the checking 
process normally costs about $1,000 for each programme— 
and every programme needs correction—the library 1s 
a way of avoiding costly duphcation m the member 
countries Another centre, the Neutron Data Compilation 
Centre at Saclay, contains a library of neutron data, 
and the Seibersdorf Project, near Vienna, is a way of 
gaming experience of the possibilities of food preservation 
by ırradıation The agency has also been mvolved 
in the problems of the disposal of radioactive waste 
The latest annual report of the agency gives details 
of the first dumping of radioactive waste 1t has organized. 
Five countmes—Britain, France, West Germany, Belgium 
and the Netherlands—agreed to take part in the experi- 
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mental programme, and 11,000 tons of packaged waste 
was collected together, securely packaged and dumped 
at a depth of 16,400 fẹ ın the eastern Atlantic. 

In addition to this, the agency organizes a number 
of jomt commuttees, covering* such subjects as reactor 
safety, reactor physids, magneto-hydrodynamic power 
generation and nuclear data Increasingly, 1t seems 
that the agency 1s moving away from large projects, 
principally because these are no longer wanted by member 
countries mee nuclear power became a commercial 
activity, collaboration has seemed less and less attractive. 
But there is now a suggestion in the ar for a large scale 
project in the fast reactor field, and a meeting of ENEA’s. 
top scientific committee, with representatives from alf 
member countries, will be discussmg the proposal next 
month If enough of the countries are interested, the 
proposal could become a reality, but in the present climate 
this 1s unhkely The United Kingdom, which has already 
been responsible for shelving one ENEA proposal, for a 
ultra-high flux research reactor, ıs unlikely to feel that 
this 1s the tıme for undertaking new expenditure abroad, 
particularly in a field m which the UKAEA has already 
made substantial investment at home The UK would 
have httle to gam and a great deal to give away in a 
project of this sort And Euratom ıs too busy deciding 
(more accurately, failing to decide) its own research 
programme to take any mterest It rather looks as ıf 
ENEA will have to content itself with more modest 
projects for the next few years 


Is the Special Theory Right or Wrong? 


In Nature for October 14, 1967, Professor H. Dingle argued that the 
special theory of relativity ıs incorrect, and Professor W H. McCrea 
put an opposing view. Some correspondence on the same subject 
has already appeared. What follows is a further selection from the 
correspondence on this subject 


Experimental Verifications of the Theory of Relativity 


As a postscript to the articles by Professor H Dingle 
and by Professor W H McCrea?, we should like to draw 
attention to two recent experiments which bear directly 
on items which Dingle has felt obliged to doubt, but 
which have been mentioned in “News and Views’*—the 
relativity of time as exemplified, m particular, by the 
“clock paradox” (ref 4) and the second postulate of the 
theory of relativity, which asserts that the velocity of 
light 1s mdependent of the motion of the source’ The 
apparent slowing down of movmg clocks, long ago 
verified for straight-line motion®, has now been estab- 
lished for a circular trajectory as well, a time-dilation 
factor of 12 being verified to within 2 per cent In another 
experiment, bursts of y-rays emitted from fast moving 
x’ mesons have been timed as they cross the laboratory, 
the velocity obtained 1s equal to the standard value for 
the velocity of hght c to withm 13 parts in 10* even 
though the source velocity 1s itself very close to ¢ 

The result on time-dilation 1s obtained as a by-product 
of another mvestigation In the muon storage ring’ 
at CERN, muons of momentum 1 274 GeV/c are injected 
into a circular orbit ın an almost uniform magnetic field 


The design includes vertical and horizontal magnetic 
focusing to prevent loss of particles The circulating 
muons can be detected by means of the decay, u-—>e-+ 
va + ve for the electron produced, which has less momen- 
tum than the parent u~, is bent more sharply m the 
magnetic field and emerges towards the centre of the rmg. 
Some of these electrons are detected by counters, the 
number observed at any time being proportional to the 
number of muons left in the ring at this time The hfe- 
time of muons at rest $ rt,= (2 200+0 0015) usec (ref 
8). and spccial relativity then predicts for the muon m 
flight, the dilated hfetime t= +) (1—v?/c?)-1/?= 26 72 
usec Here it ıs assumed that no special correction 1s 
necessary when the orbit is deflected by a magnetic field, 
and that the decay rate of the particle ın its rest system 
is not altered by the acceleration expenenced The 
observationg’ (see Fig. 1) show an exponential decay 
with lifetime 26 15+0 03 psec, agreemg with the theory 
to about 2 per cent (The marginally shorter lifetime 1s 
ascribed at present to a slow loss of muons, perhaps 
as a result of umperfections m the magnetic field ) This 
result removes any lngermg suspicion that some unsus- 
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Fig,1 Decay electron counting rate from stored muons (log-scale) plotted against time Fitted lifetime T = 2615 + 003 usec The small 
oscillations are due to the precession of the muon spin (see ref 4) 


pected effect associated with acceleration would com- 
pensate the time-dilation in a circular or out-and-return 
journey, the “‘clock-paradox” 1s established as an exper- 
mental fact associated with the time-keeping of radio- 
active material in direct comparison with standard 
laboratory scales of time 

The possible influence of source velocity on the velocity 
of propagation of y-rays has also been studied at CERN 
When 19 GeV protons hit a berylhum target in the proton 
synchrotron, the resulting forward-emitted y-rays have 
a sharp pulse structure in tıme as a result of the bunching 
of the protons ın the accelerator by the applied radio 
frequency By measuring the time of arrival of the 
y-ray bunches (E; > 6 GeV) at two points along the beam, 
and comparing m each case with the radio-frequency 
phase, the velocity 1s obtamed as a simple product of a 
laboratory distance (314503 metres) and the radio 
frequency applied to the synchrotron (9 53220 MHz) 
Including small corrections, the result ıs (2 9979 + 0 0004) 
x 10'°%m/sec-! (ref 9), agreeing with the standard velocity 
of hght c to 13 parts in 104 

In such a high-energy collision, the velocity of the 
centre of mass ıs a substantial fraction of c, so ıb can 
hardly be doubted that the y-rays come from a moving 
source That the y-ray spectrum observed m such coll- 
sions 1s dominated by the production of n°? mesons?® 
(followed by n°—>2y giving m the 7? rest frame two y-rays 
of 70 MeV) was established first for cosmic ray events”! 
and later in the laboratory’? Both the y-ray intensity 
and the spectral shape arg explained by thig hypothesis, 
admittedly with the use of the relativistic formula for 
the Doppler shift In the present experiment, y-rays with 
E,> 6 GeV are selected, and the corresponding n° must 
have {according to relativity) Ve >0 99975 c It ıs 
concluded that the secogd postulate is verified accurately 
even for very high source velocities 

e 


The Michelson—Morley experiment has shown that the 
velocity of light 1s not changed by the motion of source 
and detector together Combining with the above result, 
one may conclude that neither the motion of the source 
nor the motion of the detector influences the velocity 

The earlier double star observations and other experi- 
ments are discussed m ref 6, including difficulties in 
mnteipretation raised by the extinction theorem 
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The Error in the Special Theory of Relativity 


In his recent article, McCrea? explams the apparent 
contradiction in the results obtained by Dingle? from the 
special theory of relativity by pomting out that Emstem 
used two symbols to represent four different quantities 
They are defined by Einstem quite carefully and dis- 
tinguished by qualifying phrases which do not, however, 
appear in the mathematical treatment When I discussed 
this ambiguity some years ago®4, I suggested that if 
Einstein had used four separate symbols he would have 
avoided the mistake which he made later m his paper 
This occurs in the round-trip “thought experiment” 
in which one of the essential qualifying phrases 1s omitted 
even in his descriptive account, thus leading to an incor- 
rect result A brief reference 1s made to this “expert- 
ment” in a comment in Nature? in which ıt 1s stated that 
the symmetry of the clocks 1s not preserved Now this 
would be true in practice, but Exmstem made no mention 
of any effects caused by acceleration nor did he make any 
allowance for them If the “experiment” is carried out 
correctly ıt should therefore give the same readings for 
the clocks as they would have when they are ın uniform 
relative motion The result given by E:nsteim does 
not follow from the “experiment” but from an assumption 
made implicitly that the clock which does the round 
trip is actually going slower than the one regarded as 
stationary and does not sumply appear to go slower as 
viewed by the stationary observer 

This assumption may well be connect and is certainly 
reasonable The important point to appreciate 1s that an 


additional assumption has been made ‘The confusion 
has arisen because of the belief held by Emstem and most 
writers on the subject that the result of the round-tmp 
“experiment” follows from the initial postulates 

Einstem stressed the tentative nature of his theory 
and the need for experimental checks Contrary to 
popular belief, there 1s no evidence concerning the 
special theory as propounded, because no experiment 
has been made in a force-free space In practice, gravi- 
tational forces or accelerations are always involved® 
There 1s now a certain amount of evidence that frequency 
shifts occur when atomic clocks are at different gravita- 
tional potentials or are subjected to rotational accelera- 
tion’! 
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The Case against the Special Theory of Relativity 


ProrEessor McCrra’s reply! to my disproof of special 
relativity? 1s both gratifying and disappointing It 1s good 
that, at long last, some comment has appeared , regrettable 
that this one contains nothing to the point 

One simple thing only 1s needed to refute the disproof, 
and ıt 1s essential—to show an error in the de1!vation 
of my equation (4) that does not invalidate equation (3) 
This I showed with unmistakable clearness McCrea’s 
only contribution to ıb 18 the following ‘Dingle’s (3) 1s 
meaningless Correspondingly Ins (4) ıs meaningless ”’ 
This, if true (it 1s not), would merely kill the theory in 
another way, for (3) 1s E:mstein’s deduction and that of all 
his followers until now 

Because this conclusively nullifies McCrea’s rejoinder, I 
should leave the matter here, with a final appeal to him 
now to agree frankly that the theory 1s untenable, but 
for the fact that the overlooking of the irrelevant bulk 
of his statement would, in the prevailing state of thought, 
be musinterpreted Nature’s piediction® that “The 
chances are that most people will be persuaded by what 
[McCrea] has to say” would only too probably be verified 
It ıs the general view that relativity 1s beyond the under- 
standing of most, but must be accepted because some 
mathematicians, who alone understand it, have endorsed 
it eriticism of ıt, being on this view merely a sign of 
incomprehension, can therefore be ignored if a suffi- 
ciently imposing mathematical dismissal, imtelignble 
or not, is forthcoming Euler faced the non-mathematical 
sceptic, Diderot, with the challenge “Sir, a+b"/n=a, 
hence God exists, reply!” Diderot did not reply and 
Euler’s case prevailed. McCrea’s statement has the same 
relevance and cogency as Kuler’s, and 1f met with silence 
would produce the same general conyiction Reluctantly, 
therefore, I dissect ıt 


First, all the didactic, as distinct from the polemical, 
part which expounds the mathematics of the theory 1s 
superfluous, I do not question ıt I distinguished clearly 
between (a) the mathematics and (b) the identification 
of the mathematical symbols with observable’ quantities 
I have enough mathematical insight to see that 1b 1s a 
waste of tıme to look for mathematical flaws im the theory 
Hence McCrea’s argument (1), which he says “alone 1s 
sufficient to refute Dingle’s contention”, does not touch 
that contention Of course, “equations (III) and (IV) 
[my (1) and (2)] concern two distinct sets of events, and 
so they cannot contradict each other” But what McCrea 
has to show, and has not shown, 1s why the physical 
result (3), deduced from one set, can be held true, while 
the physical result (4), similarly deduced from the other 
(non-contradictory) set, must be held false 

Not only do I agree that my equations (1) and (2) are 
mathematically free from contradiction, I agree also that 
it 1s perfectly possible (though, of cotirse, not ne&essary) 
that if the experiment were made the clocks described 
would give readings conforming to (1) and (2) (n which 
case, as far as can be geen at present, we should have 
to accept Lorentz’s theory) But what 1s impossible is 
that, ın that case, the settings of H and N in ielation 
to A and B, respectively, which, according to Einstein’s 
defimtion, synchronize the pairs, 4,H and B,N, would 
be such as to enable us to infer both his reading of A for 
an event occurring on H (thus yieldimg (3)) and a similarly 
determined ereading of B for* an event occurring on N 
(thus yielding (4)) This I clearly stated 

McCrea’s comments on this essential point of synchro- 
mization, which alone enables us to compare the readings 
of separated clocks, are revealing If Einsten’s compari- 
son were, as he says, merely onp of “two different ways 
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of putting the readings of A,B mto 1-1 correspondence 
with each other’, the whole theory would be an idle 
mathematical fancy, and a space traveller would return 
either older or younger than his ‘twin brother according 
to our capricious choice ef correspondence This, whfch 
I also clearly pomted out, McCrea ignores We have 
here another equivoque of the kind which I exemplified 
by the oscillating interpretation of the ‘FitzGerald 
contraction” Either special relativity says nothmg 
physical, or its (physical) statements are contradictory 
To establish his choice regarding asymmetrical ageing, 
McCrea supposes that it does speak‘, and selects arbi- 
trarily only one of its contradictory utterances When 
asked to face the other he shifts his ground and denies 
that the theory has said anything at all The recognition 
and abyuration of this specious ambivalence are long 
overdue 

But the passage which shows the deepest misconception 
is this “About the first thing that relativity theory 
does 1s to deny any operational meaning to the notion of 
simultaneity at two different places Naturally, this 
fundamental feature ın the theory ıs not affected in the 
slightest by any arbitrary conventions we may adopt 
for the synchronization of clocks’? What Einstein 
pointed out (and this shows his great insight into the 
matter) was that there was no natural meaning of such 
simultaneity, one could freely be given “by definition” 
This released him from the previously assumed necessity 
to assign distant times in conformity with Galilean 
kinematics and set him free to base a theory on whatever 
operational definition he chose—the theory then, of course, 
being riveted to that definition and subject to test by 
observation But when the observation which 1t requires 
18 seen to be that one clock goes both faster and slower 
than another, you cannot plead that that 1s only because 
of the arbitrary definition, which does not affect the 
theory in the slightest The theory is based on the defini- 
tion, and if you want to regain your freedom to choose 
another, you must first repudiate the theory and then 
start again from scratch McCrea’s assertion is equivalent 
to saying that one’s freedom to marry any woman who 
will consent 1s not affected in the shghtest by the fact 
that one has already married 

Here is Einstein’s own account of the matter’ “In 
order to gwe physical significance to the concept of time, 
processes of some kind are required which enable rela- 
tions to be established between different places It ıs 
immaterial what kind of processes one chooses for such a 
definition of time It ıs advantageous, however, for the 
theory to choose only those processes concerning which 
we know something certain’’ How it could be advan- 
tageous for the theory to be so particular about a process 
that does not affect ıt ın the slighest ıs incomprehensible 

McCrea’s remaining arguments are based on an indefen- 
sible misreading of my phrase, “A must be held to read 
t, at E,” He takes this to imply that I :magined A to 
be at the place of the event H#,, which no sane person 
could do “A 1s not ‘at’ E, m any sense admitted by the 
theoryegand it simply has no meaning whatever within 
the theory to speak of what A must be held to do at 
E”, he writes, and he proceeds to draw a space-time 
diagram that ‘‘makes ıt perfectly clear that « [the world- 
line of A] does not go through sE., and so there cannot 
possibly be a reading of A ‘at’ E, ” I myself had defined 
A as a clock permanently distant from H (on which E, 
occurs) and had so shown it m each of four drawings 
I cannot believe that anyone, reading the phrase in its 
context, could fail to see that “A must be held to read 
t, at E,” meant that the reading of A, which, according 
to the theory, must be associated with the event E, 
ist; My definition of E, as the comcidence of H and B 
was accompanied by one of the drawings showing A 
unmistakably at a distance from that event, and, sim- 
larly, another drawing showed B at a distance from E, 
That McCrea should hafe found it necessary to draw a 
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complex of world-lines which obscures for the non-special- 
ist what my simple figures had already made clear to all 
can be explained only ın Eulerian terms That 1s not the 
way to get at the truth, and I am not Diderot 

The letters of Dr Barrett® and Mr Fullerton’ reveal 
elementary misconceptions, and Barrett writes “for A, 
these two clocks are not synchronized” Synchromzed 
clocks are not synchronized for A or for B, they are simply 
synchronized The process is experimental if the readings 
satisfy the condition, t;=¢,—t,, given in my article, the 
clocks are synchronized absolutely Barrett confuses 
clock-readings with the times at which the clocks have 
those readings the same reading 1s collected, fast or slow, 
according to the co-ordinates system chosen, but the 
reading ıs absolute Clock-readings alone are involved 
in my disproof of special relativity That is why Emstein 
rightly concluded that his theory requied one clock to 
work absolutely more slowly than the other Fullerton 
refers to an observer who “synchronizes A, B, H to zero 
but not N” Clocks are not synchronized to one reading, 
synchronized clocks give a common reading m every 
event B cannot be synchromzed with A and H, for it 
moves with respect to them If Fullerton means only 
that these clocks read zero at the event £,, then so does 
N, but the fact ıs trivial 

I now sum up the situation by stating agam what 
must be done to avoid my conclusion Either my equations 
(3) and (4) are contradictory or they are not If they are, 
at least one must be wrong, and 1f Einstein’s (3) 1s right, 
then a false step must exist in the deduction of (4) from 
the commonly agreed (1) and (2) which has no repercus- 
sions on the deduction of (3) this false step must be 
pinpointed If, on the other hand, (3) and (4) are not 
contradictory, then ıt must be explained why Einstein’s 
deductions from (3)—for example, that an equatorial clock 
goes slower than a polar one—are tric, while the similar 
but opposite deductions from (4)—for example, that an 
equatorial clock goes faster than a polar one—are not 
equally true In each case, therefore, either the necessary 
physical implications of (3) must be vindicated and those 
of (4) discredited, or the theory fails No solution which 
makes the equations equivalent, whether meaningful or 
meaningless, has any bearing on the matter 

HERBERT Dineie 
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Purley, Surrey 
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Special Theory of Relativity 


I wap supposed that the misundeistanding about the 
“preferred clock”, mentioned by Professor Dingle on 
page 121 of your issue of October 14, arose from attempts 
to apply the equations of special relativity ın a frame 
which was not “inertial” This seems consistent with 
what is said m your editorial comment on page 113 
about the application of external forces, but ıt does not 
seem to explain the statement attributed to Einstein 
on page 121 if that statement ıs to be considered in the 
context of the special theory 

The velocity of a pont on the equator relative to the 
pole can presumably be taken as zero m the frame of an 
observer on Earth What preference ıs to be given or 
denied to that frame ? 

ACW V Orare 


36 Manor Way, 
Chesham, Buckinghamshire 
Recerved October 24, 1967 


formance at wavelengths of 21 em and longer. 
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The Jodrell Bank Mark IIl Radio Telescope 


by 
H. P. PALMER 
B. ROWSON 


Nuffield Radio Astronomy Laboratories, 
University of Manchester, 
Jodrell Bank 


Surveys have been published!‘ of the angular sizes of 
approximately 400 discrete radio sources. Many of these 
measurements have been made at Jodrell Bank by using 
the Mark I (ref. 5) or Mark IT (ref. 6) telescope linked 
with smaller telescopes at distant sites to form instru- 
ments which are the radio analogues of Michelson’s 
stellar interferometer. The early surveys made it clear 

¿that this programme should be extended to fainter 
sources. This could be achieved with a larger telescope 

ata remote site. It was also clear that if that telescope 
were fully steerable, a tracking interferometer’? would be 
available to obtain information down to a few seconds 

- of are about the angular structures of more than a thousand 
radio sources. . 

In 1963, a formal'request was made to the Department 
of Scientific and Industrial Research for a grant towards 
the design and construction of a Mark III radio tele- 
scope, of the same size as the Mark TI (125 feet by 83 feet 
4 inches) and fully steerable. The telescope is intended 

“primarily to be used with the Mark I instrument for 


¿interferometrie observations at wavelengths down to 


21 cm. Because it is not known which separation will 
be most significant for these measurements of weak 
< gources, the telescope was also designed to be trans- 
portable. This implies that the time taken to dismantle 
it and re-erect it elsewhere should be only about 6 
months. 

The Mark III telescope was designed by Husband and 
Co., consulting engineers, of Sheffield and London, 


to be suitable for automatic operation by remote control 


ce by means.of radio links and to have a good radio per- 
The 
- telescope has been constructed by Fairey Engineering 


ag main contractors with a number of sub-contractors. 


= After some delays in completion and commissioning, 
-it finally came into full service as an interferometer in 


ae July 1967 and has been working almost continuously 


< since that time. Fig. 1 is a photograph of the instrument 
seen from the south-west at its first site, near Nantwich. 


‘Phe focal laboratory is supported on a quadrupod of steel 


- girders. It consists of a temperature controlled enclosure 
“approximately 8 foot cube which is generally similar 
to that on the Mark II telescope. Access is by a stairway 


-o up one°of the girders which can be reached from the 


ground when the bowl is directed to the horizon. The 
reflecting surface consists of a square mesh of galvanized 
wires l inch apart, which has the correct parabolic 


> shape within a tolerance of 0-5 inch. The radio per- 


formance of the reflector has been tested at wavelengths 
of 21, 18 and 11 em. It gives approximately 81 per cent 
of its theoretical performance at 21 em when directed 
to the zenith, but the performance at 11 cm is 45 per 


< gent at the zenith. As the telescopesis directed to lower 


elevations, the structure deforms under gravity by not 


A radio telescope which can be dismantled and reassembled at a 
new site within 6 months is now being used for interferometer 
measurements in conjunction with fixed instruments at Jodrell Bank. 





. 
Fig. 1. The Mark II radio telescope at its first site 24 kilometres south- 


west of Jodrell Bank. The hut containing the receiving and control 
equipment, and the tower carrying the radio link aerials, can be seen to the 
left of the telescope. 


more than l inch r.m.s., and at a wavelength of 11 cm 
the reflector efficiency falls to 14 per cent, when the 
telescope is directed at the horizon. Thus, the telescope 
performs satisfactorily at the lower specified wavelength 
of 21 em and has a useful performance, particularly at 
high elevations, down to 11 cm. 

At an early stage it was decided to use hydraulic drive 
systems for both motions. The drive in azimuth on the 
60 foot diameter rail track is provided at two of the six 
bogies, while the motion in elevation ig controlled py two 
hydraulic pistons each approximately 16 feet long. A 
5 horse-power electric motor drives separate hydraulic 
pumps for the elevation and the azimuth systems. The 
telescope can be drivens in each motion at speeds of 
5° per minute, or at one of three pre-selected lower 
speeds. These motions can be controlled locally or, 
as is now more usual, from Jodrell Bank through the 
UHF and microwave radio links. (Details will be des- 
eribed elsewhere by B. Rowson.) The attitude of the 
radio telescope is indicated by magslips, and their dials 
can be view8d by a television system on the microwave 
link. In addition, this attitude is continuously communi- 
cated to Jodrell Bank by signals sent over the microwave 
link, which drive magslip repeater dials on the remote 
control console. During remote operation of the telescope, 
the site can be viewed by tel@vision camera and the 
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control dials can also be inspected at will. When the 
Mark ITI telescope is used in conjunction with the Mark 
I, it can be arranged that the magslip signals from the two 
telescopes are compared and Sitforonces can be used 
to actuate the hydraulie motors of the Mark III. The 
two telescopes then move in step to an accuracy of 2 
or 3 minutes of are, and the Mark ITI moves at an appro- 
priate low speed for approximately 10 seconds in every 
half-minute. 


N. 






transit 
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and the position angle in which it is obtained change 
ag the source being observed moves across the sky. These 
effects are shown in Fig. -2 for sources at declinations 
0°, +20°, +40° and +60°. The resolving power at any 
instant may be represented by a vector drawn from the 
origin to the point on the appropriate curve at the hour 
angle of observation. It will be seen that for circumpolar 
sources all position angles can be obtained, but that 
for sources south of the celestial equator the range of 


Lower 
culmination 


+10 





Fig. 2. These eurves show the variation with hour angle of the effective resolving power 
and its position angle for the Mark I-Mark III baseline. Curves are shown for sources at 
declinations 0°, +20°, +40° and +60° for the hours when they are above the 
horizon. The resolving power obtainable at any instant may be represented by a 
vector from the origin to a point on the appropriate curve. An example, OA, is the 


vector for a source at hour angle 068, dec +40°, 


The hydraulic rams and motors are protected by a 
comprehensive system of over-pressure alarms, cut-outs 
and relief valves. During operation, two alarm systems 
are used to detect any dangerous malfunction of the 
control or driving of the telescope. The first sounds 
warning tones at the telescope, while the second sounds 
tones and flashes lights at Jodrell Bank. These alarms 
operate if the telescope approaches the end of its per- 
mitted travel in any direction. if unexpectedly high 
hydraulic pressures are gonerated in either the elevation 
or the azimuth system or in the event of unexpectedly 
high wind speeds at the remote site. At the present 
stage of the programme, it is normal practice for the 
scientist operating the telescope from Jodrell Bank to use 
a television camera to observe the control panel and the 
telese8pe itself pefiodically. ln due course, it is possible 
that. some of these control and monitoring functions 
bees taken over by the Argus 400 computer at Jodrell 

ank. 

The first site selected for the Mark III telescope gives 
& baseline to the Mark I of 24 kilometres length in azimuth 


225°. The effective resolving power of this baseline 
Table 1, RANGE OF THE ANGULAR SIZES OF RADIO SOURCES WHICH CAN BE 


MEASURED WITH THE MARK I-MARK IH INTERFEROMETER AT A NUMBER OF 
FREQUENCIES 


Frequency . Maximum baf&eline Size of source (sec of arc) 
(MHz) (No. of wavelengths å) giving fMinge visibility y 
y=08 y=02 
38 3,000 17” 40" 
1514 12,000 4-25" 9” 
408 32.000 t5” r” 
1420 112,000 0-45” 15" 
2695 e 213,00 G23” 1” 


resolving power and position angle is comparatively 
small. This diagram is applicable at any wavelength, 
but the scales on the æ and y axes will vary with the 
wavelength of observation. The range of source sizes 
which can be investigated in the various frequency 
bands allocated for radio astronomy is shown in Table 1. 
Column 1 gives the observing frequency and column 2 
the separation of the telescopes in wavelengths at that 
frequency. In column 3 are listed the angular sizes of 
radio sources having gaussian distributions of surface 
brightness which would give fringe visibilities y=0-8 
and y=0-2. It will be seen that at this baseline we shall 
be able to concentrate on sources smaller than 20 seconds 
of arc and at the shorter wavelengths go down to sources 
smaller than 1 second of arc. 

In addition to the radio tests mentioned earlier, inter- 
ferometrie observations have now been completed during 
observations of flare stars and of a few interesting strong 
radio sources at 38 MHz. Brief initial programmes at 
408 MHz and 151 MHz have also been earried out and 
some of these first results were described recently*. 
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Kinetics of Association of Carbon Monoxide with 
Haemoglobin at Low Temperature 


by 

R. BANERJEE 
P. DOUZOU 
A. LOMBARD 


Service de Biophysique, 

Service de B,ospectroscopie, 

Institut de Biologie Physico-chimique, 
13, rue Pierre Curie, Paris 5 


For a long time the combination of haemoglobin with 
gases has been studied chiefly by measuring dissociation 
curves Such equilibrium data have led to the discovery of 
the haem—haem interaction, and until some years ago were 
the only basis of 1ts quantitative assessment Since the 
development of flow methods for the measurement of 
rapid kinetics and particularly that based on flash photo- 
lysis of HbCO, attempts have been made to describe the 
phenomenon im ternis of kinetic parameters 

The kinetic and thermodynamic parameters of this 
reaction may not always be related in a simple manner, but 
some well defined kinetic expressions seem to apply to the 
haem-haem interaction Particularly imstructive is the 
comparison of the combination velocity constant obtained 
by rapid mixing with that observed after photolysis The 
combination of haemoglobin and carbon monoxide when 
the two components are mixed follows a time-course 
mostly described by a second order rate constant (l) of 
about 1-2 x 105 M-! sec-? at 20° (ref 1) When observed 
after flash photolysis, particularly after very limited photo- 
dissociation (to about 5 per cent), the combination rate 1s 
much faster?. Gibson originally assimilated these rapid 
kinetics with V'a, the fourth combination constant m the 
Adair model; more recent data? in concentrated salt 
solutions (on aß sub-units) might justify a revision of 
nomenclature, but the basic concept relating this difference 
(between l’, and 1’) to the haem—haem interaction seems 
to be well founded 

When the light energy used for photolysis 1s sufficient to 
induce total photodissociation, the combmation reaction 
1s biphasic, an initial rapid phase (with a rate constant 
about twenty times as great as 1’) ıs followed by a slower 
phase with a rate essentially equal to that obtaimed by 
mixing (l’). 

The situation on and after flash photolysis of HbCO in 
the presence of excess carbon monoxide has been described 
by Gibson‘ as 


hy 
HbCO — Hb*¥+Hb+CO 
i* 
Hb*+CO — HbCO 


d 


Hb+CO — HbCO 


ky 
Hb* — Hb 


He called the species Hb* a quick regcting form of haemo- 
globin which, while combming with carbon monoxide at a 


Carbon dioxide binds to haemoglobin at —55°C, in methanol 
and water, in a manner basically similar to binding in ordinary 
conditions. 


much faster rate (ł*) than does ordinary haemoglobin 
(V), 18 itself unstable, and reverts quite rapidly to the 
ordinary form The experimental reaction rates obtained 
by Gibson were complex, but fitted with this scheme when 
chosen numerical values were assigned to /*, l’ and k, He 
also reported activation energies for each of these reactions. 

Whatever the underlying phenomena, the overall rate 
G HbCO 

de 

reactions, some of them quite fast at ordinary tempera- 
tures We think that measurements made at widely dif- 
ferent temperatures might ın ın such cases make resolution 
easier, for the rates of different reactions would vary by 
amounts determined by their respective activation ener- 
gies It1s usual to operate down to 0° C, but regions below 
this have so far hardly been explored except in a few cases? 

We have tried to follow some such haemoglobin kinetios 
at a low temperature (— 55° C) ın mixtures of methanol 
and water The choice of the solvent at a given tempera- 
ture ıs dictated by the stability of the protem which 1n this 
case might depend on the dielectric constant of the 
medium A mixture of methanol and water 60v/40v has a 
reduced polarizability (compared with water) at ordinary 
temperatures, but the dielectric constant 1s close to 80 at 
about —55° C (ref 8) Preliminary tests showed that 
haemoglobin and its liganded forms (HbO,, HbCO) are 
not only quite stable in these solvents but could be made 
to undergo the usual cycle of transformations. 


hy 
Hb+0, — HbO,, HbCO — Hb+CO,Hb+CO — HbCO 


The visible absorption spectra of the respective species are 
not sigmficantly different from those in*water , the Binetics 
of these transformations can thus be followed spectro- 
photometrically in the usual bands 

The dark reactions were found to be much slower (by 
several orders of magnitude) at a low temperature than at 
an ambient temperature, as might be expected The 
reaction, HbO,+CO—HbCO+0,, proceeds so slowly 
at —55° C (even ın the presence of an excess of carbon 
monoxide) as to be imperceptible, no doubt because of 
the rate-limiting step, HbO,—Hb+0,, which, already 
slow (12 seq") at 19° C and“*pH 91 (ref 9), ıs almost 
stopped at low temperature 

We report sere some observations on the kinetics of the 
combination of carbon monoxide with haemoglobin after 
photodissociation of HbCO at —55° C In one senes of 
experiments, photodissociation was designed to be small 


) was dictated by a number of concurrent 
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(5-10 per cent of total HbCO). The other series of experi- 
ments involved a much greater degree of initial photo- 
dissociation 

The optical cuvette, 10 mm leng (for measurement), 
3 mm thick (for photolysis) and 45 mm high, was sealed 
to along cylindrical tube It was placed in the centre of a 
quartz cryostat (with two pairs of parallel flat windows) 
where circulating cold gaseous nitrogen, measured with a 
thermocouple 1mmersed in the solution itself, ensured 
(to +2° C) the desired temperature’ The cuvette and 
cryostat were placed in the upper (measurement) com- 
partment of a recording spectrophotometer, the Cary 15 
A photographic shutter screwed over a hole m the external 
shield let ın the photolysing ight when desired. The latter 
consisted of a parallel beam recovered integrally from a 
mercury source of 200 W and filtered across a rectangular 
water trough Except when longer exposures were wanted 
the shutter was set 0 25-1 sec The recording was started 
manually, and so about 1 sec was lost after the end of the 
period of llumination This lost time did not prove to be 
a serious handicap, for all the reactions were found to 
have slowed down and more than 50 per cent of the 
overall reaction could be recorded even ın cases where 
there was a rapid phase. 

The expermental solution was manipulated under 
nitrogen and contained at all stages an excess of dithiomte 
The followmg example describes the procedure for a 
typical preparation containing, say, 26 pmolar HbCO, 
56 pmolar CO, 60 mmolar iris buffer, and with a solvent 
composition of 60 methanol/40 water, at —55° C For 
solvent (+CO) 190 ml of deoxygenated methanol 
+0°95 ml of deoxygenated buffer solution (0 2 molar, 
pH 7 8) were mixed at 20°C. with a pinch of dithionite to 
ensure removal of traces ot oxygen Then 0 142 ml. of 
water saturated with carbon monoxide at 20° C was 
added under l atm pressure The mixture (always under 
nitrogen) 1s immediately cooled to — 55° C 

For HbCO which is 343 mmolar in aqueous buffer 
saturated with carbon monoxide at 20° Cin the presence of 
afew crumbs of dithionite, 0 2 ml of the solution cooled 
to 0° C was added under nitrogen to 0 2 ml. of methanol at 
0°C A sample (46 yl ) of this mixture at 0° C was added 
immediately afterwards to the solvent at — 55° C. The 
final solution thus has the required composition The 
intermedigte dilution ın methanol (to 50 per cent) at 
0° C 1s dispensable in order to avoid freezing 

In order to ensure that no denaturation had occurred, 
the following precautions were taken Before each kinetic 
determination, the absorption spectrum in the Soret band 
of the experimental solution was recorded The maximum 
was found to be at 421 my, as ın aqueous solution After 
the stages of photolysis and recombination, the spectrum 
was again recorded The experrment was accepted only 
when the height and the position of the Soret band were 
identical with those observed initially In some rare cases 
the Soret band spectrum recorded after the experrment 
was reduced in height with the maximum shifted to 
lower wavelength (to 414 my ın the extreme—these results 
were Sere This shifé was no doubt caused by the 
formation of HbO? from traces of oxygen in the solution, 
for the spectrum thus obtained corresponded to that of HbO, 
(ın aqueous solution or in a mixture of methanol and water 
at — 55° C when prepared as desgribed, starting from HbO, 
and omitting dithionite) Spectral anomalies, when found, 
were limited to those stated above, and never proceeded 
to stages indicating denaturation 

The kinetics of formation of HbCO after controlled 
photolysis were followed at 421 mu, the stages of photo- 
lysis and combination could be repeated a number of times 
with little or no effeet on the time course of he combina- 
tion reaction The rates obtamed (thirty-four tracings 
from fourteen mdependent experiments) were consistent 
and when analysed gave the following results 

After slight photodissociation (~10 per cent), the rate 
of formation of HbCO can be described by a second order 
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rate constant for the whole reaction. The value of this 
constant, which we shall call 2’,, 1s found to be 7 x 10-3 
M> sec"? at —55° © This 1g not far from what would be 
expected from Gibson’s value of 69x 10-* at 19° C and 
activation energy (10 kcal) determined in aqueous 
solution We are aware that factors other than tempera- 
ture (that ıs chemical composition, organization and 
viscosity of the solvent) may play a part ın determining 
the rates, but the agreement seems to show that, at least 
for this reaction, the secondary effects are not much m- 
volved Bıelskı and Freed? obtamed continuous and 
expected change of rates from water to aqueous methanol 
in. the case of hydrolysis of substrates by chymotrypsm 





(Hb* + Hb) (per cent) 





1 5 10 15 


Time (sec) 


fig 1 Time course of formation of HbCO observed in a typical experi- 
ment at — 55° C after high photodissoriation Solvent was 60 per cent 
methanol v/v containing trig buffer (pH 7 8 at 20°C) Initial concentra- 
tion of HbCO was 2 6 wmolar (in haem), with 56 molar carbon mon- 
omde ©, Points read from the experimental tracing Curve 1 was 
calculated following Gibsont but taking [*=975%10? M~ sec", 
l =1 91x10? M- sec, 4,=0 08 sec, assuming total photodissociation 
and all resulting haemoglobin initially to be the quick reacting form 
Curve 2, expected time course with activation energies of (5 6 and 6 keal 
for 2* (*=1 3 x 10° M~ see) and 4, (k,=11 9 sec) respectively Curve 
3, 1*=9 75 x 107 M- sec (Z=11 1 keal), k,11 9 sec? (E=6 kcal) 
Curve 4, *=18x10° M+ oe Œ > 6 kcal), kı=0 08 sec (E= 
cal 


Many of the uncertamties about the chemical and 
physical properties of the solvent should disappear when 
we consider the kinetics of the reaction at a given tempera- 
ture (say — 55° C) and compare the time course of forma- 
tion of HbCO after slight photodissociation with that after 
high uuuitial photodissociation First, as said before, 
the reaction 1s strictly monophasic. After ugh initial 
photodissociation, the kinetics are heterogeneous, and can 
be fitted to Gibson’s scheme ın terms of the constants 
*, V and k,; ın a typical experiment (Fig 1), a good fit 
was obtained following Gibson’s procedure! with /* = 9 75 x 
10? M- sect, ’=19x 10? M- sec? and k,=008 see- 
It 18 mphied that the photodissociation 1s total and all the 
resulting haemoglobin 1s initially ın the quick reacting 
form. These assumptions are justified from relevant 
logarithmic plots (not shown ın the figure) which extra- 
polate at zero tıme to zero concentration of HbCO 
‘While the value of /’ agrees very well with that calculated 
from I’ at 20°C and H=105 kcal, those of /* and k, ae 
much smaller than what would be expected from activa- 
tion energies and rate constants (at 1° C) reported by Gib- 
son (Table 1) In the expermment reported in Fig. 1, the 
rapid phase lasted until about 9 sec, 8 sec after the record- 
ing was initiated Values of /* and k, consistent with the 
reported activation energies (5 6 and 6 keal respectively) 
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Table 1 APPROXIMATE RATE CONSTANTS AND ACTIVATION ENERGIES DURING 
THE COMBINATION OF OARBON MONOXIDE WITH HUMAN HAEMOGLOBIN 
AT ~-55° 0 . 

Proportion of 


initial photo- Rate — 55° 
dissociation constants Solvent 60 vol methanol/40 vol water 
Actrvation energy 
Found (kcal) 
Calc t Reported 
Smali U.’ 73x10 Mt seca 116 10 
High i 9 75 x 10? M~ sec- 111 56 
High r 19x10? M- gec 109 105 
High ky 0 OB sec 166 8 


The temperature was maintained ab +2°C Buffer salts (¢rzs-) were present, 
but it seems impossible to give accurate pH values for the reaction media 
Some of these rate constants have been reported to vary with pH, but the 
difference in rates observed with solutions containing tris buffer at pH 6 7 
or pH 7 8 was not larger than the experimental error The overall limit of 
error may be taken as about 1 keal in terms of activation energies 

} Calculated from rates at 19° C or 1° C reported by Gibson, and those 
observed during this work at —55° C 


would have made the rapid phase disappear in 1 sec 
(curve 2) before we would have noticed ıt Likewise, 1b 
seems mmpossible to get a fit by assigning small values to 
either of /* and k, separately (curves 3 and 4) Both of 
these rates seem to have a much greater temperature 
dependence than reported The value (11 kcal) we found 
for the activation energy of J* seems to be in the expected 
range for a reaction of this rapidity mvolving gaseous 
ligand binding by haemoglobin® 

The results show ın general that gas binding by haemo- 
globin at —55° C m methanol and water 1s basically 
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sunilar to binding ın ordmary conditions It 1s agreeable 
to find evidence for haem-haem interaction, although 
there are no apparent reasons why this should not be so if 
the protein can be mamtained in the native state On the 
other hand, these data may be ‘considered ın the light of 
recent work®-* on the identity of Hb* and the mechanism 
of its conversion to ordmary haemoglobm ‘The quick 
reacting form has been suggested. to consist of isolated 
chains in the monomere form, with the deactivation 
step (Hb*—Hb) simply the combination of deoxy « and B 
chains to give « B or a, Ba We do not propose at this stage 
that our data bear on these considerations, but it 18 
significant that the combination of ligand-free « and 6 
chams to form g B or a, 8, has been found by Antomm 
et al ™ to be very temperature dependent (Q;)=3 13) 
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A WIDE variety of observations, including measurements 
on heliocentric cosmic ray intensity gradients', has now 
established that even during the time of mmimum activity 
of the Sun in rts 11 yr cycle, there remains an appreciable 
residual modulation of the nucleonic components of the 
cosmic radiation These observations have prompted 
many attempts to understand the mode and magnitude 
of the solar modulation suffered by the nucleonie com- 
ponent existing m the near interstellar space, particularly 
within the framework of the solar wind model originally 
suggested by Parker? Such studies have revealed the 
following observational characteristics for the period of 
solar minimum which are now generally accepted by 
workers in this field (1) At mgidities, R, greater than 
5 to 10 BV there seems to be very little or no modulation 
(2) For rigidities between about 0 5 BV and about 5 BV 
the modulation function exp(—K(t)/RB), where K ıs 
a time dependent constant and B is the ratio of the 
particle velocity to the velocity of lght, can best 
represent the observations with a value of Kw04 
to 10 BY (refs 3 to 5) (3) For lower rigidities the 
observational data suggest that the modulation 1s B 
dependent? *)7, 

On the other hand, because the first experimental 
observations for a finite flux of cosmic ray electrons®? 
were reported only in 1961, adequate dtectron flux measure- 
ments over a long enough period of time are not available, 


The energy spectrum of electrons in interstellar space needed to 
explain the Galactic background radio emission has been derived. 
Information can then be deduced about the solar modulation of 
cosmic ray electrons. 


as ın the case of the nucleonic component, to enable us 
to deduce, ın @ sumlar manner, information on the solar 
modulation of electrons As an important consequence 
of this, our present knowledge on this subject 1s in a rudi- 
mentary and, to some extent, controversial statet*-1? 
Nevertheless, information about electron modulation 18 
very important because a comparison of the modulation 
suffered by electrons and nuclei will allow us to distinguish 
between contributions caused by rigidity and velocity 
dependent modulation, and thus lead to definitive con- 
clusions regarding the mechanism ofesolar modiation 
It 1s now well recognized that cosmic ray electrons existing 
in Galactic space are responsible for the background radio 
emission; we have in the present treatment taken advan- 
tage of this special feature to infer directly the electron 
spectrum in interstellar space needed to account for the 
observed background radio spectrum We then compare 
this electron spectrum with that observed near the 
Earth during the period of mmimum solar modulation, to 
draw valuable information on the nature of the modula- 
tion of electrons e 

In Fig 1°are summarized the data available on the 
differential flux of cosmic ray electrons!®-!® measured 
in the neighbourhood of the Earth near the time of 
minimum solar modulation (1965-66) It 1s seen that 
sufficient data exist for this period to construct a reliable 
energy spectrum from about 100 MeV to*about 50 BeV; 
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Fig 1 Alldata points refer to experiments made during 1965-66 except 
the highest energy point‘ Curve A 1s the electron differential energy 
spectrum. derived for the near-interstellar space Curves B and C are 
the modulated spectra expected near the Earth from an R or RB depen- 
dence between 0 5 and 5 BV and a constant or a #-dependence below 
05 BV respectively A, Beedle and Webber, W, Bleeker ef al 18, 

N, L'Heureux“, @, Daniel and Stephens? 


2 5 10! 5 


1t 18 also seen that the data above 5 BeV can be well fitted 
by the power law energy spectrum 
a = 126 F-26401 (m? sec stor BeV)- 
We would like to pomt out here that 
present evidence?’ strongly suggests that 
for rigidities in the range of 10 to 50 BV, 
the hydrogen, helium and heavy nuclei 
of the cosmic rays observed near the 
Earth all have power spectra with 
exponents T close to 2 6 
From the many radio surveys made of 
the sky using wide angle beams, we have 
been able to construct the radio bright- 
ness distribution as a function of fre- 
quency for three general Galactic direc- 
tions, namely, the Anticentre (1^ 140°- 
190° agd b” 10° N -10° § ), the Galactic 
radio minimum (right ascensıionœ10 h 
and æ 20°-60°) and the North Halo, but 
clearly avoiding the north polar radio spur 
(right ascension10-17 h and, 530° 
60°) In addition, using narrow angle 
beam surveys, we have also been able to 
obtain the brightness distribution in the 
direction. of the Galactic Ridge (1” = 0 and 
b’=3 6° N and 36°8S) Details on the 
compiling of the radio and electron data 
and how they have been used to draw a 
number of meaningful conclusions regard- 
mg the electrons, and ın general cosmic 
rays and magnetic fields in the Galaxy, are 
described in a separate paper!® For 
purposes of the present analysis we 


(1) 


10-* 


Flux (W) (m? ster c/s) 


10 


1% 
e 
Fig 


g 





2 


7 NATURE, VOL 217. JANUARY 6, 1968 


have employed the radio spectra obtamed for the 
direction of the Anticentre and the North Halo only; 
thése are summarized in Fig 2 While constructing the 
radio spectrum for the Halo we have included data for 
only the northern Galactic hemisphere’’-*4 because of 
the fact that the solar system is situated significantly 
above the Galactic plane, ths helps in minimizing, 
in this direction, the contributions from the Galactic 
Radio Disk It may be seen from Fig. 2 that the observa- 
tional data have been plotted only up to 10 MHz, below 
which Galactic absorption and other effects become pro- 
gressively :mportant It ıs also seen that the absolute 
sky brightness at 10 MHz in these two directions is nearly 
the same, with power index « ın. both cases close to 0 3-0 4 
at low frequencies, slowly increasing to about 0 8 at the 
highest frequencies The value of a0 8 at Ingh radio 
frequencies can also be seen to be consistent with the 
power index of the high energy cosmic ray electrons 
(equation (1)) as expected from synchrotron mechanism. 

Beginning with the first attempt in 1960 by Biermann 
and Davis*5, many investigators have used the background 
radio emission in the direction of the Galactic Halo to 
deduce information on the magnetic fields existing there- 
m Okuda and Tanaka?! have recently carried out such 
an analysis for the Galactic Centre and Anticentre In 
all these attempts, the sumplified assumption 1s made that 
the observed radio emission and the radiating electrons 
have power law spectra connected by the relation 
a=(I'—1)/2 Calculations are then carried out for the 
radio emission at a convenient frequency with an assumed 
electron spectrum made to fit the electron mtensities 
observed near the Earth at some suitable electron energy 
Unlike these attempts, in what follows we derive the 
complete spectrum of radio emitting electrons (100 MeV 
to 10 BeV) needed to explain the obsexved radio emission 
(which is not a power law spectrum) in the frequency range 
of 10 to 400 MHz 

Because we are primarily interested here in obtaming 
the electron spectrum as ıt exists in the near-interstellar 
space, we have chosen for the present analysis the Galactic 
Radio Disk ın the direction of the Anticentre as resembling 
closest the near-interstellar space The dimension of the 
radio disk ım this direction is thought to be reasonably 
well known and has a value of 4 kparsee Also, ıb 
seems reasonable to expect that the shape and intensity 
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2 Radio brightness distributions in the directions of the Galactic Anticentre and North 

Halo Curve 4 for Anticentre and curve B for the North Halo were obtained using the electron 
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- - - , Expected radio speetrum if experimental electron spectrum of 


land <#.,> =7x 10 gauss are used, — — — —, expected radio spectrum if the 
power law electron spectrum given by eyuation (1) extending down to 100 MeV and <A, 
= x 10 gauss are used @, Costain™, @, 


H> 
Ttrtle et al °, W, Parthasarathy and Lerfald*°, 
E, Andrew”, A, Purton®™, A, Bridle” 
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of electrons above 5 GeV are well preserved in the inter- 
stellar space as there are known to be ın the case of fhe 
nucleonic component Thus we first attempt to deduce 
the electron spectrum in the interstellar space below 
5 BeV by makmg use of the radio spectrum towards the 
Anticentre and later show that such a spectrum, if 1t 
exists ın the Halos would also be able to explain the 
observed radio spectrum in this duection 

It 18 appropriate to mention briefly hera the effect, ın 
the present analysis, of any isotropic metagalactic radio 
component that may exist Though many attempts 
have been made by radio astronomers to estimate the 
magnitude of such a component, the situation is still far 
from satisfactory It 1s generally thought, however, that 
its contribution 1s likely to be < 20 per cent of the Galactic 
background emission The mfluence of this component, 
even if ıt exists to the extent of 20 per cent, on the derived 
electron spectrum depends on the assumed shape of the 
metagalactic radio spectrum and 1t can be easily shown!* 
that in any case its effects are small and will not alter any 
of our general conclusions For this reason we have 
neglected ın the present analysis the effects, 1f any, caused 
by the metagalactic radio component and hence all 
observed background radio emission has been attributed 
as being of Galactic origin 

We will now proceed to deseribe the method of deter- 
mining the electron energy spectrum responsible for 
the Galactic background radio emission The intensity 
of the synchrotron radiation at a frequency v emitted 
along the line of sight by radiating electrons having a 
spectrum of energies can be written as*? 


a/(8)e? < Hy > 


E, 
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where < H, > 1s the mean component of the magnetic field 
perpendicular to the line of sight in the radiatmg regon, 
È ıs the radiating distance along the line of sight 
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through the relation 
_¥__ 4xme me? \* 
Sar TPT TE E ) 
and N(E) dH 1s the number of electrons per unit volume 
with random directions of motion and having energies 
in the interval E and H#+d# (all notations used here are 


the same asin ref 27) Tho limits of tegration E, and 
E, aro chosen such that 


G, (H,) N(E,) dE ~G, (E,) N(E,)dEK[G, (E)N (E)dE]max 


The value of [G,(E)N(E)dE]maz would depend on the 
spectral shape of the electrons and can be estimated 
suitably For a radio spectrum which is not a simple 
power law, as 1s the case in Fig. 2, the electron spectrum 
required to give rise to ıt can best be obtained. by a 
method of trial and error 

Of the two free parameters La and <H, > 4 relevant 
to the Anticentre, the former was assumed to be 1 25x 
1022em Because 1t has also been assumed that electrons 
with Ee>5 BeV m the radiating region have the same 
spectrum as in the viernrty of the Earth, 1t 1s possible to 
set quite meaningful constraints on <H, >4 because ıt 
has to be such that the electron spectrum deduced for 
lower energies smoothly joms with that at energies > 6 
BeV near the Earth It may also be pertinent to stress 
here that the fitting ın the high frequency end of Fig 24 
depends primarily on the assumed magnetic field because 
in this frequency region Ira L—<H,>¥, where y>1 
It 18 then possible by tral to fix a single value of <H, >a 
and a unique, smoothly varying électron spectrum to 
match the observed radio spectrum The electron 
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spectrum shown by curve A in Fig 1 and a value 
<H,>.4=5x 10€ gauss are thus obtamed corresponding 
to the solid curve shown ın Fig 2A for the radio brightness 
spectrum It ıs expegted that any uncertainty ım the 
electron spectrum derived for tHe interstellar space (curve 
A of Fig 1) will primarily result from uncertainties associ- 
ated with the radio observations It ıs now interesting 
to notice that if we assume the same electron spectrum 
deduced for the Anticentre (curve A of Fig 1) to exist 
also ın the Halo region, we get an exceedingly good fit 
(sold curve in Fig 2B) with Ly=4x10" cm and 
<H,>n=2x10-* gauss We therefore conclude that 
the electron spectrum given by curve Ain Fig 1 represents 
the spectrum of electrons as they exist ın the near-inter- 
ee space, this may also be the case in the Galactic 
alo. 

We now proceed to compare curve A in Fig 1 repre- 
senting the electron spectrum deduced for the near-inter- 
stellar space with that observed near the Earth in 1865-66 
and deduce information on the electron modulation Such 
a compaiison reveals the following ımportant features 
(a) between about 05 BV and 5 BY, the modulation can 
be described equally well by an RB or R dependence with 
a value for the constant Ks0 65 (expected shape near 
Earth ıs then given by curve B of Fig 1), and (b) for 
R<05 BV there 1s a constant modulation which can also 
be understood as B dependent with a value for the constant 
Kes1 3 (expected shape near Earth 1s then given by curve 
C of Fig 1) It1s seen that inferences (a) and (b) are also 
consistent with our knowledge of the nucleome modula- 
tion summarized early ın this article We would further 
hke to mention that the residual solar modulation of 
electrons in the entire energy region 01 BV to 5 BV can 
be represented well by a single modulation function of 
the form exp{—K/(a+R)f] where K and a are constants 
with values of Kw1 4 and a1 because Bal 

We acknowledge with gratitude the many useful 
suggestions and comments made by colleagues from this 
institute 
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ONE of the strikmg discoveries made by intiacellular 
recording from visual cells in Zamulus was of small, dis- 
crete, depolarizing potentials which appear on stimulation 
with dim light or, occasionally, spontaneously ın dark- 
ness! In the first reports of such potentials, 1+ was sug- 
gested that they are responses to simgle quantum absorp- 
tions, and so they were given the name “quantum 
bumps’! Later studies showed that a second, larger 
type of discrete potential can often be elicited from the 
visual cells in Inmulus, particularly when the cells are 
slightly hyperpolarized*# This second type of discrete 
potential 1s frequently superimposed on a quantum bump 
or other small depolarization of the cell membrane and 18 
usually several times larger m amplitude It has been 
suggested therefore that the large discrete potentials are 
a type of non-propagated regenerative response that 
arises 1n the visual cells in certain conditions®-* 

The contribution of the two types of discrete potentials, 
particularly the regenerative responses, to the generator 
potential of the ommatidium and to the generation of 
nerve impulses in the eye has not been clarified This 
report describes some intracellular recordings obtaimed 
from the ommatidia of thoroughly dark-adapted small 
Znamult which show very clear and large discrete potentials 
The recordings also suggest a role fer the regenerative 
responses ın the dark-adapted eye 

Lateral eyes from small Inmulz (8-4 ın across the 
carapace) were excised and clamped firmly by an attached 
piece of shell ın a small chamber containing sea water 
The eyes were sliced approximately ın half, with a razor 
blade, to expose intact ommatidia White light from a 
maicroscope uluminator was focused through the cornea 
on to 4 single exposed ommatidium The time of Ulum- 
ination was controlled by mechanical shutters, and light 
intensity by neutral filters mserted ın the beam A 
micropipette filled with 2 molar KCl and with a resistance 
varying from 30 to 70 megohms when measured in sea 
water was inserted into the ommatidium with the aid of 
a micromanipulator. Ag—AgCl electrodes connected the 
micropipette and chamber to a Keithley negative- 
capacitance electrometer. The amplified responses were 
displayed on an oscilloscope and recorded photographic- 
ally i e 

The successful penetration of a cell was signalled by a 
sudden negative shift of the micropipette and the appear- 
ance of large positive responses to light stimuli In this 
study, only cells showing large resting potentials (usually 
70-90 mV) and large generator potentials (80-120 mV 


Two types of discrete depolarizing potentials are recorded intra- 
cellularly from thoroughly dark-adapted visual cells of small Limuli 
stimulated with dim light. The larger type of discrete potential 
seems to be associated with the generation of nerve impulses in the 
eye in these conditions. 


for retinular cells) were used Numerous cells with lower 
resting and generator potentials (30-50 mV) were en- 
countered These cells were usually 1-2 log units less 
sensitive to hght and did not show large discrete poten- 
tials, and so they were not carefully studied. The experi- 
ments were carried out at room temperature (25°-27° ©), 
and after a satisfactory cell had been penetrated, the 
preparation was left undisturbed in thg dark until 1b was 
thoroughly dark adapted. This took at least 30 min 
Two distinct types of response to moderate or bright 
light stimuli are encountered after penetration of a cell 
of the Lemulus ommatidium’ The first type of response 
1s @ smooth depolarization, consisting of an initial transient 
wave and a steady potential which is maintained for the 
duration of the hght stimulus A notch is occasionally 
observed on the ascending portion of the transient wave, 
which suggests that there is also an imitial spike-like 
component in the response®* The second type of response 
consists of a similar but smaller depolarization on which 
large nerve impulses are superimposed The current 
interpretation of these responses 1s that the smooth 
depolarizing potential is a generator potential, which 
originates in. the rhabdom region of the retmular cells 
and spreads by electrotonus into an eccentric cell, where 
it generates nerve ımpulses?™-12 In support of this view 1s 
evidence that retinular and eccentric cells are electrically 
coupled!? The large, smooth depolarizing potentials are 
therefore believed to derive from the retinular cells, and 
the responses with superimposed impulses are thought 
to come from the eccentric cells There are between ten 
and fifteen retinular cells in an ommatidrum and usually 
one éccentric cell} Thus in random penetrations, 
responses of retinular cells are encountered very much 
more frequently than are responses of eccentric cells 
Typical responses of a fully dark-adapted retinular cell 
to graded intensities of ight are shown in Fig 1 In the 
dark, such cells often show little spontaneous activity 
Distinct responses to light are first detected when the 
hght stimulus ıs attenuated about 7 log umts These 
initial responses consist of two types of discrete potentials 
The first type 1s a regular, wave-hke potential, 4-8 mV 
ın size, which occurs repetitively durmg a prolonged 
threshold stimulus The individual waves often appear in 
groups and summate to give a more sustained depolar- 
ization of the cell The second type of discrete potential 
occurs less frequently In Fig 1, for example, only one 
such potential ıs obgerved with the threshold stimulus 
These potentials are very large (up to 60 mV) and their 
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shape, particularly their peak, 1s much sharper than that 
of the smaller potentials The small type of potential 1s 
believed to be the previously described quantum bump?2, 
while the large type of discrete potential is probably a 
regenerative response** This terminology will be adopted 
here, although the present expermments have httle to add 
concerning the acfuracy of these designations 

With somewhat brighter stimuli (6 log unit attenuation 
of the ight stimulus) a small but steady depolarization 
of the cell lasts for the duration of the stimulus (From 
inspection of the tracings in Figs 1-3, ıt seems likely 
that the small sustained depolarization in response to 
dim hght 1s caused simply by summation of numerous 
quantum bumps) Superrmposed on the sustained də- 
polarization are several regenerative responses These 
regenerative responses are quite similar in size and 
shape, and resemble the single regenerative response 
observed with the dimmer (threshold) stimulus With 
yet brighter light stimuli, greater sustained depolarization 
is observed; and it 1s no longer possible to recognize 
either individual quantum bumps or regenerative 
responses. With progressively brighter stimuli, the 
responses become increasingly smooth until (with 2 log 
unit attenuation of the stimulus beam) an entirely 
smooth generator potential ıs observed 

Thus only with dim hght stimuh are the quantum 
bumps and regenerative responses easily distinguished 
Additional records illustrating the two types of discrete 
responses are shown ın Fig 2 The regenerative responses 
are usually observed arising from the top of one or a 
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Fig 1 ‘Responses of a thoroughly dark-adapted retinular cell to 

graded intensities of light, The numbers to the left of each record 

indicate the stimulus attenuation in log units, The bar below the record 

indicates the approximate duration of the night stimulus See text for 
. details 
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Fig 2 Responses of a retinular cell to dim 1lumination (7 and 6 log 

unit attenuation of the stimulating beam) ‘These records show clearly 

the two types of discrete potentiais elicited from the dark-adapted cell 
Vertical calibration, 20 mV, horizontal calibration, 0 5 sec 
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Fig 3 Responses of a dark-adapted retinular cell to graded intensities 
of light, showing decreasing latency of first regenerative response with 
increasing intensity Calibration asin Fig 2 


group of quantum bumps Occasionally, a regenerative 
response seems to arise independently of the quantum 
bumps (Fig 3) Thisis difficult to judge, however, because 
if a quantum bump and a regenerative response super- 
impose closely, the underlying quantum bump would not 
be obvious r 

One feature of the responses of retinular cells to moderate 
and bright ight which was noted previously is the presence 
of a notch on the leading,edge of the generator potential": 
This notch may be caused by a single regenerative 
response which occurs initially after stimulation of the 
dark-adapted eye with moderate or bright ight A record 
suggesting this is shown ın Fig 3; all three tracings in 
the record, show regenerative responses of simular size and 
form With brighter stimul, however, the first regener- 
ative response appears earher, until ıb 1s observed pre- 
ceding most of the sustained depolarization In the 
bottom tracmg in Fig. 3 the mitial regenerative response 
1s also the largest and clearest, suggesting, perhaps, that 
full-sized regenerative responses are eheited only for a 
narrow range of membrane polarizatign This may 
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Fig 4 Responses of a thoroughly dark-adapted eccentric cell to graded 
intensities of ight See text for details Calibration, 20 mV and 0 2 sec 


explain why only one regenerative response 1s ordinarily 
observed after stimulation of the eye with moderate or 
bright lght 

It was assumed that an eccentric cell had been pene- 
trated when umpulses of 15-60 mV were observed super- 
imposed on the generator potential Occasionally, small 
impulses are detected in retinular cell recordings, but the 
amphtude of these impulses never exceeds 1-5 mV. In 
records from retinular cells that show large discrete 
potentials, impulses are not usually observed (Figs. 1-3). 

As already noted, generator potentials observed in 
eecentric cell recordings are usually smaller than the 
generator potentials noted im retmular cell recordings 
The discrete potentials are also smaller in eccentric cell 
recordings and thus cannot be distingwshed as readily as 
in retinular cell recordings Nevertheless, in many 
recordings from eecentme cells, especially when the 
impulses are not very large (15-30 mV), discrete potentials 
of two varieties can be observed 

A seb of responses of one such eccentric cell to stimuli 
of mereasing intensity ıs shown in Fig 4 In the dark, 
this cell showed an occasional spontaneous discrete 
potential and nerve impulse The first responses to dim 
light (log J = —8) consisted of small waves of depolar- 
wation These waves vary considerably in size and 
duration, suggesting that they are not single quantum 
bumps but probably groups of summatmg bumps, similar 
to the guantum bumps af varying size observed in 
retimular cell records (compare Figs 1 and 4)° 

With brighter stimuli (og I = —7) a more sustained 
depolarization of the cell ıs observed Superzmposed on 
the sustained depolarization are sharp, discrete potentials 
which seem similar to the regenerative responses seen in 
retinular cell recerdings. Nerve impulses are also seen in 
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the record and are associated with each of the regenerative- 
like,responses 

With still brighter stimul: a greater sustamed depolar- 
ization 18 evoked, and regenerative-like responses are more 
difficult to detect and to associate with the numerous 
impulses The brighter the light stimulus, the smoother 1s 
the generator potential and the mote regular is the 
discharge of impulses. The responses of eccentric cells 
shown in Fig. 5 are about 1 log umt more sensitive than 
the comparable responses of the retinular cell shown in 
Fig 1 This is the usual finding, and 1t probably reflects 
the summated effects of the ten to fifteen retinular cells 
on the single eccentric cell of an ommatidium 

In Fig. 5a the close relation between the regenerative- 
like responses and the impulses in the eccentric cell is 
shown more clearly. In all these records, 1mpulses are 
observed only in conjunction with regenerative-hke 
responses. For example, with 7:5 log attenuation of the 
stimulating beam, a very small sustamed depolarization 
was observed together with five clear and prominent 
regenerative-hke responses. Five impulses are seen in 
Fig 6a, superposed on the five regenerative-lke 
responses In Fig. 5b, recorded at a much faster sweep 
speed, one such regenerative-like response is shown with 
superimposed impulse The impulse has a duration of 
about 4 msec; the regenerative-lke response, about 
100 msec The regenerative-hke response has a smooth 
wave-form, interrupted only by the impulse. 

The regenerative responses, ın occurring repetitively in 
an all or none fashion when elicited with a prolonged dim 
hight, have characteristics similar to those of nerve 
impulses. It ıs known that tetrodotoxin blocks the 
transient influx of sodium ions that oceurs when a nerve 
impulse 1s generated but does not appreciably affect 
slow, generator-type potentials’. s 

In Fig 6 the effect of tetrodotoxin on the nerve ım- 
pulses, quantum bumps, and regenerative responses of the 
photoreceptor of Inmulus ıs shown The concentration 
of tetrodotoxin used in these experiments was 2 x 10-* 
g/100 mì of sea water. Within 3 mn of infusion of the 
drug, impulses are blocked in the eye and remain blocked 
as long as the drug 1s present. When the drug has been 
washed away, nerve impulses reappear, but if the con- 
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Fig 5 æ, Records from an eccentric cell showing the close relation of the 
regenerative-like potentials and nerve impulses in the dark-adapted 
eye stimulated with dim light Calibration, 20 mV and 02 sec 
b, Regenerative-hke respomse with supersmposed impulse, recorded at 
fast sweep speed Vertical calibration is same as Fig 5a, horizontal 


z calibration, 20 msec 
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pg 6 Effect of tetrodotoxin on the nerve impulses of eccentric cell 
(eft) and on quantum bumps and regenerative respönesa of retinular cell 
(right) The top tracings are the controls recorded before addition of 
the drug Middle tracings are responses recorded 10 min after mfusion 
of the drug, and bottom tracings are responses recorded 20 min after 
start of sea water wash The impulses are abolished by tetrodotoxin, but 
the quantum bumps and regenerative responses are unaffected Drug 


concentration was 2x 10-8 g/100 ml Vertical calibration, 20 mV, time 
calibration 0 2 sec on left, 0 5 sec on right 
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centration and duration of the drug exposure were high, 
as here, only partial recovery of the impulse amplitude 
is noted. 

No effects on erther the quantum bumps or regenerative 
responses are observed after exposure of the eye to the 
same concentration of tetrodotoxin that rapidly eliminates 
the nerve impulses. So far, I have not observed tetrodo- 
toxin to affect any component of the generator potential 
Benolken and Russell have reported some effects of 
tetrodotoxin on the generator potential m Limulus, but 
the concentration of tetrodotoxin they used was 5 to 
1,000 times greater than was used here® 

Recordings from thoroughly dark-adapted retinular 
cells show two types of discrete potentials clearly Re- 
cordings from eccentric cells are somewhat more squivocal 
because the discrete potentials are smaller, but m many 
instances two types of discrete potentials can be recog- 
mzed which seem to correlate with the discrete poten- 
tals of the retinular cells The present experiments 
indicate that the discrete potentials observed in the 
eceentric cell originate at some distance from the impulse- 
generating site, because in those recordings that show 
large nerve ımpulses the discrete potentials (and the rest 
of the generator potential) are small, and vice versa 
These observations therefore suggest that the discrete 
potentials (lıke the rest of the generator potential) 
originate in the retinular cells and spread electrotonically 
into the eccentric cells 

When the dark-adapted ommatid:um 1s stimulated with 
dim light, the generation of nerve impulses seems to be 
correlated with the presence of regenerative responses. 
With brighter light stumul:, regenerative responses are not 
clearly recognized, but the sustamed depolarization m- 
duced by the hght 1s large and apparently sufficiently 
large to generate impulses in the eccentric cell. It 18 
therefore tempting to suggest that the regenerative 
responses provide the potential to generate action poten- 
tials m the dark-adapted eye, when too few quanta are 
absorbed to provide sufficient sustained depolarization to 
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induce action potentials It has long been realized that 
visual systems, including that of Iamulus, can be excited 
by very few quanta’?$ If, however, the small discrete 
potentials observed in, retinular cell recordings are the 
quantal responses, 1t seems unlikely that only a few such 
quantum bumps could provide sufficient depolarization 
to generate an impulse at the spike generating site ın the 
eccentric cell, which 1s perhaps several hundred microns 
away The regenerative responses may be, therefore, the 
amplification mechanism by which action potentials are 
elicited ın the dark-adapted eye when only a few quanta 
are caught To confirm these ideas it will be important 
to make recordings from retinular cells and optic nerve 
simultaneously, to show unequivocally the correspondence 
of regenerative responses in the retinular cells and 1m- 
pulses ın the optic nerve 

The regenerative responses are interesting potentials 
that warrant further study In the dark-adapted eye 
these potentials are large (up to 60 mV), quite constant 
in size and shape, and are evoked repetitively in dim 
light They are not affected by tetrodotoxin, but are 
profoundly reduced in amplitude by hght adaptation. A 
single bright flash will elimmate them, and 15 mm or 
more ın the dark is often necessary before they recover 
their initial amplitude These responses seem to be 
regenerative, but they probably do not propagate, 
because they are usually smaller when recorded in the 
eccentric cells Thus they share properties of both slow, 
graded potentials and nerve impulses 

The final point concerns the conditions in which discrete 
potentials, especially regenerative 1esponses, are best seen. 
Four factors seem to be important ‘These are (a) the 
use of small (3-4 ın ) Zamult, (b) thorough dark-adaptation 
of the preparation (30 min at 25°-27° C), (c) the use of 
relatively fine micropipettes (30-70 megohm resistance 1n 
sea water), and (d) the use of cells with large resting 
potentials and large generator potentials Although on 
several occasions one or more of these factors have varied 
and good discrete potentials have still been observed, the 
best recordings have invariably been made with these 
conditions fulfilled It also seems likely that the micro- 
pipette must be ın a particular location m the cell, perhaps 
close to the rhabdom region, if large discrete potentials 
are to be observed On one or two occasions, a slight 
shıft of the pipette durmg an experiment stgmficantly 
changed the size of the discrete potentials but d.d not 
appreciably affect the resting potential This suggests 
that the pipette did not withdraw from the cell, but 
simply moved within the cell to a new position, one that 
was more (or less) advantageous for recording the discrete 
potentials 

I thank E F MacNichol, jun , for lending equipment, 
for helpful advice, and for reading the manuscript. 
Grundfest provided the tetrodotoxin This investigation 
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On Decembe: 13, 1966, at 06 30 UT, an instrumentation 
package carrying several X-ray detectors was launched 
on an Aerobee 150 rocket from Natal, Brazil The X-ray 
background observed ın the 44-70 A band on the flight 
was anisotropic and 1s interpreted to consist of an extra- 
galactic component and a component which may possibly 
be associated with the galactic corona. 

The instrument which supplied the data reported here 
was a proportional counter with an effective collecting 
area of 500 cm? The detector was collimated to 8° full 
width half maximum (FWHM) by a honeycomb col- 
limator, A constant pressure gas flow systam was used 
to ensure stable operation of the counter throughout the 
fhght The pressure regulator employed was capable of 
holding the preset counter pressure to better than 0 1 
per cent Counting gas was contimuously flushed through 
the counter through an umbilical before the launching 
After lift-off, flow was maintaimed from an onboard gas 
supply bottle 

A calibration detector with an internal iron-55 source 
was connected in parallel with the primary detector and 
shared the high voltage and counting gas of the detector 
The electronics chain servicing the primary detector was 
switched to the calibration detector periodically through- 
out the flight to check the overall system gain These 
calibrations imdicated that the primary detector was 
stable to the limit of readability of the data or to better 
than 02 per cent 

The window employed in the detector was nommal 
1/8 mal ‘Mylar’ with a 200A ‘Nichrome’ coating The 
counting gas was 90 per cent argon and 10 per cent meth- 
ane A laboratory calibration of the transmission of the 
window was made at 7A and 44A The detection effi- 
ciency of the counter 1s shown in Fig. 1. The data from 
the detector were amplified and fed to an eight-channel 
pulse height analyser The output from each channel was 
then telemetered to ground 

The rocket was despun at 70 km to a roll period of 12 
sec by a gas despin mechanism As the rocket spun and 
precessed, ıb scanned much but not all of the overhead 
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Fig 1 Detector efficiency of the proportional counter Photons 


producing counts an the 44-70 A band were discriminated electronically 
and telemetered directly to ground 
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The cosmic X-ray background has been found to be anisotropic. 
it 1s interpreted as being made up of two components’ an Isotropic 
background, possibly of extragalactic origin, and an anomalous 
emission, perhaps located within the Galaxy. 


sky The determination of the rocket aspect as a function 
of time was greatly complicated by the failure of the 
onboard stellar photometers An aspect solution was 
eventually obtamed by combining the data from two 
onboard magnetometers with X-ray data from the pro- 
portional counters The spin rate, precession rate, coning 
angle and the angle between magnetic north and the 
angular momentum vector were determined from the 
magnetometer data A unique position sighting necessary 
to specify completely the solution was provided by a roll 
on which both the Crab Nebula and ScoXR-1 were 
observed by the X-ray detectors These two sources were 
unambiguously identified by their intensities and by their 
angular separation 

Although this aspect solution does not possess the 
strong internal verification of a solution based on stellar 
signals, soveral checks on self consistency were available 
The solution obtained was consistent with a rigid body 
solution based on the moments of mertia of the rocket and 
the observed roll rate In addition’, a strong source 
was observed approximately 100 sec before the ScoXR-1 
sighting The position of this source 1s within 10° of the 
reported location of CenXR-2 (ref 1) 

From this aspect solution, the detector scans were 
plotted ın galactic co-ordinates Photons detected in 
the 44-70 A band were handled ın the following way 
The celestial sphere was divided into elements of 50 
square degrees, corresponding to the approximate resolu- 
tion area of the collimator The mdpoints for all scans 
passing through a given resolution element were noted, 
and the number of photons detected in 05 see about 
those points were averaged and recorded for that element 
The photon count m each element was then reduced by a 
background count of 4 counts/0 5 sec This counting rate 
was observed throughout the flight when the detectors 
were looking in the downward direction The statistical 
validity of the count ın each element varied from +8 per 
cent to +50 per cent depending on the number of scans 
and the number of counts/scan contributing to the average 
count in that element Typically element. were valid to 
+20 per cent 

A smmplified version of this plot was superimposed on 
a map of the galactic hydrogen distribution taken from 
ref 2, and ıs shown in Fig 2 In this composite map, the 
photon counts are grouped into four tensity categories 
A general trend 1s evident which shows that the count 
rate ıs higher near the pole than 1t ıs near the galactic 
equator 

The data from the higher energy channels have not as 
yet been completely analysed As a preliminary step, 
however, the rate of counting uncorrected for detector 
efficiency was determmed for the region within 20° of 
the galactic pole and the region within 10° of the galactic 
plane These results, along with the 44-70 A data, are 
given ın Table 1 It 1s clear that the correlation rate of 
counting with galactic latitude ıs lost at hıgher photon 
energies in agreement with earlier work’. 

To interpret the data of Fig 2, we have tentatively 
divided ıt into two components (a) an intrinsically 180- 
tropie background, possibly extragalactic ın origin, and 
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Table 1 

Counts/half sec bd 

Wavelength Galactic * Galactic Ratio of 
band pole plane plane to pole 
4-70 A 1041 03409 0034009 
5-16 Å 26414 22 +2 0 85+0 09 
5A 441 18 +2 1294017 
23h 941 10 +2 1114025 


(b) an anomalous emission in 300°<1<30° and b<70°, 
perhaps located within the Galaxy The first component 
may be identified with the background detected at higher 
energies where the attenuation by interstellar gas 18 
neghgible The fact that ıt correlates with latıtude in the 
present experiment ıs interpreted as interstellar attenua- 
tion of an extragalactic source, an effect predicted by 
Gould and Sciama‘ We have analysed the data to obtain 
the isotropic intensity corrected for attenuation and the 
magnitude of attenuation within the Galaxy 


This analysis 1s based on the relation 


(1) 


where È 18 the count rate, A ıs the detector area, Q 18 
the effective solid angle (205x10-* ster), (e) ıs the 
unattenuated photon spectrum at energy e (quanta em~? 
sec-! ster-! keV~1), E(e) ıs the detector efficiency and 
z(e) 18 the optical depth of the interstellar gas The 


R = AQ f(e) Ele) 0-70) de 
9 


detector cut-off 1s at s= 0 28 keV, corresponding to 44 A 

The optical depth + equals oN, where o 1s the effective 
cross-section per hydrogen atom and Ny 18 the atomic 
hydrogen column density based on 21 cm measurements? 
In the present energy range, o 1s caused entirely by hydro- 
The 


gen and helium, which are assumed to be neutral 
most recent calculations of o yield’ 


ex —b 


a =o ( 
Ep 


Go = (0 84421 4E) x 10-7 em? 





a 


S 
=N 


64 


100 
Fig 2 44-70 A photon 
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where o, 18 the effective cross-section ab sẹ=0 28 keV, 
and €=n(He)/n(H) We fitted # by £,(e/e,)¢, with 
E,=0 158 and c=62, Although j(c) 1s not yet known, 
we assumed a powerelaw j,(¢/¢))%, where a~16 from 
previous results below 100 kéV (ref 6) When these 
approximations are mserted into equation (1), the result 
can be written 


R = R° P(oN n) 
where R= ANB oe (3) 
l+c~—a@ 


is the count rate outside the galactic disk and o,Vq 18 
the optical depth (at 44 A) for the direction ın question 
While F(o,Ny) can be evaluated exactly in terms of 
incomplete T functions, a sufficiently accurate approxima- 
tion 18 


F = exp (—1 470,N x) (4) 


The count rates corrected for background were divided 
into eight groups according to the value of Nu at the 
observed position in the sky Mean values of Re , (counts/ 
0 5 sec interval) and dispersions based on count statistics 
were computed The results are presented as log Ry, 
aganst Ny in Fig 3 (The point for Nqg>1 6x 10% ıs 
12+03 and ıs consistent with the data plotted ) The 
correlation between log Ry, and Nx 1s good, confirming 
the quahtative result from Fig 2 The fit of a straight 
line (equations (3) and (4)) yields 


R? = 2h», = 22+38cps 
Op = (0 9138) x 10-7 em? 
The errors quoted are estimates of the maximum permis- 


sible error From equation (3), the corrected count rate 
corresponds to 


jo = 270+ 40 quanta cm-* sec! ster-! keV- at 0-28 keV 
or 
Jy = (5140 7) x 10-3 erg em~? sec! ster Hz- 


and 
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counting rates superimposed on a plot of the galactice hydrogen distribution The resolution areas employed correspond. 


to the effective resolution area of the collimator and the count rates refer to D 5 sec averages 
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The cross-section c, inferred from the data 1s surprisingly 
small According to equation (2), 1t formally implies a 
helium abundance §=n(He)/n(H) = (0 3333) percent This 
is only a small fraction of the valwe observed m emussion 
nebulae’, and in O and B stars? and ıs not acceptable 
One may question the validity of the adopted cross- 
section for helium in equation (2) It agrees, however, 
within 10 per cent with an experimental determmation 
at 0 28 keV (ref 9) and correlates well with other data at 
lower energies!® Furthermore, if additional interstellai 
hydrogen were present in a form other than atomie (such 
as H, or H+) the discrepancy would be still worse 

It 18 interesting that ultraviolet observations of stars 
also indicate a discrepancy with the 21 cm column den- 
sities!! Lyman-« measurements indicate that Nx (21 em) 
may be as much as a factor 6 5 too high Our measure- 
ments indicate that Nu (21 cm) may be a factor 3 3 too 
high if 180 10 Ifthis discrepancy 1s real, it has profound 
unplications for the interstellar medium 

We find that Je may be reasonably interpreted as a 
continuation of the background spectrum already observed 
above l keV. For example, a power law with a=1 8 fits 
the points from 0 28 to 30 keV quite well (confirming our 
use of a=1 6 ın the data reduction) Such a spectrum 1s 
consistent with either emission by distant discrete sources 
or inverse Compton scattering of 3° black-body back- 
ground quanta in intergalactic space In this case, the 
observed steepening of the spectral index by about 05 
somewhere between 10 and 100 keV may have great 
significance 

The present measurement may be employed to place 
hmits on the temperature of a dense intergalactic medium 
It was shown by Field and Henry?! that an upper limit on 
the temperature of a postulated inteigalactic gas can be 
obtained from the observations of the diffuse background 
in the 2-10 A region If the gas 1s assumed to be heated 
at the epoch z= 1, and 1f 1ts density 1s sufficient to give 
Q=1, the present gas temperature must be less than 
2x10°°K. Weymann™ has computed more realistic 
models, based on definite heating mechanisms and includ- 
ing free-bound emission and emission by hehum in addı- 
tion to free-free emission by hydrogen Fos upper limit 
from the 2 to 10 A data ıs also about 2x 108 °K because 
the latter dominates at high temperatures 

The pregent data at lower photon energies are sensitive 
to lower temperatures From Weymann, we find T 
<3x 10° °K if the predicted thermal emission 1s not to 
exceed the observed flux Even if helium and free-bound 
emission, are omitted!*, 77<5 x 105 °K 
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me 3 Correlation between observed count rate and calculated inter- 

stellar absorption The abscissa is the column density of interstellar 

atomic hydrogen, which 1s proportional to the expected absorption, 

and the ordimate 1s count rate (05 sec intervals) The correlation 

represented by the line confirms the hypothesis of extragalactic origin 

The intercept yields the count rate corrected for absorption, and the 
slope yiélds the cross-section per hydrogen atom 
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If quasars are at cosmological distances, Weymann 
hag shown that T >1x 105 °K from the absence of inter- 
galactic Lyman-a« absorption We may set a lower limit 
on T from the present data alone, which 1s independent 
of the controversial issue of quasar distances, although ıt 
does depend on the assumption that the abundance of 
primordial helium 1s about 10 per cent. If T were lower 
than 105°K, thermal emission at 44A would be neg- 
ligible, requiring that the observed flux be attributed 
entirely to nonthermal sources If, as seems very hkely, 
these sources are at a great distance, they will be 
attenuated by the intergalactic gas‘4 if any atoms are 
present which are not completely ionized For gy=1 
and 10 per cent helium abundance, this requires that less 
than a few per cent of the helium can be neutral or singly 
ionized Fromref 13, this ın turn requires that T > 10° °K 

We may therefore conclude that the present tempera- 
ture of a postulated dense intergalactic gas must he ın 
the narrow range 1x 10°'<7<3x108°°K Such values 
agree very well with a theoretical prediction by Scama! 
It ıs important to note, however, that a vald alternative 
explanation is simply that the intergalactic gas is not 
dense and that ıt contributes a negligible amount to the 
mass of the Universe If future experiments eliminate 
the permitted range of temperature altogether, we shall 
be forced to the latte: conclusion 

Finally, we consider the interpretation of the anomalous 
emission component If ıt ıs imdeed a real effect, its 
direction 1s not far from the direction of the galactic 
nucleus Its intensity decreases at low galactic latitude 
as would be expected for a distant source. We have con- 
sidered the possibility that this source 1s caused by a 
galactic corona of the type proposed by Spitzer! We 
estimate that 1ts maximum intensity at 0 28 keV, cor- 
rected for interstellar attenuation, 1s* about 18x 10-4 
erg cm~? sec"! ster-! Hz- If we include a small contribu- 
tion by helium and by bound-free emission, the thermal 
radiation from the hot gas would equal the value suggested 
by the observations 1f T=10°°K and the emission 
measure [N,?di=07 Such a corona would not be 
observable optically or at radio wavelengths If we 
suppose ıt to be a spherical cloud centred on the galactic 
nucleus, 1ts radius would be about 5 kparsec and Ne 
would be about 10-2 em-* The gas pressure would be 
about 2 x 10-12 dynes cem-*, about twenty times the value 
suggested by Spitzer Its mass would be 10°MO If the 
anomalous emission 1s caused by another effect, these 
figures represent an upper lmt on a possible galactic 
corona 

We thank Dr Burton Henke for assistance m the 
calibration of the detector window and Dr Dennis Sciama 
for a number of useful discussions This work was sup- 
ported by a NASA contract to the Catholic University of 
America and by a NASA grant to the Umversity of 
California at Berkeley. 
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Conformational Relationship between the O-C-C-N* System 
of Phospholipids and Substrates of Muscarinic: 


and Chotinergic Systems 


. 


The O-C-C-N+ system 1s a common structural feature of phos- 
by pholipids and nerve amines and ıt displays the gauche conformation 


M. SUNDARALINGAM 


Department of Chemistry, 
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about the carbon-carbon bond. The characteristic gauche conforma- 
tion is probably assoclated with the biological activity of the 
phospholipids and the nerve amines. The close structural relation- 
ship between the phospholtpid components and acetylcholine suggests 
that the lecithins and the sphingomyelins of cell membranes may 


be competitive inhibitors and sites of concentration of acetyl- 
cholinesterase 


Iw @ recent communication on the crystal structure of the 
phosphohpid component 1-«-glycerophosphorylcholine 
cadmium chloride trihydrate’, it was pointed out that the 
choline residue displayed a gauche conformation about the 
C-C bond (Fig 1) Choline and ethanolamime derivatives 
are widely distmbuted as components of membrane 
phospholipids and nerve ames Examunation of several 
of these compounds, the solid state structures of which 
aie known, revealed that the O-C-C-N+ system always 
exists in the gauche form (my unpublished results, see also 
ref 2), rather than the trans form which would be expected 
on purely steric grounds I contended that electrostatic 
attraction between the positively charged nitrogen and 
the electronegative oxygen (ester, ether or alcohol oxygen) 
stabilizes the gauche conformation 

There can be two enantiomeric gauche conformations, 
I and II, in I the OCCN* angle 1s positive while in the 
other this angle 1s negative Crystal structures, which have 
a mirror plane (glide plane) of symmetry or a centre of 
symmetry, would display both these forms The torsion 
angles occ (for definition of occ (ref 3) see Fig 2), for the 
compounds under consideration, are listed ın Table 1 
Irrespective of whether the compound ıs a zwitterion or 
one that possesses only a positively charged nitrogen, 1t 
is observed that the conformation about the C-C bond 
is gauche The intramolecular N+ O distances shown m 
the figures may be regarded as being close to or shghtly less 
than the van der Waals contacts, mdicating that there 15 
substantialelectrostaticinte1 action between the quaternary 
nitrogen, N+, and the electronegative oxygen, thus sup- 
porting the contention that N+ O coulombic attraction. 
18 primarily responsible for the folded conformation 





Fig 1 Gauche conformation of the choline iesidue in L-a-glycerophos- 

phorvylcholine cadmium chloride trihydrate and L-a-glycerophosphoryl- 

choline itself In the latter compound there are two independent mole- 

cules in the asymmetric unit and both display the gauche conformation 

for the O-C-C-N+ system Theintramolecular N+ O and C 0 
distances are as follows 


Nt (8) (è: o 
L-a-Glycerophosphorylcholine 


adminin aona trihydrate 304 Å 206A 

l-a- cerophosphoryichoime e 

nie Molecule i 3183 Å 3025 A 
Molecule 2 3142 A 3035 Å 


fa? 


O 


gauche gauche trans 


Fig 2 The three possible staggered arrangements for the O-C-C-—N+ 
system as viewed down the C-C bond ‘The torsion angle pce (ref 3) 
1s said to describe a gauche conformation when the projected angle 
between the C-O and C-N+ bonds is +60°, the positive angle is 
measured clockwise from the C-O bond to the C-N+ bond 


Furthermore, the positive charge on the nitrogen would be 
expected to be at least partially delocalized into the methyl 
groups PossibleC-H O hydrogen bonds? involving the 
C-H bond of the methyl group closest to the oxygen atom 
can therefore provide additional stabilization of the gauche 
conformation m the cholme dervatives where the 
H-C- N-C-C-—-O cham achieves a quasi srxx-membered ring. 
as shown in Fig 3 Even in the zwitterions it seems that 
the gauche conformation 1s stabilized by the interactions 
discussed (N+... O) rather than the electrastatic inter- 
action. between the positively charged mitrogen and the 
anionic oxygen. 

The cadmium chloride complex of 1-«-glycero- 
phosphorylcholine exhibits a torsion angle of about -+ 60° 
In u-«-glycerophosphorylcholine rtself*, however, while 
the two independent molecules comprising the asymmetric 
umt of the crystal structure are gauche, their torsion 


Table 1. CONFORMATION OF THE Nt+-O-C-X SYSTEM, WHERE X = 
OXYGEN, SULPHUR OR SELENIUM* 
Zwit- Confor- 
Compound System terion mation Qoe 
L-a-Glycerophosphorylcholine 
CdCi, 3H,0* Nt-C-C-O Yes Gauche +60 8° 
L-a-Glycerophosphorylcholine! (2 
molecules/asymmetric unit) ia 7 » 6t A 
Muscarine 10dide® jè No m — 8619 
Acetylcholine bromide! PP 5i » ~™ +60 
Palmitylcholine bromide’ (and 
1odide) Pn + » Projection 
e work 
Stearylcholine bromide*® (and 
1odide) ” ” » oy es 
Choline chloride’ “ a» » — 84 
2-Amincethano! phosphate" si Yes 23 +52 
pi-Serme*™* » s, » +60 
L-Serme phosphate’? 1 ” » ~ +50 
Is-Threonime* + i 5 ~ 55 
d,l-2-Aminobutylthiosulphuric 
acid?? N%-0-C-S as os +581 
2-Amınoethylæphonic acid®° ” ” 2 +602 


Acetylthiocholıne bromide (private 
communication from Shefter and 
No Trans ~ 150 


Mautner} ” 
Acetylselenocholine 10dide? N+-C-O-Se i a 


> After this article was submitted for publication, Caristrom and Bergin 
(Acta Cryst ,28, 318, 1967) reported the crystal structure of the brain amine 
noradrenaline hydrochloride, ın which the O-C-C-Y+ system also occurs 
in the gauche conformation with ¢cc about — 60° 
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angles have opposite signs, namely +71 5° and — 76 3° 
(Table 1) The remaimmg choline derivatives in the table 
with the O-C-C-N* system are not zwittertons and, m- 
terestingly, are related to the substrates of muscarimic and 
cholmergic systems, for example, muscarine rodide®, 
choline chloride®, acetylcholine bromide’*, and palmityl- 
and stearylcholme bromides*?° These compounds exist 
m the gauche conformation in their respective erystals 
Fig. 

Be two ethanolamine derivatives—ethanolamine 
phosphate and L-serme phosphate—are components of 
the important phospholipids (cephalins), phosphatidyl- 
ethanolamine and phosphatidylserie, respectively Again, 
both these components demonstrate the gauche form in 
the solid state, although here the substituents on the N+ 
are hydrogen and not methyl groups TheN+ O distance 
in ethanolamine phosphate 1s 2 878 A, which not only 1s 





Rig 3 0-H o ateraction chai a methyl C-H pona ang me 
ester oxygen atom in the glycerophosphorylcholines is achieved by the 
queer six-membered ring formed by the O-C-C-N+-C~H cham 


° (b) 


a ae 
Dae aa 


(Cc) 


Vig 4 The gauche conformation of the O-C-C-N+ system in mus- 
carine and choline derivatives (2) muscarme iodide, (6) choline chloride 
and (c) acetyicholme bromide In all three compounds the organic 
residue 18 & cation rather than a zwitterion as found in the phospholipid 
components, efhanelamive phosphate, L-serine phosphate and r-n- 
glycerophosphorylcholine 
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Fig 6 The gauche conformation ın L-serine phosphate, 


appreciably shorte: than the corresponding values found 
in the choline derivatives, but 1s also significantly shorter 
than the van der Waals contact distance (Fig 5) The 
absence of methyl groups on the nitrogen in the ethanol- 
amine derivatives therefore makes possible a closer 
approach of the quaternary nitrogen and the phosphate 
ester oxygen, and the N+ .. O coulombic attraction 1s 
probably the only dommmant force that twists the molecule 
into the gauche form Hydrogen bonding interactions 
involving the hydrogens on N+? and the ester oxygen are of 
little mportance here because not only are the H 0 
distances greater than 290 A but also the N-H .O 
angles, close to 90° or less, are unfavourable for an 
N-H O hydrogen bond The Nt O distance m 
L-serine phosphate? 1s not available because the atomuc 
co-ordinates were not reported, however, the gauche 
arrangement in L-serine phosphate was deduced from the 
published perspective drawing (redrawn, Fig 6) 
pi-Serme™ also exists in the gauche form (Fig 7) 

Apparently the presence of the alpha carboxyl group in 
L-serine phosphate and pr-serme does not affect the 
preferred gauche conformation of the O-C-C-N+ system 
Serme and threonine are the only ammo-acids which 
possess the O-C-C-N+ system While phosphatidylserine 
occurs abundantly ın cell membranes, phosphatidyl- 
threonme 1s not widespread in biological membranes, a 
surprising fact in view of the gauche arrangement of the 
O-C-C-N* system in the crystal structure of Iy-threonine4 
While goo 1s negative (about — 60°) in L-threonme, it 18 
positive in L-serine phosphate The lack of occurrence of 
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phosphatidylthreonine in cell membranes may be attribut- 
able to the presence of the beta methyl substituené in 
threonine, which might interfere with the conformation 
of the phospholipid, the packing of the phospholipid in the 
membrane, and the formation of the phospholipid- 
cholesterol complex in the membrane, 

Although detail8d structural information on the phos- 
pholipids is not yet available, it is very likely that their 
choline and ethanolamine components prefer the gauche 
conformation, at least in the solid state. Recently, 
Culvenor and Ham? have also found the gauche con- 
formation for acetylcholine from studies of the proton 
magnetic resonance spectra of aqueous solutions of 
acetylcholine bromide. In the solid state this compound 
displays the enantiomeric gauche forms? by virtue of the 
presence of the glide plane of symmetry in the crystal. 

Acetyicholine, a nerve transmitter, when released at 
nerve endings is rapidly hydrolysed by the readily avail- 
able enzyme acetylcholinesterase, which is found associated 
with the cell membranes. The presence of the choline 
residue in the lecithins and sphingomyelins of membranes 
has prompted me to speculate that these membrane 
phospholipids may function as competitive inhibitors of 

the enzyme acetylcholinesterase (phosphorylcholine itself 
is a strong inhibitor of acetylcholinesterase’’) and may 
playa part in the storage of this enzyme in cell walls, in 
which the cationic groups ((CH;),N+—) of the phospho- 
lipids may serve as binding sites?” for acety!cholinesterase. 
The release of acetylcholine in nerve endings is accom- 
panied by an increase in the ion permeability of excitable 
embranes. This increase in ion permeation is probably 
_ correlated with the acetylcholinesterases detaching them- 
- selves from the cationic sites of the membrane phospho- 
‘lipids in order that they can now employ their cationic 
sites to carry out the hydrolysis of acetylcholine. The 


charged groups of the ‘freed’? ((CH,);N+— group of 
phospholipids not bound to cholinesterase) phospholipids 
are then available to take part in the transport of ions 
through the cell wall. In addition, the free phospholipids 
may undergo conformational changes in the vicinity of the 


. = ‘charged groups that could also promote ion transport. 
When the acetylcholinesterase has completed the hydro- 
lysis of acetylcholine, however, salt secretion is once again 


arrested. This may be interpreted as being caused by the 
“deactivation” of the phospholipids ((CH,),N+— group 
of phospholipids bound to cholinesterase) by the re- 
formation of the cholinesterase~phospholipid complex. It 
must be remembered that the.above.is only one of the 
numerous processes that probably occurs during ion 
transport. i 
Apparently, the N+-C-C-O system is one of the require- 
ments for the membrane phospholipids. It will be of 


ae interest to investigate the effect of N+(C),O chain length 





on these phospholipids. It has not yet been established 

whether the gauche conformation (about + 60° or about 
60°) of N+-C-C-O is necessary for biological activity of 
the phospholipids. It is possible, however, that there is a 


ee critical distance between the positively charged nitrogen 


oo nic site) and the anionic phosphate oxygens (osteratic 
‘or phospholipid activity (see also refs. 18 and 19). If 
+-C-C-O chain of the lecithins and cephalins oceurs 


Fig. 7. The gauche conformation in pi-serine. 
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u >- --2.896-- a 
~_/ > 
(a) 
@ Ne- --2.84- - Ea 
| 0 


(b) 


Fig. 8. The gauche conformation of the N*-C-C-S system is stabil: 
ized by intramolecular N-H ... O hydrogen bond. in (a) 2-amino- 
ethylsulphonic acid, and (b) d,l-2-aminobutylthiosulphuric acid, 


in the gauche form, this critical distance probably is 
achieved, and therefore permits the formation of the 
enzyme-substrate complex. 

The 8-C-C-N+ system in acetylthiocholine (private. 
communication from E. Shefter and H. G. Mautner) and 
the Se-C-C-N* system in acetylselenocholine? display the 
trans conformation about the C-C bond. Inerease in, the 
nonbonded interactions, S ... N+ and Se . ~: N+, arising: 
from the larger substituents (sulphur, selenium): and a 
decrease in the coulombic attractions (because sulphur 
and selenium are less electronegative than oxygen). are 
possibly responsible for the preferred trans conformation 
in these compounds. ; k 

Tt should be noted that the gauche conformation of the 
S-C-C-N* system in 2-aminoethylsulphonic acid™ and 
2-aminobutylthiosulphuric acid?! (Fig. 8) is stabilized for 
a different reason, namely the presence of an intramolecular 
N+—H ... O- hydrogen bond between the, quaternary 
nitrogen and the anionic oxygen of the sulphonic acid and 
the thiosulphuric acid, thus forming a quasi six-membered 
ring zwitterion in the first and a quasi seven-membered 
ring zwitterion in the second. ; 

This work was supported in part by an institutional grant 
from the American Cancer Society and in part by a grant 
from the US Public Health Service. 
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ALTHOUGH the rubella virus has been cultured in vitro 
and the methods for its propagation, identification and 
quantitation are available, the teratogenic effects of the 
virus and cellular pathological effects in various animal 
species im vivo have not been well established. Several 
attempts have been made to induce congenital rubella 
disease in animals. Sever and co-workers infected preg- 
nant rhesus monkeys with rubella virus but found no 
evidence of malformation or infection in the foetuses 
which were delivered by caesarean section!. Experiments 
of Parkman ef al. indicated a transplacental passage of the 
virus in monkeys and the possibilities of inducing a 
congenital rubella syndrome in animals?. There are, how- 
ever, practical reasons for avoiding the monkey as an 
experimental animal. These are principally the problems 
of breeding and mating primates, the need for accurate 
determinations of the beginning of pregnancy, the length 
of the pregnaney (6 months) and the final surgical delivery 
of the babies. Rabbits, hamsters and ferrets have been 
injected with rubella virus during pregnancy and there 
was a decrease in the size and growth of the offspring, 
In the series of experiments reported here, we found that 
the rat presents definite advantages for studies of experi- 
mental congenital rubella. 

Pregnant albino rats, weighing 200-250 g, were ob- 
tained from the Hormone Assay Laboratories (Chicago, 
Tlinois) and housed in individual cages. The day of 
pregnancy had already been established by vaginal smear 
at the supplying laboratories and found to be correct in 
more than 95 per cent of animals. The rats had a 3 week 
pregnancy period and the ova became implanted 4 days 
after fertilization. Approximately two hundred mother 
rats were used (thirty-forty rats in each experiment). 
The animals were injected intramuscularly in the hind 
legs with 0-25-0-60 ml. of a rubella virus suspension 
containing 10° TCLD,, (tissue culture infective dose) of 
the Bodak strain which was initially obtained from the 
Fifth Army Infectious Diseases Laboratories (St. Louis, 
Missouri), and propagated in LLCMK, cells (African 
green monkey kidney cells from Eli Lilly Company, 
Indianapolis, Indiana) which werescultured in roller tubes. 
Viral titrations and identifications were established before 
injection by the indirect interference techniques with 
Echo IL virus developed by Parkman et alt, Control 
rats had either been injected with heat inactivated virus 
or else had not been injected. 

Rubella virus was identified in the tissues of embryos 
and newborn rats by the immunofluorescent t&chnique of 
Woods ef al.*. The embryos were obtained from 15 day 
pregnant mothers which had been injected on the fifth or 
sixth day of pregnancy as described. The embryos were 
frozen in liquid ‘Freon’ at — 150°C, and serial frozen 
sections were processed. Alternate sections were exposed 


+ 


In rats with congenital rubella, following maternal infection during 
pregnancy, the pathogenic effects and persistence of the virus after 
birth are remarkably similar to conditions prevailing in human infants 
with congenital rubella. 


to human serum containing rubella antibodies (titre 1 : 32). 
All sections were incubated at 38° C with a 1:8 dilution 
of fluorescein-labelled purified goat antiserum to human 
gamma globulin. The tissue sections, as well as simul- 
taneously processed tissue cultures which had been grown 
on cover slips and which had either been infected with 
rubella, or else were uninfected, were then examined 
with the ultraviolet Leitz microscope, and photographed 
on high speed ‘Ektachrome ASA 160. Viral antigens, 
when present in rubella infected cells, showed up as 
intense perinuclear and diffuse cytoplasmic fluorescence. 





15 day old congenital rubella rat (top) and control rat of same 


Fig. L 
age (bottom). 





e 
Fig. 2. Skeletal radiograph of rats in Fig. 1. Left: congenital rubella 
rat. Right: control rat, 
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Fig. 3. Myocardial ventricular septum of (A) newborn congenital rubella rat and 
(B) newborn control rat (haematoxylin and eosin, x 200). 


Controls and rats which had been injected with rubella 
were allowed to deliver. A most evident finding was the 
high incidence of neonatal deaths in the offspring of rats 
which had been injected with rubella, as compared with 
control rats. The results of four successive series of 
experiments are shown in Table 1. The intramuscular 
injection of rubella virus of the Bodak strain during the 
fifth and sixth day of rat pregnancy resulted in a high 
incidence of death of the offspring during the first month 
and a half after birth. Daily examination and measure- 
ments of the animals showed a marked decrease in the 
size and weight of the rubella offspring (weight 20-40 
per cent of that of controls) (Fig. 1), and the X-rays 
showed alterations which were typical of retarded bone 
growth (Fig. 2). The rubella offspring were cyanotic 
(bluish abdominal skin) and extremely cachectic in the 
days preceding death. Rats with congenital rubella had 
purpura (10 per cent), opacities in the lenses (25 per cent) 
and obvious malformations such as open fontanelles (2 
per cent) and missing hind legs (1 per cent). After either 
intramuscular injection or intramuscular and oral spray- 
ing, the mother rats did not show signs of rubella rash or 
lymphadenopathy and moved about the cages in the 
same way as their corresponding controls. 

The rats with congenital rubella showed pathological 
changes in the intraventricular septum of the hearts and 
in the crystalline lenses and retinae of the eyes: intra- 


Table 1, MATERNAL INFECTIONS WITH RUBBLLA VIRUS {BODAK STRAIN) 
AND RATE OF NEONATAL DEATH 
Newborns surviving 
at the indicated days Percentage 
after delivery death 
3 days 45 days 
Controls: 80 72 10 
Pregnancy 
ay Dose 

3 ül mi. IM 46 23 50 

0-2 ml, IM 93 54 42 

0-4 mi. IM 20 5 76 

Total 159 82 48-5 

8 0-1 mi. IM $1 49 4 

0-2 ml, IM 6s 40 41 

6-3 mil. IM 38 22 42 

Tetal 157 111 29 

8 02 mi, IM+ 15 15 9 
02 mil. oral 

9 0-2 ml + 23 18 18 
@-2 ml, oral 

1 0-2 mi, ITM + 35 @ 25 0 
0-2 ml. oral 


TM, Intramuscular injection. 


ventricular septa were markedly thin and atrophic 
(Fig. 34 and B), and infected crystalline lenses showed 
destruction of the lens fibres and epithelial cells, necrotic 
areas in the centre of the lens and vacuolation of the 
cortical areas. The pathological condition of the lens was 
similar to that described in the lenses of human rubella 
syndromes by Boniuk and Zimmerman". As seen by 
electron microscopy, some lens cells had lost all electron 
opaque DNA and contained a nucleus partially filled with 
debris, while others had marked “clumping” of DNA 
material (Figs. 5 and 6). Although the magnification 
which was obtained did not allow definite statements, 
isolated, round viral-like particles of approximately 500 A 
in diameter could be identified among nuclear debris. 
Immunofluorescent techniques showed that rubella 
virus was present in erystalline lens, heart and retina of 
embryos in newborn rats (Fig. 4). Other tissues from 
newborn animals were negative. 

The surviving litters of rats with congenital rubella 
were of smaller size and weight. The histology of the 
kidneys, livers, brains, lungs, bones and eyes of these 
animals was normal. No additional deaths were recorded 
among the litters 45 days after birth. 

Oxford has described the growth of rubella virus in 
small laboratory animals, and suggested that it might be 





Fig. 4. Section through lens and optic vesicle of 15 day old rat embryo 
infected with rubella virus at day 6 of gestation, Fluorescence of rubella 
virus in nuclei and elongating epithelial cells of the fens vesicle { x 200), 
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. 
Fig. 5. Lens epithelium of 14 day old rubella rat. In the upper left area: the intact 
lens capsule. Below and centre: a cell showing destroyed nuclear DNA. Other epithelial 
cells are not infected ( x 15,000). 
e 





Fig. 6. Destruction and “clumping” of DNA in the nuclei of two equatorial lens fibres 
(x ce. 18,670). 


used for studies of the teratogenic effects of the virus’. In 
rats wfth congenital rubella the pathogenic effects and 
persistence of virus after birth are remarkably similar 
to those described in human infants with congenital 
rubella. The prominent clinical signs in the human disease 
are the intraventricular septal defect, cataracts, retino- 
pathy and deafness*. Of interest is the specific pathogenic 
effect of the rubella virus on the nuelear DNA of isolated 
lens epithelium cells. It would seem that the virus infec- 
tion and destruction of the genetic apparatus of these 
cells are in some way related to the decreased rate of 
replication of cells and size 6f organs infected by the virus. 
Plotkin and Vaheri have reported on the inhibition by 
rubella virus of growth and cell count of normal human 
diploid cells which were cultured in vitro. In their studies, 
the antimitotic activities on rubella virus infected cells 
were exerted on DNA synthesis as shown by a cumulative 
reduction of celfs taking up tritiated thymidine®. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Radio Sources in Opposite Directions 
as a Cosmological Test 


From the observed distribution of quasi-stellar sources 
versus red-shift an excess of sources with red-shifts 
between 1-9 and 2-1 is noticed. Petrosian et al.’ showed 


A+ logy? 
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Magn! -shift relations for brighter quasars. The mag- 
f are corrected for “K-correction®, ky, and galactic absorption 






eter and c, a density parameter, 6;=4nGo/8H,? where o is the 
“mean. density of the universe. Models: ——, @=—15, de= 132, 
Mera 270; 1-4, p= 0085, M7 = — 27-8, 
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Fig. 2. 
and fainter pairs are also shown. 
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Al 


è 
that this effect may be explained in a cosmological model 
where the pole is in this red-shift range. 

In Fig. 1 the red-shifts and magnitudes are shown for 
the brighter quasars." The data aro from a list compiled 
by Barbieri ef al.? amd the magnitudes plotted are cor- 
rected for K-correction® and for absorption in our own 
galaxy (unpublished work of G. de Vaucouleurs and 
G. Malik). Two theoretical models with a pole for z 
about 1-7 are shown which are in good agreement with 
the observations. 


Models where the pole has a red-shift. of the order. 


2-3 or less suggest an interesting cosmological. test ; : 


that is, the possibility of observing the same object in — 
two opposite directions in the sky. The question discussed: 
here is the possibility that sources in the 4C radio cata- 

loguet may show this effect. i 

The 40 radio catalogue contains one part between 
declination — 7° and + 7° where it is possible to compare 
positions 180° apart in the sky. In the following the 
notation R is used for a test of sources 180° apart and 
C, and C, for two control tests. (areas opposite in declina- 
tion or opposite in right ascension only). 

In the catalogue, we have mean errors in position 
up to 12’ in declination for the fainter sources. ‘This may 
give mean separations up to 14’ on sources which are 
exactly opposite. If we have & cosmological model as 
shown in Fig. 1, we may see two images of the same object 
at different epochs. The time difference may be of the 
order 10° years. If the object has a proper motion of 
50-100 km/sec, which is found for ordinary galaxies‘, this 
will easily make a separation of the two images of the 
order 10’ because of the enlargement of apparent. size 
close to the pole. If double image objects could be 
observed, we should then expect them to show a charac- 
teristic separation of at least 10’ 
positions. 

In the project described here, pairs with separations up 
to 75’ have been investigated. The results are shown in — 
Fig. 2 for R and the two control areas C, and Ci The 
quantity plotted i 





is the number density of sources in 
different rings of separations or N ja, where N is tho 
number of sources and a is the separation. The pair count 
is performed for all sources in the strip of the catalogue 
and also for faint and bright sources separately. Pairs 
for which the total flux is less than 6-35 flux units are con- 
sidered as faint. This represents about half the pairs. 
In Fig. 1 the expected pair densities are shown as 
broken lines. The slopes of these lines are explained by 
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The surface density (N/a) for the three different test areas shown as 3 function of the separation a. The distributions of the brighter 
The broken lines indicate the expected distribution. 


The separation a= 3° is used as a unit. 
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Fig. 3, ‘The ratio of faint to bright pairs in the nee different test areas. 
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the loss of possible pairs at the boundaries of the areas 
investigated. Areas of confusion, as listed in the catalogue, 
are excluded as are sources less than + 10° from the galac- 
tie plane. The figure shows that the distribution of all 
the pairs together is what mi ght be expected from a random 
distribution. When we study the distribution of the faint 
and the bright pairs separately, we note a difference in R 
for separations less than 15’, We find an excess of faint 
close pairs and a deficiency of bright close pairs in R. The 
deficiency of bright sources in R is somewhat more pro- 
nounced than in C, and C4, but may not have any special 
significance. The excess of faint sources in R may be 
significant, if real. 

The difference between the tests R and C, or ©, is 
evident in Fig. 3, which shows the proportion of faint to 
bright pairs at different separations. The effect demon- 
strated is the combined result, in the area R, of the excess 
of faint sources and the deficiency of bright sources with 
small separations. The excess of faint sources in R is con- 
centrated in the range 10’ <a < 16’. Comparing the counts 
with the expected number of pairs in this range for a 
random distribution, we find an excess of 5-8 + 2-3 faint 
pairs. The probability of this excess happening by chance 
is 0-012. If we instead compare the count in R with the 
actual observed distribution of faint pairs in C, and C,, 
we find an excess of 6:5 + 2-3 faint pairs. The probability 
of this departure is 0-006. We conglude that, at the 98-99 
per cent confidence level, there is evidence for an excess 
of faint sources in almost exactly opposite positions as 
given in the 4C radio catalogue. 

If this effect is real, possible explanations may per- 
haps be found in some properties of the distribution of 
faint radio sources such as clustering effects, or perhaps 
in unrecognized systematic errors of positeon deter- 
minations in the catalogue. I prefer, however, to sug- 
gest that the effect is the result of the well known cos- 
mological property that in some closed universe models 
it should be possible to see the same object in two opposite 


directions. x 
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In closed universe models, in which the pole is within 
the particle horizon’, information can be received from 
objects beyond the pole; such objects should be observ- 
able in two nearly opposite directions with suitable 
instruments. For this purpose we require objects such 
as radio galaxies or quasars with a lifetime of the order 
of the difference in travel time between the two opposite 
light paths (about 10° years). Disturbances of the light 
rays caused by passage through clusters of galaxies may 
introduce a small displacement of the two images with 
respect to each other and may also cause blurring? in 
addition to the displacement from proper motion deseribed 
here. 

The observed excess of faint pairs is in the range of 
separations from 10’ to 15’, the mean separation being 
13°24 2’9. The chief component of this separation may 
be the result of errors in determining positions, but may 
also contain a component indicating a real position 
difference of the order 5’ to 10’ linked with the effects 
mentioned here. 

In uniform relativistic world models, the observation 
of the same object in opposite or nearly opposite positions 
would indicate rather specific values of the cosmological 
parameters qe and c, (ref. 7, Fig. 8). The red-shift of 
the pole cannot be much greater than 2 if we are to 
observe this effect, which restricts the value of Go to close 
to — 1-5 and a, of the order 0-1 if we also have the magni- 
tude-red-shift distribution of quasars in mind (Fig. 1), 
This is not in contradiction with the values obtained by 
testing red-shift-magnitude relations for galaxies in 
clusters when evolutionary effects are taken into 
account®. 

As a check on the reality of the interpretation pre- 
sented here, we expect that in the 4C data a characteristic 
separation would show up more clearly ia right ascension 
than in declination because the positions are more 
accurate in right ascension. Fig. 4a shows the distribu- 
tion in total separation of the closest nineteen pairs at 
the fainter part of the catalogue, and Fig. 4b and c shows 
the distribution of their separations in right ascension 
(Aa) and in declination (A8). By comparing the distribu- 
tions as shown in these figures we find, as expected, more 
pronounced peaks in the (Aa) distribution at separations 
of about 5 and 10 minutes, while the peak in (A8) distribu- 
tion is centered around zero separation, which indicates 
that a significant separation is lost because of the in- 
accuracy in this co-ordinate. 

In an attempt to identify optically the suspected double 
image pairs, priority should be given to all eleven opposite 
pairs with a separation 10’ to 15’. If they have a dis- 
placement in both right ascension and declination corre- 
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Fig. 4. a, The detailed distribution of close pairs in R, The excess 
seems to be concentrated in the separation range 10-15 (shaded). 
b and c, The same qecegtistil. ‘ed due to the separation in right 
ascension (Aa) and deglination (dò). The shaded objects are the same 
as in Fig, 4e. Expected distributions are shown as ‘broken curves, 
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Table 1 MOST PROBABLE REAL OPPOSITE FAIRS 
Priority 1 Priority 2 Priority 3 » 
40-04 02, 4C04 42 4C-05 08, 4005 58 40-02 62, 4002 09 


40-04 07, 4004 48 
4C-04 34, 4C04 77 
4C~-03 40, 4003 53 
40-02 57, 4002 03 


40-04 58, 4004 14 
40-05 81, 4005 32 
40-05 87, 405 39 
40-01 60, 4001 29 


. 

sponding to the excess distribution ın these co-ordinates, 
we give priority 1 If they have excess in only one 
of the co-ordinates we give priority 2, and in none priority 
3 The eleven pairs can then be sorted as shown im 
Table 1 Obtaining optical identifications of some of 
these pairs for closer study would enable us to decide 
1f the observed effect ıs cosmological In particular, red- 
shifts of both members of pairs must satisfy a unique 
relation ın order to satisfy the cosmological explanation 

A programme for optical identification has been 
started at McDonald Observatory for a few of the most 
promising pairs, but 1t is hkely that better radio positions 
will be necessary before any positive identifications can 
be expected 

I thank G de Vaucouleurs for valuable suggestions 
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Nova Model of Centaurus XR-2 


RECENT observations of the Centaurus region!~* have 
firmly established the existence of a variable X-ray 
source, Centaurus X#-2 This source 1s unique in that 
its variabihty has been established beyond doubt?-4 

Francey et al‘ compared their data from two rocket 
fights ın April 1967 with those of Chodil et al * obtained 
in May, 44 days later They found the data to be con- 
sistent with monotonic cooling of a thin plasma source 
from 42+06x107 °K to 18x 107 °K, accompanied by a 
five-fold decrease in the 2~8 keV energy flux during this 
period Data presented by Cooke et al ? suggest a some- 
what faster decrease 

These observations, together with the assumption (sup- 
ported by the detailed energy spectrum of Chodil eż al ?) 
of an optically thin X-ray source, suggest a model of the 
cooling X-ray source which 18 satisfied by the physical 
conditions expected! in a circumstellar envelope shortly 
after a nova outburst 

At the observed temperatures, the radiation originates 
principally in electron proton bremsstrahlung The 
spectral tensity, jz, at distance d from an isothermal 
thin plasma of volume FV, contasning ne electrons/em’, is 
then given by7'® 


e-E/LT: 
kT 





2y 
Je dE ~ (1x 10-8) (=) Tt ( ) dE ergs/cem? sec 
where we take the gas to have the normal chemical 
abundances Using this relation we find that (n_?V/d*), 
intially about 5x 102? em, had decreased by a factor 
of about 2 at the time of the Lawrence Research Labora- 
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tory rocket fight? 44 days (4x 10° sec) later Assuming 
that the mass of radiating gas was conserved during 
this period, this at once implies a polytropic gas expansion, 
TV?- equal to a consthnt, with exponent y equal to 2+} ,, 
Although this ıs consiftent with steady adiabatic oxpan- 
sion (y= 5/3), isothermal motion (y=1), as proposed by 
Manley’, 1s clearly at vasance with the observations 

Tucker has pointed out the difficulty of maintaining 
steady gas expansion through gravitational constraint 
at these high temperatures It seems highly probable 
therefore that the expansion was explosive and that the 
X-radiation origmated in a shell of shock heated gas 

Before showing that the time decay of the source can be 
explained naturally in terms of an adiabatic blast wave 
propagating radially out through a circumstellar gas 
envelope, we note the following orders of magnitude 

The gas temperature, (1 5-4) x 107 °K, hmts the radial 
expansion velocity to v about 108 cm/sec Also, the mass 
conserving (meV =constant) volume change sets a radial 
expansion AR/R of order one over a period of 4 x 10° sec 
When first seen on April 4, the source was therefore no 
more than a month or so old, having expanded to a radius 
R, of about 5x104 em (30 astronomical units) An 
upper limit to the mean electron density of ne < 5 x 10° em~? 
then follows from the extreme assumption that the plasma 
cooled by radiation alone Taking ne= 10! cm~?, we find 
a total mass (nemyV) of about 107° g (5x105 mo) 
and an emission measure, ne? V, of about 4x 10° em- on 
April 4 The thermal energy content, 3nekT' V, circa 
10° ergs, and lummosity, L, ~ 10-2772 ne®V, circa 
10°? ergs/sec, give a radiative life time of about a year 
and the distance to the source (from 7,2V/d?, ~ 5x10”) 
becomes about 1 kparsee This distance may be regarded 
as an upper limit because there is no need to invoke 
significant radiative cooling, and the electron density 
may well be considerably lower than 108 cm~? 

These parameters are typical of those deduced for 
recurrent novae by Wallerstein from coronal line measure- 
ments We now use the blast wave solutions of Rogers*® 
in order to find a more detailed model of the expansion 
The cooling data for Centaurus XR-2 show that any such 
model must conserve the quantity (ne: V/T) durmg the 
expansion ‘This condition ıs satisfied for an adiabatic 
strong shock which propagated radially outward through 
a non-uniform gas envelope in which the density 


n œr- with e=2 


The shock wave solutions give the radius, R, of the 
shock front at time ¢ as 


R= ktit 
and the velocity of the shock as 
v= RM 


where À 18 an expansion parameter which for an adiabatic 
shock 1s related”? to « by 


2A=5-«a e 


Because ne? « R-4, Vac R? and T œ v? œ R24-4), we have 
ney œ T as required from the data, providing that 
. 


204=2a—-1 
Thus 
ao? 
and 
A= 3/2 


e 
With this solution, the density behind the shock is a 
linear function of the radial distance from the origin 
of the explosion, increasing to (y+1;y—1)=4 times the 
pre-shock envelope density at the shock front. The gas 
velocity similarly increases linearly witk radial distance 


44 
e 

up to the shock boundary The emission measure, 
nid V, falls off rapidly behind the shock front (as (r/R)4), 
and we may take the effective X-radiator to be a nearly 
isothermal shell of thickness AR, about R/4, and volume 
2 6R%, having the density, tempergture and radius of the 
tront 

Because the 2-8 keV energy flux has suffered a six-fold 
decrease and the temperature, T, a 2 3-fold decrease in 
4x 10* sec, we find from n?V œ T œ R-t-?"*) that the 
shock wave would have been about 2 weeks old when first 
seen by the Universities of Adelaide and Tasmania 
group The shock wave temperature at that time determ- 
mes an expansion velocity v of about 2 x 10% cm/sec and a 
corresponding shock radius of R= Atv, about 3 x 10** cm 
This would have increased to about 8 x 10!* em when the 
source was seen by Chodil et al? The distance to the 
source becomes d about 300 parsec for ng=10* cm- and 
the energy of the blast, E about 10*4 ergs 

If the source 1s indeed an average nova at this distance, 
we might expect it to have reached a brightness greater 
then 4™ in March or Apri] 1967 Some additional support 
for the nova hypothesis comes from the optically observed 
deceleration of nova envelopes’! m which v? œ I/R as m 
the present model of the X-ray source 

In conclusion we note that the total X-ray lummosity 
decreases faster than ¢-! even without radiative cooling, 
and that, 107 sec after the mitial observation, the energy 
flux above 2 keV would have decreased by nearly two 
orders of magnitude 

I thank J. Harries, R Francey and Professor K G 
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Extinction by Interstellar Silica Grains 


INTEREST has recently been expressed in the possibility 
that the interstellar dust contains a silica component 
(ref 1, and R C Gilman, private communication) The 
purpose of this communication 1s to pomt out that silicon 
dioxideehas strong absorptions in the 8-14 atmospheric 
“window” which should be observable with ground-based 
infrared telescopes We have computed normalized 
extinction spectra (extinction cross-section divided by 
geometrical cross-section) for ¢rystallme quartz and 
vitreous silica 

The refractive index of quartz varies between ‘1 52 
and 1 57 in the visible region of the spectrum To determ- 
ine approximately the size of interstellar silica grains, we 
have compared the Me calculation of Lowen? for m=1 55 
with the extmetion curves of Boggess and, Borgman? 
between 03 and 1 5u A particle of radius 0 2u gives 
agreement to 15 per cent over this range Although a 
single size model 1s probably too simple to describe the 
interstellar dust completely, this sıze should at least be 
indicative of the real situation 
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The extinction m the infrared by quartz spheres of 
radius a can be calculated by a generalization of the 
expressions given by var de Hulst* 





8a: mi—1 m§—1 a] 
Qua = F lal mir? (1) 
e 
áv ‘m?— 1 me — 1 ] 
Qa = — “g Im [2 aire) + nee (2) 


where Mo and m, are the ordinary and extraordinary 
complex refractive’ mdices and w=2na/A For vitreous 
silica we have meluded terms in x? and xt in Qab» 8S 
given by van de Hulst (ref 4, p 270) Optical constants 
were obtamed from refs 5-7 for quartz and from refs 5, 6 
and 8 for vitreous shea The imaginary part of the 
refractive index between 27 and 7p for both cases was 
calculated from the absorption data of Drummond! The 
results give a mismatch between these optical constants 
and those above 7u 


10 


10 








% o1 
& 
001 
0 001 
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Tig 1 Normalized extinction cross-section for particle radius of 0 2u 


——, Quartz, - - -, vitreous silica 


Results are shown in Fig 1, where Qext (Qsca + Qaba) 18 
plotted against wavelength for particle radius a=0 2u 
Below 2u where x becomes large, Qext 18 taken from the 
Mie extinction calculation of Lowen for m=155 For 
quartz, the extinction at 8 7p 1s 60 per cent of that at 
0 6u 

Quartz 1s strongly dichroic in the double absorption at 
1264 The ordinary ray ıs absorbed at 12-74 and the 
extraordinary at 124. This feature, apparently a 
property of the long range order of the crystal, 1s not 
evident in the vitreous phase The position of the 
absorption at 8 7u 18 noteworthy The maginary part 
of the refractive index has maxima at 93 and 9 2p for 
the ordmary and extraordinary rays of quartz, but the 
extinction by small spheres ıs greatest at 8 7u At this 
wavelength the real part of the dielectric constant m? 
approaches — 2, so that there 1s a resonance in equation 
(2) Avsimular effect ın metallic spheres has been descrıhed 
by Unsold? 
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PLANETARY SCIENCE 


Precipitated Electrons as a Cause of the 
Irregular Behaviour of the F2 Region 


Ir has been established that electrons precipitated from 
the outer radiation belt produce ionospheric disturb- 
ances'* Most of these were found to involve decreases 
m fofa, suggesting that the fluctuations ın precipitated 
electron flux will produce a spread in fof values about 
the hourly means We therefore compared latitudinal 
and longitudinal variations m precipitated electron flux 
with similar variations m the root-mean-square deviation 
of fol", i 

For the longitudinal analysis, a number of ionosphere 
stations lying along L= 4 ın the southern hemisphere were 
selected For the latitudmal analysis, five southern hem1- 
sphere stations lymg over a fairly narrow range in longi- 
tude (about 140° E to 170° E) and extending from 
L=15 to 40 were used The latter stations lie well 
outside the South Atlantic geomagnetic anomaly and so 
are not affected by this 

Using the data for the three months November, Decem- 
ber 1962 and January 1963, the root-mean-square devia- 
tion of f,F, was calculated for each hour for the selected 
stations It sometimes happens that a value for faf: 
cannot be obtained In the event of a record bemg lost 
because of a total blackout, foF, was regarded as being 
at least as small as fmin, which was estimated by mter- 
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polation In cases where the measurement of fọF', was 


influenced by spread—F, absorption, atmospherics, etc — 
the observations were omitted from the count in calculating 
the root-mean-square deviation. 

Fig 1 shows a plot of the root-mean-square deviation 
against longitude for four southern hemisphere stations on 
L=4. The stations are Halley Bay (26 6° W.), Sanae 
(23° W), Kerguelen (702° E) and Campbell Island 
(169 1°E) Sanae and Halley Bay he ın the region where 
high intensities of charged particle fluxes have been 
observed‘:> It ıs known that the intensity of precipitation 
of electrons 1s inversely dependent on B, the total geo- 
magnetic intensity On L= 4, B reaches its lowest surface 
value ın the vicinity of Sanae We therefore expect 
precipitation of electrons to be greatest ın this region and 
Fig 1 shows that the root-mean-square deviation 18 also 
greatest in this region. 

Fig 2 shows a plot of root-mean-square deviation 
against L The stations in this case are Brisbane (L=1 58), 
Woomera (L=1 70), Canberra (Z=2 0), Hobart (Z=2 85) 
and Campbell Island (Z=4:0) There is a decrease in root- 
mean-square deviation at D=3 corresponding to the 
decrease in precipitated electron flux which has been 
observed at the same shell*-* 

A further point may be briefly speculated on here. It 
can be seen in Fig. 1 that the curve for midnight shows 
a far more pronounced longitudinal variation than that 
for md-day It has recently been suggested®-* that 
atmospheric winds result in 1onosphere drifts having a 
vertical component which 1s usually downward during 
the day and upward during the mght It ıs therefore 
possible that at mght the 1onmation produced by the 
incoming electrons be blown upward into a low loss 
rate region, magnifying the effect 
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Evolutionary Processes and Reversals 
of the Earth’s Magnetic Field 


Ir has been suggested that there 1 a connexion between 
reversals of the Earth’s magnetic field and evolutionary 
processes’? This topic has excited much interest since 
the discovery of an apparent correlation between levels of 
field reversal and microfauna discontinuities in deep sea 
sediment cores! The Earth’s magnetic field 1s known to 
have reversed its polarity at least nme times during the 
past 4x 10° yr®§ and at frequent intervals before that 
except during the Permian’? Briefly, the ideas of Uffen!? 
and Simpson® are that during the process of a reversal 
there is a period of reduced or zero intensity of the 
dipole field during which there should be a great increase 
of cosmic radiation at the Earth, which 1s no longer 
shielded by its magnetic field This enhanced radiation 
will produce a higher mutation rate, which will result 
m some kind of evolutionary discontinuity There 
is good evidence that during the process of reversal, 
the Earth’s dipole field ıs reduced ın strength, probably 
passing through zdro‘* The other assumptions are less 
acceptable 

Organisms receive radiations from many different 
sources? (Table 1). Of those listed ın Table 1, a 
change in the intensity of the Earth’s magnetic field 
will change only the radiation from cosmic rays and 
carbon-14 


Table 1 DOSE RATE IX MILLIREMS/YR ON HUMAN GONADS* 


Source of radiation Dose rate 
External Cosmic rays 50 
Terrestrial (from rocks, ete ) 50 
Internal Elements of radium and thorium series 5 
Potassium-40 20 
Carbon-14 1 


* Beoause we are interested ın mutations, the gonadal dose rate 1s 
appropriate 


Primary cosmic rays consist of protons with energies 
between 107 and 102° eV (ref 10) The Earth’s 
magnetic field deflects cosmic rays and produces a shield- 
ing at the Earth which ıs dependent on the horizontal 
component of the field. Above the atmosphere it 1s 
found that the cosmic ray intensity 1s reduced by a factor 
of about ten on going from (magnetic) pole to equator 
At the bottom of the atmosphere, the latitudinal change 1s 
only 14 per cent} This ıs because the atmosphere 
absorbs the low energy cosmic rays which are those 
chiefly responsible for the large latitudinal effect above the 
atmosphere 

Lingenfelter}? has estimated that the present polar 
carbon-14 production rate (attributed to cosmic 1ays) 18 
not more than 21 times the average global production 
So, on the assumption that during a reversal the whole 
Earth receives the present polar cosmic ray intensity, we 
can estimate that the equatorial dose rate caused by cosmic 
rays should merease from 50 to 57 muillirems/yr and that 
the dose caused by carbon-14 should mncrease from 1 to 2 1 
mullirems/yr This 1s an increase of 16 per cent 

If the Earth’s dipole moment were larger than at 
present, the latitude effect would be greater There have 
undoubtedly been variations in the Earth’s magnetic 
field strength Studies of the palaeofield intensity show 
that the field has probably not been more than 1 5 times 
its present intensity for significant lengths of time and 
that ıt was less intense during the Tertiary» 

To calculate the shielding effect of a larger field, Table 
3 from Compton" has been used The geomagnetic latı- 
tude (for latitudes less than 45°) was converted to hori- 
zontal field strength and this was plotted agaynst cosmic 
ray intensity (Fig 1) Assuming that the shielding is 
duectly proportional to horizontal field strength, the 
regression line shows that if the field strength were 1 5 
times the present strength, the equator would receive 
65 per cent of the polar dose During a reversal the 
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equatorial dose rate would therefore change from 37 to 
57 mullirems/yr because of cosmic rays, and from 0 to 2 1 
rallfrems/yr (at the most) because of carbon-14 This 
gives a total change from 37 to 59 1 mullirems/yr or an 
increase of 60 per cent 

Mutations are produced by radiation, chemical effects 
and errors in replication Cosmic rays produce only a 
small percentage of all observed mutations For example, 
1t has been estimated that the total mutation rate in 
humans 1s equivalent to that which would be produced by 
100 rems/generation’®#* or 33 rems/yr This is known 
as the doubling dose Even in the case of a field 15 
times the present field intensity, the change ın mutation 
rate when the field goes to zero will be only 0 6 per cent 
at sea level on the equator This seems much too small 
to cause an evolutionary discontinuity 

The doubling doses for muce?’ and Drosophila?! are some- 
what greater than for humans and, because of the much 
shorter generation length for these organisms, the effect 
of a reversal of the Earth’s field willbe minute In general, 
16 1s extremely unlikely that a reversal of the Earth’s 
magnetic field could have anything but a small effect 
on the mutation rate of organisms living at sea level 
unless these organisms have a much lower spontaneous 
mutation rate than humans, mice or Drosophila 
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Fig 1 Variation of cosmic ray dose rate with horizontal field intensity 
The points are taken from Compton The least squares regression line 
isshown Correlation coefficient= ~ 0 8668 


It has been suggested that the present atmosphero 1s 
the result of a slow degassing of the rocks forming tho 
Earth which has been occurring throughout geological 
history**. Although this could lead to an increase of the 
latitude effect at sea level further back in time, ıb 15 
undoubtedly counteracted by the decrease ın the 
strength of the Earth’s magnetic field's 

Despite these arguments, 1t does seem that there may be 
a correlation between evolutionary discontinuities and 
reversals of the magnetic polarity in deep sea cores! 
These cores all came from latitudes greater than 40°, 
where the change ın the cosmic ray mtensity during a 
reversal would be much less than at the equator One 
possible cause for such a correlation might be a climatic 
change at the time of a reversal I can suggest two possible 
mechanisms whereby a reversal could cause a climatic 
change 

First, there seem to be several meteorological effects 
which are to some gxtent controlled by the Earth’s 
magnetic field King and Kohl and King-Hele and 
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Allan? have suggested the importance of the Earth’s 
magnetic field ın controlling the wind velocity near,the 
top ofthe F layer What the effect of removing the dipole 
field would be, and whether this effect could change the 
climate of the Earth, have not been studied Jacchia and 
Slowey*! state, “It looks as though the role of the magnetic 
field of the Earth» ın controlling the temperature of the 
upper atmosphere might be considerably more umportant 
than was supposed heretofore” 

Second, although the latitude effect at sea level ıs only 
about 14 per cent, above the atmosphere 1t 1s much 
greater’? The result of removing the Earth’s magnetic 
field would be to increase several times the amount of 
1omzation produced ın the atmosphere by cosmic rays, 
and also by the solar wind It seems that between 
altitudes of about 50 and 80 km the main source of ioniza- 
tion today 1s cosmic radiation’? It ıs possible that a 
large increase in the ionization at this level could have an 
effect on the chmate 

Durmg a reversal of the Earth’s magnetic field, organ- 
isms at the equator will receive about 14 per cent more 
cosmic radiation than they do at present. Because 
of the comparatively high spontaneous mutation rate of 
organisms studied so far ıt 1s extremely unlikely that this 
increase In radiation could have a significant effect on 
mutation rates It ıs suggested that a possible cause of 
the correlation between microfaunal discontinuities and 
reversals should be looked for in a chmate change Clima- 
tic changes could be brought about because of the con- 
trol that the Earth’s magnetic field may have on meteoro- 
logical phenomena, or because of an increase of ionization 
at certain levels in the atmospheres These are only 
suggestions and ıt would require investigation by meteoro- 
logista to ascertain if the climate could be affected in 
such a way. è 
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Group Analysis of Variance for 
Earthquake Location and Magnitude 


Two central problems*in seismology are the location of 
earthquake epicentres*and the allocution of magnitudes 
to earthquakes We show in this communication that 
these problems can be reduced to the classic statistical 
model of two-way analysis of variance Applyimg this 
theory to the reduction of pooled data from many stations 
and earthquakes leads to estimation of source and station 
terms and the interaction between them In particular, 
it provides the theoretical framework for the method of 
group (or regional) adjustment of epicentres used by 
Freedman} and Douglas? The embedding of the problems 
in this theory opens the way for strict statistical tests of 
various hypotheses of geological interest 

Consider J seismic regions and J seismological stations 
Arrange the measurements under study into a two-way 
layout in which the “2, 7 cell” contains the measurements 
from region 2 (2 = 1, 2, I) at station 3 (7 = 1, 2, J) 
For simplheity, suppose that no cell 1s empty (Approx- 
imate methods of dealing with a layout with empty cells 
are discussed by Freedman?) Denote the number of 
measurements in the “2, 3 cell” by Ky (Ky = 1,2, K) 

First, we examine the analysis of the layout for the 
earthquake location problem Let rijz denote the travel 
time residual (for the P wave, say) from the kth earth- 
quake (k = 1, 2,. . Ki) m the th seismic region, to 
the jth station, let yy denote the cell mean Now the 
main effect, «i of the eth region 1s the excess of the sth 
row mean, Ai, over the general mean, u, of the residuals, 
that is, a = A,— u In seismological terms, a: 18 the 
average source adjustment Similarly, the main effect Bz 
of the jth station (8; = B; — u) 1s the average adjustment 
(“station correction”) for the jth station 

There is now strong evidence that P residuals at many 
stations vary markedly with azimuth! One functional 
relation used 18 


hy(8) = By + Dj sin (8 + E;) 


where 6 1s the (station to source) azimuth and D and E 
are constants (Recent work with data from Calforman 
stations indicates that, for some stations, this repre- 
sentation 1s too simple, the function may be discon- 
tinuous ) 

Azmuthal variations, at both source and station, give 
rise to interactions, that is, the observed variation mm 
travel times contains a term y1;(6) which measures the 
effect of the eth seismic region at station 7 over and above 
the main effect «, of the region, that 1s 


Yuld) = ny — a — By u 


The term yy(89) may be interpreted as the combined 
source and station azimuth anomaly function, where for 
simplicity the dependence on epicentral distance (angle 
of emergence) has been ignored (The interpretation of 
the argument 6 needs care, 1t might be azimuth of station 
to source or vice versa ) 

Because hypocentral locations are computed so that 
average P residual is close to zero, the overall mean p, 
for a group of earthquakes, will be close to zero Then, 
if the errors involved are both mdependent and normally 
distributed about zero nfean with common variance (that 
is N(0, o*)), the travel time problem 1s reduced to the 
classic model of two-way analysis of variance Devices 
must be appled to mimimize any non-normality in the 
distribution of errors For example, contammnations such 
as extreme residuals can often be dealt with by Jeffreys’ 
method of uniform reductioné 

The least*squares estimates (assuming equally weighted 
observations) for the source and station adjustments can 
then be simply calculated The azimuth anomaly function 
1s estimated by 


Yo — Ty Tt ~Tg rn 
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where a dot indicates that the arithmetic mean has been 
taken over that subscript. As an illustration, the analysis 
of variance model may be used to test whether the 8; for 
stations in one continental region are significantly different 
from those ın another The mathematical formula and 
methods are given, for example, by Scheffé* 

This general theory shows at once why ib 1s advan- 
tageous in epicentral determinations to combine earth- 
quakes into regional groups during the calculations The 
underlying idea 18 that the error distribution arises from 
errors in reading the time of arrival, tix, of the P phase 
Thus separation of the source and station terms by 
appropriate averaging allows the variations ın the reading 
errors to be reduced to nearly zero. 

Consider a particular seismic region with K earthquakes 
(we now suppress the suffix 2) selected so that the true 
station residual against the global tables ry, = ry = r( Aj) 
Apart from an additive constant, the M residuals r( Aj), 
for M ranges of distance, can be estimated ıf necessary 
along with the epicentral adjustments For brevity, we 
simply combme the source and station terms so that 
gi(8) = a, + By + yu(0) Then the standard lneamzed 
equation! Zor the location of the kth earthquake 1s 


Pi =7( Ay) — Šta — ajk Sax~— bjr dyr — 8g;(8) + dt, (1) 


where qt 1s the origin time, x 18 longitude, y 1s latitude, 
ðt 


A t A 
a= JA sin 0, b = i cos 8, and A 1s the epicentral dis- 
tance In this equation, the focal depth term has been 


ignored and 8 1s used to denote adjustment to provisional 
values 

Assuming that the errors tyz are imdependently 
N(0, o?), an analysis of variance yields the adjustments 
Sty Sex Syx for the K earthquakes as a group as well as 
3g; and r(A;) (Formulae are given by Freedman! in a 
more restricted case than given here) There are J+ 
3K+M unknowns and JK equations of condition 

In a numerical test of the method, P travel times to 
five stations of the Berkeley network from the two Bikini 
atomic explosions Bravo and Union with known positions 
and shot-tumes were used The co-ordinates were nter- 
changed but the shot-tames kept fixed Tho longitude 
change was 0 114° and the latitude change 0 036° A 
relocation, using the foregoing method, shifted, with the 
correct signs, the latitudes by 0 04° and the longitudes 
by 0 09° 

In the published example by Douglas’, times at thirty 
stations from six earthquakes and the explosion Longshot 
in the Aleutian Islands are used to make a group (or joint) 
location The stations were well distributed with azimuth 
The estimated position of Longshot was much closer to 
the known shot-poimt than when a location was made for 
Longshot alone The previous theory piovides the ex- 
planation without the separate estimates of the 89;(6) 
terms, the error terms are non-normal 

It should be remarked that Douglas does not make 
clear the full complexity of his “‘station correction” term 
A. compgrison between his equation (2) and our equation 
(1) shows that the numbers which he computes are 
estimates of the sum of the station and source adjustments 
(relatrve to the Joffreys—Bullen tables) as well as an 
interaction term which may be azimuthally dependent 
As a consequence, the numbers assigned as ‘‘station 
corrections” apply only for the selected group of earth- 
quakes 

The way now appears open, using analysis of 
variance techniques, for more rehable location of earth- 
quakes Regional and global seismological centres doing 
routine hypocentral determinations can easily*adapt the 
group method to their special requirements It would 
seem wise if a calibration event be included when possible 
in each group calculation Underground nuclear explo- 
sion, well located earthquakes or, for local networks, a 
timed quarry blast would all serve Any regional bias in 
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location, perhaps caused by poor azimuthal distribution. 
of stations, could in this way be detected On this point, 
solutions are not optimized by using readings from all 
available stations, on the contrary, some umform 
azimuthal distribution should be used 

Finally, the group method outlined here seems promising 
also for the routine estimation of the neagnitudes of both 
teleseisms and local earthquakes In place of time 
residuals, consider measurements from seismograms of 
logia (A/Z'), denoted by dy, where A 1s the amplitude 
of a wave of period T The computed magmtude of the 


kth earthquake at station 7 18 M ge = yx + gl Aix), where 
q 18 some standard function’? For a particular region, 
equation (1) ıs replaced! by 


Myx = Mr — 8q( As) — 895 + Saye (2) 


in which Mgr denotes the true magnitude of the kth earth- 
quake, Sa;, ıs the reading error, 8g ıs the correction 
needed to the standard distance term and gz, as before, 
denotes the combined station and regional source adjust- 
ments (including azimuthal interactions) 

Simultaneous computation of the magnitudes of K 
earthquakes from measurements at J stations will provide 
maximum likelihood estimates of Mx, 8¢(A;) and 8g; 1f the 
errors are independently N(0,o*%) Because the formu- 
lation (2) allows the calculation of the systematic station- 
source terms ôg; separately from the random variation, 
the assumption ıs hkely to be a reasonable one Suppose 
q( Asx) be considered in N piecewise constant segments, 
then the analysis of variance would require the solution 
of JK equation with J+K-+N unknowns 
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Late Tertiary Slumping on the 
Continental Slope of Southern 
Portugal 


Tue geological relationship of the Atlantic Ocean to 
Europe ıs recorded west of the British Isles and France 
in a sequence of continental shelf and slope deposits, 
although the latter seem to be missmg on the northern 
and western sides of Iberia! Accordingly, the southern. 
continental slope of Iberia was examined (Fig 1) for the 
missing parts of the record, particularly south of Portugal 
where a detailed bathymetric survey had revealed a 
series of long, sub-parallel mdges with a westerly to 
west—south—westerly trend (Hydrographer of the Navy, 
personal communication) 

The examination was made from RRS Discovery by a 
continuous reflexion profiler, using a modified airgun of 
Lamont type as the sound source The peak pressure at 
its face was 1 x 10° dyne ocm~-* at a distance of 1m The 
amplifier and hydrophone were bult to a National 
Institute of Oceanography design The preferred hydro- 
phone was 50 ft long with ten elements spaced to taper 
the beam, so reducimg the side lobes and presenting 
maximum sensitivity to the sea floor at the frequencies 
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used The two profiles illustrated have been traced 
directly from the originals, which were recorded on a 
modified Mufax recorder , 

The records showed that the continental slope, south of 
Portugal, 1s composed of folded, well bedded sediments 
at least 0 6 sec thick, equivalent to more than 2,000 ft at 
a compressional welocity of 6,560 ft sec- (ref 2) The 
folds observed bear an intimate relationship to the rehef, 
such that the anticlinal and synclinal axes correspond 
exactly with the axes of the ridges and troughs (Fig 2 
and profile a-b of Fig 4) Further east, a profile (Fig 3 
and profile d-e of Fig 4) extending almost along the strike 
of the folds shows that the folds have been buried by the 
Quaternary continental shelf and upper slope sediments 
South of Portugal (Fig 2) the absence of sediment fill in 
the synclines can be ascribed to the large canyons, which 
transect the folds, acting as paths for the transport of 
sediment to deeper water 

The distribution of folds, shown by the profiles and 
extrapolated from the relief, ıs illustrated in Fig 4 
There ıs a general southerly decrease in wavelength and 
increase in amplitude to a maximum of 1,200 ft as well 





Fig 3 Contimuous reflexion profile (de of Fig 4) showing the burial 
of folded sediments (upper surface shown by a heavy line) at the base 
of the Quaternary continental slope 


as a change in trend from westerly to west-south—westerly 
The belt of folded sediments 1s terminated to the south 
by an area of gentle gradient and irregular topography 
aie ara which exhibited a very high reflectivity and beneath 
i m which no bedding was seen ‘This area 1s believed to be 
the submerged extension of the highly contorted and 
metamorphosed rocks of the Betic Alps, the development 
of which culminated in the Burdigalien 
The gentle folding of the late Tertiary sediments might 


Fig 1 Location of continuous reflexion profiles obtained by RRS have been produced by a north-south compression 
Discovery south of Iberia between the principal tectonic umts of southern Spain 
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Fig 2 Continuous reflexion profile south of Portugal (ab of Fig 4) showing the close 
relationshipef folds to rehef F Tanti zone Note the absence of sediment fill in the 
ug: 





Fig 4 Distribution of slump folds (antichnes -~~—, synclines } 

from reflexion profiles abc, de and fg and inferred from the relief 

F Fault zone Shaded area 1s the supposed submarine extension of the 
contorted and metamorphosed rocks of the Betic Alps 


and Morocco (Fig 1) The change m fold style downslope 
and the absence of complementary folds m the western 
Mediterranean, however, are not ın agreement with such 
amechanism The preferred explanation 1s that the sedi- 
ments, which had accumulated on the continental slope 
south of Portugal, were given an enhanced oceanward dip 
during the Phocene uphft of Iberna and consequently 
moved downslope by creep and crumpled agaist the sub- 
merged northern edge of the Betic block (shaded in Fig 4) 
The same episode of slumping may be partly responsible 
for the apparent absence of continental slope deposits on 
the northern and western sides of Iberia It is possible that 
slumping on existing continental slopes and those of the 
geological past 1s more generally associated with regional 
uphft of continents than has previously been supposed 
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Radio Emission from Geomagnetically 
Trapped Particles 


Many experiments to measure the radio noise intensity 
in the topside ionosphere have found an intense “band” 
of noise im the range of frequency between the plasma 
frequency and the upper hybrid resonance frequency!-‘ 
Various explanations have been suggested, meluding 
plasma imstability, radiation by energetic particles’ and 
anomalous behaviour of the antenna umpedance* Data 
received by the UK-2 (Ariel 2) satellite suggest that the 
energy for this noise comes from the particles trapped 
in the inner Van Allen radiation belt 

The UK-2 radio astronomy experment has been 
described elsewhere?* A 40 m dipole antenna was con- 
nected to a recerver with an mput impedance of 10 kQ 
and a bandwidth of 20 kHz, and the frequency of reception 
was varied linearly between 0 65 and 3 5Q MHz once every 
28 sec The satellite orbit had an melmation of 51° and 
an apogee of 1,385 km 

In the experiment reported here, the noise bands were 
of three principal types (1) noise between the plasma fre- 
quency and the upper hybrid resonance frequency, as 
already mentioned, (2) anomalously mtense noise below 





2 


Fig 1 


L 


25 35 


The trajectories of passes near to apogee plotted in B/L space, B being meagured in terms of the 
gyro frequency for electrons 
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the local plasma frequency and above the extraordinary 
wave cut-off frequency, (3) low frequency noise with no 
definite cut-off frequency 

I have exammed in detail the interference-free passes 
near to apogee The trajectories of these passes in B/L 
space’ are shown in Fig 1, B ıs measured in terms of 
the gyro-frequen¢y for electrons Beside the curves are 
numbers representing the intensity of the noise band of 
type (1) It will be seen that the intensity 1s a maximum 
near the value L=1 35 This is the position of the maxi- 
mum. energetic particle intensity m the mner Van Allen 
radiation belts 

A ray tracing programme has been used to show that 
electromagnetic waves cannot propagate over many 
degrees of latitude in the frequency range of the noise of 
type (2); this noise must be generated close to the point 
where it 1s observed The occurrence of this type of noise 
1s qualitatively marked ın Fig 1 A 1s written where it 18 
observed, and B where ıt 1s not observed It ıs always 
observed near to the equator at L=1 35, and never at 
points far from these co-ordinates 

The noise of type (1) ıs used to determine the plasma 
and gyro frequencies at the satellite, and the latter fre- 
quency usually agrees well with the value calculated from 
a 48 coefficient spherical harmonic expansion of the geo- 
magnetic field? Sometimes the agreement ıs rather bad 
this disagreement happens only at pomts well removed 
from L=1 35 

This evidence strongly suggests that the source of 
energy for the noise of types (1) and (2) 1s the particle 
radiation of the mner Van Allen radiation belt 
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PHYSICS 


Duration of Sensitive Period for 
Track Recording in Mica 


THERE 1s evidence which suggests that the tracks of 
muons and of electrons in electron showers may leave 
detectable marks in muscovite mica during a sensitive 
period following crystallization of the mecat? The observa- 
tion that the tracks of electrons may ın special conditions 
leave detectable records suggests that mica 1s responsive 
to particles of low specific 10n1zation during the sensitive 
period Consequently, charged particles of higher specific 
iomzation such as alpha particles and fission fragments 
would also be expected to leave detectable records 

It has been suggested that observable tracks of charged 
particles may be produced in mica as a result of the 
exsolution of an excess iron content on nucleation centres, 
formed by ionization of the crystal structure by the 
charged particlest Followmg the initial precipitation 
of the iron impurity at a nucleation centre, decoration of 
such centres will occur as a result*of accretion of the 
impurity as exsolution continues The original nature 


of the initial precipitation will be masked to a considerable 
extent by the continued decoration For example, the 
individual dots delingating the track of an election are 
commonly of the order of 1,000 ın diameter, while the 
track length of an alpha particle from natural nuclear 
decay 1s typically 25 Indeed, the appearance of a fully 
decorated alpha track is unlikely to retain any of the 
initial characteristics such as direction of track or record- 
able length, only the fact of occurrence and geneial 
location being important As decoration of such a track 
continues, the crystal 1s hable to local fracture resulting 
in a characteristically star-shaped figure resembling a 
“percussion” figure, as would be expected 

Fortunately, most crystals contain trace amounts of 
the naturally radioactive elements, and so isolated regions 
showing decoration by the iron impurity would be 
expected ın mica specimens showing staimng If the 
occurrence of such decorated regions or spots can be 
related to the radioactive impurity content, then the 
duration of the sensitive period of the mica for the record- 
ing of the passage of charged particles can be found for 
each specimen of mica 

The occurrence of isolated regions of decoration or 
“spotting” im muscovite mica is well known A rough 
estimate of the duration of the sensitive period ıs made 
next Typically, muscovite mica may contain uranium 
and thorium in concentrations of a few parts in 10°, or 
about 1013 atoms of uranium-238/em* In every thousand 
decays, about one will le sufficiently close to the (001) 
plane of the mica to be recorded, so in each year there 
should be about ten recordable alpha decays The density 
of these spots ıs roughly 100/em', suggesting that the 
sensitive period lasts for something lıke 10 years 

Measurements on these spots have been restricted to 
those regions also showing line staining, that 1s, decorated 
crystal defects and tracks In Fig 1 a plots shown of the 
size distribution of these spots The observed distmbution 
can be explained by assuming a two-dimensional growth 
of decoration on nucleation centres formed by tracks of 
alpha particles from natural nuclear decay together with 
a constant rate of exsolution of iron impurity Although 
fission fragments should also produce nucleation centres, 
the low probability for spontaneous fission relative to 
alpha decay makes this a negligible contmbution It 1s 
well known that the spots are essentially flat disks with 
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Fig 1 Plot of the mean radius of decorated spots gn muscovite mica 
Nr is the number of spots occurring within a 100x interval of radius 
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nearly constant thickness, so that growth must occur 
principally at the perrphery, giving a two-dimensional 
growth by diffusion The details of she exsolution process 
are not known, but ıt ıs not unreasanable to assume that 
once exsolution has started*:t continues at an approxim- 
ately constant rate until termmated by depletion of the 
impurity Because the change in temperature associated 
with the exsolution stage 1s probably small, 1t 1s also 
probable that the rate of diffusion changes only shghtly 
during the sensitive period. 

At the high temperatures involved, although mica 
18 still essentially an msulator, the 1onization produced 
by the passage of a charged particle will not persist for 
long, so that only those decays which oceur after exsolu- 
tion has started can form recordable nucleation centres 
On the short tıme scale involved, the number of nucleation 
centres will thus imcrease approximately lineaily with 
time so that the amount of impurity available to each 
centre will decrease as more centres are formed Let 1 
be the mean radius of a spot and q the quantity of impurity 
contamed within the spot It follows that for a given rate 
of exsolution, 


dg _ r 

2o constant Ñ 

where N ıs the number of centres present Because 
27r?« f dg and N ıs proportional to ¢ for small ż, then 


dr 1 

ai = k 
giving the radius of a spot, formed at ¢, with decoration 
terminating at tp, as 


r = Klog (ta/tı) 


The size distribution 1s then dN/dr=Ce where C is a 
constant and is shown in Fig 1 by the solid curve 

A third reason for relating these spots to alpha decays 
is the observed correlation of spot density with concentra- 
tion of uranium Because the duration of the sensitive 
phase of the mica is relatively short, 1t ıs probable that 
most of the alpha decays result from the thorium series 
The chemistry of thorium and uranium, however, has 
enough m common to permit a reasonable estimate of the 
thorium content from the measured uranium content The 
concentration of uranium in the specimens was determ- 
ined by counting the number of fission tracks mtersecting 
a given surface area of crystal after irradiation of the 
specimens m a known flux of thermal neutrons, the 
fission. tracks being rendered observable by etching*. 
A definite correlation between spot and fission track 
densities has been observed (Fig 2) 
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Fig 2 Correlation plot between the number of spontaneous fissions, 
Nf, and the number of spots, Ns, per unit of area, for a sample of mica 
showing considerable variation in the spot density 
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To determine the duration of the sensitive phase from 
the observed density of spots/unit volume requires a know- 
ledge of the radioactive impurity concentration and of the 
mean detection efficiency of the mica to alpha particles 
The relatively long half-life of the urantum-234 alpha 
decay mediates the uranium-238 series so that only one 
alpha particle ıs associated with each ur&anium-238 decay 
In the thorium series, however, the relatrvely short half- 
hfe of radium-228 1s the mediating element and more 
than. one alpha particle 1s to be expected from each 
thorrum-232 decay site during the sensitive phase The 
maximum number of alpha particles from each thorum- 
232 decay site ıs sıx, all with energies of 4 MeV or more 
Although the mean probability that any one will produce a 
nucleation centre ıs approximately the same, once a 
nucleation centre has been formed at a given decay site 
further alpha decays.would be meffectual On the average, 
the number of alpha particles from each thorium-232 
decay site effective ın producing new nucleation centres 
will be half the maximum From the known terrestrial 
thorrum to uranium abundance ratio, the average number 
of alpha particles effectrve in nucleation centre formation, 
after allowing for the longer half-life of thorrum-232 com- 
pared with uramum-238, per uranium-238 decay, 18 
approximately three. Finally to determine the mean 
detection efficiency 1t 1s necessary to specify the magnitude 
of the effective cut-off angle out of the (001) plane within 
which tracks of alpha particles may be recorded <A lower 
limit for this angle ıs provided by the value pertaining to 
low energy muqns namely about 2 milhradian Even 
though the specific 1omzation of fission fragments greatly 
exceeds that of alpha particles and so there may not bo 
any restriction ın angle for spot formation the half-life for 
spontaneous fission of uranium-238 1s such that only a 
small fraction of the nucleation centresecould arise from 
this cause 

From measurements made on some mica samples from 
the Madias region of India, the duration of the sensitive 
phase was found to be about 1648 yr The principal 
uncertainty ıs in the magnitude of the cut-off angle 
for alpha particles, and has been set by assuming the 
angle 1s proportional to the specific ionization The 
effect of this uncertainty 1s mitigated by the compensating 
influence of the radium-228 half-life In the other sense 
1t 18 unhkely that the sensitive time for the recording of 
muons exceeds that for alpha particles 

Because mica of the type considered here 1s usually 
associated with zoned pegmatites, the pegmatites being 
intrusive into the country rocks, a time scale of the 
order of a few tens of years 1s not unreasonable because 
this 1s commensurate with the probable growing time of 
the mica crystals Itis not known yet whether the entire 
crystal becomes sensitive or-only a small portion, perhaps 
close to the growing surface, the integrated sensitive 
time in either case being the samé. .-. 

F M Russet. 
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Acceleration Produced Electric Fields 
in Charcoal Bodies 


An analysis of the electrodynamıcs of aecelerated charged 
bodies reveals a new method by which Emstein’s principle 
of equivalence may be tested If a uniformly charged 
spherical shell of radius r is given an acceleration a, there 
wil be withm ıt a @niform electric field E along the 
direction of acceleration the magmitude of which 1s given by 
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La 
re e 


H=- 


This may be seen as follows! The scalar potential o 
within the shell ıs constant The vector potential A which 
exists within a shell moving with velocity V ıs also 
constant This mgy be derived by Lorentz transformation 
of the static case with the result, 


v 


=o =4 

Aa E reo” 

to first order in v i 
The retardation of the vector potential may be neglected 


for an accelerated shell provided 
[i c? 
la] <7 


The acceleration produced electric field 1s obtained from 
the relationship 


E 1 ðA 

i Beene aE sa 

3 a A g a6 i 
Therefore E = — o V=- at 


If, mstead of an insulating shell, a charged conducting 
body of arbitrary shape.were accelerated, the same 
phenomenon would occur, although the field mght then 
be- annulled by a redistribution of charge on the surface 
of the object 

Schiff and Barnhill? have also derived an electric field 
which may be produced in metals m an acceleration field, 
but their field 1s independent of the excess charge in the 
body, Provided that the scalar potential is constant 
within the accelerated object, the electric field produced 
by acceleration will be uniform and therefore conservative 
That is, the wntegral of electric field strength around any 
closed path ıs zero 


3 $Ed=0 


Permanent potential differences can be produced by 
placing two dissimilar metals ın contact and utilizing the 
contact potential phenomenon? In this case, non-con- 
servative electric fields can arse from which energy can be 
extracted if a current flows around a suitable path 
A case of interest 1s shown in Fig 1 

The internal electric fields produced by an acceleration 
along the line Jomurig the junctions, Jı, Ja, are m opposite 
directions in the two lmbs of the device which carry 
opposite charges and which differ in potential by Pe, the 
contact potential In this case, 


we h 

i § B.dl = 9¢ % Ia! 
Because the field ıs non-conservative, ıt cannot be can- 
celled by a simple rearrangement of the surface charges 
If the prmeiple of equivalence 1s valid, the same results as 
are obtamed for an accelerated apparatus should apply 
to a similar system supported vertically in a gravitational 
field 


If po 18 about 1 V then ge ¢ ~ 10-8 h V where fis in em 


The measurement of such a small voltage is technically 
feasible by using superconducting limbs of low inductance 


A 





Fig 1 A shell made of two dissimilar mets There will be a contact 
potential across junctions J, and J, 
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and the SQUID, a measurıng devıce based on the Joseph- 
son effect‘. 
Witteborn and Pallesenë have used different experi- 
mental techniques whch yielded an upper lmit to any 
gravitational shift in eontact potential of + 10-* V/m 
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Effect of Pipe Diameter, Vibration 
Amplitude, and Fluid Viscosity on 
Pipe Flow 


In view of the comments made by Silberman} on the 
communication by James and myself?, 1 should hke to 
draw attention to other experimental work that I have 
carried. out to determine the effect of fluid viscosity, pipe 
diameter and amplitude of vibration on the flow of a 
fluid in a pipe Although at this stage the work does not 
cover as wide a range of significant variables as would be 
required for a complete investigation of the effect of 
vibrations in pipe flow, ıt does give an indication of the 
magnitude of the effects which are likely to be obtained 
for the conditions which were described by Silberman 

This communication describes results obtamed from 
two types of experiment, one of which was basically similar 
to that deserrbed by James and myself? This consists 
of determining the frietion factor 4 for a pipe where the 
static pressure tappings are situated 24 in apart and 
there 1s an entry length of 12in The whole of the pipe 
was connected to an alumimium channel and vibrated in 
a plane perpendicular to the flow of fluid in the prpe by 
means of a slotted bar mechanism which was driven by a 
constant speed motor The pipe was free at its ends and 
tended therefore to bend and twist slightly when vibrating 
It was not flexibly mounted as ın the previous experiments 
because it 1s believed that the mountings subject the pipe 
to conditions of shock The results of tests using this 
experimental arrangement are referred to as test L 

In the other experiment, to be referred to as test S, a 
121n length of pipe, midway between two static pressurc 
tappings which were 241m apart, was attached to a 12m 
length of aluminium channel and vibrated as described 
here Each static pressure tapping and a 25 ın length 
adjacent to it on the vibrated side was rigidly clamped to 
a frame so that ıt was kept stationary The inlet length 
of 12ın and the pipe downstream of the test section was 
also clamped to the frame 

The results of experiments, which were cairied out on a 
pipe of diameter 0 164 ın which was vibrated atcording 
to test L, are shown in Fig 1, where the effect of the 
amplitude of vibration and viscosity on the friction factor 
can be seen as a function of Reynolds number, Re The 
test fluds were water and an oil A which had a kinematic 
viscosity approximately four times that of water 

The effect of amplitude of vibration and viscosity 18 also 
shown in Fig 2 where a pipe, 0 0714 in m diameter, was 
vibrated according to test S The test fluids in this case 
were water and an oil B which had a kinematic viscosity 
approximaséely 14 times that of water The results are 
essentially the same as those obtained for a pipe of 
0 0714in diameter which was vibrated according to test L. 

Figs 1 and 2 both show that for similar amplitudes of 
vibration, a reduction m kinematic viscosity increases 
the magnitude of the fmetion factor, at a particular 
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Reynolds number Furthermore, for a particular fluid ata 
fixed Reynolds number an mcrease in the amphtude of 
vibration increases the friction factor The shape of the 
’~Re curve ıs interesting because 1f shows that at certain 
vibration amplitudes the effect of tncreasing the friction 
factor extends down to a Reynolds number of 800 and 
lower, whereas in other tests and those shown for onl B 
in Fig 2 the curves in the turbulent region for vibrating 
and non-vibrating conditions are similar 

It ıs noticeable from Figs 1 and 2 where all the tests 
were carried out at a frequency of 25 c/s that there is a 
diameter effect present because the curves of 4—Re for 
amphtudes of 0175 ın and 037 m for water are much 
closer together m the 0164 m diameter pipe than they 
would have been in the 0 07141n diameter pipe 
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It 1s interesting to note that the curves for -Re are 
similar to those obtained by White? for flow through curved 
pipes The streamline motion of a fluid in a curved pipe 
was analysed theoretically by Dean‘, who showed the 


significance of the function z Re( ay (now known as the 


Dean number) to this type of flow In,the function r is 
the radius of the pipe and R 1s the radrus of the bend. 

It would seem that when a fluid flows along a pipe which 
1s bering vibrated ın a direction perpendicular to the 
flow, as a particle of flud moves along the pipe, :t seems 
to flow through a series of bends Suppose that the pipe 
1s being vibrated with an amplitude A and a frequency 
n If the mean velocity of flow in the pipe is u, then a 
particle of fluid will have moved a distance u/4n along the 
pipe while the pipe moves a distance A perpendicular 
to the flow direction To a first approximation the 
radius of curvature of the bend (assumed to be of a circular 
form) ıs given by R where 


R=(u?+16A2n%)/82An? 


The flow through such a pipe is more likely to depend 
on AJR than on r/R, except when Ajr is very small 
Thus the Dean number can be modified to 


Dn=3 Re (A/R)t 


Substituting for R and putting Re=2ur/v where v 1s the 
kinematic viscosity 


Dn = Rev si] + 2%) 
4 And 
for s=5 (2) and d= 2r 


In order to determine the effect of vibration on friction 
factor, experimental values of 4/5, where A, 1s the friction 
factor for the unvibrated pipe, are plotted in Fig 3 
against the modified Dean number as curve AB This 
curve ıs represented by the relationship 


+= 033 Dm” 


0 


For values of >10 the flow path has a mimmum 
radius of curvature which 1s smaller than that obtained 
by using the formula which was mentioned earher The 
magnitude of the effect depends on whether ~ ıs beng 
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“increased by varying the term n/u or the amplitude A. 
At Reynolds numbers of 2,000, 1,500 and 1,000 the réspec- 
tive values of Dean number for z=1-0 are 1,000, 750 
and 500. Where æ< 1-0, the friction factor equation given 
here fits the experimental points quite well, but the points 
showing most scatter are in general those where x > 1-0. 

The effect of the shape of the displacement time curve 
is another factor among others which could well influence 
such an expression because results which were obtained 
where the pipe was subject to shock conditions lay above 
the general shape of the curve AB at the points S. These 
results (curve DC) were obtained using the experimental 
arrangement described by James and myself? where the 
tests were carried out on pipes having test lengths of 
4 in. and 24 in. 

The oscillations which were set up by the flow round a 
bend were analysed by Hawthorne‘ in the case of a non- 
viscid fluid; this could also be an important factor which 
influences the flow of a fluid through a vibrating pipe 
which seems to be sinuous in form to a particle. 

With a pipe rigidly fixed at each end and vibrated at 
the centre as described by Silberman it is not likely that 
the results would be much different (subject to the com- 
ment expressed later) to those expected from the above 
relationship. 

Values of Adn/v and a modified Dean number are 


a tabulated in Table 1 for a range of the most significant 


< vibrating conditions referred to by Silberman. 


Table 1 
‘Frequency Amplitude Adn D D 
es) Ún) © Loop “v” Re=8,000 Re=1,000 
< Magnetic. vibration 
: 23-3 188 1 47 132 131 
0125 3 62 175 171 
* 0-093 3 92 256 244 
083 5 125 343 316 
0-250 1 84 233 282 





-It can be seen from. Fig. 3 that in the tests which were 
© carried out. by Silberman using an oil of kinematic vis- 
0 cosity 2-4x 10-4 ft.2/sec, the effect is likely to be small. 
-o The amplitude referred to in Table 1, however, pre- 
sumably refers.to that of the vibrator at the centre of the 
pipe. For one loop, only the centre of the pipe will have 
this amplitude, the rest of the pipe being subject to 


“vibrations where the amplitude reduces to zero at the 
clamps. This would suggest that the amplitude of vibra- 


tion which is equivalent to the tests on which the formula 
is based should be reduced. Furthermore, with such a 
small. change in the friction factor, this effect coupled 
with an additional 28 in. of nen-vibrated pipe outside 
the clamps, yet between the static pressure tappings, 
` < could reduce the effect to an unmeasurable quantity. 
- Similar reasoning could be applied to the cases of three 
a loops where the amplitude in the loops not 

1 to the vibrator could also be less. 
is interesting to note that Silberman refers to a series 
f tests on water where at Reynolds numbers above 2,200 
g the flow could be turned from laminar to turbulent with 
-certain types of vibration. Calculations based on the 
formula here indicate that, for water, very definite changes 
would be expected in friction factor for the vibrations 
mentioned in Table 1 if the pipe had been vibrated as a 
Mole, 
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Possible Systematic Error in the 
Measurement of Normal Stress 
Differences in Polymer Solutions in 
Steady Shear Flow 


Tr is well known! that, in suitable flow conditions, the 
normal stress differences Pr — Pa, and Pag — Pas are determ- 
ined by the values of pressure, — Pa on the stationary 
and rotating walls of cone and plate (cp), plate and. 
plate (pp) and concentric cylinder (ec) apparatuses. The- 
common use of small holes (filled with statie liquid) for 
measuring these pressures must give rise to a systematic 
error, Py say, where 

P = PH ~ Pre (1) 


is the pressure recorded using a hole and — Ps, is the 
pressure which would act on the wall if the hole were 
absent. 

In spite of a warning by Schultz-Grinow*, pa has 
hitherto been neglected in the analysis of polymer solution 
data, partly because Greensmith and Rivlin? found that 
holes of diameters 1-0, 1-7 and 2-6 mm gave indistin- 
guishable results, and partly because estimates. for 
Newtonian liquids suggest that py will be small* (py 
about 0-05 Pn, where Pa denotes the value of shear stress 
near to but unperturbed by the hole). 

Some recent: measurements, however, lead us to suggest: 
that polymer solutions generate much higher values of 
pu (pu about 2 pa) and that, when the pq — contribution 
is taken into account, it will be possible to resolve certain 
known disagreements’ between the results of measuring 
normal stress differences in different ways. 

If we assume (a) that py is determined by p, and (b) 
that py is independent of the gap between the walls, then 
the equation? ; 

d 


Aep = — (ro?) = Pu + Po — 2 Pas o 
for the pressure gradient in the cone and plate apparatus 
is unaltered, but the equation for the rim pressure p(R) 
becomes 

PIR) = Pss — Pas + PH+ pa (3) 


where pa denotes atmospheric pressure, R denotes the 
radius of the rotating member, and r denotes distance from 
the axis of rotation. The equations’ for the plate and plate 
and concentric cylinder systems become 


a d 
App = — (2). = Pn — Pa + a iG (Pas — Pas) 
en“ 
d d ell 
Ace = — ($). = Pu — P + 2 (215). {5) 


G denotes the value of shear rate. 

Using the apparatus of Adams and Lodge’, with the 
hole diameters increased to 1-3 mm, we find thgt, for a 
2 per cent solution of a high molecular weight. polyiso- 
butene (‘Oppanol B200’) in a low molecular weight liquid 
polyisobutene (‘Oppanol Bl’), Aep is independent of r, 
consistent with equation (2). This is our reason for 
assumption (b). We also find that p,,—p22, determined 
from values of the total thrust, F, in a second cone and 
plate apparatus‘ (which uses no holes for pressure measure- 
ment) according to the equation! 


2F 


Pu Pe = TR (6) 


kd 
is equal to 2 Pa cot 2 X, where X denotes the flow bire- 
fringence extinction angle measured in the concentric 
cylinder apparatus of Kaye and Saunders’. Values of 
Pa, measured in the two latter apparatuses agree with 
one another. 
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It is therefore tempting to suppose that our data for 
Acp and F' do give correct values for p1 — Pas aNd Prs — Psa 
by means of equations (2) and (6)ẹ we find that, in the 


range 5 <G< 25 (units, sec;}), . 
Pi — Pes = 240 G + 500 (7) 
0 < Pas — Paz < 0-07 (P ~ Per) (8) 


With these values for p,,— Pa and Pos — Pa and measured 
values of p(2}), we may now calculate the value of py, 
using equation (3); we find that, in the range 200 < pa, 
< 500, 

Py = ~3-07 py + 414 (9) 


(units, dynes em~*). 

Thus the holes generate a negative pressure greater in 
magnitude than the shear stress caused by the primary 
shear flow. 

We can now test the validity of this procedure by using 
the above values of py. Pir ~ Pz: and Po_— Pas to evaluate 
the right hand side of equation (4) and comparing the 
result with values of App measured in the apparatus of 
Adams and Lodge. We find that equation (4) is satisfied 
within the accuracy of measurement, and that the contri- 
bution from the term involving py is substantial. In 
this way, a disagreement of the type noted by Adams and 

-Lodge® (between equations (2), (3) and (4), with py=0) 
is resolved. 

A further test is afforded by equation (5) which, with 
equations (6) and (9), implies that 

Ace < 2F/(nR?) (10) 
Our values for Ace obtained from a new concentric 
cylinder apparatus (J. M. Broadbent and A. S. Lodge, in 
preparation), with pressure-measuring holes of diameters 
3 mm and 6 mm, are consistent with this inequality. 
Moreover, we find that in certain circumstances negative 
values are obtained for the pressure on the inner cylinder 
(even when the appropriate inertial force corrections 
“have been made for the rotation of liquid in the gap and 
“in the inner cylinder); similar results have recently been 
< reported for an aqueous detergent solution®. These could 
be explained by a dominant negative value for py. 

It is possible that, for certain tests of the validity of 
methods of determining normal stress differences, the 
contributions from py in different apparatus might 
partially, cancel one another. For example, for the test 
obtained by elimination of Pp, — P: and Pz — Pa, between 
equations (2), (4) and (5), we see that 


d 7 i d 
App a Acp + (65, ag 1) (Ace ~ Aep) 


P fe a a ( den) (11) 
= (ei - 1) (Pa E e T Ne 


In this way, it might be possible to explain Markovitz’s 
result’ #hat the left hand side of this equation is small 
for a 5-4 per cent solution of polyisobutene (‘B100') in 
eétane, if the liquid properties and hole sizes were such 
that the right hand side was small. 
If assumption (b) is valid, and ff the constitutive equa- 
tions for the liquid involve no material constants of the 
“dimension of length, then dimensional. considerations® 
-` suggest that pg will not depend on the hole diameter, 
because there is no other quantity to form a dimensionless 
group with this. This rather surprising suggestion might 
explain the result of Greensmith and Rivlin’, and suggests 
that. changing the hole diameter might not be*s sufficient 
test for the absence of a pressure contribution from the 
hole. 
We acknowledge a grant from the Science Research 
Council, the gift of the coneentrie cylinder pressure 
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THE SOLID STATE 


Epitaxy as a Growth Factor in 
Urinary Calculi and Gallstones 


Errraxy' consists of the growth of one crystal, in one or 
more particular orientations, on a substrate of another, 
with a near geometrical fit between the respective net- 
works which are in contact. Thus anthraquinone can 
grow on rocksalt® and d- or l-eamphor op d- or l-quartz'. 
That there is some influence of the structures themselves 
(apart from the geometry) has been proved, but it is of 
surprisingly minor importance’. There is also a depend- 
ence of the degree of misfit which can be tolerated on the 
degree of supersaturation of the solution from which the 
epitaxial crystals are deposited!. 

One curious feature of many kidney and bladder stones 
is the relatively abrupt change of composition which can 
occur from time to time during growth. Often there are 
alternating layers of differing composition around a 
nucleus, combined witha radial arrangement of the 
erystals® in the successive layers (Fig. 1). 

Examination of the usual habits of crystals of the 
common stone-forming compounds (Table 1), together 
with the dimensions of the networks in the occurring faces, 
indicates that epitaxy may be of considerable importance 
in causing the stone to grow larger, once a suitable seed 
has been deposited. Without any such seed, the urine 





Fig. 1. A bladder stoneeshowing the alternating layers of different — 
composition around a nucleus. The relatively-abrupt changes of com- 
position during growth can be-seen clearly, a8 
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Table 1, COMMON STONE-FORMING COMPOUNDS AND THEIR USUAL HABITS 
Compound 
phar’ uric acid {100} {210} {T01} {021} {010} {111} 
Ha NOs 2213-12 6= 7-40 c= 6-21 B= 905° 

Urie acid dihydrate {100} {101} {210} {021} 
0,HN,O;.2H,0 a= 17-52 6=7:-40 c= 635 

Whewellite 7 {100} {010} {001} {011} { u9 {127} {131} 
CaC,0.H,0 @= 6-28 b= 14-57 c= 10-11 p= 109-4° 

Weddellite {101} only 
Cat.0.2H,0 @=h= 12-30 c= 14-32 (tetragonal) 

(to 25 H0) : 

Apatite x {0001} {1070} {1120} {4150} {1071} {1012} 
Cha PO.) (OH), {2031} {1121} {1192} (2131) {3141} {3142} 
{or carbonate-apatite} a@=b= 9-42 e= 6-88 (hexagonal) 

Brushite {010} {oor} {101} {120} {TH} {111} 
CaHPo,.2H,0 a=5-81 b=15-18 c= 6-24 P= 116-4° 

Whitlockite {0001} {1120} {0112} {0113} {1074} ete. 
R= Ua PO) a=b=1032 c=370 (rhomb.) 

Octacalcium phosphate Habit not known: @=19°87, b= 9-63 
Ca,pH.(PO)s.5H,0 = 6-88 ; a= 89-3" f = 92-2 yy = 108-9° 

Stravite {G01} {010} {110} {101} {011} {012} {021} 
MgNH,PO,.6H,0 {108} {711 


a= O04 b= 6-14 ¢= 11-20 
{0001} Probably {1010} or {1120} 
a=b = h-42 ¢ = 56-28 (hexagonal) 


l-Cystine 
[~SCH,CH(NH,) 
COOH), 


Gallstones only?" 


Cholesterol {010} flake face; possibly {100} {001} 

Cy HOH a= 14-00 b= 33-71 e= 10-46; 
a=94:5° P= 90° y= 95-9° 

Calcite {0001} {1070} {1130} {1011} {0172} ete. 
Caco, a=b=4-09 c= 17-06 (rhomb.) 

Aragonite {001} {010} {110} {011} {012} {021} ete. 
CaCO; a= 496 b= 7-07 = 574 

¥aterite Spherulitic or hexagonal plates or lenses 
CaO, ase b= 7-16 e== 16-98 (hexagonal) 


Note; Ammonium acid. urate, sodium acid urate and xanthine are not 
included because neither their habits nor their unit-cell dimensions are 
known. Ammonium acid urate does, however, sometimes give a slightly 
orientated powder pattern, with its 3-43 A spacing either equatorial or meri- 
dional when the radial direction of a stone sample is set vertical in a Unicam 
X-ray photogoniometer. Xanthine also sometimes shows a tendency towards 
orientated overgrowth, 

Newheryte, MEHPO,3H,0, although of common occurrence on the surface 
or exposed sections of old stones, is not included because it appears to be a 
decomposition product of struvite, and therefore is not a primary component 


ean attain a very high degree of supersaturation of certain 
relatively insoluble components without any deposition’. 
Deposition from a saturated or supersaturated solution of a 
stone-forming compound will occur at once on a suitable 
seed or substrate provided that there is an epitaxial 
relationship. Deposition might be prevented, however, 
either by habit-modification (provided that a suitable non- 
toxic additive could be found) or by a sufficient modifica- 
tion of network size, for example, by the substitution for 
part of the calcium of another divalent ion of different: 
effective radius. Magnesium is the obvious choice 
‘(average distance Mg—O is 210 A as compared with 


‘The interior of s kidney stone, consisting of an intimate mixture 
of weddellite and apatite. 


Fig. 2. 
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2-40 A for Ca—0) as long as it does not stimulate the 
production of struvite. If growth can be prevented, the 
chance of natural elimination of seed crystals is greatly 
increased. . 

It is clear from Table 2 that a variety of excellent fits 
{too many to be purely coincidental) are possible for 
epitaxial growth on a nucleus of uric acid, uric acid di- 
hydrate, whewellite or weddellite (in any order). These 
are the substances most frequently found in nuclei of 
adult urinary calculi. The phosphates more often occur 
in the outer layers, but frequently stones are found without 
any apparent nucleus; they seem to consist simply of 
agglomerations of crystals, some in very finely divided 
form. Thus Fig. 2 shows the interior of a kidney stone 
from a 4 year old boy; this consists of an intimate mixture 
of weddellite and apatite. The (101) network of weddel- 
lite and the (0001) network of apatite differ in linear 
dimensions by only 2-0 and 3-9 per cent. Each presumably 
can act as substrate for the other. 

The role of any complex organic components in the 
growth of stones is not easy to define. It may be that. 
they take part in the epitaxy, or they may act as a cement- 
ing material where epitaxy has not occurred. Nor is it 
easy to test which kind of epitaxy does actually occur, 
although it can be shown by X-ray diffraction that there 


Table 2. POSSIBLE EPITAXY IN URINARY CALCULI AND GALLSTONES 


Substance Face Dimensions of net Percentage misfit 
Bladder or kidney stones 
Uric acid (100) 6-21 x 7-40 (90°) ae, Se 
(021) 18°12 x 14-46 (90°) E0 28 
Urie acid 2H,0 (100) 635 x 7:40 (90°) 22 0 
(101) 18-64 7-40 (90°) 0 6 
(210) 6:35 x 22-93 (90°) 22 BR 
Whewellite {001} 6-28 «x 14-57 (90°) cs ae ee 
Weddellite (101) 1230 x 14-32. (90°) LO BB 
Apatite (0001) 82-62 x 28-26 (90°) FAUNE S: 
Brushite (010) 6-36 x 30-72 (865 BBB 
(101) 636x 15°18 (90°) 24 Pi 
(001) B81 x 16-18 (90°) ed 25 
Struvite (001) 614% 6-94 (90°) 12 62 
(011) 12-77 x 6-04 (90°) 28 62 
(010) 11:20 x 6-4 (90°) OS e2 
Urie acid (210) 6-21 x 19-78 (90°) e 
Whewellite (010) 6-28 x 19-07 (90°) 11 Bb 
Apatite (1010) 18-84 x 20°64 (90°) Vl 43 
(1120) 82-62 x 20°64 (90°) SO 43 
(4150) 390-94 x 20°64 (90°) TE 43 
Brushite (010) 6-36 x 2048 (85-5°) 24 BD 
Whitlockite (0001) 17°88 x 20-64 (90°) 40 44 
(1120) 17-88 x 37-00 (90°) tO Ged 
Octacalcium phosphate (1.00) 19°26 x 20-84 (803°) B4 dai 
(010) 1987 x 20-84 (92-2") 67 43 
Struvite (101) 6-14 x 89°34 (90°) 12 05 
(001) 614 x 2082 (90°) 12 52 
Cystine stones 
Cystine (0001) 542% 9-89 (90°) em ae 
Apatite (0001) 1631x 9-42 (90°) Ot 03 
Struvite (110) 11:20 x 9-27 (90°} 34i 13 
Whewellite (100) 1G-L1L x 29-14 (90°) PB St 
(1038) 21-22 x 20-14 (90°) a Set 
Gallstones 
Cholesterol (O10) 44-00 x 81-38 (90°) "e ae 
(001) 14-00 x 33-71 (96°) 9 6G 
Calcite (080) 14-97 x 3412 (90°) TO BS 
Aragonite 1001) 14-88 x 31-88 (90°) 63 16 
Vaterite (010) 14-32 x 33-96 (90°) 23 73 
Apatite (1120) 1376 x 82-62 (90°) Le Bek 
Cholesterol (010) {201} [103] 
29-80 x 34:37 (933°) woe te 
Calcite (1010) 29-94 x 34-12 (90°) G2 07 
Aragonite (001) 29-76 x 31-88 (90°) O4 7-2 
Vaterite (010) 28-64 x 33-96 (90°) AQ 12 


Normally oceurring erystal faces with (near-) orthogonal networks which 
equid grow on one another (including alternatives) in some common com, 
ponents. Note that epitaxy can occur between ax b and ne’ x mb’ Wa, a 
(and h, b) only differ by a few per cent. 

e 
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is. orientated erystal growth. (ref...5, and. unpublished 

work in this laboratory) in striated or layered calculi. 

X-ray diffraction, however, cannot determine the nature 

of the interfaces between neighbouring erystallites. 

Experiments to determine relative otientations of calculus 

components are, however, being made, and we propose 

also to attempt the growth of artificial stones on suitable 

erystal substrates and then to find out whether growth 

can be prevented by substrate modification. Similar 

experiments in other laboratories would be welcomed. 

KATHLEEN LONSDALE 

University College, 

London. 

Received November 29, 1967. 

ìt Royer, L., Bull, Soe. Frang, Mineral., 61,7 (1928). 

* Willems, J., Naturwissenschaften, 44/52, 324 (1944), 

a Ebor Wa Ickert, L., and Vollstadt, N., Zeit. Phys. Chemie., 222, 285 

* Newkirk, J. B., and Turnbull, D., J. Appl. Phys., 26, 579 (1955). 

* Carr, J. A., Brit. J. Urol., 25, 26 (1953). 

* Vermeulen, C. W., Lyon, E. 8., and Gil, W. B., Invest. Urol., 1,370 (1964); 
Fried, F. A., and Vermeulen, C. W., ibid., 2, 131 (1984). 

? Sutor, J., and Wooley, S. E., Seience (in the press). 

* Rains, A. J, Harding, in Gallstones, Causes and Treatment (W. Heinemann 
Medical Books Ltd., London, 1964). 

* Juniper, jun., K., and Woolf, W. E., Amer. J. Med.,20, 883 (1956). 


Refractive Indices of Mixed Crystals 
of Phenazine and N-Oxyphenazine 


Rerractive indices have been measured for the complete 
range of mixed crystals of phenazine and N-oxyphenazine. 
These measurements, which were repeated several times 
for each batch of crystals, indicate the presence of a 
discontinuity in the series, extending from 8 to 30 mole 
per cent of N-oxyphenazine. 

Crystals of phenazine (C,,H,N,) and N-oxyphenazine 
(CHNO) crystallize out of methyl ethyl ketone. The 
crystallographic data are as follows 

Ci, HN: P2,/a, 
a= 13-20( + 0-005), b = 5-05( + 0-02), 


Z=2, 

c= 7-08( + 0-005) A, 
B= 109-2( + 0-05)°, 
(using N = 6-023 x 
1033 mole~!), 


2=2, 


o=7-44(+0-005) A, 
8 = 108-8( +.0-05)°, 


D# = 1-341 g/om3 


C,,H,N,O: P2,/a, 
a= 14-29(+0-01), b= 4-60( + 0-02), 


D $= 1-404 g/em? 

The cell dimensions were determined at room tempera- 
ture (21° C) from Straumanis-loaded films with cobalt 
radiation, the calculations being done by least squares 
refinement on five to seven reflexions (à Ka@= 1-7902 A). 
The structures of these substances are known!?, 

In the crystal structure of N-oxyphenazine, the mole- 
cules are arranged in a disordered manner, thus producing 
astatistigal centre ofsymmetry. A similar situation occurs 
in anthrone’, 

Phenazine and N-oxyphenazine are reported? to form 
a continuous solid solution series. According to Kitai- 
gorodskii*, this would only be possible if overall symmetry 
were retained on substitution of foreign molecules in a 
“host.” lattice. Some evidence for this has been provided 
by studies of several organic mixed crystal series, which 
were grown from the melt, for example, acridine-anthra- 
cene®, anthracene-phenanthrene*, dibenzyl-stilbene’ and 
tolane-mereury diphenyl. 

Phenazine and N-oxyphenazine easily produce flat, 
needle-like crystals with well developed (201) faces from 
solution®. Because there is some inherent structural 
disorder in one end member (N-oxyphenazine) we felt 
that this would be an interesting system to study. 

The crystals were grown from methyl ethyl ketone in 

+ 
e 


NATURE. VOL. 217, JANUARY 6. 1968 


perpendicular to b axis [oz] 


Refractive index 


parallel to b axis foo] 





0 20 40 60 80 100 
N-Oxyphenazine (mole per cent) 


Fig. 1. 


sealed glass containers and the compositions were deter- 
mined to ~1 per cent by ultraviolet spectroscopy (phen- 
azine peak at 250 mp, N-oxyphenazine peak at 266 my; 
in ethanol). This was necessary becauge the difference 
in solubility between the two components meant that the 
composition of the mixed crystals was not the same as 
that of the original mixed solute. 

It was immediately noticed that crystals having a 
composition between 10 and 40 mole per cent N-oxy- 
phenazine were fibrous and badly formed, the worst crop 
of crystals having a composition of 25 mole per cent. 
It therefore seemed possible that there was a region of 
immiscibility; that is that the system was one of partial 
miscibility and not a continuous solid solution series. 

Attempts to construct a phase diagram were hampered 
by the thermal decomposition of N-oxyphenazine. A 
graph of cell dimensions against composition seemed to 
give a set of smooth curves, with a break only where the 
crystals were too poor for X-ray study. It was thought 
that an investigation of refractive index against com- 
position might give evidence for or against a partially 
miscible system. 

At first, a great deal of difficulty was encountered in 
measuring the high refractive indices (above 1-86) and 
immersion media in this region tended to attack and 
dissolve the crystals. Eventually it was found that 
suitable results could be obtained by using a mixture of 
arsenic tribromide, arsenic sulphide and arsenic tri- 
iodide®-1°, This was a very stable mixture, giving refrac- 
tive indices higher than 1-94. Using a Leitz—Jelley 
refractometer, with sodium light, measurements of up to 
1-92 could be made, to an accuracy of + 0-001. Methylene 
iodide was used to dilute the medium in order to vary 
the refractive index. Because solution of the erystals 
still oceurred, observations of the Becke line were made 
as rapidly as possible. The effect of dissolved material 
on the refractive index liquid was a change of the order 
of 0-001. Measurements were made parallel and per- 
pendicular to the b axis. In the case of phenazine, the 
refractive index along b was the 8 index and agreed with 
the literature value. It was not possible to ascertain 
whether this was also true for N-oxyphenazine because a 
suitable interference figure could not be obtained. A 
graph of refractive index parallel and perpendicular to 
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the b axis ıs plotted against composition in Fig 1 This 
shows that there 1s a remarkably large peak at a com- 
position of 8 mole per cent of N-oxyphenazine for refrac- 
tive indices which were measured perpendicular to the 
b axis [102], while measurements parallel to the b axis 
[010] show a depression startmg at 8 mole per cent and 
ending at 30 moleeper cent X-ray photographs showed 
that the crystals, at all compositions, had the same 
developed faces Thus the refractive index measurements 
perpendicular to the b axes were always obtained with 
the same crystal face perpendicular to the microscope axis 

The exact reason for the two effects, however, 1s not 
yet apparent and an X-ray investigation of the series, at 
present in progress, may throw more light on the shapes 
of these curves 
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CHEMISTRY 


Initiation of Free Radical 
Polymerization by Manganese 
Carbonyl and Carbon Tetrachloride 


Inrrration of free radical polymerization by metal 
carbonyls ın the presence of organic halides has been 
shown, 1n all cases studied, to nvolve a rate determining 
primary activation of the carbonyl, in which the halide 
does not participate’? In the system Mn,(CO) + 
CCl,-+monomer, the monomer does not enter into this 
process’, which would therefore seem likely to consist 
either of scission of carbon monoxide from the carbonyl 
molecule or rupture of the metal-metal bond After 
considering both possibilities, we concluded that exper- 
mental data from polymenzation studies favour the 
former? Wawersik and Basolo reached a simular conclu- 
ston for substitution reactions of manganese carbonyl? 
On the other hand, Hopgood and Poe reported that 
substitution, oxidation and decomposition reactions of 
Mn,(CO),, mvolve primary fission of the manganese- 
manganese bond‘, although more recently Hames and 
Pos have stated that carbon monoxide-scission contributes 
an additional rate determinmg step’ Hames and Poe 
therefore propose® that m the initiation of polymerization 
both primary steps occur, giving rise to two dependent 
mechanisms, A and B 


hi 
(4) Mn,(CO)10=* {2Mn(CO),} (1) 


{2Mn(CO),}-+ CCl, ws Mn(CO),Cl+Mn(CO),+CCi, (2) 


is 
Mn(CO),-+CCl,—> Mn(CO),Cl+ CCl, (3) 


* 59 
ke 
Mn(CO), —> mactive products (4) 
. ka 
(B) Mn,(CO):9c* Mne(CO), + 00 (5) 


k 
Mn,(CO), + CCl, CCl, +inactive products (6) 


kı 
Mn (CO), —> inactive products (7) 


Unfortunately, these authors make an elementary error 
in their kinetic treatment by assuming that the rates of 
polymerization, corresponding to the separate mechanisms, 
are additive, and so arrive® at the incorrect rate expres- 
sion (8) In this equation a, b are given by equations (9) 
and (10), œ 1s the rate of polymerization, M represents 
monomer and kp, k: are the velocity coefficients for chain 
propagation and termination, respectively 





o= 04+ on = kpkri[ M] [Mn,(CO)1]#(a +b) (8) 
_ ka[CCL] Nè 7 Ayk [CCl] N 
= Q ae: ECC) Ce TRIO] (9) 


kegkee[CCl,4] 


us Cas +h, + SEN (10) 


The correct rate expression, based on the additivity of 
rates of initiation, 1s given in equation (11) 


o= kpky-?[M][Mn,(CO),0]#(a* + b°)? (11) 


The validity of Hames and Poe’s claim that their 
mechanism ıs in excellent quantitative agreement with 
our experimental data ıs called in question by these 
considerations In specified conditions’, the rate of 
imitiation predicted by equations (1) to (7) with their 
parameters ıs only 57 pe: cent of that measwed by us?, 
while equation (8) suggests rather precise agreement 
Perhaps more significant 1s the fact that the mechanism 
does not account satisfactonly for the behaviour 
of the system in the presence of added carbon mon- 
oxide It ıs easy to show from equation (11) that, at 
Ingh [CC],], 


a([CO}=0) _ 2o 


a([CO]=0) \ 2k, (12) 


so that, with the values of Hames and Poe for k,, ks, the 
ratio has the value 1 08, compared with the experimental 
figure® of 1 21 for a carbon monoxide pressure of 775 mm 
of mercury Fig 1 of Hames and Poe, m which they 
purport to demonstrate a sensitivity to carbon monoxide 
sumilar to that observed experimentally, ıs incorrect, 
because the calculated rate for [CO]=0 ıs derived from 
equation (8) Furthermore, 1t seems to be assumed, with 
no obvious experimental justification, that a pressure of 
carbon monoxide of 760 mm of mercury 1s kmetically 
equivalent to [CO]= oo 

Whether or not the mechanism of equations (1) to (7) 
may be modified to overcome these shortcomings 1s 
debatable, 161s mportant to note that our measured rates 
of polymenzation are initial values, and thus are not 
affected by reactions of mtermediates with half-lives 
comparable with that of Mn,(CO),. It 1s relevant to 
the postulation of Mn(CO), radicals that in the polymer- 
wation of methyl methacrylate at 25° C photosensitized 


60 
° 


by Mn,(CO),)+CCl, the quantum yield for mitiation 1s 
unity and unsymmetrical fission of the manganese- 
manganese bond has been postulated as the primary 
act? , . 
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Adsorption Efficiency in the Collision 
of Molecular Oxygen with Clean 
Tungsten Surfaces 


Morrison and Roberts! obtamed consistent calculations 
for the variation of the accommodation coefficient of neon 
on a tungsten filament during the adsorption of oxygen 
using the assumption that the sticking probability for 
oxygen on tungsten 1s initially unity and independent 
of coverage Later work on filaments and mbbons, 
using the sophisticated techniques of ultra-high vacuum 
technology and the more direct flash filament method for 
measuring sticking probabilities? has, however, produced 
values between 0 1 and 0 2 (refs 3 to 6), although Schlhier’ 
has reported a value of 0 65 

The stacking probability can be obtained directly using 
a reflexion detector technique in which a detector 
(ionization gauge or mass spectrometer) is so placed 
relative to adsorbent and gas supply that gas molecules 
can only enter it after collision with the adsorbent The 
cell used ın the present work ıs diagrammatically ilus- 
trated in Fig 1, and ıs a modification of a previous 
design®? Using modern ultra-high vacuum techniques”, 
vacua of about 2xJ10- torr (nitrogen equivalent, 
measured by a Redhead modulated Bayard-Alperi 
ionization gauge’! with a thoria-coated filament) were 
achieved in the cell The adsorbent was obtained by 
depositing metal vapour from a thoroughly outgassed 
tungsten wire (03 mm diameter, Murex Ltd, grade 1) 
on to the walls of the 1 litre spherical reaction cell Oxygen 
gas was directed at tho film from a centrally positioned 
retractable diffuser, and the gauge side-arm designed so 
that gas from the diffuser could not enter the gauge 
tubulation without first colliding with the metal film 
Because even low concentratiqns of non-adsorbable 1m- 
purities from the gas supply accumulate in the cell, givmg 
an anomalous pressure reading and thus a low apparent 
sticking probability®, great care was taken in the pre- 
paration of impurity-fice oxygen by heatmg very 
thoroughly outgassed potassium permanganate British 
Oxygen Company bottled oxygen was found to be un- 
suitable It ıs necessary to use a modulated ionization 
gauge to measure oxygen pressure because, as shown by 
Redhead" and Singleton’? and confirmed in our work 
(results to be published), the residual pressure varies with 
the amount of exposure of the gauge to oxygen To 
reduce the effegt of pumping by the gauge, 1t was “‘satur- 
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ated” with oxygen, at a pressure of about 10-’ torr, after 
outgassing and before film deposition The sticking 
probabihty s can be evaluated from the simple relationship 


= rate of adsorption __ Ti 
~ rate of bombardment 71 +,reflexion rate 
= 1f(1+ZP/ri) (2) 


where Z 1s the Knudsen collision factor, P the gauge pres- 
sure reading and 1; the rate of gas inflow into the cell 

With the cell maintained at 78°, 195° or 300° K, when 
the gas supply was first opened (r1=6 x10" molecules 
sec"! em- geometric area of film) to a clean film the 
pressure rise was <1x 10-4 torr, from equation (1), 
this indicates an initial sticking probabihty s, within the 
limits 


128)>0 997 


Furthermore, after adsorption for about 20 min the gauge 
pressure had only risen by 8 x 10-1! torr at 195 or 300° K, 
while at 78° K no rise was observed, the initial sticking 
probability ıs therefore very close to umty and 1s virtually 
independent of coverage up to at least 10 x 10" molecules/ 
cm? geometric area of film These results therefore confirm 
the original self-consistent assumptions made by Morrison 
and Roberts! but apparently contradict the more recent 
flash filament results 

It ıs not possible to attribute the discrepancy to dif- 
ferences in either gas or surface temperatures The pos- 
sihhty that differences may be attributable to differences 
in the nature of the adsorbent surfaces should be con- 
sidered (1) Metal films are porous and present a rough 
surface to the impinging gas molecules, resulting m 
multiple collisions (as discussed in detail elsewhere?) 
while filaments possess relatively low roughness factors 
But s=1 for a rough surface requires that s 1s also unity 
for a perfectly smooth surface (2) The exposed crystal 
planes in tungsten film and filament surfaces may occupy 
different fractional areas The value of unity for $, 
however, imphes that all planes exposed in the film are 
capable of adsorbing oxygen with s= 1, 1t 1s most unlikely 
that planes exposed ın filaments are not present in the 
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Fig 1 The adsorption cell (‘Pyrex’ glass) 
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polycrystalline films Thus the discrepancy seems to be 
caused by an experimental artefact in the flash filament 
technique for the oxygen-tungsten system 

Reflexion detector techniques (rdt) possess a number 
of advantages over flash filament techmques (fft) As 
s—+1, P—0 in equation (1) and the calculated value of s 
becomes virtually independent of the gauge calibration 
factor with rdt, while it 1s a critical factor with fft With 
rdt, by operating at low adsorption rates the experiment 
can be made to last hours, while with fft experiments are 
usually over in seconds, with a concomitant loss of detail 
and accuracy. With rdt the gauge can be operated inter- 
muttently, thereby reducmg the possibihty of gauge 
phenomena affecting the results, while with fft gauge 
effects are magnified because the area of the adsorbent 1s 
approximately equal to that of the gauge grid (usually 
molybdenum), and the gauge must be operated continu- 
ously Finally, with fft adsorption rates are measured 
from the pressure drop occurring when the filament 1s 
cooled, and reversible desorption from the gauge grid 
would result ın an anomalously small pressure drop, and 
thus an anomalously low calculated value for the sticking 
probability 
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Huckel Molecular Orbital Models for 
Heterocycles with Tetra-coordinated 
Phosphorus Atoms i 


Many heterocycle compounds’ with  tetra-coordimated 
phosphorus atoms have been synthesized’?. Several 
models for Huckel molecular orbital calculations®-* have 
been proposed for heterocycles contaming atoms with 
d-orbitals, but the most suitable model should fist be 
found before such calculations are made for these phos- 
phorus heterocycles The most suitable model can be found 
by comparing the experimental data for phosphabenzene 
(more exactly 1,1-diphenylphosphabénzene)'?)* with the 
Hackel parameters calculated for:all these models 

-.Ehree models.could be used for/Huckel molecular orbital 
calculations in.tetrarcoordinated pentavalent phosphorus 
heterocycles. Fuku eeti.al* considered one normal dz 
orbital:(a d°s hybnd) ‘and one x electron for the phos- 
phorus atom. »Aecorditg to Mason‘ and Craig and Pad- 
dock’, the dx orbital of the phosphorus atom should be a 
3day orbital, whith yields B exchange energy integrals 
differing in sign: from the two adjacent 2pr carbon orbitals. 
According to Dewar‘, the phasphofus atom should have 
two orthogonal 3dx orbitals, conjugation bemg interrupted 
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at the phosphorus atom We used four models in 
our Huckel molecular orbital calculations of formally 
unsubstituted phosphabenzene (1) the normal Fuku 
model with ap=a-0 68, Bop=098, (2) the “antı- 
Huckel” model of Mason and Crag with ap=a—0 68, 
Bcp=0 98, Bc’p=—098, (3) the Dewar model, with 7 
atomic orbitals o«p=ap’=a%—068, Berp=8c'p’=0 98, 
Bpp’=0, and (4) the weak phosphorus—carbon interaction 
model (normal Fuku: model) with ap=a—38. Bec=0 38 
The «p parameter was chosen so that the 3dr phosphorus 
orbital was slightly more electronegative than the 3px 
phosphorus orbital, for which Pauling electronegativity 
considerations (work to be published) indicatod that 
ap=a—048 The phosphorus parameters for weak 
phosphorus—carbon interaction are those of Brown and 
McCormack® The results are listed in Table 1 


Table 1, HiCKEL MOLEOULAR ORBITAL OALCULATIONS FOR PHOSPHABENZENE 


2 3 
BL b VN" A 
naa 


Rus H: 
6 5 
Model 1 Model 2 Model 3 Model 4 
ELE a—1 0008 a—Q0 2228 a—0 3178 a~1 0008 
ZHO a+0 7278 a a+0 4838 a+0 0408 
1 9168 1 098; 1 752 1 4968 
gı 0 687 0 410 0 892 0 029 
l= ls 1074 1384 1168 1324 
l= fs 1016 0 784 0 834 1 000 
li 1142 1 333 1070 1324 


According to model (1), phosphabenzene should be a 
stable aromatic heterocycle The first ultraviolet band 
should be somewhat displaced towards the red ın com- 
parison with benzene, for 1,1-diphenylphosphabenzene 
21rg— LHo= —1-3768 and with the usual spectroscopic 
B= —25~x104 cm the first absorption maxima should 
be at 2900 A. According to model (2), phosphabenzene 
should be unstable towards both electron accepting and 
electron donating reactions, towards radical reactions 
(dimerizations) or should be, ın fact, biradical (small 
Zrz— Zuo differences) The electronic spectrum should 
be at very long wavelengths According to model (3), 
phosphabenzene should be stable The first absorption 
maxima (calculated with B= — 2 5x 104 cm-t) should be 
at about 5000 A According to model (4), phosphabenzene 
should behave similarly to the R(CH),R- amon It 
should be an amphuonic substance with a basicity similar 
to the 


(CH,),.N*-CH--CH=CH, #2) 
(CH,),N+—CH,—CH=CH, 


equilibrium As shown ın the Berlstein’s Encyclowaedia™, 
the quaternary ammonium hydroxide with allyl substi- 
tuents 1s a strong base and does not show a tendency to 
deprotonate in aqueous media 
1,1-Diphenylphosphabenzene ıs obtained as a yellow 
precipitate from aqueous solutions with an electronic 
maxuna at 4090 A in aetheric solution The substance 1s 
stable in water but 1s protonated m position 2 m acidic 
solutions It is extremely prone to auto-oxidation??>? 
The electronic spectra and the general stability elammate 
the “‘anti-Huckel’’ model (2) Auto-oxidability is a general 
tendency of organie phosphorus compounds and does not 
seem to be caused by peculiarities of the x electrome 
system. The moderate basicity elimmates model (4) 
based on the weak phosphorus—carbon interaction There 
remain the normal Fuku: model (1) and the Dewar 
model (3); to decide between them, more comparisons 


62 
° 


between the Huckel calculations and the experimental 


data for tetracovalent phosphorus-hetcrocycles are 
necessary 
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BIOCHEMISTRY 


Comparison of the Kinetics of Photo- 
synthetic Carbon Dioxide Fixation 

in Maize, Sugar Cane and Tobacco, 
and its Relation to Photorespiration 


Mosr plants exhibit the phenomenon of photorespiration 
that 1s to say they give out a certain amount of carbon 
dioxide ın the hght This effect 1s usually masked by the 
occurrence of photosynthesis which takes up carbon 
dioxide at a greater rate than photorespiration releases 1t 
Photorespiration can, however, usually be demonstrated by 
allowing leaves to photosynthesize ın an enclosed space 
when they are unable to reduce the carbon dioxide con- 
centration of the atmosphere below about 50-100 p pm 
This is because at this point carbon dioxide starvation 
reduces the rate of photosynthesis to a level at which 16 
equals photorespiration and therefore no further net 
uptake of carbon dioxide ıs observed More recently, a 
small group of plants, including maize and sugar cane, 
has been investigated, which can reduce the carbon 
dioxide concentration of a closed system virtually to zero* 
This could be the result either of their having a poor 
photorespiratory mechanism or of their possessing an 
unusually efficient photosynthetic mechanism There is 
evidence that the mechanism of photosynthetic carboxyla- 
tion at least is different ın maize and sugar cane from 
that in most other plants, for the initial product of photo- 
synthetic carbon dioxide fixation in maize and sugar cane 
1s oxalo-acetate, rather than the phosphoglycerate which 
is the normal product of most plants? Thus if different 
earbon dioxide fixing enzymes were operating in maize 
and sugar cane, this could well account for an increased 
affinity for carbon dioxide ın these species 

To test this, the apparent Michaelis constants for 
photosynthesis of maize and sugar cane were determined 
and compared with that of tobacco, which exhibits normal 
photorespiration® and normal photosynthesis with phos- 
phoglycerate as initial product? The apparent Michaelis 
constant 1s the external carbon dioxide concentration 
which enables the leaf, at saturating light tensity, to fix 
carbon dioxide at half the maximal velocity’ While it 
is not clammed that this represents the true Michaelis 
constant for the photosynthetic carboxylating enzyme, 1b 
does, by analogy, represent the affinity of the overall 
photosynthetic system for carbon dioxide—the lower the 
apparent Michaehs constant the greater being that affinity 
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In order to elrminate the effect of photorespiration on 
measurements of photosynthesis, photorespiration was 
suppressed by measuring the. uptake of carbon dioxide in 
an atmosphere of nitrogen This suppression can be clearly 
shown by the fact that in these conditions a photosyn- 
thesizing tobacco leaf segment can reduce the concentra- 
tion of carbon dioxide in the atmosphefe almost to zero 

The technique for determining the apparent Michaelis 
constants for the tissues examined was as follows Tho 
apparatus consisted of a ‘Perspex’ leaf chamber submerged 
10 cm beneath the surface of a water bath at 20°C One 
to five leaf segments, cut to a total area of 100 cm?, so as 
to exclude the main veins, were floated, undersurface 
upwards, on 20 mi of distilled water ın the leaf chamber 
and uluminated from above at 6,000 ft -candles from a 
tungsten source A gas stream was pumped from the leaf 
chamber through a magnesium perchlorate drying tower to 
an infrared carbon dioxide analyser and then returned to 
the chamber so as to complete the circuit The rate of gas 
flow was approximately one circuit/min The leaves were 
Uluminated in air for at least 1 h before measurements 
were commenced The system was then charged with gas 
by flushing ıt with 6,000 p p m carbon dioxide in mitrogen, 
the circuit sealed off and the concentration of carbon 
dioxide plotted against time The relative rate of fixation 
at any particular concentration of carbon dioxide was 
measured as the slope of a tangent drawn to the curve at 
that concentration 


Table 1 


First repheate Second replicate Third replicate 


Species Max rate Km Max rate Km Max rate Km 
Tobacco 500 330 520 330 450 290 
Sugar cane 400 300 440 330 380 270 

1ze 250 260 380 270 330 325 


Km (apparent Michaelis constant) is expressed as p pm carbon dioxide 

Maximum rate is expressed as ppm reduction®in the carbon dioxide 
concentration in the circuit/min In all cases the rate of fixation was constant. 
at all concentrations of carbon dioxide tested above 1,000 p p m 


Table 1 shows that the apparent Michaelis constants for 
the photosynthesis of all three species are simular, the 
value being approximately equal to the natural carbon 
dioxide concentration of the Earth’s atmosphere This 
finding mndicates that the affinity for carbon dioxide of 
these three species 1s not greatly different It may there- 
fore be argued that the apparent lack of photorespiration 
in maize and sugar cane 1s the result of a true deficiency in 
this process rather than the possession of an unusually 
efficient photosynthetic mechanism 

A GOLDSWORTHY 
Department of Botany, 
Imperial College of Science and Technology, 
University of London 


Received November 9, revised December 8, 1967 
1 Forteatar, M L, Krotkov, G , and Nelson, © D , Plant Physwl , 41, 428 


2 Hatch, M D ,Slack, C R , and Johnson, H § , Biochem J ,102, 417 (1987) 


3 Krotkov, G , Photosynthetic Mechanisms in Green Plants, Nat Acad Sci — 
Nat Res Council Publication 1145 (1963) 


Effect of Kinetin on the Phosphatase 
Enzymes of Acetabularia 


THE effect of auxins on higher plants has been extensively 
studied:~ but their action on algae 1s not clear Thimann 
and Beth‘ concluded that while various auxins promoted 
some aspects of algal growth, there was a wide variation 
in the effect and the specificity of action was uncertain 
They also measured the effect of indole acetic acid and 
naphthalene acetic acid on the growth of nucleate and 
enucleate Acetabularia mediterranea They found that 
these auxins increased the growth rate but did not affect 
cap formation ın mature cells Similar effects occurred 
to a smaller extent in enucleate cells 
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Table 1 EFFECT OF KINETIN ON WHOLE CELLS 
Initial Control 10-2 molar 10-? molar 10-5 molar 
sıze (mm) Weeks %* pPHSt pH12} % pH 5 12 % pHb5 pH12 % P pH 12 
7 0 0 615 0 . 
3 0 017 0 0 0 23 0 0 22, 0 0 015 0 
6 0 019 if) 0 0 24 0 0 0 23 002, 0 02 0 
11 0-10 0 29 0 03 10-40 0 28 0 06 20-44 0 29 01i 5-27 0 35 005 
15 0 é 0 02 007 
4 2—4 0 22 013 0 027 007 2-8 033 O11 0-2 0 22 0 05 
6 3-5 0 25 012 1-4 0 27 012 5-23 035 0 21 1-3 0 26 018 
10 9-30 0 32 016 2-6 0 29 012 15-35 045 03 2-6 03 018 
14 20-30 04 0 26 7-25 0 38 015 40-45 065 034 4-10 04 022 
25 0 0 0 22 0 08 
3 30-40 0 34 03 20-20 032 0 28 20-16 0 28 03 20-42 33 027 
5 40-46 0 43 0 38 30-44 045 9 32 25~33 0 43 031 30-386 0 38 03 
9 60-28 057 0 64 45-33 059 0 46 55-35 089 0 62 40-44 076 045 
* Large caps more than 3 mm ın diameter, small caps less than 3 mm in diameter 
+ Units of acid phosphatase activity /cell* at pH 5 
4 Unita of alkaline phosphatase activ’ty/cell® at pH 12 
Table 2 EFFECT OF KINETIN ON ENUCLEATE CELLS 
Control 10-* molar 10-7 molar 10 molar 
Weeks % pHS5 pH 12 % pHS5 pHi2 % pHS5 pH 12 % pH 5 pH 12 
0 0 03 01 
4 0-6 0 22 0 09 2-8 0 22 01l 10-14 02 019 2-6 02 012 
6 2-6 0 25 01 6-8 0 34 02 14-14 035 0 26 4-6 035 018 
8 46 03 015 10-10 04 03 18-15 05 03 8-6 056 025 


Brachetë has reported that kinetin inhibits the growth 
of Acetabularia at 486x10 molar, but later de Vitry® 
found an increased growth rate at the same concentration 
Zetsche’ has measured growth rate and cap formation of 
A mediterranea in the presence of kinetin and gibberellin 
over the range 10° to 10-3 molar He found that the 
maximum effects on stalk elongation and cap formation 
occurred at different auxin concentrations 

The piesence of phosphatase enzymes in Acetabularia 
has been described by Spencer and Harris* They found 
an acid phosphatase (optimum pH 50) which steadily 
increased ın amouait as the cell developed, and an alkaline 
phosphatase (optimum pH 117) which only appeared 
durmg cap formation This enzyme was also synthesized 
during cap formation in the enucleate cell 

The present communication describes the effect of 
kinetin on these two enzymes and on cap formation in 
nucleate and enucleate A crenulata The effect of 2,3,5- 
trnodobenzoic acid (TIB) ıs also reported At 10-4 molar 
this substance antagonizes plant growth and 1s toxic at 
higher concentrations! A crenulata were grown as 
previously described® The cell density was fifty cells in 
100 ml of Erdschreiber medium? The necessary amount 
of kinetin (6-furfurylammmopurine) was added from a stock 
solution in sterile sea water? TIB was dissolved in the 
mimimum volume of sodium hydroxide and was adjusted 
to pH 83 with hydrochloric acid, 1t was then diluted 
with sterile sea water to give a stock solution The cells 
were transferred to fresh medium at 14 day intervals 
Prior to enucleation, the cells were kept m the dark for 10 
days The nucleus was removed by amputation of the 
rhizoid® The cells were allowed to recover for 2 days in 
weak light before addition of the kmetin or TIB This pro- 
cedure gave a higher recovery rate than when the amputa- 
ted cells were maintained for 1 day in the dark The cells 
were collected and the number of caps counted as small 
(less than 3 mm in diamoter) or large (above 3 mm) 
The phosphatase enzymes were then assayed as previously 
described® 

Preliminary experiments showed that kmetin did not 
affect the cap morphology and a concentration of 10-7 
molar gave the greatest increase in the rate of cap forma- 
tion for small nucleate cells The time course for cap 
formation was therefore followed at 10-°, 10-7 and 10-5 
molar kmetin The results for cells which were initially 
7 mm long are shown ın Table 1 

It can be seen that cap formation is accelerated in the 
presence of kinetin with the greatest effect at 10-7 molar 
In all cases, cells which were treated with kinetin formed 
caps on shorter stalks than in the controls The synthesis 
of acid phosphatase was not greatly affected by the 
presence of kinetin and again the alkaline phosphatase 


only appeared when the cell was about to form a cap. 
Table 1 also shows the effect of kinetin on cells which 
were 15 and 25 mm long The auxin effect 1s reduced as 
the cell matures and is negligible for cells of length 25 mm. 

Survival of Acetabularia after enucleation necessitates 
keeping the cells in the dark for 10 days before removal 
of the rhizoid’*31_ The results obtamed for the effect of 
kinetin on enucleate cells of length 25 mm are shown in 
Table 2 The growth promotion was greater than for 
nucleate cells of the same size and cap formation was 
coupled with the appearance of alkaline phosphatase 

The inhibition of growth ın the presence of 10-° and 
10-4 molar TIB ıs shown for 10 and 30 mm long nucleate 
cells ın Table 3 The results for enucleate cells measuring 
25 mm are shown in Table 4 In all cases there was some 
inhibition of growth at 10-* molar TIB and almost com- 
plete inhibition at 10-4 molar TIB The mhubition of cap 
formation also prevented synthesis of the alkaline phos- 
phatase 


Table 3 EFFECT OF TIB ON WHOLE CELLS 


size Wks Control 10~-* molar 10~ molar 
mm) % pHi pHi2 % pHs pH12 % pHs pHi2 
10 0 0 02 0 
6 0-50 06 007 0-40 024 009 0 024 004 
11 40-48 07 03 20-60 04 016 0-15 046 01 
30 0 0 035 005 
3 10-16 043 025 10-22 054 034 0 031 01 
6 30-16 05 034 40-20 09 042 0-10 07 015 
Table 4 EFFECT OF TIB ON ENUCLEATE CELLS 
Control 10~ molar 10+ molar 
Weeks % p85 pHi2 % pHS pH12 % pHS5 pHi2 
0 0 02 005 
4 10-16 023 011 4-18 02 009 0 025 006 
8 16-8 03 012 5-30 04 013 o 03 006 


These results show the same morphological changes as 
those described by Thimann and Beth‘ and Zetsche’ 
The principal features are that the greatest enhancement 
of stalk growth and cap formation take place with different 
concentrations of kinetrn Cap formation 1s, however, 
always linked with the appearance of alkaline phosphatase. 

Kinetin 1s probably not normally present ın Acetabularia 
because added kinetin causes the caps to form on shorter 
stalks Thimann and Beth‘ sımılarly concluded that 
indole acetic acid was not a native auxin Tandler’? has 
described the presence of crystals ın the central vacuole 
which are ufdole derivatives It was shown by the follow- 
ing experiment that this material was probably not an 
auxm Acetabularia plants, 25 mm long, were homo- 
genized and the cell sap was added, in various propor- 
tions, to dishes of cells measurmg 10 mm and 20 mm 
Growth was then followed for 6 weeks During this time 
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there was no obvious difference between control cultures 
and the treated cells 

It ıs unlikely that the phosphatases are closely associated 
with the chloroplasts, as shown by the following experi- 
ment Cell sap was collected frém five hundred cells 
with caps and was then layered on a gradient of 20 per 
cent to 40 per cent to 60 percent sucrose After centrifuga- 
tion, all the chloroplasts were mn the 40 per cent layer, but 
the phosphatase enzymes were on top of the 20 per cent 
layer There was no phosphatase activity at all ın the 
chloroplast fraction 

Both kinetin and TIB exert specific actions on Acefabu- 
larva and there ıs no evidence of bizarre changes ın mor- 
phology or in enzyme formation This suggests that there 
are specific mechanisms which are modulated by these 
compounds These processes which cause stalk elongation 
or cap formation and synthesis of alkaline phosphatase 
are probably controlled by separate mechanisms ın the 
cytoplasm and the extent of their activities 1s regulated, 
to differing degrees, by the presence or absence of inducers 
such as kmetin or indole acetic acid 
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Deficiency of Erythrocyte Nicotinamide 
Adenine Dinucleotide Nucleosidase 
(NADase) Activity in the Negro 


Ir has been shown that haemolysates from newborn 
infants differ from those of adults in that UDPgalactose- 
4-epimerase (epimerase) ıs active m the absence of 
exogenous nicotinamide adenme dimucleotide (NAD) 
(ref 1). The apparent NAD-mdependent epimerase 
activity results from low or absent NADase activity in 
the haemolysates from newborns? 

Among a group of control samples from adults, epi- 
merase activity mdependent of exogenous NAD was 
found in the haemolysate of one mdividual, a Negro 


Caucasian 
(36) 














o 01 02 03 04 05 06 OF 08 09 10 11 
NADase activity (units) 
Fis 1 Erythrocyte NADase activity 
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NADase activity was absent from erythrocytes A pre- 
liminary study has shown that reduced or absent erythro- 
cyte NADasoe activity is common among adult Negroes 
and that the deficiency may be genetically determined 

Haemolysates were prepared from washed erythrocytes 
as previously described* Assay of NADase activity 
involved mncubation in the presence of NAD, followed by 
determination of the residual NAD concentration In the 
initial incubation, the reaction mixture consisted of 05 
umoles of NAD, 100 moles of glycine buffer (pH 8 7) and 
05 ml. of 50 per cent haemolysate im a total volume of 
08 mi. Incubation was carried out in duplicate foi 
60 min at 37° Cin 3 ml ‘Lusteroid’ tubes At the end of 
the meubation period, 2 ml of cold 0 6 normal perchlone 
acid was added The tubes were stoppered, mixed. on a 
cyclomixer for 20 sec and held m an 1ce bath for at least 
10 min 
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Fig 2 Erythrocyte NADase activity ın a Nerto family (family @) 


Presumed genotype indicate 
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NAD was determmed accordmg to the method of 
Miınakamı eżal ^ The mixture was centrifuged in the cold 
at 10,000 rpm for 10mm The supernate was decanted 
and centrifuged once more at 3,000 rpm at room tem- 
perature for 10 mn _ For removal of perchlorate from a 
1 ml sample of the supernate, 01 ml of 1 molar tn- 
ethanolamine hydrochloride and 01 ml of 5 molar 
K,CO, were added After 30 mm ın an ice bath, the 
precipitate formed was removed by centrifugation for 
10 min at 3,000rpm The concentration of NAD in the 
supernate was determined by coupling to alcohol oxidation 
in the presence of an excess of alcohol dehydrogenase 
The initial concentration of NAD was established on the 
basis of unincubated control tubes to which perchloric 
acid had been added at zero time 

The activity of haemolysate NADase was expressed as 
moles of NAD disappearing/h/ml of packed red blood 
cells’ The vahdity of the assay was substantiated m a 
number of instances by simultaneous determmation of 
NAD by the specific cyanide method of Ciotti and 
Kaplan® : 

The distribution of values found for erythrocyte 
NADase activity of unrelated healthy adults, both 
Caucasian and Negro, ıs shown in Fig 1 The activity 
range for Negroes spreads more widely than that for 
Caucasians In three of the thirty-two Negroes no activity 
was demonstrable 

The distribution of values ın the Negro sample suggests 
three groupings For the present purpose, we have 
arbitrarily designated individuals with values more than 
065 u as normal homozygotes, those with values less 
than 015 U as atypical homozygotes and those with 
intermediate values (0 25-0 55 u) as heterozygotes It is 
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Fig 3 Negro family R 


on this basis that presumed genotypes have been indicated 
in the pedigrees of the two Negro families so far studied 
The family of the original propositus 1s presented ın 
Fig 2 Erythrocyte NADase values were very low or 
absent for his mother and for each of his three maternal 
aunts His half-sister was found to have an intermediate 
value (0 39 u). In the second family (Fig 3), very low or 
absent erythrocyte NADase activity was found for the pro- 
positus, for her father and for her son, values for her 
mother, brother and husband were mtermediate (0 47, 
0 38 and 0 32 v, respectively) The distribution of activity 
among famuly members, particularly ın the second family, 
suggests autosomal transmission 
The present study is a prelimmary one, but the data 
indicate that the pattern of distribution of values among 
the Negroes so fas examimed ıs markedly different from 
that among the Caucasians 
The function of NADase in the red cell ıs not known, 
and significance of the present results ın terms of the 
erythrocyte 1s uncertam In the newborn Caucasian 
infant, erythrocyte NADase activity 1s low to absent, but 
normal adult levels are reached within the first year of 
hfe? Burton has reported a sımılar finding for the enzyme 
in the developing rat bram” Multiple forms of NADase 
have been demonstrated ın mammalian tissues® The 
availability of erythrocytes with altered NADase activity 
may provide a basis for establishing the function of this 
enzyme in the red cell 
This work was supported by grants from the US Publie 
Health Service 
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Proteins and Haemoglobins 

of Salmon-Trout Hybrids 

SPECIMENS of the salmon (Salmo salar)-sea trout (S 
trutta) which were developed by Dr D J Piggins of the 


Salmon Research Trust were obtgined from a small 
lake at Galmoylestown, near Mullingar, County West- 
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meath The eye lens, muscle and serum protems and 
haemoglobins of these F, 2 yr old (2+) specimens were 
compared with those of, adult salmon from the River Lee, 
County Cork, and with’ those of 2+ specumens of brown 
trout (S trutta) from ‘the Fanure Fish Farm, Roscrea, 
County Tipperary 

The proteins of the eye lens were separated electro- 
phoretically in agar gel on microscope slides with phosphate 
buffer pH 7 3 at 5 m amp per slide for 40 min using the 
bath described by Koch et al? and the technique of 
Scheideggar? Muscle extracts were prepared from the 
middle of the body near the dorsal fin and electrophoresis 
was carried out in polyacrylamide gelt using 0 05 molar 
veronal buffer at pH 86 at 30 mamp for 120 mun 
Electrophoresis of serum proteins was also carried out 
in polyacrylamide gel The electrophoretograms were 
scanned in tha automatic fully integrated ‘Chromoscan’ 
recorder using a shit width of 1/20 mm, a 3 1 gear ratio 
and cam 5-034 A The ‘Chromoscan’ patterns have been 
1educed 1n the figures to one-quartc the original size 

The haemoglobins were analyscd using two different 
supporting media; micro starch gel and micro agar gel 
For starch gel studies, the haemolysates were made up m 
tris-hydrochlorie acid buffer at pH 82 some fractions 
migrated towards the anode and others migrated towards 
the cathode from the point of application The technique 
used was the micro starch gel method of Koch, Bergstrom 
and Evans’ With the micro agar gel technique, we used 
the bath described by Koch et al? and the method of 
Scheideggar* In agar gel all the haemoglobin fractions 
travelled towards the negative pole 

In Fig 1 1s shown the electrophoretic pattern of the 
lens protems The salmon shows at least eight components, 
the trout at least seven and the hybrid a minimum of ten 
The hybrid pattern ıs not therefore like the parental 
patterns, nor does ıt seem to be a simple mixture of the 
two parental proteins This 1s in contrast to what we 
have found in the case of the beam (Abrams brama)— 
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Lens salmon 
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Lens salmon-trout hybrid 
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Lens brown trout 2+ 


Fig 1 Electrophoretic patterns of the eye lens proteins of salmon, 


trout and the salmon-trout hybrid 
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Muscle salmon 





Muscle salmon—trout hybrid 





Muscle brown trout 2+ 


Fig 2 Electrophoretic patterns of the muscle proteins of salmon, tiout 
and the salmon-trout hybrid 


rudd (Leuciscus erythrophthalmus) F, hybrid whose pattern 
resembles the parental patterns which themselves are 
very similar These results are now ın preparation. 

In Fig 2 are shown the muscle protein patterns of the 
three fishes There 1s relatively little difference between 
the patterns of the two parental species, and the hybrid 
pattern 1s also very much lıke those of the parents 
Rabaey® using agar gel electrophoresis found that closely 
related species had similar patterns, although Connell’ 
using the Tiselius method found that patterns of related 
species seomed to be as dissumilar as those of unrelated 
species. Greenberg and Kopac® found that in the genus 
Avphophorus (using paper electrophoresis with a phosphate 
buffer at pH 65) hybrid forms showed characteristics 
of both parental species 

The electrophoretic patterns of the serum protems of 
the salmon, the sea trout and ther F, hybrid are shown 
in Fig 3 It will be seen that the hybrid pattern 1s more 
like that of the tiout than that of the salmon and does not 
seem to be a simple mixture of the parental patterns 
one new hybrid serum protein fraction does, however, 
occur. This ıs similar to our finding, the literature on 
which is now being prepared, that m the rudd—bream 
hybrid, the hybrid serum protem pattern resembles that 
of the bream. Sanders’ in a study of three trout species 
and their hybrids, found that the hybnds gave serum 
protem electrophoretic patterns characteristic of one of 
the parental types Nyman’ studied a roach (Leuciscus 
rutdus)-rudd hybrid, the splake, a hybrid between 
eastern brook trout Salvelinus fontanalts and the lake 
trout (S manaycush) and the bréding, a hybrid between 
S fontanalts and the char (S alpinus) In the serum 
protein patterns the roach-rudd hybrid showed perfect 
summation, the splake patterns was indistinguishable 
from S fontanahs and in the brodmg “not every band 
system 1s a summation of the parental patterns”. 

Nyman" reported that the F, salmon—brown trout 
hybrid seram protein pattern 1s a simple combination of the 
proteins of both parents He later’? noted that some 
of these proteins seem to be determined by the same genes 
in both parental species and only one band®1s present 
in the F, hybrid in a concentration equal to that ın the 
parents He found that ın the F, generation, selection 
occurs against the salmon proteins of the serum and 
the kidney, liver and serum esterases, but others have 
shown that this js not true of the blood groups 
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It may be seen from Fig 4 that no new hybrid haemo- 
globm was found using the starch gel technique, the 
hybrid pattern ıs not, however, just a mixture of the 
two parental patterns On both the anode and the 
cathode side, only four of the five salmon fractions are 
present in the hybrid and the C,, C, and C, fractions of 
the trout do not occur ın the hybrid The micro agar gel 
technique also shows that there is an overall reduction 
in the number of fractions m the hybrid, as seen in Fig. 5 
Koch et al have shown that the relative quantities of 
the components, which at pH 8 2 migrate to the anode, 
decrease as the salmon and sea trout grow. 

Sick, Frydenberg and Nielsen’! studied the haemo- 
globin patterns of the plaice (Pleuronectes platessa) and 
the flounder (Platichthys flesus) and their natural hybrids 
Nearly all the hybnds (thirty-three out of thirty-four) 
showed the same haemoglobin pattern which clearly 
differed from that obtained by running an 2m vtro mixture 
of haemoglobins from the two parent species The 
authors explained that the presence of new haemoglobins 
in the hybrid was evidence for the occurrence of at least 
two different sub-units ın the tetrameric haemoglobin 
molecules of the parental species The single deviant 
pattern found among the 327 individuals which were 
studied was recognizable morphologically as a hybrid 
which could have been the result of a mating between 
two hybrids or between a hybrid and one of the parent 
species 

Manwell et ai.15 noted that there was little evidence 
for the formation of any new hybrid protem in various 
animals. These authors studied the haemoglobins of 
some hybrid birds and fishes to investigate the possibility 
that new haemoglobns might arise in hybrids from 
recombinations of the different polypeptide chams and 
be significant in explaining some aspects of hybrid. vigour 

In a study of four species of centrarchid fishes, 1t was 
found that in most cases the F, hybrids yielded a 
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Serum salmon normal 
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Serum salmon-trout hybrid 
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Serum brown trout 2+ 
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Fig 3 Electrophoretic patterns of the serum proteins of salmon, trout 
and the salmon-trout hybrid 
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Origin 





Salmon Hybrid Trout 


Fig 4 Haemoglobin patterns of salmon, trout, salmon-trout hybrid 
and an ın viro mixture of salmon and trout blood ın starch gels 


In miro mature 





Fig 5 Haemoglobin patterns of salmon (1), trout (3) and salmon-trout 

hybrid (2) ın agar gels C, and ©, of the hybrid pattern correspond to the 

C: and O, of the salmon and trout patterns The C, component of the 

hybrid has a migration rate similar to the C, of the trout, while the C; 

fraction of the hybrid has comparable components in C; of the salmon 
and C, of the trout 


haemoglobin pattern which was identical to that obtained 
by simply mixing the haemoglobins of the two parents In 
some of these crosses, however, the electrophoretic proper- 
ties of 25-40 per cent of F, hybrids were different from 
those of the parental species 

“Artificial hybridization” of haemoglobins from the 
small mouth bass Micropterus dolomeu and the large 
mouth bass M salmoides was achieved by mixing haemo- 
lysates and leaving the mixture ın pure carbon monoxide 
for several days The new haemoglobins which were 
produced seem to be identical with those of the red- 
eyed bass M coosae and the spotted bass M punctulatus 
which, ıt ıs suggested, may have evolved from hybnds 
of the large-mouth and small-mouth bass Hybrid fishes 
do not seem to have any unique haemoglobin peptides, 
which again suggests that polypeptide chain recombina- 
tion rather than biosynthetic interaction 1s responsible 
for the appearance of new hybrid haemoglobins Manwell 
et al 5 have shown that in some hybrid fishes there 1s 
better blood gas transport by the new haemoglobm, 
thus providing an understanding of the nature of hybrid 
vigour at the molecular level® 
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Vitamin Bı2 Content of 
Aqueous Humour 


THE vitamin B,, content of the aqueous humour of the 
eye does not seem to have been estimated before Samples 
of aqueous humour and blood were obtained at operation 
in sixteen patients having cataract extraction, the serum 
and aqueous concentrations of vitamin B,, were deter- 
mined by biological assay using Euglena gracile The 
results are presented in Table 1. It 1s mteresting that the 
average value (29 9 pg/ml ) ıs of the same order as that 
found ın cerebrospinal fluid (21 pg/ml ) by Kidd et al } 

There was no significant statistical correlation between 
the concentrations in the blood and the aqueous (r= 
0 097, P>0:10), but 1t must be admitted that the method 
of assay 1s not very accurate at low concentiation It 1s 
also emphasized that all the patients had cataracts and 
so most were elderly It does not seem justified to risk 
paracentesis and removal of aqueous humour from normal 
human eyes in order to obtain more “physiological” 
values Samples of aqueous humour were obtamed 
through a cannula and dry-sterihzed syringe ın the early 
stages of the operation—before ıt, several instillations of 
guttae 2 per cent homatropine and cocaine 4 per cent 
hydrochloric acid and often 10 per cent phenylephrine 
had been given, and also a retrobulbar mjection of 1-5 
per cent xylocaine with adrenaline 1 200,000 Sparine 
(25 mg) was given by mouth on the evening before opera- 
tion, 1 h before the operation 50 mg of pethidine with 
50 mg of phenergan were injected intramuscularly Great, 
care was taken to reduce contamination of the cannula 
with blood from the operative field to an absolute 
mimmum, 1t was probably negligible 

It 1s possible that abnormally low values of vitamin 
B,, 1n the aqueous humour could be found in patients 
suffering from “tobacco amblyopia”, m view of the low 
concentrations of serum vitamin B,, found in this disease? 
and the improvement following treatment with vitamin 
Bı: (refs 2 and 3) It 1s unhkely that there will be an 
opportunity to obtain samples of aqueous humour from 
patients with that disease, but the data available in normal 
patients were further analysed according to the smoking 
habits of the subjects The mean aqueous concentrations 
of vitamin B; were 202 pg/ml for the smokers and 
34 3 pg/ml for the non-smokers (t=1 12, P>010) The 
difference 1s not regarded as being more than suggestive, 
but 16 will be seen that the five smokers showed aqueous 


Table 1 AQUEOUS B,;, DETERMINED BY Euglena ASSAY 


Smoking Serum B,, Aq hum By 
Number Age Sex e habits (pg/ml ) (pg/ml ) 
1 87 i — 420 58 
2 67 _ 224 32 
3 58 M 40/day 434 29 
4 63 —_ 269 49 
5 75 FE — 339 42 
6 73 F — 194 35 
7 87 F — 813 12 
8 52 F 10/day 93 14 
9 75 F — 123 60 
10 48 M Heavy pipe 248 15 
11 71 F — 135 29 
12 53 F 10/day 161 28 
13 87 M Heavy pipe 128 15 
14 87 M — 252 14 
15 74 F — 454 18 
16 72 F — 564 28 
Ranges, 12-60 pg/ml Crude mean, 29 9 pg/ml . 
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concentrations of B,, of less than 
30 pg/ml, whereas eight of the eleven 
non-smokers had concentrations greater 
than 25 pg/ml If confirmed,” this 
observation may be relevant m® the 
elucidation of the pathogenesis of 
tobacco amblyopia 

The underlymg reason for this ın- 
vestigation, apart from intrinsic interest, 
was the suggestion (mentioned by 
Phillips and McKenzie?) that the 
mechanism of tobacco amblyopia, or 
any toxic amblyopia, 1s a toxic effect on 
the retina of, say, cyanide or other toxin, 
which enters the eye with the aqueous 
humour and affects the retina, especially 
the macular area, from its vitreous 
surface. There 1s evidence for a flow of 
flud from vitreous to retinal blood 10 
vessels and through retina to choroid® 
This might explain why the retina 1s so 
selectively affected by certam toxins, 
the blood-aqueous barrier 1s not so high 
or so selective as the blood-—retina 
barrier Similar considerations nught apply to the blood- 
cerebrospinal fluid barrier and blood-brain barrier The 
response of the levels of aqueous B,, to injected hydroxoco- 
balamin and cyanocobalamin is being studied, together 
with thiocyanate levels 
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Iron Binding Properties of Saliva 


GaSTRIO Juice of healthy people contais a high molecular 
weight iron binding protem “gastroferrin’”? A role for 
the gastric iron binding protem in the regulation of won 
absorption has been proposed?, and alterations in its 
production have been described in clinical conditions of 
iron deficiency? and iron overload? ‘The gastnc juice 
obtained for the studies previously reported was free of 
saliva e Normally, however, swallowed saliva contributes 
substantially to the total volume of secretions present in 
the stomach It was therefore decided to vestigate the 
possible iron binding properties of this secretion The 
effect of acid-peptic digestion on bhe 1ron binding properties 
of saliva was also studied because of the possibility that 
hydrochloric acid and pepsin secreted by the gastric 
mucosa react with the saliva present in the stomach. 

Whole saliva was collected from thirty-five normal 
subjects who expectorated into a beaker Saliva was 
found to possess marked iron binding ability when this 
was measured by a standard iron-59 solubility test 
previously desertbed‘ Iron binding capacity varied from 
0 03 to 0 15 mg of Fet++/ml of saliva (mean 0 08 mg of 
Fet++/ml ) 

In the next set of experiments, saliva which had been 
labelled with 1son-59 was resolved by molecular sieving 





Sample volume was 3 ml 
saline buffered to pH 8 0 with 0 02 molar HC/NH,OH Fractions (3 5 ml ) were collected 
at a flow rate of about 30 ml/h ©, UV absorbance, ©, radioactivity 
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Filtration on ‘Sephadex G@-200’ of whole human saliva labelled with 1ron-59 


Column dim3nsions were 25x40 cm Buffer, physiologieal 


through a column of ‘Sephadex G-200° The relative 
protein content of the eluted fractions was determined 
by optical density measurements at 280 my and the iron 
content by measurement of the gamma activity of the 
iron-59 label A constant elution pattern of two protem 
peaks was obtained, a totally excluded peak of molecular 
weight greater than 200,000 and a peak of lower mole- 
cular weight Both peaks contamed bound iron-59 
(Fig 1) In contrast, 1ron bindmg ın gastric juice occurs 
only m the high molecular weight fraction? 

When saliva was labelled with iron-59 and subjected 
to digestion with 0 02 per cent w/v pepsin ın 01 molar 
HCl for 1 h at 375° C, the protein content of the mgh 
molecular weight fraction was almost abolished The 
absolute amount of 1ron-59 bound to this fraction was, 
however, not significantly altered The high molecular 
weight iron binding substance in saliva is therefore 
resistant to acid-peptic digestion The second fraction of 
lower molecular weight mereased after acid-peptic diges- 
tion and also retained its ron binding activity 

Experiments with polyacrylamide dise gel electro- 
phoresis® of saliva labelled with iron-59 using standard 
75 per cent polyacrylamide gel columns and éres-glycine 
buffer, pH. 8 3, showed that iron binding oceurred m the 
slow moving components These components have been 
shown by other workers to contam glycoproteins*. 

The total amount of high molecular weight iron binding 
substance secreted in saliva in 24 h ıs sufficient to bind 
approximately one tenth as much iron as can be bound 
by the estimated 24 h secretion of gastroferrm. The 
high molecular weight iron binding substance in salva 
might have a function in health and disease sumilar to 
that of gastroferrm, both because of 1ts molecular weight 
and because ıt 1s resistant to acid-peptie digestion 
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PHYSIOLOGY 


Effects of Prostaglandins on 
Human Bronchial Muscle 


INTRAVENOUS administration of prostaglandin Fa (PGF .<) 
iereases bronchiaf resistance in the cat? and air overflow 
volume in the Konzett~Rossler preparation of guinea-pig 
lungs n vwo? These effects suggest but do not prove 
that PGF,a contracts bronchial muscle They mght be 
caused by changes m fluid distribution in the lungs 
Main? and Horton and Main‘ showed that prostaglandins 
E, Ey, Ep, Fia and Fy relax cat isolated trachea Because 
of the uncertainty about the action of PGF a on tracheo- 
bronchial muscle and because this prostaglandin and 
PGE, have been found ın human lungs’, where they may 
affect the smooth muscle of the bronchial tree, we studied 
their effects on human isolated bronchial muscle We also 
studied the effects of PGE, and of mixtures of PGE, 
o PGE, with PGF, a on this smooth muscle prepar- 
abon 

Pieces of bronchus (1-3 mm in diameter) were cut 
spirally and suspended in Krebs-Henseleit solution at 
37° Cina 25 ml bath aerated with 5 per cent 
carbon dioxide in oxygen Fresh solutions of 
test substances in 0 9 per cent w/v sodium 
chloride ın water were added to the bath for 
3-6 min To measure contraction 1sotonically, 
a weighted thread from the muscle was 
passed over a pulley wheel, which was fixed 
coaxially to the spindle of a variable rotary 
transformer (Elhott) The output from 
the transformer was xecorded on a self- 
balancing servo-potentiometric pen recorder 
(Rikadenki) Fuller details of this method 
wil be described elsewhere? 

After a variable latency of up to 1 min, 
during which the muscle sometimes relaxed 
slightly, PGF > (0 8-800 ng/ml ) contracted 
human bronchial muscle, the response 
increasing with increasing dose Comparable e . 
doses of PGE, relaxed the muscle PGE, 
usually relaxed ıt, but was rather less actıve 
than PGE, When mixed with PGF a, erther $ 
prostaglandin E, or E, reduced the con- 
traction caused by PGF ya (Fig 1) Neither 
atropine (1 ug/ml ) nor mepyramine {1 pg/ml ) 
lessened the response to PGF, so the 
prostaglandin did not act by stimulating 
cholinergic nerves or by liberating hista- 
mune 

The slow reacting substance produced in anaphylaxis 
of isolated lung (SRS-A) 1s not yet chemically purified 
and identified, but has been described as an acid with 
some lipid characterstics* and might therefore be related 
to the prostaglandins Because both SRS-A (refs 2 and 9) 
and PGF. contract human bronchial muscle, we tested. 
whether cross-tachyphylaxis could be mduced between 
them, using SRS-A prepared as previously described? 
Tachyphylaxis to either SRS-A or PGF,a could be induced 
by prolonging by a factor of about ten the time of exposure 
of the muscle to a high dose of the substance Pieces of 
muscle made insensitive to PGF. responded to SRS-A. 
(Fig 2) and vice versa The absence of cross-tachyphyl- 
axis confirms the conclusion reached on other grounds’, 
that these two substances from lung are distinct After 
tachyphylaxis had been induced to PGF ,a, prostaglandins 
E, and E, continued to relax the bronchial muscle (Fig 2) 

In these experiments, PGF,a contracted, whereas PGE, 
and PGE, relaxed, human isolated bronchial muscle 
PGF, occurs in human lungs®:* and ıt may be concerned 
im conditions involving bronchoconstriction, such as 
bronchial asthma PGE, 1s also present in human lungs‘, 
so a functional relationship betwen the contractant 
PGF. and the relaxant PGE, seems possible 


A F 


Fig 2 Human isolated bronchial muscle in a 25 ml bath Development of tachy- 
phylaxis to PG¥,, without loss of response to slow reacting substance in anaphylaxis 
(SRS-A) or to PGE, or PGE, 
PGF.q continued for 5 min, during the second break in the record, exposure to 20 ug 
PGF,@ continued for 15 mın $, 0 25 mg of SRS-A, A, 1 wg of acetylcholine, E’, 1 ug, 
F”, 2 eg and F”, 20 ug of PGFia, Ez, O 5 ug PGE, and E, 05 wg of PGH,, other details 
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Fig 1 Human isolated bronchial muscle ın a 25 m! bath Responses 

to prostaglandins Fra (PGF;a) and E, (PGE,) and to a mixture of the 

A, 10 ug of acetylcholine, F, 20 ug of PGF.a, E, 10 ug of PGE,, 
@, drug added Recording magnification x 40 
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Fu p" s F A £2 Fy 
During the first break ın the record, exposure to 2 ug 


asın Fig 1 
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Matthews, Mr M. A E Palmer, Mrs P J Piper and 
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New Test for Biological 
Identification of Bradykinin 


In 196], Boisonnas, Guttmann “and Jaquenoud? first 
synthesized bradykinin and other syntheses have since 
been recorded?-* In these studies the contracting effect 
of this substance on the isolated uterus of a rat or the 
ileum of a guinea-pig has, among other tests, been taken 
as evidence of identity with bradykimm which was 
isolated from plasma, and as a measure of 1ts biological 
activity As will be shown here, however, this sole 
criterion may not suffice to characterize the peptide 

Recently, we determined the biological identity and 
activity of bradykinin which was synthesized by Fndkin, 
Patchormk and Katchalsky according to a new method 
(presented at the International Symposium on the 
Pharmacology of Hormonal Polypeptides and Proteins, 
Milan, September 14, 1967, results to be published) 
The ileum of a gumea-pig which was suspended in a 
5 ml organ bath of Tyrode solution at 35° C was used as 
the test object Contractions were recorded on a kymo- 
graph by means of a frontal writing lever Drugs were 
allowed to act for 1 min and then the preparation was 
washed twice The time cycle was 5 mın Solutions of 
all substances were made up in saline Bradykimn 
Sandoz and a sample prepared by Sakakibara and Inukai‘ 
served as reference compounds 


Cm 





F F BBS 
ChT 
400 ug 1'W 


Fig 1 Responses of the isolated ileum of a guinea-pig to three different 

specimens of bradvkinin (20 ug), namely that of Sakakibara and Inuka1 

(5), Fridkin, Patchormk and Katchalsky (F) and Sandoz(B) After each 

contraction the preparation was washed twice Note that after the presence 

of 400 ug of chymotrypsin for 1 min (ChT 400 ug 1’W), responses were 
about ten times higher than that of control 


The material which was obtained at the final step of 
the new synthesis caused contraction of the isolated gut 
in doses of 7 to 15 ng The magnitude of the responses 
closely compared with those elicited by corresponding 
amounts of bradykinin Sandoz When 500 ug of chymo- 
trypsin was introduced into the bath, however, the subse- 
quent contractions elicited by the test compound did not 
increase but m fact decreased In contrast, those pro- 
voked by bradykinin Sandoz were five times higher than 
those of the control These experiments indicated that 
the test substance was not identical with the reference 
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substance Re-exarnination of the material revealed that 
the p-nitrobenzyl group which was attached to the ter- 
minal arginine had not been removed after treatment 
with hydrofluoric acid’ The material was therefore 
reduced in the presence of palladium and barum sulphate, 
1t was purified in a column of ‘Amberlite [RC-50’ and 
lyophilized The product was tested on the isolated 
leum ım doses of 5 to 20 ng and elicited responses simular 
to those of the two reference bradykinins Furthermore, 
after the presence of chymotrypsin, all three compounds 
behaved identically they elicited contractions which 
were eight to ten times larger than those of control 
Thus the identity of all three specimens of the peptide 
could be established with certainty Fig 1 illustrates a 
typical experiment 

This work supports a previous suggestion® on the 
usefulness of employing chymotrypsin as a specific 
sensitizer of the isolated ileum of a guinea-pig for the 
biological identification of bradykinn It should be 
remembered that no specific antagonist of bradykmmm 1s 
at present available Moreover, 1t can also be inferred 
that the present biological test for identafication of 
bradykinin, which consists of the disappearance of its 
contracting activity on smooth muscle on incubation 
with chymotrypsin, might be misleading In the present 
work, for example, Phe-Arg bond of the p-nitrobenzyl 
blocked bradykının could 1eadily be split by chymotrypsin, 
rendering ıt inactive on smooth muscle, even though it 18 
not identical with the pure peptide 

I thank Dr M Fndkm for providing me with the 
bradykinin which was prepared by Sakakibara and 
Inukai 
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Changes in Iron Metabolism in Natives 
of 13,000 ft. brought down to 
Sea Level 


Iron metabolism m natives of high altitudes (14,900 ft ) 
decreased when they were brought down to sea level}? 
The values for the plasma iron and the plasma, iron turn- 
over rate obtained by Huff et al} were higher than those 
reported by other workers, but this may have been caused 
by storage and shipment of the samples 

In experiments carried out in the north of Argentina 
from 1960 to 1963, we studied the iron metabolism of high 
altitude dwellers during the first 13 days after descent to 
sea, level We had a greater number of volunteers and a 
more homogeneous population than in previous work 
Thirty-two high school students born and living at 
13,000 ft (Mina aguilar, Argentina) served as volunteers 
None had ever worked in the mines and all played foot- 
ball or basketball Chest X-rays and physical and labor- 
atory exammations confirmed their good health The 
average weight was 58 kg, height, 164 cm, and age, 
18 yr Erythrokimetic studies were performed at hgh 
altitudes and afterwards the volunteers were flown to sea 
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level On days 3, 8, 10 and 13 after the descent the 
ferrokinetic measurements were repeated Daily reticulo- 
cyte counts were performed throughout the experiment 

The plasma 10n turnover (PIT ) rate was determined 
by the method of Huff et al ?, and circulating red cell 
mass and blood volume by the method of Donohue et al 4 
The plasma volume was computed as an average of the 
extrapolating method of Huff et al ? and from the blood 
volume and peripheral haematocrit’ The serum iron 
level was measured by Schales’s techmque® 

At high altitudes, haematocrits, reticulocytes, blood 
volume and PIT rate were lower than those found 
previously’? because the measurements were taken at 
13,000 as against 14,900 ft and because the volunteers 
were younger 


‘lable 1 OBSERVATIONS IN NATIVES OF 13,000 FT BROUGHT DOWN TO 
SEA LEVEL 
High Sea level 
altitude Day 3 Day 8 Day 10 Day 13 
No cases 32 8 12 7 4 

Haematocrts (%) 53+07* 5535+08 505+06 510410 5054+07 
Plasma iron (ug %)100 +8 120+15 188415 129486 1238414 
Plasma volume 

(ml /kg) 38418 39416 44418 41461 43432 
Red cell volume 

(ml /kg) 36422 87418 35481 85421 38428 
Ti Fe (min) 6944 145421 148414 829+72 348478 
PIT rate (mg 

iron/day/kg) 0584014 0404014 0382009 0 204011 0184003 


PIT =plasma iron turnover 
* Standard error. 


Table 1 shows a 20-30 pei cent rise in plasma iron 
during the sojourn at sea level PIT rate decreased, 
and iron-59 clearance increased gradually, reaching six 
times the high altitude values, between days 10 and 
13 at sea level Red cell volume remained constant 
throughout the period, with an increase in plasma, volume 
and consequently a decrease in haematocnt. Reticulo- 
cytes (Table 2) relate fairly well with the changes in 
PIT rate 


Table 2 RETICULOCYTE COUNTS IN NATIVES OF 13 000 Fr BROUGHT DOWN 
TO SEA LEVEL 


High altitude 0 7+01 

Sea level 
Day1 044006 Day7 024008 
Day2 05+01 Day8 02+002 
Day 3 0214007 Day9 01003 
Day4 034009 Day 10 01+002 
Day5 0324004 Day 11 02+001 
Day 6 03+005 Day 12 02+002 


Day 13 014002 


Ow results show a relationship between hypoxia and 
erythrokinesis in permanent dwellers at 13,000 ft Red 
cell production was inhibited for the first 2 weeks when 
the polycythaemic volunteers were brought down to sea 
level 
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Prostaglandin Content of Particulate 
and Supernatant Fractions of Rabbit 
Brain Homogenates 


WHOLE rabbit brains were homogemzed in 0 32 mola 
sucrose solution, and subcellular fractions were piepared 
by centrifugation by the method of Gray and Whittaker! 
Prostaglandins were extracted from the homogenates and 
from the various fractions by solvent partition and further 
purified by chromatography* 

Extracts of rabbit brain homogenates showed prosta- 
glandin-like activity when assayed biologically on the rat 
isolated fundal strip preparation On silicie acid column 
chromatography, two main peaks of biological activity 
were detected, corresponding to the elution rate of pure 
prostaglandms E and F respectively On thin-layer 
chromatography using plates of silica gel impregnated 
with silver nitrate, zones corresponding to prostaglandins 
E: and F,a contained more than 90 per cent of the 
biological activity, confirming the report of Ambache 
Brummer, Rose and Whiting? The homogenates were 
estimated to contain 500 ng prostaglandin Fya and 75 ng 
prostaglandin E,/g of brain tissue When the bram was 
macerated or homogenized in 96 per cent aqueous ethanol 
instead of sucrose, similar amounts of prostaglandins were 
tecovered There was no evidence in our experimental 
conditions for activation or new synthesis in the sucrose 
homogenates as reported by other workers‘ 

In each of four experiments the final supernatant after 
centrifuging at 100,000g (4° C for 2 h) contained between 
80 and 90 per cent of the total prostaglandin activity of 
the homogenates Substances with chromatographic and 
biological properties identical to prostaglandins E, and 
F a were identified in the supernatant fraction, which 
also contained 80 per cent of the total potass1um present 
in the whole homogenate 

The combined particulate fractions also contained the 
two prostaglandins Between 5 and 10 per cent of the 
biological activity of the whole homogenate was ın the 
fraction P2 which, according to electron microscopie 
evidence?, would contain mitochondria and nerve endings 
Because the amounts of prostaglandin ın the P2 fraction 
were so small, further fractionation by sucrose gradient 
technique has not so far been feasible The remainder of 
the prostaglandin-hke activity of the particulate fraction 
was distributed between P1 (nuclei and cell debris), P3 
(microsomes) and P4 (ribosomes and post-microsomal 
fractions) 

The combined particulate fraction was treated in three 
ways in en attempt to release any bound prostaglandin. 
One sample was frozen and thawed ten times, another 
was incubated at pH 3 and 60°C for 1 h, and a third 
sample was suspended ın water before extraction with 
ethyl acetate at pH 3 None yielded any additional 
prostaglandin 

As a control, the succinate dehydrogenase contents of 
the particulate and supernatant fractions were compared 
with those of the original homogenate All the ewzyme 
activity of the homogenate was recovered from the 
particulate fraction 

It ıs unhkely that the prostaglandin content of the 
particulate fractions was the result of contamination by 
supernatant, because washing with sucrose and recentri- 
fugation did not reduce the amount recovered But the 
possibilty that the prostaglandin recovered from the 
supernatant o1ginated from a very labile store in one of 
the particulate fractions cannot be excluded 

Our results differ from those of Kataoka, Ramwell and 
Jessup*, who located 30-40 per cent of the prostaglandins 
ın rat cerebral cortex ın nerve ending fractions The results 
from both laboratories point to a wide distribution of 
prostaglandins throughout subcellular compartments 

We thank DrD A van Dorp of the Unilever Research 
Laboratories Vlaardingen, The Netherlands and Dr John 
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Modification of Uricaemia and the 
Excretion of Uric Acid Nitrogen by 
an Enzyme of Fungal Origin 


TREATMENT of hyperuricaemia and gout 1s aimed at 
either synthesis or elimmation of uric acid Previous 
attempts at wm situ destruction of urie acid have remamed 
experimental because of imperfections in the enzymes 
The therapeutic use of a new uricase or urate oxidase 
derived from Aspergillus flavus has been studied 

Urate oxidase was first used ın animals ın 1949 (ref 1), 
it transformed uric acid into allantom An enzyme 
derrved from animals was partly successful ın human 
therapy? The activity of these preparations lasted 
for several hours only and numerous daily injections were 
necessary 

Laboureur and Langlois? isolated a urate oxidase from 
a selected strain of Aspergillus flavus which 1s sufficiently 
pure and which possesses a high specific activity in animals 
Its antigeme potential 1s moderate, toxicity is neghgible. 
It could be produced in industrial quantities 

Our work to verify ın man the results obtamed in 
animal studies (M Brunaud, personal communication) 
was conducted on sixty-one hospitalized patients, who 
all recerved a stabihzed purine diet They were divided 
into three groups normal, hyperuricaemucs, and patients 
with gout Umcaemia was measured using a modified 
Liddle* enzymatic technique Urate oxidase derived from 
Aspergillus flavus was used for the assay The buffer 
was at pH 8 5 and readings were taken at 285 mp The 
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Urinary allantoin and uric acid (mg/24 h) 
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Fig 2 Uricaemia, urinary uric acid and urinary allantoin im a hyper- 

uricaemic patient after seven daily injections (arrows) of 800 U of urate 

@—-®, Urinary aliantom, x — — — x, urinary ume acid, 
O- —O, uricaemia 


oxidase 


solutions mjected were sterilized and prepared by a 
patented process (Clin-Byla Laboratories) and were 
assayed at 500 units/l1 Uric acid in the urine was assayed 
by the same method Urmary allantoim was measured by 
the method of Gros and Raveux> it was separated from 
uric acid by passage through an aion exchange resin 
column. Then alkaline hydrolysis converted allantom 
into allantoic acid Acid hydrolysis degraded the allantoic 
acid into urea and glyoxylc acid After ferrocyanide 
treatment m a strongly acid medium, the phenylhydra- 
zone of glyoxylic acid was oxidized and the optical 
density of the resulting solution was read at 518 mp 
A unit of urate oxidase activity was defined as the quantity 
of enzyme capable of causing the disappearance of 50 
per cent of the substrate (100 ug/5 ml ) ın 10 min at 30° © 
at pH 8 5 

Unie acid metabolism in animals used m pharmaco- 
dynamic studies 1s very different from that of man It 
was therefore difficult to determme active human dosages 
and methods of administration 

Intravenous injections were given at 24 h intervals in 
order to study vanation in uricaemia in relation to various 
expermmental doses The average decrease ın uricaemia 
was for 125 u, 48 per cent, for 250 u, 0 per cent, for 
500 u, 12 6 per cent, and for 800 u, 402 per cent It 
seems that the activity of the product 1s mamfest above 
the 500 u level. Its effectiveness ıs clear at 800 u 

The decrease of uricaemia 24 h after intramuscular, 
intravenous and per os administration of 500 v and 800 u 
doses of enzyme was compared (Table 1) 

The efficacy was identical when the enzyme was given 
intravenously and intramuscularly Per os admuinistra- 
tion was ineffective 

We studied the variation of uricaemia in nine patients 
at different intervals after an mtravenous dose of 800 v 
(Fig 1) Uraemia decreased quickly during the first 5 h 
after injection The average decrease was at a maximum 


Table 1 URICAEMIA AFTER ADMINISTRATION OF ENZYME BY INTRAVENOUS 
(1 V) AND INTRAMUSCULAR (IM ) INJECTION 


500 v 800 v 
Y IM Iv IM 
Number of cases 5 6 13 5 
Average control uricaemua, (ug/l ) 563 48 522 444 
Average 24 h post adminiagration 496 415 312 27 
uricaemia, (#¢/1) 
Decrease (per cent) 126 135 40 2 39 2 


NATURE, VOL. 217, JANUARY 6, 1968 


after 24 h, was still apparent after 48 h, then 


rose slowly. ‘There was still some enzyme 
activity after 96h. A 
-The average variation in urinary uric acid x 
and allantoin in three patients after a single Ei 103 
800v: intravenous dose is shown in Table 2. = 
Urinary urie acid fell during the first 24 h Es 
‘period and a considerable decrease was main- 2 a] 
tained for 72h. Urinary allantoin exceeded 3 500 © 
the control concentration by six or seven E 3 
times, This demonstrates the mechanism by g 400 E 
which urate oxidase destroys uric acid. £ fi 
After observing the metabolic effects of a Z 300 © 
single dose of enzyme we studied the uric T 
acid and allantoin modifications after 800 u/ l 200 
day for a test period of 4 or 5 days. Three = 
normal subjects and two hyperuricaemic > 100 


patients were studied. Table 3 presents data 
_ from. two normouricaemic subjects after a 
- series of four or five 800 u intravenous injec- 
tions. The effect on uricaemia, urinary uric 
acid, and urinary allantoin was recorded for 
11.days after the last injection. Fig. 2 is a 
graphic representation of the same para- 
meters in a hyperuricaemic subject. 
Uriecaemia and urinary uric acid and allantoin decreased 
in both normal and hyperuricaemic subjects. Uricaemia 
» -tdereased to a level greater than the control 4-7 days 
-after the end of the injection period. Uricuria increased 
concomitantly with the decreased uricaemia. The urinary 
-uric acid concentration continued to rise even after the 
> urieaemia started to normalize. This asynchronism was 
-< constantly observed, suggesting an eventual kidney 
involvement. The ratio of uricuria to uricaemia is greater 
than that before weatment even when the uricaemia is 


ue at its lowest level. The ratie does not fall after the end 


of the treatment, so it seems that the enzyme improves 
_ the elimination of urinary uric acid. 


Table 2. VARIATION IN URINARY URIO ACID AND ALLANTOIN AFTER A SINGLE 
800 U INTRAVENOUS DOSE. AVERAGE FOR THREE PATIENTS 


Urinary uric acid Urinary allantoin 
24h 48h 72h 96h 2h 48h 72h 96h 
Variation (%) -45 -33 ~33 -19 +681 +609 +150 +120 


Three typical acute gout attacks were interrupted 
24h after daily intravenous injections of 800 u were 
begun. Four patients with tophaceous gout were given 
daily injections of 550 u of the enzyme. This dose was 
selected in order to avoid a very high urinary allantoin 
: concentration and its precipitation. The results were 
similar in all cases. Graphs of two cases are shown in 
. Figs. 3 and 4. A decrease in uricaemia was observed 
“which was less marked at the end of the treatment. 
Phere was a parallel decrease in urinary uric acid and 
an elevation of urinary allantoin (up to ten times control 
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Fig. 3. Uricaemia, urinary uric acid and urinary allantoin in a gouty patient treated 
daily with urate oxidase, @——@, U 
O- 


rinary allantoin; x -- - x, urinary urie acid; 
- — O, urlcaemia, 


concentrations). A later increase in uricaemia was noted, 
but analyses were not continued long enough after treat- 
ment to record the eventual increase in urinary uric acid. 
The ratio of uricuria to uricaemia was constantly lowered. 
The urinary elimination of uric acid seems to be a func- 
tion of the uricaemia concentration in the gouty patients. 
It is improbable that the enzyme has a different renal 
action in normal and gouty subjects. 

Fundal urate oxidase is negligibly toxic. We observed 
an immediate allergic reaction in only one of the sixty-one 
patients injected with urate oxidase for the first time. He- 
had been undergoing treatment for a chronic mycosis and 
had symptoms of urticaria, oedema of the eyelids, status. 
asthmaticus and dyspnoea. An immuno-electrophoretic 
study of the patient’s serum was negative. Intradermal 
tests with the enzyme revealed an early tissular sensitiza-. 
tion reaction. No disturbances were found in blood 
nitrogen, blood sugar, differential blood count, blood 
cholesterol, phosphatases, transaminases, protein electro- 
phoresis or urea clearance in patients treated for long: 
periods. ; 2 

Two patients with tophaceous gout had attacks, the 
first immediately after cessation of treatment and the: 
second on the tenth day. Two gouty patients with diag- 
nosed interstitial nephritis had increased urea values. 
which varied from one day to the next. This variation 
could be attributed to the treatment. 

These observations affirm the hypouricaemiant activity 
of fungal urate oxidase. The conversion of urie acid to 
allantoin, the presumed mode of action, is confirmed by 
the presence of increased urinary concentrations of 
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“Table 3. VARIATIONS OF URIČARMIA, URINARY URIO ACID, AND URINARY ALLANTOIN IN TWO NORMAL SUBJECTS AFTER FOUR OR FIVE 800 URATE OXIDASE, 


INJECTIONS 
Subject 1 Subject 2 . rs , 
eE D naina Urinary Urinary g i Urinary Urinary 
ime Dose Uricaemia uric acid allantoin Time Dose Uyicaemia uric acid Alantoin 
(days) (u/day) (ugfml.) (mg/day) (mg/day) (days) (u/day) Cagiml.) (mg/day) (mg/day) 
o s00 46-39 230-21 18-43 0 800 39-94 207-36 O87 
1 800 28-26 19-15 337-77 1 800 14-67 256-25 805-11 
2 300 16-16 140-74 369-78 2 800 10-2 93-43 438-70 
3 15:7 148-32 386-32 3 800 roe 62-45 365-00 
4 300 = = = 4 565 84-60 424-80 
5 800 17-55 156-19 441-70 5 8-30 A = 
ob 25:20 162-51 272-07 6 13-96 G3-01 296-88. 
7 37-22 1866-78 174-07 7 25-42 121-26 290-62 
8 43-60 207-46 112-82 8 e 38-20 158-55 11480 
a 51-00 307-37 78-72 9 43-62 162-45 8348, 
40. 0-00 371-28 85-63 10 = — _ 
¥ = j — H 45°36 188-69 41-23 
i2 48-18 406-32 41-78 12 44-30 251-45 28°34 
1s 46-30 415-68 63-20 13 34-34 236-21 24-08. 
14 83-51 429-65 96-02 14 5-01 499-80 62-06: 
Ab ti "363-25 7315 15 35-16 883-21 86-42 
16. 801-68 40-42 16 ae 
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allantoin. Moreover, the number of uric acid molecules 
eliminated, either directly or by conversion into allantoin, 
was increased by an average of four times the pretreatment 
concentration. This confirms the increase in elimination of 
purine bases. 

A possible renal effect should be investigated. Does the 
mass action effect of the reduced uricaemia bring about an 
. increased uric acid synthesis from purine bases? The 
softening of the tophaceous deposits during the treatment 
suggests that the uratic reserves are preferentially 
mobilized. Prolonged treatment brings about a slight 
reduction in urate oxidase activity in normal as well as in 
gouty subjects. This decrease is probably caused by an 
antigenic effect observed in immuno-electrophoretic serum 
studies. The antigenic effect appears to be very labile: 
iterative treatments give comparable results throughout. 

The only practical medication capable of destroying 
uric acid in situ is fungal urate oxidase; its use in the 
management of gout and hyperuricaemias is indisputable. 

Urate oxidase alone will probably not be able to solve 
all problems, but by association with uric acid eliminators 
or inhibitors of uric acid synthesis, with further clinical 
studies therapy could be developed. 

We thank Mrs M. Rombach for her help in perfecting 
the analytical procedures used in this project and Mr A. R. 
Rottman for translating this paper. 
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Sickling Phenomenon in Sheep 


In 1840 Gulliver? described spindle and cregcent shaped 
red cells in the blood of deer. Since then sickling of the 
erythrocytes of man and deer has become a well recog- 
nized and documented phenomenon?-*. It is important 
in man because of its association with sickle cell disease 
which afflicts about 8 per cent of American Negroes 
and up to 45 pér cent of some Afriean tribes. The disease 








Uricaemia, urinary uric acid and urinary allantoin in a gouty patient treated 
x --- x, urinary uric acid; 
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is caused by the presence in the red cells 
of an abnormal haemoglobin, haemoglobin 
S. It was the first disease to be shown to 
result from genetic influence at the 
molecular level. 

Among domestic animals, sickling has so 
far been reported in *only one species. 
Holman and Dew‘ reported the appearance 
of elliptical corpuscles in films prepared 
from the blood of young goats. These 
blood films bore some resemblance to those 
of sickle-cell anaemia, but the phenomenon 
was restricted in the goat to the period 
between 1 month and 3 months of age. 
These workers quoted a personal com- 
munication from Dr H. Lehmann, who 
established that the sickling in the goat 
was similar to that occurring in deer in that 
it was dependent on pH and could be 
removed by lowering the pH to 6 (ref. 5). 

Sickling of red cells has been observed 
in two of the three breeds of British sheep 
so far examined. The red cells of seques- 
trened blood samples from Soay sheep in 
sealed coverslip-slide preparations developed peculiar oat 
and fusiform shapes. Samples from thirty-nine Soay 
sheep have been examined and the red cells in thirty-four 
of these developed spindle, crescent, holly leaf and match- 
stick forms. Usually mixtures of varying proportions of 
the sickled forms that have been reported in the blood 
of man and deer were seen (Figs. 1-3). In samples from 
another four sheep the erythrocytes developed more 
bizarre forms, some of which resembled the outstretched 
hand (Fig. 4). These changes, best seen when using 
dark-ground or phase contrast illumination, appeared 
in 1-18 h in preparations kept at room temperature. 
The blood from one Soay sheep did not sickle in these 
conditions. 





Fig. 1. Early spindle and crescent forms, 


The phenomenon has also been seen in twelve out of 
twelve blood samples collected from recently weaned 
Swaledale lambs and in three out of nine adult Swaledale 
sheep from another, old established flock on the North 
Yorkshire moors. Nothing like sickling was seen in samples 
collected from twelve Clun Forest ewes apart from the 
development in four of these, in 24-48 h, of intracor- 
puscular crystallization of haemoglobin which did not 
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distort the cell outline. An investigation of the incidence 
of sickling in other breeds is being carried out. 

Although the exact physico-chemical conditions con- 
dueive to sickling of sheep erythrocytes have not yet been 
determined, there are indications of a similarity to the 
conditions necessary for in vitro sickling of deer cells. 
Sickling in sheep célls appears in whole blood saturated 
with oxygen and in suspensions prepared by diluting 
whole blood with an equal volume of 0-1 normal Soren- 
*sen’s phosphate buffer ranging from pH 7-4 to pH 8-6 
(very markedly at pH 8-6) but not at pH below 7-0. It 
can be reversed by the addition of a solution of sodium 
metabisulphite. 

There is a marked degree of heterogeneity of haemoglo- 
bin in deer blood and sickling in this species can be 
attributed to the presence within the red cell of a specific 
haemoglobin component. It is dependent on the percent- 
age oxygen saturation as well as the pH of the whole blood 
or suspending buffer?*. Studies are now being carried 
out on the electrophoretic pattern of haemolysates 
prepared from the blood of sickling sheep. 

There does not seem to be any correlation between the 
potassium content of the red cells and the propensity for 





Fig, 2. Mainly spindle and few star and holly leaf forma. 





a 


Fig. 3. Mixture of holly leaf and matchstick forms. 





Fig. 4. Bizarre forms; central cell depicting shape of outstretched hand. 


sickling. In twenty-one Soay blood samples which 
sickled, eight were in the high red cell potassium category 
(mean value of 77+ 2:4 m.equiv./l.) and thirteen were of 
the low potassium type (mean value 25-4 + 3-5 m.equiv./L). 
Neither do there seem to be any abnormal haematological 
changes associated wih the phenomenon. Mean values for 
packed cell volume and haemoglobin concentration were 
41-54 3-06 per cent and 13-9 $ 0-26 g/100 ml., respectively. 
Further studies to ascertain the fragility and thus life 
span of the red cells in affected sheep are indicated. 

Although O’Roke’ thought that sickle cell anaemia 
could be a factor in the causation of winter losses of deer 
in Michigan, a recent report® claims that the phenomenon 
in deer is innocuous because neither haemolytic anaemia 
nor periodic vascular occlusion occurs, and that. the 
condition should be referred to as “‘pseudosickling’’. 
Nevertheless there may be an association between sickling 
and the dramatic ‘“‘crashes” that periodically afflict. the 
Soay population on the Isle of Hirta’. . 

I thank Professor Hynes, Department of Zoology, and 
Professor Phillipson, School of Veterinary Medicine, 
University of Cambridge, for allowing me access to their 
flocks of Soay sheep; and Dr R. S. Comline, Department 
of Physiology, Cambridge, and C. T. McCrea and J. M. 
Threlkeld, Veterinary Investigation Centre, Thirsk, for 
collecting and providing blood samples from Soay and 
Swaledale sheep. 
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of the Mare and Ewe : 

_ Previous work on the oxygen tension in different parts 

_ of the: placental circulAtion has been confined almost 
entirely to sheep and goats, in which the pO, gradient 
between the umbilical and uterine circulations is high! 
and large changes in foetal pO, levels are difficult to 
produce?-t, Thus foetal hypoxia occurs only after drastic 
reduction in maternal arterial blood pO,, and attempts to 
raise the foetal pO, have met with little success despite 
the administration of pure oxygen to the mother?+. Even 
when the foetus is supplied with oxygen by other means, 
the pO, gradient between uterine and umbilical vessels is 
still present*. 

We have now examined the position in the pregnant 
mare in which the vascular supply to the diffuse epithelio- 
chorial placenta is very different from that of ruminants. 
Much of the previous work on the sheep involved removal 
of the foetus from the uterus and, because it now seems 
that this procedure may alter foetal oxygen consumption 
and umbilical blood flow, the foetus was kept in utero in 
the present experiments. Measurements of blood oxygen 
tension in uterine and umbilical vessels were made in 
four ponies towards the end of pregnancy during different 
levels of maternal oxygen intake; the results obtained 
were compared with a similar series of observations on 
six ewes. All animals were anaesthetized with sodium 
pentobarbitone and the umbilical and uterine vessels 
were catheterized using the technique developed by Barron 

- and his colleagues! for the ewe. In the mares much longer 


pO, Levels in the Placental Circulation 
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Fig. 1,- The changes in pO, in the umbilical vein (@), umbilical artery 

(Q) and uterine vein (C) at different levels of maternal arterial POLE) 

in the mare and the ewe, Each point shows- the pO, attained in the 

‘Mmbllical and lfprine vessels after a period of 10-20 min ata given level 
‘ of maternal oxygen intake. 3 
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Fig. 2. The relation between the pO, in the umbilical and uterine veins 
in the mare (@) and ewe (O). The values were obtained at maternal 
arterial pO, levels ranging from 30-400 mm of mercury in the ewe (six 
animals) and 46-230 mm of mercury in the mare (four animals). Regres- 
sion lines were fitted by the method of least squares ~~~ ~ ; the differ- 
ence between the two regression coefficients 6=1-15 +0036 (ewes) and 
6=0-80+ 0-054 (mares) is highly significant (P< 0-001), 


lengths (15-25 in.) of wider bore tubing (outer diameter, 
0-060 in.) were threaded into the main vessels through 
tributaries exposed by a small incision in the uterine wall. 
In both species the foetus was undisturbed until the end 
of the experiment when the position of each catheter was 
identified. Changes in maternal arterial pO, were pro- 
duced by altering the percentage of oxygen in the inspired 
air and a period of 10-20 min was allowed at a given level 
of oxygen before simultaneous blood samples were drawn 
from the umbilical and uterine vessels for pO, analysis. 
In the ewes, maternal arterial pO, was monitored con- 
tinuously while in the mares the pO, in individual samples 
was measured every 5-10 min. Blood pCO, and pH levels 
were also determined during these experiments. The 
methods for measurement of pO,, pCO, and pH have been 
described previously?. 

A marked difference between the mare and the ewe was 
evident even at normal maternal arterial pO, levels 
(80-110 mm of mercury). In the sheep, the mean level 
for uterine vein pO, was 50-3 + 1-63 mm of mercury and the 
corresponding figure for the umbilical vein is 33-9+ 1-27 
mm of mercury (n= 12); these values were almost identical 
with those obtained in conscious ewes with indwelling 
catheters (our unpublished observations). In the mare, 
on the other hand, the pO, levels in the two vessels were 
very similar (uterine vein: 61-3+ 2-94 mm of mercury; 
umbilical vein: 57-4+3-26 mm of mercury (n=7)) and 
were far higher than any found in the ruminant. The 
contrast between these two species was enhanced when 
the effects of changes in maternal oxygenation were 
compared. The results from two such experiments are 
given in Fig. 1 and show the extent of the pO, changes in 
the placental vessels when the maternal arterial pd, is 
altered. In the sheep the changes in uterine and umbilical 
vein pO, were very small compared with those in maternal 
arterial pO,, whereas in the mare umbilical vein pO, 
exceeded that in the uterine vein when maternal arterial 
pO, is high and the reverse occurred during maternal 
hypoxia. Thus the uniform gradient between the umbilical 
and uterine veins in the ewe? does not seem to be present 
in the mare. This is further illustrated in Fig. 2 in which 
the data from all experiments have been plotted to show 
the relation betwen umbilical and uterine vein pO, in 
both species over a wide range of values. 
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There seems little doubt, even without the aid of 
statistics, that the slopes and positions of the two curves 
are very different. The results for the ewes were remarkably 
uniform with no values higher than 45 mm of mercury for 
the umbilical vein nor higher than 62 mm of mercury for 
the uterine vein, dgspite the fact that some of the ewes 
breathed 100 per cent oxygen for 0-5-1 h. In the mare the 
range of values was much greater because the pO, levels in 
both umbilical and uterine veins followed the different 
levels of maternal arterial oxygenation more closely. The 
difference between the slopes of the two regression lines, 
fitted by the method of least squares, was highly significant 
(P<0-001). That for the ewes was slightly greater than 
1 (b= 1-15 + 0-036); thus the pO, difference between the 
umbilical and uterine veins was lowest (13 mm of mercury) 
at hypoxic levels and highest (18 mm of mercury) as the 
pQ, in each became maximal. The data for the mares 
fitted a line with a slope of less than 1 (b=0-80+ 0-054), 
so that in this species the pO, gradient between the two 
vessels decreased as pO, rose; at high levels the uterine 
vein pO, was less than that of the umbilical vein and the 
point at which the pO, in the two vessels was equal was 
60. mm of mercury. 

“The very large and relatively unchanging gradient in 
pO, between foetal and maternal vessels in the sheep has 
been ascribed to the relative impermeability of the tissues 
(five to six layers) which separate the foetal and maternal 
blood”, to the high degree of oxygen consumption by the 
placenta itself? and also to the possibility of shunts within 
the foetal umbilical circulation*’. Such explanations, 
< however, might equally well apply to the equine placenta, 
“where six layers also separate the foetal and maternal 
-plood, and there is no reason to suppose that oxygen is 
“not used by this tissue to the same extent as in the ewe. 

Yet, in the mare, Wood leaving the placenta on the foetal 
“aide is virtually in equilibrium with that leaving it on the 

maternal side. A relatively simple anatomical explana- 

tion for the apparent difference in oxygen transfer in the 
two species has recently been advanced by Steven®. He 
“found that the maternal capillary networks which supply 
the areas of placental exchange are arranged very dif- 
ferently in the two species. Those of the mare are small 
networks supplied solely by maternal arteries, whereas 
those of the ewe aro large and their extensive arterial 
blood supply is diluted to a varying degree with capillary 
blood which has already undergone some degree of ex- 
change, so that most foetal villi in the sheep would seem 
“to be exposed to a lower maternal pO, than those of the 
“mare. The low and relatively constant umbilical venous 
oxygen pressure of the foetal lamb and the higher, more 
“syariable level in the foetal foal may therefore each reflect 
their particular maternal vascular arrangement. 

We thank Dr A. V. Edwards and Dr J. C. D. Hickson 
for their help with the anaesthesia and preparation of the 
mares. This work was supported by a grant from the 
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Effects of Noradrenaline and Adrenaline 
on Oxygen Consumption Rate and 
Arterial Blood Pressure in the 
Newborn Pig 7 


Moore and Underwood! showed that subcutaneous in- 
jection of noradrenaline in the newborn kitten produced 
a marked increase in metabolic rate, whereas adrenaline 
in the same dose was relatively inactive. A similar 
stimulation of metabolism in the newborn animal after 
the injection of noradrenaline was observed in the rabbit 
and rat? and in the human infant?. Subsequent work on 
the newborn rabbit showed the probable relation between 
the effect of noradrenaline and the activity of brown fat. 
Local heat production in brown fat is increased by the 
infusion of noradrenalinet. When the brown fat is excised, 
the rise in oxygen consumption during infusion is greatly 
reduced’. These observations suggested that the effect of 
noradrenaline should be investigated in the newborn pig, 
which seems to have no brown fat, and only about 
1 per cent total fat in the body at birth’. The amount 
increases rapidly to reach about 10 per cent at 1 week 
of age’. 

Observations were made on male and female Large 
White piglets. The animals used were 1-23 days old and 
had body weights of 1-16-4-45 kg. 

The rate of oxygen consumption was measured on 
conscious animals resting individually in a chamber of 
about 45 l. capacity. The chamber was situated in a 
controlled temperature room, which was kept at 30°C 
for experiments on animals less than 1 week old, and at 
27° C for the older animals. The internal chamber tern- 
perature was approximately 1° C higher, so that the pigs 
were resting at about 2° C below their critical temperatures, 
which would be 33°-34° C for tha newborn animals and 
about 30° C for the older ones. Rectal temperatures were 
maintained between 38-5° and 39-5° C. The rate of oxygen 
consumption was determined in the open circuit: system 
using a Noyons diaferometer (Kipp and. Zonen, Holland). 
The resting rate was measured for 0-5-1 h in the con- 
scious animals. Then either adrenaline or noradrenaline 
was injected subcutaneously in a dose of 600 ug of amine 
base (0-1 per cent solution in 0-9 per cent saline)/kg body 
weight. The rate of oxygen consumption was determined 
again during a period of at least 1 h. At least 2 h were 
allowed to elapse before the second amine was injected, 
to allow time for the oxygen consumption rate to return 
to the original level. The effect of either drug on oxygen 
consumption could then be assessed on a preceding 
control period. 

Fig. 1 shows that adrenaline produces an inerease in 
oxygen consumption from the first day after birth, and 
that the effect persists in the older animals. Noradrenaline 
has no effect during the first week, and a relatively small 
effect in the second week. 

The solutions of the amines were acid (pH => 4), and 
so sodium chloride solution brought to comparable 
acidity with hydrochloric acid, but devoid of amin&s, was 
injected into some pigs; there was no consistent effect 
on oxygen consumption rate. Injections of normal saline 
at pH 7 had no effect on oxygen consumption. 

Arterial blood pressuré responses were measured on a 
mercury manometer connected to a carotid artery cannuls, 
in pigs anaesthetized with sodium pentobarbital adminis- 
tered intraperitoneally (40 mg/kg). For these measure- 
ments, the animal was partially immersed in a water bath 
held at 35° C and rectal temperature was maintained at 
37°-38° C. The femoral vein was cannulated for injection 
of the drug. Doses of adrenaline and noradrenaline base, 
ranging between 0-1 and 0-5 ug/kg, were injected rapidly 
in volumes of 0-2 ml. of normal saline into the 
femoral vein. The effect on the response to amines of 
a beta-blocker, pronethalol, was determined in four 
pigs. y 
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During the first 2 weeks after birth, the arterial blood 
pressure in anaesthetized pigs was found to be between 
60 and 70 mm of mercury. The Jevel in pigs at 3 weeks 
of age was about 100 mm of merqury. Fig. 2 shows that 
the pressor effect of noradrenaline was always greater 
than that of adrenaline during the first 3 weeks, a result 
opposite to the relative effects of the amines on oxygen 
consumption. Pronethalol, a beta blocking agent, had no 
effect on the response of blood pressure to noradrenaline. 
but it apparently potentiated the response to adrenaline. 
This is to be expected because if pronethalol blocked g- 
receptors, which are normally depressor, it would convert 
adrenaline from a mixed pressor/depressor to a pressor 
agent which would act, like noradrenaline, only on a- 
receptors, 

In the eonditions of these experiments, noradrenaline 
does not stimulate the metabolic rate in the newborn pig. 
although an effect appears after the first post-natal week. 
Adrenaline, however, has an effect which is apparent. 
from birth. In this respect the pig is different from some 
other species and the difference might be related to the 
pig’s lack of body fat in the immediate post-natal period. 
This possibility is supported by the increased metabolic 
rate produced by noradrenaline at 8 days of age, by which 
time tho pig has formed a considerable amount of body 
fat. The results suggest that the mediation of noradren- 
aline cannot be invoked to explain any part of the vigorous 
metabolic response to cold of newborn pig. But the 
release of adrenaline could be very important for this 
response. The newborn pig relies principally on carbo- 
hydrate metabolism for energy production®. 

Responses to noradrenaline and adrenaline in newborn 
pigs bear comparison with those observed in newly hatched 
chieks*. In the chick, noradrenaline (300 pg/kg) causes a 
slight increase in oxygen consumption after hatching, 
but has little or no effect 1-3 weeks later. A similar 
dose of adrenaline results in a 30 per cent increase in 
metabolic rate in 1 day old chicks, an effect which remains 
demonstrable 1-3 weeks later. No brown fat has been 
found in the chick, and it appears that the chick, like the 


newborn pig, uses carbohydrate in producing the rise in’ 


metabolic rate which takes place in response to a cold 
environment. 

The arterial blood pressure of 3 week old pigs has been 
found to be considerably greater than that observed 
during the first week. Both noradrenaline and adrenaline 
produce marked pressor responses during this period, the 
effect of noradrenaline always being larger than that 
caused by a similar dose of adrenaline. These findings 
are eomparable with those reported in kittens! and in 
newborn rabbits". 
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Fig. 1. The effects of 600 pg/kg of adrenaline (O) or noradrenaline 


OD, given subcujaneously, on oxygen consumption rate in pigs up to 
13 days of age. 
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Fig. 2. The effects of adrenaline (O) and noradrenaline (@) given 
intravenously on arterial blood pressure in anaesthetized piga up to 
23 days of age, 


Variations between species in the ralative magnitude of 
the effects of noradrenaline and adrenaline on metabolic 
rate do not exist in their effects on arterial blood pressure. 
In the newborn pig, noradrenaline acts powerfully on the 
cardiovascular system, so that its lack of metabolic effect 
cannot be attributed to inactivation by enzymes, for 
example. The metabolic effect of noradrenaline, unlike 
that of adrenaline, may depend on the presence of brown 
fat. In its absence noradrenaline will, on this view, have 
no effeet on metabolic rate. 
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Respiration in Myocardium 


THE gO, or oxygen uptake of a tissue is considered to be 
a reflexion of the metabolic energy produced through 
substrate catabolism to support its functional activities. 
It is usually accepted that the total in vivo oxygen. con- 
sumption is directly related to ATP production as the 
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Table 1, OXYGEN CONSUMPTION OF THE ARRESTED RAT HEART 
iml. of O,/min/g dry weight) 
Experiment Control Oligomycin + Cyanide + Epinephring + Octanoate B 
(5 ug/ml.) (2:5 mmolar) {0-1 ngm) (2:5 mmolar) 
1 0136 + 00i = —>0-032 + 0-003 as ü 
2 0-128 + 0003—0026 + 0-002 6 
8 e 0-034 + 0-006——-—-—-- -- ->0-039 + 0-008 8 
4 0-022 + 0-004— ne _ : ~ BE E 0-002 6 


Hearts were perfused with buffer containing 16 mmolar potassium with the additions shown. After 10-15 min, the qO, was determined and the 


sole energy transfer and storage mechanism for endergonic 
processes', Energy balance calculations in biology make 
use of this assumption, which is based on the known in 
vitro. efficiencies of these processes. Recently biochemists 
have shown that certain non-mitochondrial enzyme 
systems assimilate or “take up” oxygen? and that respira- 
tion without phosphorylation is probably essential to 
many of the biological functions of mitochondria’. The 
relative contribution of non-phosphorylating and non- 
«mitochondrial oxygen uptake to total respiration in vivo 
has been studied in the isolated perfused rat heart. 
© Oligomycin and cyanide were used as inhibitors to dis- 
_tinguish mitochondrial but non-phosphorylating respira- 
tion. from non-mitochondrial respiration. 
Hearts were removed from 250 g white male Wistar 
rata (fed ad libitum) and perfused as described pre- 
`- viously*-*.. To eliminate “mechanical” contributions to 
gO, in studies of the basal “metabolic” gO,, 16 mmolar 
tassium was used for cardiac arrest’. Oxygen consump- 
“tion (ml. of O,/min/g dry weight) was calculated from the 
arteriovenous pO, difference determined in an oxygen 
electrode. All determinations were made after stabiliza- 
tion for 10 min at the beginning of perfusion and 10 min 
after experimental intervention. In this preparation 
. 28 mmolar sodiun? cyanide provided maximal gO, in- 
~ hibition and oligomyein (5 pg/ml.) was used to inhibit 
oxidative phosphorylation’. 
> Though the oxygen consumption of the rat heart in 
vivo is not known, an extrapolation might be made from 
in vitro perfusion systems in which pressure and/or volume 
work are performed. Values equivalent to 1:0 ml. of 
—O,/min/g dry weight have been obtained by Dr Howard 
_ E. Morgan (personal communication) and Dr Lionel Opie’. 


-> This value was selected as an estimate of the qO, of the 


working heart. The Langendorff heart preparation I used 
“beats without performance of external work, and de- 
ereased the value to 0-5 ml. of O,/min/g dry weight**. 

When all mechanical activity was eliminated by potas- 

sium arrest, the gO, fell to approximately 0-15 ml. of 

-O,/min/g dry weight, the basal “metabolic” oxygen con- 
< sumption of rat heart’ * (Table 1). 

Eighty-five per cent of in vivo respiration in muscle is 
lated to mechanical functions, which are supported by 
TP, and an equally high portion of respiration must 
result in the production of high energy phosphate. Oligo- 
“mycin is.a potent inhibitor of oxidative phosphorylation 
in isolated mitochondria; any other respiration is not 

-\inked in an obligatory fashion to phosphorylation®’. 
The effects in intact myocardium are analogous to those 
n mitochondria because there is a decrease in ATP (ref. 6), 
“an inhibition of phosphorus-32 incorporation into ATP 










“> “and an increase in DPNH fluorescence’. 


The dependence of the mechanical activities of myo- 
eardium on ATP has been demonstrated by a rapid arrest 
and decrease in ATP and qO, on exposure to oligomycin‘. 
“The greater portion of the arrested or basal qO, was not 
-inhibited by oligomycin (Table 1)*1°. Non-phosphoryl- 
ating respiration accounts for 85-90 per cent of the 
- basal gO, (ref. 10). If the absolute value is constant, it 


« -could account for about 13 per cent of in vivo myocardial 
respiration. In fat cells, not dependent on ATP produc- 


tion to support mechanical activity, the portion of 
respiration insensitive to oligomycin „was found to be 
| 45 per cent (unpublished results from this laboratory). 
» Though the energy produced is not stored as high energy 





.. second condition was applied to the same heart with a second determination of gO, after 10 min. Results are expressed as the mean + S.E.M. 


phosphorus and might be considered as “waste”, the high 
energy intermediates generated? may donate their energy 
to cellular processes capable of using it?-*. The 
efficiency or “coupling” of such an energy supply is not 
known but may be significant in certain pathological 
states”. 

The reduction of oxygen by mitochondria, whether or 
not it is accompanied by phosphorylation, may not be 
the only mechanism in the intact cell. Microsomes are 
capable of oxygen utilization and in isolated systems have 
the kinetic ability to accommodate rates of electron flow 
equivalent to those of mitochondria*. This is respiration 
unaccompanied by ATP formation and would be classified 
as a part of oligomycin-insensitive respiration of the 
intact cell. 

Cyanide, an inhibitor of mitochondrial cytochrome 
oxidase, can be used to eliminate the oxygen uptake 
associated with mitochondrial activity. A definition of 
the respiration remaining in the intact heart is therefore 
“non-mitochondrial’, but not necessarily microsomal. T 
found a remaining respiration of 0-022+0-004 to 0-036 
+0-006 ml. of O,/min/g dry weight in the presence of 
cyanide (Table 1). This accounts for only 3 per cent of 
the total gO, of the working heart but approximately 
20 per cent of the resting or the oligomycin-insensitive 
respiration (0-026 of 0-128, Table 1). Approximately 
20 per cent of respiration of perfused rat liver, another 
system without the ATP requirement of contractile func- 
tion, has been similarly defined as non-mitochondrial". 
Epinephrine and octanoate, which increase the level of 
non-phosphorylating respiration in the rat heart®°, did 
not change the q0, in the presence of cyanide (Table 1); 
their effect is most likely to stimulate mitochondrial non- 
phosphorylating respiration. 

The heart uses 87 per cent of its respiratory activity for 
ATP production, 85 per cent being directly related to 
contractility. The remaining oxygen uptake is associated 
with non-phosphorylating mitochondrial and microsomal 
activities the nature, stoichiometry and efficiency of 
which are not clear. 
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Reduction of Response Time for 
Potential in Salt Bridge Reference 
Electrodes for Electrophysiology 


SATURATED or 3 molar potassium chloride salt bridges 
connected to a calomel half cell or a silver-silver chloride 
electrode are used extensively in electrochemistry and 
electrophysiology as reference electrodes for potential 
measurements. The 3 molar potassium chloride salt bridge 
electrode is used in electrophysiology primarily because 
the liquid junction potential from the salt bridge to 
physiological solutions is only a few millivolts and varies 
little at equilibrium when in different physiological solu- 
tions. Derivations for this liquid junction potential have 
been obtained?-3, 

The equilibration time for potentials in salt bridge 
reference electrodes is particularly important in electro- 
physiological studies where the dependence of the cell 
membrane potential on various ions is being measured. 
With cylindrical salt bridge reference electrodes (Fig. la) 
it has been found that long-lasting transient potentials 
of several millivolts can occur in certain situations when 
substitutions or changes are made in the physiological 
saline. In experiments where the membrane potential of 
crayfish axons in physiological saline was being measured, 
the transient change in potential at the 3 molar potassium 
chloride salt bridge reference electrode amounted to almost 
4 mV when external chloride was changed from 240 to 
130 mmolar‘. The chloride was changed by one to one 
substitution with glucuronate or propionate. This poten- 
tial artefact is considerable because it is measured elec- 
trically in series with the potential change of the cell 
membrane, which itself is usually only a few millivolts. 
The elimination and understanding of this transient error 
in potential in reference electrodes is therefore important 
in electrophysiology. 

The transient potential change at the reference salt 
bridge electrode arises from the following factors. The 
concentrations in a cylindrical salt bridge, or any other 
salt bridge where diffusion is in one dimension, never 
acquire a steady state distribution. After a long equilibra- 
tion time of a 3 molar potassium chloride-filled salt bridge 
in one solution, the concentrations at the cylinder tip 
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Fig, 1. ‘The time course of potential for a cylindrical, conical and a perforated membrane 
. salt bridge reference electrode referred to an Ag-AgClelectrode. The electrodes were placed 
in 0-2 molar NaCl for 40 min before the solution was suddenly changed (t=0) to 0-1 molar 
NaCl and 0-1 molar Na glucuronate in order to change chloride from 0-2 to 0-1 molar 
without changing total concentrations or activity coefficgents, The conical and perforated 
membrane electrodes became rapidly stable in potential within several seconds. Even 
after 15 min the cylindrical electrode had not acquired a steady state. The cylindrical 
salt bridge electrode was 0-1 em in diameter. Cylinder diameter was unimportant in these 
comparisons. The conical salt bridge slectrode has a 0-02 em tip diameter and the taper 
subtended an angle of 40° until the diameter reached 0-2 em, after which the electrode 
y The perforated membrane electrode consisted of a 0-5 cm diameter 
cylinder covered with a 0-001 cm polyester membrane CMylar, ‘Dacron’, ‘Terylene’) t 
with a 0-02 cm diameter hole. All electrodes were filled with 3 molar KCl and 3 per cent 


was cylindrical. 


agar. 
° 
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approach that of the external solution and the concen- 
trations approach the initial 3 molar potassium chloride 
concentration only a considerable distance into the 
cylinder. Consequently, with a change in the external solu- 
tion, two liquid junction potentials appear. The first is 
the original liquid junction potential which is distributed 
over the extended boundary between the first external 
solution and the 3 molar potassium chloride in the 
cylinder. The second liquid junction potential is at the 
cylinder tip between the new solution outside and the 
first solution trapped or still held in the cylinder. The 
response time of the salt bridge reference electrode is the 
overall diffusion time necessary for a single liquid junction 
potential to be produced. This can be hours. If there are 
large liquid junction potentials between exchanged ex- 
ternal solutions, large transient potential artefacts appear. 
This artefact arises as a consequence of one dimensional 
diffusion in the cylindrical salt bridge, so the diameter of 
the cylinder is not important in the response time. 

One solution to this problem has been to use a flowing 
3 molar potassium chloride junction’, This approach is 
usually impractical for physiological studies where solu- 
tions must often be retained and any leakage of potassium 
into the external saline would cause undesired physio- 
logical effects. Another approach would be to use a 
reference electrode the liquid junction of which consists of 
a small hole in a thin impermeable membrane which 
separates a large volume of 3 molar potassium chloride 
(in agar to prevent bulk fluid flow) and the physiological 
saline. The response time for voltage at the reference 
electrode would then depend on the time required for a 
steady state ion distribution to appear across this thin 
hole. Another successful method is to use a conical 
reference electrode of small tip diameter and large solid 
angle taper* (Fig. 1b). , 

The development described here is of the perforated 
membrane salt bridge reference electrode (Fig. Ic). This 
electrode consists of a large cylinder with an impermeable 
thin plastic membrane (0-001 em thick, polyvinylidine 
chloride, polyester, polyethylene, ete.) glued with epoxy 
cement to one end. A small hole, about 0-02 em in dia- 
meter, is made by puncturing the centre of the membrane 
with a small insect pin (No. 00) heated by attaching it to 
an electric soldering iron. The electrode is filled with 
3 molar potassium chloride and 3 per cent 
agar to prevent fluid flow. A silver-silver 
chloride electrode or calomel cell is then 
connected to the 3 molar potassium chloride 
in the cylinder which completes the 
reference electrode. When immersed in 
crayfish saline, the electrical impedance 
of this perforated membrane electrode 
(with silver—silver chloride eonnexion): has 
been less than 750 ohms, which is satisn:. 
factory for grounding most physiological 
solutions. Fig. 1 shows a comparison of the 
response times of potential for.a cylindrical, 
conical and a. perforated membrane salt 
bridge reference electrode when external 
chloride is changed. The time for 90 per 
cent response (measured to final steady 
state potential) for the perforated mem- 
brane electrode has been faster than 0-5 
sec and may be faster because the measure- 
ment was limited by the time necessary to 
change solutions and the response time of 
the silver-silver chloride electrode. The 
conical reference electrode performed almost 
as rapidly as the perforated membrane 
electrode. But the cylindrical reference 
electrode did not acquire a steady state 
potential even after many minutes. Voltage 
ings with cylindrical reference elec- 
es are therefore much less reliable in 
situations where there are changing physio- 
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logical solutions. An effective increase in reliability is 

obtained with a small hole perforated membrane reference 

electrode. 
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‘Evoked Potentials reflecting Interocular 
and Monocular Suppression 


In is well known that averaged visually evoked potentials 
(EPs) from the human occipital scalp show correlations 
with a number of subjective features of perception; but 
recent attempts to find EP correlates of the phenomenon 
of image suppression, as in interocular rivalry, seem to 
‘have yielded conflicting results’. In most of these 
experiments contrasting stimuli to the two eyes were 
allowed to set up spontaneously fluctuating rivalry, and 
the subject was required to press a key to indicate which 


stimulus was dominant at any time. There are, however, 


‘situations. in which the perceptual dominance of one 

stimulus over anoth&r is stable. In the two experiments 

reported here, perceptual suppression of one stimulus by 

another in such stable situations has been found to be 

e accompanied by correlated changes in the averaged 
s. 

The stimulus conditions used were dictated by an 
interest in a quite different phenomenon, and the discovery 
of EP correlates of image suppression was accidental. 
When a randomly patterned stimulus (“visual noise”) is 
followed by a blank flash optically superimposed on the 
sare area of the visual field, curious perceptual anomalies, 

and corresponding anomalies in the EP, occur at repetition 
rates of the order of 10-15/sec, which are not seen if the 
patterned and blank fields are presented to different eyes’. 
At lower rates of the order of 2/sec, these anomalies dis- 
‘appear; but two kinds of suppression phenomena are still 
observed. 

(1) When the blank field, B, is flash-presented simul- 
taneously to the same eye or eyes as the noise-patterned 


: : field, N, it suppresses perception of the patterned field, 
< which becomes gradually visible as the number of mili- 


--geeconds between B and N is inereased. The critical 
interval depends on relative brightness, and in the present 
= case was between 10 and 20 msec. This suppression of 
“one stimulus by another presented to the same eye is 
. termed “perceptual blanking”. 

(2) When N is presented to one eye and B to the other, 
‘perception of B is normally suppressed over a wide 
range of time intervals between B and N, and there are 
-no perceptual effects of changing the timing or brightness 
Sof B over several tens of msec and several log units, respec- 
tively: This phenomenon is referred to as “‘interocular 
suppression”. 

In the present experiments, the EPs in response to single 
-pairs of noise-patterned and blank stimuli presented 
approximately twice/soc, were recorded (by conventional 
averaging methods) with varying time intervals of the 
‘order of 0-50 msec between noise and blank, and 
with the two stimuli presented to gither the same or 
different eyes. The two stimuli (N and B) were back- 
_ projected on separate screens and optically superimposed 


. 8i 


by means of a half silvered plane mirror, after optical 
polarization in orthogonal planes. Two pairs of polaroid 
spectacles were provided (fixed to the main framework, 
not worn) with polarizifig orientations chosen to enable 
the two stimuli to be presented either (a) each to separate 
eyes or (b) both to the same eye or eyes at roughly half 
intensity. 

Repetition intervals of about 05 sec were found long 
enough to prevent significant overlap between successive 
EPs, and the responses were averaged over runs of 60 
to 105 presentations lasting from 0-5-1 min. Every run 
was repeated and the two results were superimposed 
on the cathode ray tube screen before photographing, to 
give an indication of their statistical significance. Two 
orthogonal bipolar recording. placements were used, 
just to the left of the occipital midline, the lowest electrode 
being 1 em left of the inion (Fig. 1). 

Typical evoked responses to presentation of noise- 
patterned, N, and blank, B, flashes alone, at intervals of 
573 msec, were recorded in the same subject on a separate 
occasion and are shown for reference in Fig. 1. N and B 
in this case were matched for subjective brightness (0-1 
log ft. Lambert). Each trace is a superposition of the 
results of two successive runs of 105 responses each, indi- 
cating the run to run consistency obtainable. The upper of 
each pair of traces represents the average evoked poten- 
tial, L, parallel to the midline; the lower represents the 
potential, 7’, transverse to it. It will be seen that although 
the longitudinal components are similar, the transverse 
components are strikingly different for patterned and 
blank stimulation; and the lowest pair, recorded 10 min 
later than the first but in the same conditions, indicates 
that this difference is also consistent. Its principal 
feature lies in the contrast between the rapid downward 
defloxion in response to “noise”, and the slower upward 
deflexion at the same latency in response to “blank”. 
Theseo records were taken with binocular view and without 
polaroid, to give maximum signal to noise ratio. They 
have been found to be repeatable at any time in the same 
subject. Although bipolar, they reveal a similar contrast 
to that observed by Rietveld et al. between the monopolar 
responses to checker-patterned and blank fields. 








$ SOOmsec 1 
Fig. 1. Typical averaged responses to 105 i agen of noise-patterned, 


N, and blank, B, stimuli. Bipolar potentials recorded, L, parallel, T, 
transverse to midline. Each trace shows the results of two successive 
runs superimposed to indicate run-to-run consistency. Repeatability of 
N responses after an interval of 10 min may be checked by comparing 
upper and lower N records, 
. 
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Fig. 2. æ, Hifects of increasing time interval, Jt, between N and B 

during normal binocular viewing, Note change of time-scale from 

Fig. 1. Each trace shows two successive results superposed. 6 and c, 
The same for left-eye and right-eye viewing, respectively, 


Figs. 2a-c show the effect on the evoked potentials of 
increasing the time interval, At, between noise-patterned 
and blank flashes during normal binocular and monocular 
viewing. A repetition interval of 473 msec was used, and 
the blank flashes were adjusted to be subjectively 0-7 
log units brighter than the noise. At low values of At, the 
transverse EP in all three cases shows the typical upward 
response to B (compare Fig. 1 B noting the difference in 


at 


NR 


B-L 


“NATURES VOL. 217, JANUARY- 6, 1968 


time scale); and the subject reports masking of the noise 
pattern. As. At increases above 20 msec, the noise pattern 
becomes progressively more visible subjectively, and the 
EP correspondingly shows the initial downward deflexion 
(compare Fig. 1 N) evoked by N. With monocular 
viewing (Figs. 2b and ¢) the downward deflexions are much 
less pronounced, but the general trend (especially with 
right-eye viewing) is similar. 

When the noise-patterned field is flashed to one eye and 
the blank to the other, suppression caused by interocular 
rivalry is observed, with the opposite effect; the blank 
field is rendered invisible by the noise-patterned field. 
The corresponding changes in the transverse EP are 
illustrated in Fig. 3. The longitudinal component, as 
before, showed no significant changes and has been 
omitted for clarity. 

The first two rows show typical responses to N and B, 
respectively in left, L, or right, R, eyes, with At=0, 30, 
90 msec. The third row shows clearly how simultaneous 
presentation of N and B to opposite eyes gives the down- 
ward deflexion characteristic of N, with suppression of 
the upward “B” deflexion. With binocular viewing 
of N and B together, the responses in the fourth row of 
Fig. 3 were obtained, as in Fig. 2. 

The contrast between third and fourth rows shows that 
a noise flash in one eye renders the transverse EP insensi- 
tive to the timing as well as the brightness of a blank 
flash in the other. With normal binocular viewing of 
N and B, blanking of the downward “N” component 
can be seen at At=0, when the N stimulus is perceptually 
“blanked” by B, but not at At=30 and 90 msec, when 
both stimuli are seen. The upward “B” component is 
present throughout. With dichoptic viewing of the same 
stimuli (third row), the downward “N” response is present 
at all values of At, the form of the BP shows no trace of 
the “B” response, and there is no significant change with 
At. This tallies with subjective experience, which is 
also quite insensitive to the brightness or timing of B in 
one eye (over this range) provided that N is presented 
only to the other eye. 

These results seem to give definite evidence of EP 
changes correlated with two kinds of subjective suppres- 
sion of one stimulus by another, Their detailed implica- 
tions will be discussed elsewhere, but they suggest that 
whatever switching mechanisms are involved in the 
perceptual blanking and the interocular suppression 
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Fig. 3, Comparison of monocular (first two rows), dichoptic (third row) and binocular (fourth row} conditions: a, with 4t= 0; ò, with Ai = 36 
msec: e, wih df= 90 msec. Note clear Suppression of upward “B” response with dichoptic but not with binocular viewing, L= Left eye. 
R= right eye, N = noise, B=blank. Bach picture shows two successive results superposed. : 
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observed, they lie peripheral to the origin of the pattern- 
specific component of the EP. It is interesting to note 
that combination of the EPs to blank and noise is approxi- 
mately linear when both stimuli are applied to the same 
retina, with a relative time interval of 30 msec or above. 
As this was also the condition in which both stimuli 
were subjectively visible, it suggests that the cerebral 
EP generating mechanisms activated by blank and 
patterned stimuli are largely independent. This would 
be expected if patterned stimulation excites in man a 
cortical population which is specifically contour-sensitive, 
analogous to those found in cat and monkey’. It might 
also explain some of the negative findings by other investi- 
gators using patternless fields. 

These results may have some bearing on the recent 
finding by Lehmann and Fender! that the average EP 
toa blank flash was reduced according to the amount of 
structure presented (steadily, not flashed) to the other 
eye. They report that “spontaneous fading” occurred, 
but rely on earlier negative findings to discount its effect 
on the EP. If, however, what they observed occasionally 
with a steady pattern was the kind of interocular sup- 
preasion that happens predictably with a flashed pattern, 

“nothing more might be needed to explain a reduction 
in the average EP. 

The reported lack of correlation between EPs and the 
fading of stabilized retinal images® would not discount 
- this possibility, unless such fading were known to depend 

on the same mechanism as interocular suppression. The 
` perceptual differences between the two phenomena make 
this unlikely. 
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‘Antagonism of Presynaptic Inhibition 
in the Cuneate Nucleus by 
Picrotoxin 


Aw afferent volley in a cutaneous forelimb nerve produces 
on the surface of the cuneate nucleus a characteristic 
electrical response. This consists of a brief initial spike 
potential indicating the arrival of the primary afferent 
volley, followed by a negative wave (N wave) lasting 
about 4-5 msec and a prolonged positivity (P wave) 
reaching a maximum in 20-30 msec and lasting for about 
200 msec’. Similarly, N and P waves result from elec- 
trical stimulation of the contralateral sensorimotor 
cortex’. The N wave produced by the afferent stimulus 
is thought to be caused by synaptically induced depolari- 
gation of the cuneate cells by the ascending volley in the 
dorsal column”. Systematic investigation of the P waves 
produced by cutaneous volleys and by,cortical stimulation 
“Jed Andersen et al.? to suggest that Doth are caused by 
_ prolonged depolarization of cuneate tract fibres close to 
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their synaptic terminals in the cuneate nucleus, This 
suggestion was further supported by excitability testing 
of these presynaptic fikres at their terminals and along 
their length, and by imtracellular recording from these 
fibres‘. With the technique of extracellular single cell 
recording, Jabbur and Towe** had shown earlier that 
the sensorimotor cortex (primarily the contralateral) 
produced excitatory and inhibitory influences on cuneate 
and gracile neurones. With the additional technique of 
antidromic activation of dorsal column neurones after 
medial lemniscal stimulation®*, two types. of neurones 
have been identified. These are direct projection neurones, 
or dorsal column-thalamic relay neurones, which are 
depressed by antecedent descending volleys from the 
sensorimotor cortex, and interneurones, through which 
the cortex exerts presynaptic (and sometimes post- 
synaptic") inhibition on the afferent inflow passing 
through the dorsal column nuclei. There is histological 
evidence for the presence of these corticofugal. projec- 
tions*?. 

Presynaptic inhibition has been reported to be reduced 
by the convulsive drug picrotoxin in doses which do not 
appreciably interfere with postsynaptic inhibition’. 
Strychnine, on the other hand, can block postsynaptic 
inhibition without altering presynaptic inhibition. If 
the P wave produced in the cuneate nucleus by peripheral 
and by cortical stimulation is a reflexion of afferent 
terminal presynaptic depolarization, as proposed origin- 
ally?, then it would be expected to be sensitive to picro- 
toxin. Similarly, cortical inhibition of the response of 
cunvothalamic neurones to peripheral stimulation would 
be reduced by picrotoxin, if this inhibition were mediated, 
at least in part, presynaptically. 

Cats were anaesthetized with a-chloralose (60 mg/kg) 
or pentobarbital sodium (36 mg/kg) and immobilized 
with a muscle relaxant (gallamine triethiodide or deca- 
methonium bromide). The cuneate nucleus was exposed 
for recording gross potentials with a silver ball surface 
electrode placed about 3 mm below the obex where the 
largest N and P waves are usually recorded’. The 
contralateral sensorimotor cortex was also exposed and a 
pool of warm paraffin oil was made around it. Bipolar 
platinum electrodes were used to stimulate the forearm 
area of the pericruciate region. Stimulating needle elec- 
trodes were inserted into the ipsilateral forepaw. Above- 
threshold stimuli of 0-1 msee duration were applied 
peripherally, whereas a single pulse lasting 0-04-0-08 msec, 
or a train of four such pulses at a frequency of 312/sec, 
was applied to the cortex. A master unit drove both 
stimulating channels at 1 c.p.s. Typical responses to 
peripheral stimulation and to cortical stimulation are 
depicted in Fig. 1 Al and B1, respectively. 

‘The effects of 0-2-1-0 mg/kg of picrotoxin, administered 
intravenously, appeared within 4-5 min. Gradual 
reduction in the size of the P wave was observed, and 
in 10-20 min the higher doses resulted in almost complete 
disappearance of the P wave with little or no reduction 
in the size of the N wave. At the peak of action, the 
previously positive wave gave way to prolonged noBative 
discharges. Both peripherally and cortically evoked P 
waves were depressed. Reduction in the size of the 
P wave could also be produced by local instillation of a 
few drops of 0-1 per cent picrotoxin on the surface of the 
cuneate nucleus (Fig. 1). All these changes could be 
effectively reversed by intravenous administration of 
small doses of pentobarbital sodium (10-15 mg/kg). 
Intravenous injection of 0-1 mg/kg of strychnine sulphate 
failed to depress the P wave; instead it frequently 
increased it ig size. Preliminary experiments with single 
unit extracellular recording from cuneothalamic neurones 
indicate that inhibition by conditioning contralateral 
cortical stimulation can also be reduced by picrotoxin, 
whether administered intravenously or applied locally. 

These results support the hypothesis that the P wave 
recorded in the cuneate nucleus, whether produced by 
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Fig. 1. The effect of local application of pierotoxin on cuneate responses. 
A, Cuneate potentials recorded after ipsilateral forepaw stimulation at 
two different sweep speeds, showing the A wave (eft) and the ¥ and P 
waves (right), B, Cuneate potentials recorded after a train of four 
pulses delivered to the forearm area of the contralateral sensorimotor 
vortex, (1) Control; (2-6) 5, 13, 22, 33 and 43 min after local applica- 
tion of a few drops of O-1 per cent picrotoxin. Calibration: A (left), 
200 uV and 10 msee.; A (right) and B, 200 V and 50 msec, 


cutaneous or by contralateral sensorimotor cortical 
stimulation, is indieative of dorsal column fibre depolariza- 
tion or presynaptic inhibition. 
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Convulsant Action of Polyphenols 


Is 1936 Bacqt demonstrated that, in addition to sensitizing 
certain smooth muscles of the cat to stimulation of sympa- 
thetic nerves and to injected adrenaline, some poly- 
hydroxylic phenols also possessed convulsant activity. 
The sensitization was originally attributed to the anti- 
oxidant properties of the phenolic compounds. More 
recent studies, however, have indicated that polyphenols 
augment the peripheral actions of adrenaline by competi- 
tive inhibition of catechol-O-methyl transferase (COMT) 
(refs. 2-4). It has also been suggested that the central 
effects of polyphenols may be caused by a similar mechan- 
ism®. Our study was undertaken to investigate the 
possible role of adrenergic mechanisms in the central 
effects of these compounds. 

Pyrogallol has been shown to be more potent than 
catechol as an inhibitor of cerebral COMT, both in vttro®? 
and in vivo*, and should therefore be a more powerful 
convulsive agent if COMT inhibition is involved in the 
central action of the hydroxy benzenes. The convulsant 
activities of catechol and pyrogallol, together with those 
of phenol and 2,3,4-trinydroxy acetophenone, were 
determined using female mice of an inbred strain, weighing 
18-22 g. The compounds were injected intraperitoneally 
and the doses which induced convulsions in 50 per cent 
of the animals (CDs) were determined using the method 
of Weil® with groups of ten mice. 

The results (Table 1) show that pyrogallol and 2,3,4- 
tribydroxy acetophenone, substances reported to be among 
the most potent inhibitors of cerebral COMT (ref. 8), are 
much less active convulsants than catechol. In fact, 
the convulsions elicited by pyrogallol occurred only 
after a sustained period of depression and were always 
accompanied by distinct cyanosis, so dhe possibility that 
these were anoxic in origin cannot be excluded. Phenol, 
on the other hand, although not methylated by COMT 
(ref. 10), produced convulsions of rapid onset, which were 


very similar to those induced by catechol. 
Table 1. CONVULSANT ACTIVITY OF CERTAIN PHENOLIC COMPOUNDS IN MICE 


CDa mmotle/kg intraperitoneatly 
{95% confidence limita) 
1-04 (093-117) 

Catechol (1,2-dihydroxybenzene) 0-37 (035-041) 
Pyrogallol (1,2,8-trihydroxybenzene) BTL (07-7-9383) 
2,3,4-trihydroxy acetophenone >80 


Compound 
Phenol 


Despite the fact that the in vivo inhibition of cerebral 
COMT by pyrogallol is well documented*™ it has been 
suggested that pyrogallol may not be able to pass the 
blood-brain barrier because the levels of catecholamine 
in the brain are altered by this compound only when it 
is administered intracerebrally#?. Preliminary experi- 
ments in our laboratory, however, using a simple ferric 
chloride colorimetric reaction, have shown that pyrogallol 
injected intraperitoneally into mice readily enters the 
brain. 

Further evidence to demonstrate the potent convulsant 
action of catechol in comparison with that of pyrogallol 
was obtained by applying the compounds directly to the 
spinal cord of frogs. Decerebrate frogs were anaesthetized 
with urethane (1-5 g/kg) to prevent spontaneous move- 
ments. Perfusion of the neuraxis was carried out by 
means of a needle inserted into the cord at the junction 
of the urostyle with the ninth vertebra and the electro- 
myogram was recorded with needle electrodes inserted 
into the hypoglossal muscles. Results from one experi- 
ment are shown in Fig. 1. 

The electromyogram showed no change in activity 
when the perfusate was changed from ordinary frog 
Ringer to Ringer containing pyrogallol (10 mg/ml., Fig. la} 
whereas a large inerease in activity occurred when the 
perfusate contained catechol (10 mg/ml, Fig. 18). 
Furthermore, in experiments using rats, it was found 
that when injected intracisternally, catechol (0-4 mg) 
elicited myoclonic twitches of the neck and ears whereas 
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Fig. 1. Activity recorded from needle electrodes in the hypogionsar 

mnseles of a decerebrated anaesthetized frog. A downward deflexion of 

the time scale indicates a change in the perfusing fluid from Ringer's 

solution ta Ringers solution containing 1,2,3-trihydroxybenzene 

(pyrogallo!, 10 mg/ml.) in (a) and 1,2-dihydroxybenzene (catechol, 
10 mg/ml.) in (b). 


pyrogallol injected by this route had no effect in doses 
of up to 2-5 mg. Clearly, therefore, pyrogallol possesses 
little excitatory activity on the central nervous system 
when compared with catechol. 

Further evidence that the central excitatory effects of 
catechol are unlikely to be the result of an adrenergic 
mechanism is given in Table 2. Reserpine in doses which 
deplete the brain of catecholamines*’ and chlorpromazine, 
a central adrenaline antagonist™, both failed to antagonize 
the convulsive activity of catechol. 


Sable Y. EFFECT OF RESERPINE AND CHLORPROMAZINE ON OONVULSIONS IN 
MICE INDUCED BY CATECHOL 


Pre-treatment Catechol CDan 


Time administered mmole/kg (95% 


Drag Dose prior to catechol confidence limits) 
Saline 2h 0°36 (0-32-0-41) 
Reserpine 10 mg/kg 6h 0-34 (0°31-0-38) 
Chlorpromazine 20 mg/kg 2h 0-37 (0:34-0:41) 


Tn conclusion, therefore, the central effects of catechol 
and pyrogallol are unrelated to their relative activities 
as inhibitory agents of COMT and the convulsant activity 
of catechol is unlikely to be mediated by central adrenergic 
mechanisms. The mechanisms involved in the central 
excitatory actions of catechol and other polyhydroxic 
phenols are now being investigated. 

One of us (A. A.) thanks the Smith, Kline and French 
Foundation for a grant for apparatus used in this investi- 
gation. 
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_ New Glandular Structure in the Kidney 
of Clarias batrachus (Linn.) 

Durie a study of the kidney and associated structures 

in Indian fishes, I have come across a peculiar feature, 


“ag yet undescribed, in the mesonephros of the air-breathing 
teleost, Clarias batrachus (Linn.). In this species & 
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spheroidal multicellular gland is present inside the renal 
mass, adjacent to the extension of the caudal vein. (Fig. 1). 
It is surrounded by a delicate investing membrane and 
is constituted by the clbse folding of the epithelial layer 
go as to form a number of semi-parallel ridges of columnar 
gland-cells separated by narrow interspaces. The chink- 
like lumen of the gland opens, by a minute orifice into a 
space surrounding it, and this periglandular space dis- 
charges, by a funnel-shaped aperture, into a duet situated 
on one side of the gland (Fig. 2). 





Fig. 1. Part of a transverse section of the mesonephros. of Clarias 

batrachus showing its position inside the kidney. (> 900.) 1, Intra- 

mesonephric gland; 2, extension of the caudal vein inside the renal 

mass; 3, chink-like lumen of the intra-megonephric gland; 4, peri- 

glandular space; the arrow indicates the opening of the intra-meso- 
nephric gland into the periglandular space. 





Fig. 2. 


Part of a transverse section of the mesonephros of Clarias 
batrachus showing the structure of the intra-mesonephric gland and the 


opening of the periglandular space into a duct. (x 900.) 5, One of 

the glandular ridges; 6, an interspace between the ridges; 7, a duct; 

8, the periglandular space; the arrow shows the opening of the peri- 
glandular space into the duct. 


It is evident from this, description that the gland is a 
definitive structure. Its situation, disposition and histo- 
logical details show that it is different from the adrenal 
inter-renal and other glands so far described in connexion 
with the kidney. It may be designated as the “intra- 
megonephric gland”. Further investigations particularly 
on its histochemistry and function are in progress. 
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Effect of Haemoglobin on Experimental 
Infections with Pasteurella septica and 
Escherichia coli * 


Borta haematin hydrochloride and ferric ammonium 
citrate can abolish the protective effect of immune serum 
in experimental infections with Pasteurella septica in 
micet. Ferric ammonium citrate has the same effect 
with Clostridium welchii Type A infections in guinea-pigs?. 
Theimportance of these observations depends on the fact 
that iron can abolish the bacteriostatic effect of sera 
against Cl. welchii in vitro®?, Because iron compounds 
seem to have such similar effects both in vitro and in vivo, 
it seems quite likely that the bacteriostatic action of 
serum may play an important part in resistance to bacter- 
ial infections. 

We find that homologous lysed red cells as well as heter- 

ologous crystalline haemoglobin are effective in abolishing 
passive immunity to P. septica, Homologous lysed red 
cells and erystalline haemoglobin also enhance the virul- 
ence of Escherichia coli (type 011184) in normal guinea- 
pigs. 
Red cells were prepared from blood withdrawn from the 
tails of anaesthetized mice; they were separated by 
centrifugation, washed three times with normal saline 
and lysed by the addition of approximately 5 volumes of 
distilled water. The cell stroma was removed by centri- 
fugation and the supernatant fluid sterilized by filtration 
through a Seitz EK pad. The haemoglobin in the filtered 
solution was measured colorimetrically by the carboxy- 
haemoglobin (Haldane) method. Lysed guinea-pig cells 
were prepared in the same way as lysed mouse cells 
except that the blood was removed by cardiac puncture 
from animals anaesthetized with ether. Chromato- 
graphically homogeneous haemoglobin was isolated from 
buman blood by the method of Allen et al.‘ and the solu- 
tion sterilized by filtration through a cellulose ester 
membrane (Oxo, Ltd., London). Crystalline human 
haemoglobin was prepared from the same sample of 
blood by the method of Drabkin®. Two samples of 
crystalline horse haemoglobin were used (twice recrystal- 
lized grade A, Calbiochem ; and Koch-Light Laboratories). 
The haemoglobin solutions were sterilized by filtration 
through a Seitz EK pad. The lysed red cells and the 
haemoglobin solutions were mixed with the bacteria 
immediately before intraperitoneal injection. 

The methods of passive immunization, and infection 
with P. septica. (strain CN 3449, Wellcome Research 
Laboratories), were the same as those described previously!. 
For all the experiments the dose of bacteria injected 
intraperitoneally varied between 1-5 x 105 and 2-9x 108, 
but in any individual experiment the treated and control 
groups received identical numbers of organisms. The 
effects of lysed mouse red cells (equivalent to 7-28 mg 
haemoglobin) and the purified haemoglobins on passive 
immunity against P. septica are shown in Table 1. None 
of these compounds was toxic to normal mice. 

E. oli strain 0111B4 was passaged in guinea-pigs by 
the same technique used for mice, but the lethal dose 
(>3x 107 organisms) for guinea-pigs weighing 250-300 g 
remained relatively high. For the experiments with lysed 


Table 1. RFFECT OF LYSED MOUSE RED CELLS AND PURIFIED HAEMOGLOBINS 
ON INFECTION BY P. septica (STRAIN CN 3449) IN PASSIVELY IMMUNIZED 
MICE 


Haemoglobin Amount Number 
intraperitoneally of baemo- of Deaths Deaths 

with P. septica globin (mg) mice (5 days) (%) 

Ny Nil 327* 34 10 

Lysed mouse red cells -28 60 0 5S 97 

Human haemoglobin: crystalline va 10 10 100 
Human haemoglobin: chromato- 

gtaphically pure T 10 10 100 
Horse haemoglobin: crystalline 

sample 1 28 10 10 100 
Horse haemoglobin: erystalline 

sample 2 10 10 100 


* Including contr@ls from other experiments, 
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Table 2. EFFECT OF LYSED GUINEA-PIG RED- CELLS AND CRYSTALLINE HARMO- 
GLOBIN ON INFECTION BYK, coli (STRAIN 0111.84) IN NORMAL GUDNMA-PIGS 


Haemogiobin Amount Number 


intraperitoneally of haemo- of guinea- Deaths Deaths 


with E. coli globin (mg) pigs (days) — (%) 
Nil Nil 25 0 Q 
Lysed guinea-pig red cells 166-236 30 29 97 
Lysed guinea-pig red cells 5i le 8 58 
Human haemoglobin: crystalline 185 10 9 90 


red cells and haemoglobin shown in Table 2, 2-5 to 66 x 104 
E. coli were injected intraperitoneally. Neither the lysed 
cells nor the haemoglobin solution was toxic to normal 
guinea-pigs. 

It is clear that homologous lysed red cells and a variety 
of purified haemoglobins can be effective in abolishing 
passive immunity to P. septica in mice, and enhance the 
virulence of Æ. coli in normal guinea-pigs. The mechanism 
of these reactions needs further investigation, but for the 
moment we have assumed, in the case of P. septica at 
least, that the reason for the effectiveness of these com- 
pounds is connected with the ability of the bacteria to 
acquire iron from the haemoglobin molecule. This is based 
on the observation that ferric ammonium citrate, a 
relatively simple iron compound, produces the same effect 
as haematin and haemoglobin. Whether the presence of 
free haemoglobin in wounds or infected tissue might play 
a part in encouraging bacterial infection is a matter for 
speculation, but it seems to be a possibility. 
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Mechanism of Closure of the 
Aortic Valve 


TxE human aortie valve consists of three cusps made of 
relatively inelastic, muscle-free material about 0-15 mm 
thick. It opens and shuts about once a second, and with- 
stands a pressure difference of 100 mm of mercury when 
closed. It usually functions for 70 yr without failure, 
and works so efficiently that very little blood is regur- 
gitated at each pulse. In order to support this large 





Fig. 1. Vortex formation in a sinus. 
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Fig. 2. Photograph of model valve in a tube of diameter 2-5 cm. A 
thin-film velocity probe is in the sinus, and is clamped in a traversing 
mechanism. 


The flow is from right to left. 
pressure difference, the cusps must close simultaneously 
in all operating conditions and should not touch the wall 
of the aorta, for considerable reversed flow would then be 
“required to close the valve. This action suggests a fluid 
dynamic control mechanism which positions the cusps 
away from the wall of the aorta, so that the slightest 
reversed flow will close the valve. 

Such a mechanism is a vortex trapped between each cusp 
and its sinus (a bulge in the aortic wall). The vortices 
derive their energy from the forward going stream (Fig. 1), 
with the streamline along the cusp striking the distal end 
of the sinus in a stagnation point. This streamline divides, 
half reversing into the sinus and generating a vortex, the 
-other half following the wall of the aorta distal to the 

valve. There is a phase difference between the main stream 
and the vortex; the vortex persists after peak systole, 


dominates the flow in the main stream and starts to close 


the valve. The vortices produce a thrust on both the cusp 
‘and the sinus wall, and the closure of the cusps is thus 
steady and synchronized. Leonardo da Vinci! correctly 
predicted the formation of vortices between the cusp and 
its sinus, and appreciated that these would help to close 
the-valve, but thought the vortices were shed and featured 
in the dissipation of the kinetic energy of the fluid, for he 
was unaware of the circulation of blood. 
-ouo To see if the trapped-vortex mechanism was an adequate 
explanation, a copy of a human aortic valve (Fig. 2), with 
rigid sinuses and aorta, was made in ‘Perspex’. The cusps 
were made of nylon net impregnated with silicone rubber, 
and these were similar in thickness, smoothness, strength, 
shape and elasticity to physiological cusps. Two sets of 
identical cusps were made; one was fitted into a ‘Perspex’ 
tube with sinuses, the other into a tube with no sinuses. 


-o Both valves were tested statically for leakage, and were 


then ‘tested dynamically in a pulsatile-flow rig, both to- 
gether in series, and separately. The rig consisted of a 
< constant head device for steady flow, together with a 
piston driven by a variable amplitude, variable frequency 
shaker which could produce sine waves of frequencies up 
:to 10 0.p.s. The steady flow could be set at any value up 
tot L/min, and the shaker set to superimpose a suitable 


gine wave on the flow. With the flow at 3 l./min, and a 


pulse rate of 1 ¢.p.s., the valve with sinuses closed with 
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about 4 per cent regurgitation (and some of this waa caused 
by displacement of fluid by the cusps rather than leakage), 
but the valve without sinuses would not move, the eusps 
aligning themselves with the vegsel wall. Not until the 
reversed flow had reached 23 per cent of the forward flow 
would this valve shut. Unlike the valve with open sinuses, 
this valve’s cusps remained on the wall until it was 
violently shut by rapid reversed flow. The same results 
obtained at both greater and lesser flow rates. 

In the valve with open sinuses, high energy vortices 
could be seen trapped between the sinuses and the cusps; 
peak velocity in the sinuses occurred after peak systole 
and the vortex persisted through the closure phase. These 
instantaneous velocities were measured with a heated 
thin-film gauge fitted into a needle of 1 mm diameter, 
and were shown to reach about two-thirds of the peak 
systolic velocity in the aorta. Apart from producing a 
thrust normal to the cusp (unlike the axial pressure 
gradient) and initiating valve closure, the vortices would 
also scour out the sinuses and prevent the formation of 
thrombi behind the cusps in blood flow. 

Dr Grant de J. Lee of the Radcliffe Infirmary, Oxford, 
has used this velocity probe in animals, and the traces 
show that the flow is laminar (except possibly very briefly 
at peak systole). The flow in the model valve was laminar 
at 5 L/min, and thus might form the basis for a design 
for an artificial valve which does not cause haemolysis. 
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IMMUNOLOGY 


Cellular Immune Competence of 
Spleen Bursa and Thymus Cells 


In the chicken there are two central lymphoid organs, the 
thymus and the bursa of Fabricius. Recognition of the 
roles of these two organs in the ontogeny of immuno- 
logical responsiveness permits definition of two function- 
ally and morphologically distinct lymphoid cell lines*~*. 
The avian thymus, like the mammalian thymus, is essen- 
tial to the normal development of a population of small 
lymphocytes and cellular immunity, while the bursa of 
Fabricius plays a similar part in the ontogeny of the 
plasma cell line and humoral immunity‘. In addition, 
the thymus may contribute towards full development 
of humoral immune responsiveness*-*. A bursa equivalent 
has not been identified in all species, but evidence indi- 
cates that lymphoid tissues associated with organized gut 
exercise these functions in rabbits. These lymphoid 
tissues include Peyer’s patches, sacculus rotundus and 
appendix®.’, 

While the functions of the thymus and bursa are differ- 
ent, the organs show similarities of development and lym- 
pho-epithelial morphology which seem to characterize 
central lymphoid tissues. Both are composed of follicles 
of lymphoid tissue with cortical and medullary organiza- 
tion!, develop independently of antigenic stimulation’. 
and possess relatively few antibody synthesizing cells’. 
Bursal lymphocytes differ from thymus lymphocytes in 
that the former are larger and contain a high RNA/DNA 
ratio and an abundance of polyribosomes®*. In an 
effort to detect possible differences in the intrinsic im- 
munological competence of bursal and thymus lympho- 
cytes, we have measured the graft versus host activities 
of these cells. The data obtained are in aqeord with the 
hypothesis of compartmental differentiation of two 

es 
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separate lymphoid cell lines and afford further character- 
ization of the avian thymus and bursa of Fabricius. 

In this investigation, the intmunological competence 
of bursa, spleen and thymus célls was estimated by a 
method similar to that used by Simonsen!. With this 
assay system the degree of splenomegaly produced by a 
given number of lymphoid cells is an index of their cellular 
immune potential’. Donor organs were removed from 
exsanguinated, 10 week old Arbor White Rock donors 
and placed in chilled beakers. Bursae were cut in half 
and swirled in saline to remove the slime which usually 
coats their epithelial surface. To reduce bacterial con- 
tamination, each organ was rinsed in saline containing 
penicillin (300 u/ml.) and streptomycin (300 ug/ml.). 
The tissues were transferred to Petri dishes containing 
a 40 mesh stainless steel screen and 10 ml. of chilled 
Eagle’s basal medium, penicillin (100 v/ml.) and strepto- 
mycin (100 pg/ml.). Crude cell suspensions were prepared 
by rubbing the organs against the screens. These prepara- 
tions were transferred to test tubes, and the non-cellular 
debris and clumped cells were allowed to settle for 15 min. 
Cells remaining in the supernatant were washed three 
times by centrifugation and resuspended in fresh medium. 
The number of viable cells was determined by counting 
in a haemocytometer those cells which were unstained 
after 10 min of exposure to ‘Erythrosin-B’ (0-2 mg/ml.) 
in balanced salt solution. As a control, some cells were 
killed by heating at 56° C for 1 h. Convenient numbers 
of viable or heat killed cells were injected into an allantoic 
vein of 14 day old Ghostley White Leghorn embryos. 
Five days later, the gross pathology as well as spleen 
weights and body weights of injected embryos were 
observed and recorded. 

The spleens shown in the upper portion of Fig. 1 are 
representative of those seen in embryos which received 
10° viable spleen, bursa or thymus cells. Those in the 
lower portion came from embryos injected with heat 
killed cells. The white lesions and splenomegaly are the 
results of graft versus host reactions and can be taken as 
evidence of the cellular immune competence of the donor 
cells. Spleen and thymus cells appear competent, while 
bursal cells fail to elicit the reactions. The degree of 
splenomegaly induced by injections of 4:0x 105 viable 
bursa, spleen or thymus cells, shown in Table l, indicated 
that spleen and thymus, but not bursa, produced signifi- 
cant splenomegaly. Splenic cells have a greater capacity 
than thymus cells to elicit graft versus host reactions; 
heat killed cells did not elicit significant splenomegaly. 

To determine whether the differences were attributable 
to differences in the ratio of competent to non-competent 





Viable bursa 
cells 


Viable thymus 


Viable spleen 
cells cells 





Heat killed 


Heat killed 
spleen cells 


thymus celis 


Heat killed 
bursa cells 


Fig. 1. Spleens of 19 day chick embryos injected 5 days previously with 
10° viable or heaé killed lymphoid cells prepared from the spleen, thymus 
or bursa of 10 week old White Rock pullets. 
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Index of splenomegaly in recipient embryos 





100 


No. of donor cells ( x 10*) 


Fig. 2. Relative graft versus host activity of lymphoid cells of the 
thymus, spleen and bursa of Fabricius. Vertical bars indicate standard 
errors, 


cells in the spleen and thymus or to an intrinsic difference 
in immunological activity per cell, we injected different 
numbers of cells from each organ. It was reasoned that 
if the cells from the three organs were intrinsically 
different in degrees of competence the slopes of the dose- 
response curves would be different. If, on the other hand, 
the differences previously mentioned were caused only 
by the ratio of competent to non-competent cells in a 
given organ, the slopes of the dose-response curves 
should be parallel. The indexes of splenomegaly are 
plotted against the logarithm of the aumber of donor cells 
as previously carried out by Sosin et al. for mice!®, Our 
results, summarized in Fig. 2, show that the spleen has 
five times more capacity to elicit graft versus host reactions 
than does the thymus, but the slopes of the dose-response 
curves are similar. This finding indicates that the 
specific activity of avian spleen and thymus lymphocytes 
is the same. Variability inherent in the assay, however, 
might not permit the detection of small differences. 
Perhaps even more significant is the relative inactivity of 
bursal cells. Bursal cells elicited some splenomegaly, 
but because this was detected only with very large 
numbers of donor cells, the response could be attributed 
to unavoidable contamination with blood cells. 

The absence or relative infrequence of graft versus host 
inducing eells in the bursa of Fabricius as compared 
with the thymus parallels previous findings showing 
that the thymus but not the bursa functions in the onto. 
geny of cellular immunity**44, A question which remains 
unanswered concerns the role of the thymus in the ontogeny 
of humoral immunity. Thymectomy of very young 
animals (avian and mammalian) has been shown to 
decrease humoral immune responsiveness to some antigens 
in later lifet-615-18, One explanation for this effect is 
that some of the lymphoid cells of the bursa are derived 


Table 1. GRAFT VERSUS HOST ACTIVITY OF SPLEEN, THYMUS AND BURSA 
LYMPHOID CELLS 


Treatment* necrotic spleen lesions splenomegaly P 
No, of recipients Standard error 
4 x 10° Viable spleen cells 9/10 5440-8 <0-01 
4x 10° Viable thymus cells 8/10 3440-6 <0-01 
4x 10* Viable bursa cells 0/9 t3401 > 0-05 
4x 10° Heated spleen cells 0/10 1040-1 > 0-05 
4x 10° Heated thymus cells 0/10 11401 > 0-05 
4x 10° Heated bursa cells 0/10 1340-2 > 0-0. 
Uninjected control 0/10 10401 
. spleen wt aane « SPleen wt, , 
Index of splenomegaly, body wt (test recipient) + body wt (uninjected 


control). 

P, Confidence interval obtained by simple analysis of variance. Each 
group was compared separately with the uninjected control group. 

* Cells prepared from the spleen, thymus or bursa of 10-13 week old White 
Rock donors were injected into 14 day old White Leghorn embryos. Recip- 
ients were killed 5 days later, and spleen and body weights and gross spleen 
appearance were recorded. 
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from the thymus. This hypothesis now seems less likely 
because lymphoid cells derived from thymus would be 
expected to be capable of the graft versus host reaction. 
It is not clear whether this effect of thymectomy is a 
direct result of the absence of the thymic function or an 
indirect result of dgpression of bursal differentiation as a 
consequence of lack of vigorous thymus-dependent 
defence mechanisms'*°, Alternatively, thymus could 
influence bursal cells or the bursa-dependent population 
by humoral means without providing cells directly to the 
bursa, or a population of lymphoid cells may migrate 
directionally from the bursa to the thymus as previously 
suggested for embryonic and young adult chickens”. 

These findings may also be relevant to future attempts at 
restoring the immunoglobulin-producing system of cells 
in immunoglobulin deficient patients. It has been shown 
earlier that bursal cells can restore this cell system in 
agammaglobulinaemic chickens. Cells of the bursa- 
equivalent should have similar functional capabilities and 
should not produce untoward graft versus host disease 
in recipients. Thus host compatibility would be the only 
limiting requirement in such restoration. 
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_ Japanese Haemoglobin Variant 


‘Recent haemoglobin surveys in the south-western area 
of Japan have revealed a great variety of abnormal 
“haemoglobins in Japanese individuals despite the rarity 
of haemoglobinopathy. In Japan, at least thirteen 
abnormal haemoglobins have been identified by elucida- 
“tion. of amino-acid substitution, and*similar studies are 
-now in progress on ten other variants. 
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. 


As part of an extensive screening programme for 
abnormal haemoglobins in Japanese individuals, some two 
thousand patients who yisited the Yamaguchi Prefectural 
Central Hospital in Hofu City, Yamaguchi Prefecture, 
have been tested by agar gel electrophoresis (pH 7-0 and 
8-6)? since 1964. An abnormal haemoglobin was dis- 
covered in only one of them—a 55 year old woman who 
came to the hospital because of abdominal discomfort and 
who was diagnosed, by means of X-ray study and gastro- 
camera, to be suffering from gastritis. The red blood cell 
count was 400x 10t, haematocrit was 31-3 per cent, 
reticulocyte count was 1-3 per cent and white blood cells 
amounted to 6,500 with normal differential count. Her 
only child did not carry the abnormal haemoglobin and her 
parents were dead. When the haemolysate was subjected 
to agar gel electrophoresis at pH 8-6, the abnormal 
haemoglobin separated as a distinct band which was 
situated more towards the anode than the normal Hb A 
band, but it was inseparable from Hb A at pH 7-0. Its 
electrophoretic mobility in starch gel electrophoresis 
(pH 8-6)? suggested that it had two extra negative 
charges per molecule (Fig. 1). Hb F content of the haemo- 
lysate was 0-91 per cent by Singer’s method’. Solubility 
of the haemolysate in the deoxygenated form! was normal. 
This fast-moving abnormal haemoglobin was named Hb 
Hofu, after the name of the town where the propositus 
lived. Hb Hofu content of the haemolysate was 50-6 per 
cent; this was determined by scanning (A=570 mp) the ` 
agar gel after electrophoresis. 

Pure Hb Hofu was prepared by starch block electro- 
phoresis’ at pH 8-6. Its B chain anomaly was demon- 
strated by a hybridization test with canine haemoglobin‘, 
in which the migration during starch gel electrophoresis 
at pH 8-6 of the hybrid molecule, aṣ Bf", was faster 
than the corresponding hybrid, «$ 64, while the migration 
of aots goa was equal to that of a} Bf. Paper electro- 
phoresis (pH 8-6) of globin in 7 molar urea’ also 
revealed the fast-moving ß chain anomaly. 

Globin was prepared from the purified Hb Hofu by 
Anson-Mirsky’s technique? and the 8 chain was separated 
from the a chain by sodium ion gradient chromatography 
in 8 molar urea on carboxymethyl cellulose column®. The 
B chain was aminocthylated with ethyleneimine™ before 
it was digested with trypsin. Fingerprints were made 
according to Ingram’s™ and Baglioni’s'* techniques. An 
abnormal spot which was located more towards the anode 
than the 8 Tp-1 spot, and which occupied the position of 





Fig. 1. Starch gel electrophoresis (pH 8-8) of the haemolysate. Hofu, 
Hb Hofu; Hiji, Hb Hijiyama (a} By"); Hiro, Hb Hiroshima 
(aA pip Hm ase or Asn), A, normal adult haeħolysate. 
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Table 1. AMINO-AOID COMPOSITON (EXPRESSED BY MOLAR RATIO) OF THE 
d ABNORMAL SPOT* 

Abnormal spot: Lys Thr Pro Ala Val Tyr Phe Glu 
Estimated 1-04 097 223 {gu OIl + 063 3-98 
Nearest integer 1 1 2 9 + 1 4 
Expected for 8 Tp-18 1 1° 2 2 1 1 1 3 

* The abnormal spot was consistently positive for tyrosine in a specific 
coloration test. 


a Tp-4, was clearly visible (Fig. 2). The 8 Tp-13 spot 
was present but was much weaker than the other spots 
in ninhydrin coloration. The abnormal spot was cut out 
from the fingerprints ; the peptide was eluted into 6 normal 
hydrochloric acid and digested at 110° C for 20 h in a 
vacuum-sealed tube. The amino-acids of the acid hydro- 
lysate were quantitatively analysed"? by the Yanagimoto 
amino-acid analyser (Table 1). The amino-acid con- 
stituent of the abnormal peptide completely eoincided 
with B Tp-13 


121 122 123 124 125 126 127 128 129 130 131 132 
Glu-Phe-Thr—Pro—Pro—Val-—G In~Ala-Ala~Tyr-Gin-Lys 


except for the absence of Val and the presence of an extra 
Glu (ref. 14). It was therefore presumed that the 
abnormal peptide spot was derived from B Tp-13 and that 
Glu or Gln had substituted for Val 8B 126. Because an 
amino-acid substitution of Gln for Val would not cause 
any change in either the electric charge of the molecule 
or the sub-unit, nor in the migration towards the anode 
of the B Tp-13 spot, Glu (not Gin) seemed to be the most 
probable substitute for Val. The faint spot coincident 
with the normal B Tp-13 spot was regarded as a derivative 
from a contaminating normal B chain. We conclude 
therefore that Hb Hofu is a new abnormal haemoglobin 
which can be expressed by the formula Aa 6326 Glu, 

Amino-acid substitution of Glu for Val, the reverse of 
Hb S, has been known in Hb Maitwaukee-1 (ref. 15) and 
Hb New York", but Hb Hofu will be the first case in 
which a substitution of the 126th amino-acid of the B chain 
was discovered. Hb Hofu seems to bea very rare abnormal 
haemoglobin which is not associated with the clinical 
symptoms. 





cree | 


Fig. 2. Fingerprint of the aminoethylated 8 chain of Hb Hofu (by 

Baglioni's method), Numerals refer to 8 Tp numbers. The abnormal 

spot isindicated by an arrow, Itis considerably biased from the position - 

of the corresporgiing normal £$ 1 Aes spot (encircled by dotted line) 
toward the anode and the bottom. 
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BIOLOGY 


Mycological Aspects of Diseased 
Atlantic Salmon 


As part of the research programme on fish disease men- 
tioned before?, we have undertaken an investigation to 
establish the role of fungi in the disease termed ulcerative 
dermal necrosis (UDN) which affects freshwater fish, 
particularly salmon. The fact that fungi are associated 
in some way with this disease is indisputable; indeed, 
diseased fish in the rivers are recognized chiefly by the 
presence of white fungoid patches. 

We found that the disease pattern is as follows: initially 
the disease becomes apparent as grey-white bruise-like 
areas on the surface of the fish. These areas then develop 
fungal growth which is obvious to the naked eye, with 
subsequent haemorrhagic ulcers usually developing at 
each site. The musculature is often exposed by these 
ulcerous lesions. Similar autopsy findings in eels are 
reported by Hoshina and Ookubo?. The fungus appears 
as an off-white raised excrescence usually covering the 
lesions. In colour the diseased areas vary from off-white 
to dark brown depending on how much blood or silt has 
been deposited in the fungal mycelium. 

While there is a dearth of literature on fish myco- 
pathology, nevertheless certain work?-5 has established 
the pathogenicity of fungi towards freshwater fish. It is a 
popular belief that one fungus only is found on fish—- 
“fish-mould” has become synonymous with the fungus 
Saprolegnia. Investigation shows that many fungi are 
involved in disease of fish, mostly representatives of 
the family Saprolegniaceae. Apart from various species 
of the genus Saprofegnia, members of the genera Achlya, 
Dictyuchus and Aphanomyces are listed in the literature 
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mentioned here as lethal parasites of fish. The parasitic 
potential of the family is exemplified by the crayfish 
plague fungus, Aphanomyces astaci, which Unestam® 
reports as causing 100 per cent mortality in attacked 
populations of Astacus astacus. Unestam believes that 
this species of crayfish faces extinction in Europe because 
of the severity of the attack. Fungal activity obviously 
plays a prominent part in ulcerative dermal necrosis 
whether as (a) a lethal primary parasite, (b) a secondary 
invader of already debilitated tissue and the eventual 
killer, or (c) merely as a saprophyte or scavenger of dead 
tissue. In view of the fact that there is no general agree- 
ment as to the cause of the disease, to dismiss the fungal 


infection as secondary (ref. 7 and numerous press reports) 


is to us an unacceptable premise. 
As part of the present investigation the general myco- 
flora of healthy and diseased fish was surveyed. Since 
1966, some ninety salmon (Salmo salar), smolts and adults 
and a more limited number of brown trout (Salmo trutia), 
fry and adults, have been examined in detail. Diseased 
-salmon were obtained from the rivers Shannon, Liffey, 
Lee, Blackwater (Cork) and Dargle; diseased trout from 
the Lagan and Dargle. Healthy salmon were obtained 
from.the rivers Boyne and Owenea. Where possible fish 
were taken directly from the water to polythene sleeving 
and transported immediately to the laboratory. Due 
caution was exercised where contamination from, for 
example, soil was suspected. 

The fungi most commonly isolated from the surface 
of healthy and diseased fish, apart from lesions, include 
species of Penicillium, Fusarium, Mucor and Trichoderma, 
‘together with numerous pycnidial fungi, yeasts and 
unidentified imperfect types. Several hundred isolates 
“now await specific identification. None of these fungi 
was visible macroscopically. It has not been established 
whether they are present as actively growing mycelia 


or merely as spores adhering to the surface mucus. Most 


of these fungi are non-aquatic and are presumably 
“present in rivers as aliens from soil and air’. The myco- 
flora is not constant from one fish to another and it has 
been difficult to establish whether a fish surface supports 
a recognizable fungal community. From results obtained 
so far, it seems that there is no constant mycoflora 
associated with fish surfaces but rather that its compo- 
sition varies considerably from one individual to another 
and from river to river, largely depending on environment, 


-io for example the extent of river pollution or flooding. 





ting the specialized demands of many aquatic 
phycomycetes it is not surprising that so few have been 
isolated: in this survey. 


0i Saprolegnia alone has been isolated constantly from 


- the lesions of diseased fish. Not only has it been isolated 
externally but also internally from the musculature, to 
‘a depth of 1-5 cm, and occasionally elsewhere other than 

_ from visibly diseased areas. This fungus has been isolated 
at all observable stages of the disease, even from the “white 

- patches’’?-of the presumed pre-mycotic stage. With few 


<- exceptions the Saprolegnia isolates share one feature in 


common, that is the absence of sexual reproduction. 


ie ‘This character together with the type of sporangial 


“branching (cymose) and parasitic nature on fish would 
| until recent times be sufficient evidence for their common 
-identification as Saprolegnia parasitica Coker (Coker)?-', 
- Certain strains of this fungus, however, given suitable 
-conditions and sufficient time—in some instances up to 
-< a year—have been reported as forming sexual organs*. 
For the positive identification of this species it is now 


a -considered necessary to observe the characteristics of 


these structures". Experiments, using sterols, aimed at 


2 inducing the initiation of a sexual stage in our isolates 


‘have not been successful. 


— - The reluctance of these isolates to reproduce sexually 
` has led to the suggestion that heterothallism may be 





operative in the genus. A progranfme of pairing the 
-isolates has been undertaken to investigate this pos- 
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sibility. So far most of the paired cultures have not 
shown any complementary response. In one case, how- 
ever, sexual structures were formed at the interface of 
two asexual isolates. ‘This has given impetus to more 
intensive research on the possible existence of hetero- 
thallism in the genus Saprolegnia. Althoagh the tardiness 
of our isolates to produce oogonia suggests that they 
are Saprolegnia parasitica, a definite identification is 
still outstanding pending further evidence of the forma- 
tion of a sexual stage. Our tentative identification of 
these isolates as Saprolegnia parasitica is particularly 
significant. Of all the saprolegniacious fungi known 
to attack fish, Saprolegnia parasitica is the one most 
frequently reported as a fish parasite. Tiffney*, Hoshina 
and Ookubo? and Vishniac and Nigrelli* have shown experi- 
mentally that this species can act as a lethal primary 
parasite of healthy fish. 

The spread of the disease is most marked during 
periods of low water temperature and, conversely, with 
increasing water temperatures there seems to be a 
diminution of the disease. A relationship between low 
water temperature and parasitic potential of Sapro- 
legnia has been considered for some time as a possible 
important factor governing epidemics of fungus disease 
in fish. Thus, Hoshina and Ockubo* observed the cessa- 
tion of fungus epidemics in eels as water temperatures 
approached 18° C. We have obtained similar evidence 
from a recent outbreak of mycoses at the Mullingar 
fish rearing station where several hundred brown trout 
fry died within days. Two fungi, Saprolegnia ferax and 
a species of Pythium, were isolated from these fish. It 
seems to be significant in connexion with this outbreak 
that the water temperature dropped from 16° to 10°C 
(Ryan, personal communication) in the week before 
the onset of the disease. Accordingly, the apparent 
correlation between the spread of fungus in ulcerative 
dermal necrosis and water temperatures merits investiga- 
tion. 

It has frequently been suggested that freshwater fungi 
cannot live in salt water, but we found that Saprolegnia 
parasitica (culture obtained from Centraalbureau voor 
Schimmelcultures, Baarn, Holland) has a high salinity 
tolerance. The growth of S. parasitica in a range of 
concentrations of sodium chloride and seawater was 
examined by the method of Scott and Warren”. Using 
colony area as a criterion, growth in a solution of 3-5 
per cent sodium chloride was half, and in 100 per cent 
sterile seawater two thirds, that obtained in controls. 
It is emphasized that in these’ particular experiments 
optimal growth conditions were provided for the fungus, 
which experienced no competition from the usual biota 
of seawater. Reference is made to Te Strake’*, who found 
that members of the Saprolegniaceae could grow and 
sporulate in brackish waters if temperature and nutri- 
tional levels were suitable. She also emphasized the 
futility of habitat nomenclature, such as “fresh water” 
fungi, when “fresh water” fungi given appropriate 
conditions can become “brackish water” forms. Vishniac 
and Nigrellit have suggested that the Saprolegniaceae 
may parasitize fish of brackish water. Salmon recently 
returned from the sea, as evidenced by the presence of 
sea-lice on the fish, have been taken from estuarine 
waters and have shown symptoms of ulcerative dermal 
necrosis; Saprolegnia has been isolated from these fish. 
It is therefore possible that the fungus could colonize 
salmon immediately they entered the river estuary. 

Inoculation experiments now in progress in this labora- 
tory are expected to furnish definitive information about 
the role of Saprolegnia in ulcerative dermal necrosis. On 
the basis of dxisting evidence, it seems improbable that 
it functions merely as a scavenger. It is more reasonable 
to suggest that the fungus is the primary parasite in 
ulcerative dermal necrosis or alternatively that an 
extremely close relationship exists between an unknown 
primary parasite and Saprolegnia. e 
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Prey Selection: Oddity or 
Conspicuousness ? 


PreLrowsxKi has shown that goshawks (Accipiter gentilis) 
select as prey pigeons (Columba livia) which differ in colour 
from most pigeons which are present in Polish forests?:?. 
Salt? has shown how these and other experimental results 
fit rather well into the generalization that predators 
preferentially capture prey animals which are odd, or 
which differ in some way from most prey. As Pielowski 
noted, however, it is probably easier for a goshawk to 
fix its attention on the odd-appearing member of a flock, 
and it is possible that the goshawks were merely taking 
conspicuous individuals out of the flock. Selection for 
conspicuous prey has been amply verified by experimenta- 
tion‘-*, I have attempted to determine the parts played 
by oddity and conspicuousness in prey selection. 

A tamed hawk (Falco sparverius) preyed on laboratory 
mice which were either white or which had been dyed 
grey. In each experiment, nine mice of one colour and 
one of the other were presented on a table which was 
“coloured to match one or the other colours of mice. Each 
of the two colour combinations of mice was replicated 
fifty times on each of the two colours of background, 
giving a total of two hundred experiments. 

Experimental series A and B, in which the background 
was grey, clearly show that the hawk selected conspicuous, 
but not odd, prey (Table 1). In view of these results, I 
Suggest a reconsideration of the generalization that odd 
prey is preferentially selected by predators. In series 
C and D, where grey mice were conspicuous, prey selection 
did ngt differ from random. I suggest that this is a result 

. of a conflict in preference for (a) white and (b) conspicuous- 
ness. The hawk took a significantly longer time (¢ test, 
95 per cent level) to select a mouse in series C and D than 
it did in series A and B (Table L), which can be considered 
as evidence for conflict. I cannot explain this unexpected 
preference for white mice other than by suggesting that the 
hawk may have become accustomed to preying on white 


Table 1. PREY SELECTION EXPERIMENTS 


Mice presented Mean 

~ — No.of in each Back- Mice reaction Stan- 
Series experi- experiment ground captured s time dard 
ments Grey White Grey White p* {sec) error 
A 50 9 1 Grey 37 13 0-0002 261 44-2 
B 50 1 9 Grey 0 50 0-03 230 44-1 
C 50 9 1 White 44 6 0-30 374 410 
D 50 1 9 White 6 44 0-30 394 47-3 


* Probability of this result occurring if pre I - 
iiae Coat. y t g if prey selection were random (chi 


e 
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mice in series A and B. The hawk may thus have formed 
a “specific searching image”? in series A and B and main- 
tained it throughout series C and D. Further experiments 
are in progress. 

HeLrmUT C. MUELLER 
Department of Zoology, 
University of North Carolina, 
Chapel Hill, North Carolina. 
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Pigmentation in the Radial Nerve 
of Diadema antillarum 


RECENT examination by phase-contrast microscopy of 
teased, fresh or macerated radial nerve, or of frozen 
sections in Diadema antillarum, has shown the presence 
of reddish cells that are neither amoebocytes nor chromato- 
phores, but which resemble neurones in their general 
form (Figs. 1 and 2). 

The presence of a reddish pigment in the radial nerves 
of this echinoid is of special interest because in experi- 
mental conditions the nerve can serve as a photoreceptor 
in the characteristic shadow response?-?, Photosensitivity is 
maximal between 455 and 460 my (ref+3), and the pigment. 
when extracted in acidified diethyl ether, absorbs maxi- 
mally in the visible range at 465 my. Absorption of both 
visible and ultraviolet radiation corresponds closely with 
that of the reddish pigment which can be extracted from 
the skint and which is now known to be echinochrome A. 
The near coincidence of these maxima coupled with the 
presence of the pigment in the photosensitive skin as well 
as in the radial nerve has caused speculation that the 
pigment may be involved in photoreception®*. Our 
recent discovery in the radial nerve of similarly pigmented 
cells which resemble neurones therefore reinforces the 
idea. 

Caution has already been urged, however’. Most of the — 
red pigment in the radial nerve is in the ubiquitous 
amoebocytes or in their disorganized remains, and the 
pigmented presumptive neurones are rare. On the other 
hand, photoreceptors for the shadow response seem to be 
widespread in the nerve and it is unlikely that amoebocytes 
are directly involved. Again, previous determinations 
of spectral absorption have relied entirely on extracted 





Fig. i 


Fig. 2 


Figs. land 2. Two of the pigmented structures which have been inter- 

preted as neurones in the living radial nerve of Diadema, which were 

examined by microspectro) Lapras Seales: Fig. 1, 53 ma: 
ig. 2, 4-6 my. 
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— pigment... Determination of the absorption spectrum of 
the presumed neuronal pigment in situ is therefore 
 erucial and this has now been achieved by microspectro- 
photometry. Absorption is maximal between 540 and 
560 mu, so that whatever the precise nature and function 
of the presumptive neurones could be, they are unlikely 
to be involved as reveptors in the shadow response. 
N. Minitorr 
n H. OKUMURA 
| Department of Zoology, 
< Bedford College, 
_. University of London. 
-Received October 16, 1967, 
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_ Vision Index for Isopod Crustacea 
related to Latitude and Depth 
_ TueRE has been no systematic study of the distribution 
- of eye-bearing and blind benthic crustaceans in relation 
to the depth of the sea at which they occur. It has, 
“however, been known for many years! that many deep- 
sea isopods are blind and it has also been known that 
most intertidal species have well developed eyes’. We 
ve examined the bathymetric range of many species of 
pods in order to determine the correlation between 
presence or absence of eyes, latitude, depth and light 
: penetration. To do this we have developed a visual or 
ocular index. 
‘The ocular index (0.I.) can be defined as the percentage 
-i of species of isopods in the total isopod fauna which have 
eyes. In order to provide an expression which can be 
related to any latitude, the 50 per cent level of species 
| which have eyes can be defined as an ocular index of 50 
oo (Oso) 
oe Cie liia on which this study is based come from col- 
-> lections off Beaufort, North Carolina (35° N.) (collections 
made by R/V Eastward, NSF grant), off Lima, Peru 
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(10° S.) (collections made by the R/V Anton Bruun, 
Cruise 11), and in the Antarctic (60° S.) (collections made 
by USNS Eltanin). Added data were compiled from the 
sub-Antarctic?4 and the Arctic)®* and for the tropies?-". 
The number of benthic species ,of isopods which were 
utilized in the determination of ocular index is given in 
Table 1 with reference to five different latitudes and seven 
different levels of depth. The total number of organisms 
involved in this study exceeds fifteen thousand, but 
Table 1 records only the number of species. 


Table 1. NUMBER OF SPECIES OF ISOPODS AND PERCENTAGE WITH EYES 
IN RELATION TO DEPTH AND LATITUDE 
65° N. 35°N. 10°N, 15°95. 708. 
No. No. No. No. No, 
spp. % spp. % SPP. % spp. % SPP. % 
Intertidal 0-2 m 12 100 32 97 42 100 37 100 — — 
Subtidal 20 m 17 65 26 93 6 100 12 100 7 7 
Shelf 40-200 m 50 46 25 92 9 100 31 97 81 58 


Slope (*u) 200-1,000m 69 17 18 69 — 
Slope (m) 1,000-2,000 m 43 8 9 6 5 20 8 2 382 13 
Slope {L} 2,000-4,000 m 45 2 23 1 16 0 49 0 30. 3 
Abyss 4,000-6,000 m 3 0 8 0 9 0 9 Oo 22 o 


* Asterisk denotes the point determined from the curve. 


Except perhaps for absence of pigment, the absence of 
eyes in a species of marine isopods does not correlate with 
other changes in external morphology. Absence of eyes 
seems to be a frequent change among the species of many 
genera. Good examples of this can be found in the 
typically shallow water genera Serolis, Janira, Munna, 
Cirolana, and so on, which have eye-bearing as well as 
eyeless species. In contrast, all known species of typically 
abyssal genera (Haploniscus, Mesosignum, Macrostylis) 
lack eyes. 

The proportion of eyeless to eye-bearing isopods 
usually shows an increase with depth. A comparison of 
the data from various latitudes shows two general patterns. 
The first is a high latitude or polar curve in which the 
percentage of eye-bearing species shows an immediate 
drop from the shelf to the great depths (Fig. 1). In this 
case, the O.I.59 is located at shallow depths between. 100 
and 500 m. The second pattern (Fig. 1) is exhibited be- 
tween latitudes 35° N. and 15° S. where there is no abrupt 
decrease in eye-bearing species in the shallow waters 
(100-500 m). Instead there is a more or less gradual 
decline in eye-bearing species with depth until no eye- 
bearing species are present. The data suggest the O.L.so 
is found at progressively greater depths as latitude 
decreases. For example, the O.J.55 at 35° N. is at 1,280 m. 
This striking picture of equatorial submergence of the 
O.1.s¢is shown in Fig. 2, where the:O.l 55 data are plotted 
against latitude. 
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Fig. 2, 0.J.s9 for marine isopod species in relation to depth and latitude, 
as derived from the distribution of vertical light extinction coefficient of 
surface water (after Neuman and Pierson#). Curve with dotted line 
represents light penetration north to south along 40° W. in the Atlantic, 


Several factors could be associated with the phenom- 
enon of the equatorial submergence of the O.I.55. One 
might believe that variations in depth of penetration of 
visible light with latitude would show a direct relationship 
to the O.J.59. Indeed, the shape of the two curves is 
similar with visible light penetrating to lesser depths 
in polar regions and to greater depths in low latitudes. 
(At high latitudes the penetration of light is obviously 
minimal during winter months and maximal during 
summer.) The vertical extinction coefficient of light in 
surface water at 50° N. and 50° S. is greater than four, 
but is less than two in the Sargasso Sea!*. Penetrating 
daylight is visible to the human eye down to depths of 
about 700 m in the Sargasso Sea, but the O.1.,, is located 
at 1,300 m or about twice the maximum depth of pene- 
tration of light. Light may be important and indeed 
probably is, but its relation to the O.I.s is not clear. It is 
clear that a sizable proportion of the species have eyes 
»owell below:the penetration of visible light. The answer 
could lie in the evolutionary mechanisms which are 
related to the ecology and dispersion of the various 
species in relation to visible light. It could be assumed 
that species which live in the light and which have eyes 
have an advantage, while those without eyes are at a 
disadvantage and should be eliminated through natural 
selection. Selective mechanisms could account for the 
fact that the O.I.s, is well below the penetration of visible 
light. What eye-bearing species living in deep water see, 
and how shallow species without eyes survive, could be 
contingent on many ecological and evolutionary factors 
such as mutation rates, the intensity of competition, and 
the dispersion capacities of the various species, and so on. 
The possible role of environment bioluminescence might 
be looked into. 

Another parameter which might influence the tropical 
or equatorial submergence of the O.I.sẹ is temperature. 
Ekman"? has described and discussed the equatorial sub- 
mergence of marine animals. Species living in shallow 
water at high latitudes often inhabit deeper water nearor 
the equator. Ekman states ‘‘submergenee is simply a 
consequence of the animals’ reactions to temperature. 
Cold water animals must seek colder, deeper water layers 
in. regions with warm surface water . . .”. But this 
explanation, Ekman admits, presupposes a certain degree 
of stenothermy in the organisms in question. Ekman’s 
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k explanation of submergence may be valid. Precisely what 


direct effect the latitudinal variations in temperature 
can have on the presence or absence of eyes is not clear 
because the curve for the O.1.55 does not follow a given 
isotherm from the poles to the tropics. Ekman’? was 
dealing with a submergence by populations of the same 
species in his discussion of tropical submergence. In our 
data which are at present being prepared on the benthie 
isopods of the Peru-Chile Trench, more than fifty different 
species are involved in 80-90 per cent of the tabulations 
and therefore the submergence by individual species that 
Ekman describes as tropical submergence cannot explain 
the submergence of the O.J.s5. This latter figure applies 
to the isopod population as a whole at a given depth 
and latitude. 

The abrupt drop in percentage of species which bear 
eyes in polar regions could result simply from the high 
proportion of typically abyssal genera which occur in the 
shallow water (100-500 m) of polar latitudes (Fig. 3). 
The data show that blind abyssal genera are found in 
shallow water in the polar regions, but only in deeper | 
water at lower latitudes. This phenomenon we call polar 
emergence of abyssal genera. 

There have been many attempts to define the upper 
and lower bathymetric limits of the abyssal zone" in the 
oceans. Most definitions are based on arbitrary depths of 
convenience for tabulation rather than on biological 
criteria. It should be noted (Table 1) that the O.I., (all 
species blind) occurs between 4,000 and 6,000 m at all 
latitudes. The upper depth limit of 4,000 m coincides 
closely with Vinogradova’s'® average upper limit of the 
abyssal zone at 3,600 m. Between 2,000 and 4,000 m, 
2-3 per cent of the isopod species have eyes at the poles, 
whereas at intermediate latitudes the eye-bearing per- 
centage is 0-1 (Table 1). Thus the eye-bearing species 
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obviously show a greater depth penetration at the poles 
than at intermediate latitudes. This phenomenon occurs 
in parallel with the polar emergence of typical abyssal 
genera. These phenomena coincide with water tem- 
peratures which are not more than 3° C above zero and 
show no relationship to light penetration. 

An equatorial submergence of species which bear eyes 
has been well documented in large collections of marine 
Isopoda. Conclusive correlations between this phenomenon 
and visible light penetration into the sea are not, however. 
apparent because many eye-bearing species occur far below 
the limits of visible light. The direct effects of tem- 
perature are even less clear. 

_ This research was supported by a US Antarctic Research 
Program, National Science Foundation, grant. 
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_Co-ordinated Neuromuscular Activity in 
Insect Spiracles at Sub-zero 
Temperatures 


. Draravsine pupae of some saturniid moths overwinter in 
an environment in which temperatures may drop to — 30° 
“= Ci Tn such conditions of cold and low humidity there are 
opportunities for pupae to desiceate; however, this does 
not happen. The primary sites of pupal water loss are 
< seven. pairs of functional spiracles. We have examined the 
-functional behaviour of these spiracles at sub-zero 
«temperatures. Apart from the interest this might have 
for students of insect physiology, it seemed of general 
interest to observe the effects of sub-zero temperatures 
‘on co-ordinated neuromuscular activity, and on the 
“sensitivity of the spiracular control system to carbon 
dioxide and oxygen. The experiments also examine the 
question of pupal water loss at low temperatures. 
-The opening of each spiracle is regulated by a spiracular 
valve, moved by a single closer muscle which is opposed 
by an “elastic” ligament. The muscle is innervated by a 
“nerve from the central nervous system’. Gas exchange 

“aeross the spiracles has been shown to be discontinuous 
from. + 25° to 0° C. (A. P. Brockway and H. A. Schneider- 
“man, in preparation). 

Discontinuous respiration is characterized by a series 
_of cyclical events which are causally connected’. Meta- 
bolie carbon dioxide is stored in the pupa, and released 
periodically in bursts. A burst is irfitiated when intra- 
‘tracheal pCO, reaches a triggering threshold. During a 
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burst the spiracular valves open widely, and the intra- 
tracheal barometric pressure remains at atmospheric. 
Following a burst the spiracular valves constrict, and 
intratracheal barometric pressure falls as the tracheal 
oxygen is removed by the tissttes. Intratracheal pCO, 
begins to rise and pO, falls steadily. When the pO, 
falls to a certain level the valves begin to open and 
close continually or “flutter”. Intratracheal pressure 
rises and falls in “microcycles’” throughout the flutter 
period. The flutter period is terminated when the intra- 
tracheal pCO, again reaches the triggering threshold and 
the valves open widely. 

Prolonged valve opening is a response of the spiracular 
closer muscle to high carbon dioxide concentrations 
or to anoxia; this response persists after the closer 
muscle has been denervated’. Fluttering of the valves, 
on the other hand, ceases after muscle denervation’ ‘, 
and is controlled by the pO, in the tracheae supplying the 
segmental ganglia‘. Thus flutter indicates the continuing 
response of the central nervous system to oxygen. 

Discontinuous respiration has been suggested as a 
mechanism which enables these pupae to conserve water®*. 
Indeed, it has been shown that at 25° C the spiracular 
valves are open no more than 5 to 8 per cent of the 
entire respiratory cycle’, and at lower temperatures 
they must open still less. This enables the pupae to 
conserve water. 

How do the spiracles behave at the sub-zero tempera- 
tures experienced by the pupae? Does the co-ordinated 
neuromuscular activity, necessary for discontinuous 
respiration, persist ? If discontinuous respiration does 
not continue, are there other adaptations which limit 
pupal water loss ? 

To answer these questions, a diapausing Hyalophora 
cecropia pupa was placed in a constant temperature 
chamber which could be adjusted to temperatures 
between + 20° and — 20°C + 0-5°. Intratracheal pressure 
and movements of one spiracular valve were recorded 
simultaneously at five degree intervals. Pupal water loss 
was determined at — 2° and ~ 16° C. 

The pupa was connected to a pressure transducer 
with a polyethylene cannula, and intratracheal pressure 
changes were recorded automatically?’ The pupal 
tracheal system could be opened to atmospheric pressure 
by remote control, using a system of solenoid control 
valves. 

To record spiracular movements, we employed a method 
described recently’. The cuticular covering of the fourth 
right abdominal spiracle was removed to expose the 
spiracular valve. The exposed valve was then covered 
with a transparent plastic window to prevent the valve 
from drying out. Movements of the valve were observed 
through an ocular micrometer and recorded. Gas exchange 
through the spiracle was blocked permanently by the 
window. Gas exchange, however, occurred through the 
corresponding spiracle on the left side; the behaviour of 
such paired spiracles has been shown to be co-ordinated’. 

In the experimental conditions pupae were cooled 
slowly (< 0-5°/min). Between — 5° and — 10° C the pupae 
froze, and when cut with a knife they appeared to be 
solid throughout. 

At —5° C cyclical pressure changes, microcycles, and 
intratracheal vacuums, characteristic of discontinuous 
respiration, persisted throughout 286 h of continuous 
recording. The frequency of valve movements decreased 
from 32/min at +20° to l/min at 0°C; similar results 
have been reported for Cecropia and for several other 
insects (refs. 9-11, and Brockway and Schneiderman, in 
preparation). , At —5°C movements occurred from one 
every 2 min to one an hour; however, there were intervals 
of several hours during which no movements were observed. 
Most valve movements occurred slowly at — 5° C, but none- 
theless the changed position of the spiracular valve could be 
recorded easily. At some ambient temperature between 
—5° and —10° C discontinuous respiratidh ceased; the 
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valves closed and they remained closed thereafter when 
the temperature was decreased to -15° and —20° C. 
The valves were not hermetically sealed, however, 
because intratracheal pressure, remained atmospheric 
throughout 270 h of centinuous recording at —15° and 
~ 20° C. Other data show that oxygen uptake by frozen 
Cecropia pupae continues even at sub-zero temperatures 

{<01 mm‘/g-! h! at approximately —12° C). Had 
the valves been hermetically sealed the intratracheal 
pressure records would have indicated steadily decreasing 
intratracheal pressure as a result of the removal of tracheal 
oxygen by metabolizing tissues. 

The results up to this point show that at —5° C: 
(1) spiracular valves move; (2) the cyclical nature of the 
spiracular movements indicates that the responses to 
oxygen and carbon dioxide porsist; (3) the occurrence 
of flutter and the responses to oxygen indicate that 
neuromuscular co-ordination persists. 

Additional evidence that the spiracular apparatus 
continues to respond to intratracheal gas changes at 
~5° C comes from experiments in which the tracheal 
system was perfused with oxygen and carbon dioxide in 
various concentrations by a method previously described’. 
At +25° C, perfusion with 7 per cent carbon dioxide in 
air causes the spiracles to open; porfusion with 3 per 
cent oxygen in nitrogen causes them to open as a result 
of anoxia; 8 per cent oxygen plus nitrogen causes them 
to close. Perfusing the tracheal system of a pupa at — 5° C 
with a mixture of 20 per cent carbon dioxide in air or 
with 0-5 per cent oxygen in nitrogen caused the spiracular 
valves to open; the valves could then be closed by per- 
fusing the tracheal system with air. At — 10° C the valves 
failed to open in response to intratracheal perfusions of 
up to 50 per cent carbon dioxide. Moreover, if the valves 
were open at —10° C then they could not be made to 
close by perfusions of up to 100 per cent oxygen. This 
is shown by the results of the following experiment. The 
ambient temperature was lowered from —5° to —10° € 
while the valves were in an open position. After the pupa 
had equilibrated at —10° C for 12 h air was perfused 
intratracheally. The valves remained open and did not 
constrict even when 100 per cent oxygen was perfused 
through the tracheal system. Seven hours after the am- 
bient temperature was increased again to — 5° C, however, 
valves did constrict in response to an air perfusion. 

Further evidence that at temperatures below —5° C 
the spiracular apparatus does not respond to carbon 
dioxide comes from studies of pupal water loss at — 2° and 
~16° C. At the end of one week in air, at about 0 per 
cent relative humidity at — 2° and — 16° C, two groups 
of pupae lost an average of 1-29 + 0:56 (S.D.) and 0-65 
+ 0-29 per cent of their original weights, respectively. 
The pupae, which had been kept at — 16° C, were warmed 
to room temperature, exposed to a mixture of 20 per cent 
carbon dioxide in air to open all spiracular valves, and 
then, with the valves still partly open, were chilled again 
at — 16° C for 1 week with the spiracles open. The average 
weight loss of the pupae with partly open spiracles at — 16° 
C was 1:44 + 0-65 per cent. This weight loss was more 
than twice the average weight loss in air at — 16° C when 
the spiracles were constricted. A second group of pupae, 
which in air at — 16° C had lost an average of 0-40 + 0-20 
per cent of their original wtights, was exposed to a 
mixture of 20 per cent carbon dioxide in air at — 16° C. 
After 1 week the average weight loss was 0-22 + 0-13 
per cent of the average weights before the exposure to 
20 per cent carbon dioxide. Apparently at — 16° C the 
spiracles did not respond to carbon dioxide. 

These experiments show that down to at least —5° C 
(but not at — 10° C) diapausing Cecropia pupae continue 
to respire discontinuously (thus conserving water), 
and their spiracular muscles and some nerves remain 
functional. The spiracular muscle continues to respond 
to carbon dioxide, the central nervous system continues 
to respond to exygen, and at least paired spiracles remain 
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co-ordinated. At some temperature between —5° and 
~-10° C pupae freeze in our experimental conditions. 
Determinations of pupal water loss at — 16° C indicate 
that normally spiracular valves freeze in a constricted 
position but intratracheal pressure records show that 
valves are not hermetically sealed. At temperatures 
below — 5° C gas exchange must occur by simple diffusion 
past constricted valves; thus water loss is kept low. The 
spiracles continue to serve the insect even at very low 
temperatures at which there is no nervous or muscular 
control of spiracular function because conditions in 
nature normally ensure that the spiracular valves freeze 
in the constricted position. 

We thank Dr R. K. Josephson, Dr K. Madhavan, Dr 
N. G. Patel and Dr F. Sehnal for helpful comments. 
This research was supported by a research grant from the 
US Public Health Service. 
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Possibility of Investigating Movement 
in a Group of Ants by the 
Mössbauer Effect 


Tue probability of recoil-free resonance absorption of 
gamma-quanta depends on the relative velocities of source 
and absorber!:?, The velocity distribution of moving 
absorbers can be deduced from the form of the resonance 
line. In principle this is possible when the velocities are 
within the range of the Mössbauer spectrometer. In prac- 
tice they should have a resonance width elose to that of 
stationary absorbers because otherwise their line can 
become so broad as to cause considerable difficulty? 

We have used the Mössbauer effect to investigate move- 
ment in a group of ants. These are large enough to carry 
measurable amounts of a resonance absorbing sub- 
stance, and small enough so that a considerable number 
of them can be placed between the source of radiation and 
the detector; this is necessary for statistical reliability. 

We used a Mössbauer spectrometer with a source of 
radiation of constant velocity. The velocity was adjusted 
smoothly from 0 to 40 mm/sec by means of a 10-rotation 
helical potentiometer. The counts for positive and nega- 
tive velocities are collected in separate counters for every 
cycle of movement of the source. Stannic oxide was used 
as a resonance absorber. We summed the counts from 
those velocities which were equal in absolute value and 
differed only in their sign. The effect observed at room 
Neo ay Ny 


temperature can be expressed as e, = — g Where 
w 


N, is the number of counts at zero velocity, and Næ is 
the number of couhts far from resonance and which goes 
up 20 per cent to 30 per cent, depending on the radio- 






been blown through the cuvette. 
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Fig. 1. 


Photograph of ant “marked” with stannic oxide. 


active purity of the source. The relatively small tempera- 
ture dependence of e, (refs. 4 and 5) is a particularly 
valuable property of stannic oxide. Its chemical inertness, 
its stability in air, and the fact that it takes in no moisture 
and does not decompose, are also very important. The 
gamma-quanta, with 23-8 keV energy, were detected 
with a thallium doped crystal of sodium iodide 1 mm 
thick, in front of which was placed a palladium filter to 


eliminate X-rays. 


cco We used Formica pratensis, De Geer, an ant which is 
< widespread in Bulgaria. Worker ants, which we used, 
-can reach 9 to 11 mm in length. They move quickly and 
are aggressive; when in danger they stand up and bend 
‘their abdomen, from which they eject formic acid. 

The respiratory system, as in all insects, consists of 
“traeheae, which open on to the lower part of the abdomen 
¿o and also partly onto the thorax. The stigmae can open 
- and close, or be permanently open’, depending on the 
proportion of oxygen and carbon dioxide in the air. The 
abdomen makes “telescopic” movements, during which 
the individual segments merge into one another. The 
= abdomen can also expand slightly, inflate and shrink. 
_ Ants are never completely still. The body, and in particu- 

“lar the abdomen, vibrates irrespective of respiratory 
: movements. Metabolism and the demand for oxygen 
-imerease when the temperature deviates from the opti- 

mum‘. 

The upper part of the abdomen of each ant was pasted 
with “B® 2” glue (made in USSR), and finely ground 
stannic oxide was immediately sprayed onto the glue. 
The marked ants (Fig. 1) were placed in an insectarium 

-- with mesh walls which ensured aeration without which 
ants would die in a few minutes because the atmosphere 
‘was saturated with glue vapour. 

Fifty ants were placed in several aluminium cuvettes 
swith mesh bases, stacked on top of each other with 2-3 
ants/em?. When placed in the cuvette the ants spray 
‘formic acid and the scent only disappeared after air had 
The cuvettes were 
placed in. a double-walled metal vessel, with water at a 

_ pre-determined temperature between the walls. A stream 
of air, which was previously moistened (100 per cent by 
"passing it. through water at the temperature of the thermo- 

stat), was passed through the cylinder formed by the 


- euvettes. The air input was measured by an anemo- 
` mèter. To kill the ants, to measure the “natural width” 


o£ the absorber, the water was replaced by ether. The 
ants stopped moving in 1 to 2 min. 
-= Fn our experiments so far we have only studied the 
influence of temperature and, partly, of the air input, on 


the shape of the resonance line. Changes in temperature 


= affect the band width considerably (Fig. 2). For a better 
comparison of the spectra on the abscissa of the graph in 
| Fig. 2 the value of es/e has been included, where ev is 


. the effect at velocity v. Fig. 3 shows the dependence of 


the semi-width resonance line on the temperature band 
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for two series of tests. In both cases ants were taken from 
the same nest, but on different dates. The dot placed 
above zero temperature refers to dead ants, and in this 
ease is equal to “frozen”. Attention should be drawn to 
the fact that for the broadening df the resonance absorp- 
tion line only that component of the speed of the separate 
“absorbers” in the direction of the beam of gamma- 
photons is important. 

With increasing temperature the dots characteristically 
begin to fluctuate outside the limits of the most probable 
deviation and the instruments do not seem to work in a 
stable manner. The greater the temperature the stronger 
is the effect (Fig. 2). After the death of the ants the 
instruments become “stable” at once. We believe that 
this is caused by ants which crawl at the higher tempera- 
ture, and change the geometry of the experiment. Fluctua- 
tions cease when the value is taken from several counts 
for each velocity, alternated with measurements at zero 
velocity; the effect is determined by the difference of the 
count rates summed for each group of measurements. 
This is how the resonance line shown on Fig. 4 was 
obtained. Obviously the best method for further measure- 
ments would be to work with a source the velocity of 
which changed triangularly with time with the spectrum 
displayed on a multi-channel analyser''*. 

Resonance curves for ants at the same temperature, 
but with a constant inflow of air (em*/min) as well as with 
no inflow of air, are given on Fig. 5. In the second case 
there is a slight expansion, probably caused by the in- 


ł 
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Fig. 2. Curves of resonance absorption of ants at various tempera- 
tures. The “0” curve refers to dead ants after the completion of 
measurements. 270 ants were killed. 
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Fig. 3. Dependence of the semi-width of absorption line for ants at 
various temperatures. The dots at 0° C correspond to dead ants, The 
two sets of measurements were made on: upper curve, May 9, 1966, 
270 ants; lower curve, June 24, 1966, 450 ants. 
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Fig, 4. Curves for resonance abserption, Ten measurements of 20 sec 

at each speed, alternating with the same number of measurements at 

zero velocity, were made. The lower curve refers to ants at +25°C, 

and for comparison the upper curve shows the resonance absorption for 
the same ants when dead. 450 ants were used. 
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Fig. 5, Curves for resonance absorption of ants at +5°5°C. Upper 
curve in an air stream of 600 cm*/sec, and lower curve with noair stream. 


crease in periodicity cycles of the breathing movements. 
When measurement is continuous, for example, for more 
than one or two days, and in particular at high tempera- 
tures (over 25° C), the ants begin to die, making a “back- 
ground” or “sediment” of immobile filters. 

Broadening of resonance should be regarded as a con- 
sequence of breathing movements and flickering of the 
abdomen. Ants move very quickly, up to 3-5 cm/sec, 
and the result is out of the scope of our measurement. 
The resonance absorption of these velocities is too weak 
and very good statistics are necessary to outline the 
resonance line. 

We think that these first results show that the Méss- 
bauer effect can be used to measure changes in the 
reactions of organisms under the influence of various 
factBrs. The laws governing the movement of individual 
insects can be tested by other methods, for example, still 
and cine photography, but the Méssbauer effect makes it 
possible to examine changes in the average quadratic 
speed of a large number of insects. Many measurements 
can be made in a short time, and the behaviour of organ- 
isms from various taxa can be compared. 
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CYTOLOGY 


Changes in Membrane Impedance 
associated with a Cortical Contraction 
in the Egg of Xenopus laevis 


ATTENTION has recently been drawn to the concept of 
the cell membrane as a transducer of external stimuli, 
mediating between environmental effectors and cyto- 
plasmic responses by altering the surface potential (refs. 
1 and 2, and our own results which are in preparation), 
Alteration of the potential profile through the membrane, 





Fig. 1. Changes in electrical potential and cell membrane impedance 
in a two cell embryo preceding contraction in response to local applica- 
tion of ribonuclease to the animal pole, in the presence of divalent cations, 
Voltage pulses for current determination appear on the uppermost 
trace; those for resistance measurements appear as downward displace- 
ments of the middle trace while the lowest trace (not shown in C) is a 
constant reference potential. Time runs from left to right in each insert. 


Speed: normal, 0-5 cm/sec, A, 1 mV calibration on the current trace 
and 16 mV calibration in 1 mV inerements on the resistance trace prior 
to penetration of the egg. B, After penetration of both electrodes, the 
resistance pulse was seen to be larger. Immediately before the addition 
of RNase, membrane impedance was calculated to be 420 kO and the 
measured potential (—}20mV. On adding RNase both fell steeply. The 
potential became positive ( +12 mV) and the impedance was reduced to a 
ew k@, Contraction occurred. O, Spontaneous recovery after a further 
10 min partially restgred potential and impedance to (—) 8 mV and 
120 kQ, respectively.” The contraction was subsequently seen to have 
relaxed. Note: current amplifier gain was altered between A and B. 
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resulting from a change ın electrostatic surface potential 
caused by changes ın external ionic strength, adsorption 
of polyions or the close approach of cell surfaces, could 
lead to cytoplasmic reactions! Changes ın membrane 


field might affect the conformation of membrane macro- 
molecules, leadmg to the presentation of new groups at 
Alternatively, changes m 


the cytoplasmic interface 
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permeability of the membrane might follow conforma- 
tional changes, or else might occur in their absence Any 
of these mechanisms could provide the cytoplasm with 
information about the external environment on which rb 
might act accordingly The posmbility of co-operative 
phenomena in membranes, envisaged by Changeux and 
his colleagues**, 1s of great imterest in this respect, 


Fig 2 Electrical potential and impedance changes tn a four cell embryo without contractile response, caused by the action of local application of 
ribonuclease to the cell surface, in medium free of divalent cations Voltage pulses for current measurement are recorded on the uppermost trace, 


while the lowest trace 1s a constant reference potential 
A, Fast pulse taken with both electrodes outside the cell 


were recorded Membrane impedance was calculated to be 430 k2 C, A fast pulse showed capacitative rise and fall 


Time runs from left to right in each ipsert Speed normal, 0 5 cm/sec, fast 5 cm/sec 
B, On penetration with both electrodes, a negative potential and increased resistance 


D,10 mV calibration in 


1 mV steps 2, A few minutes later the p-tential had mcreased Local addition of 1 0 per cent RNase at the ammal pole of the egg resulted 
in a fall of the potential to zero and the impedance was reduced toafewk2 No contraction occurred. FP, A fast pulse tahen immediately after 


E was seen to have (ost its capacitative shape almost completely (compare C) 
The former rose to its original value and the latter recovered to 360 kQ 


over a period of about 6 5 min 


the potential and impedance down to (—) 9 Ry and 59 h2 respectively 


Q to K, Spontaneous recovery of both potential and 'mpedance 
L À second application of RNase sent 


No contraction took place M, Spontaneous recovery after 6 min 


Potential, (—) 18 mV, impedance, 270k2 N, After electrode withdrawal the pulse was reduced and the zero had shifted about [0 mV ina 
positive direction 
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especially because the stimulus for co-operative change 
might be a change in membrane electrostatic field’ 

A new system for experimental investigation of these 
concepts involves a cortical contractile response by the 
eggs and early cleavage stages of Xenopus laevis to surface- 
adsorbed polyions and iome detergents (results ın pre- 
paration) When 0 l per cent solutions of poly-L-lysine of 
molecular weight 2,600, 50,000 or 250,000, or ribonuclease, 
both of which are polycationic for a wide pH range, 
were applied locally by means of a fine pipette near the 
suiface membrane of fertilized eggs or early cleavage 
stages, from which the Jelly and vitellme membrane had 
been removed, a localized non-propagated contraction 
occurred after a delay of 1-2 min in normal Stemberg’s 
medium The same phenomenon followed similar applica- 
tion of the cationic detergent hexadecyl trimethyl- 
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ammonium bromide at 05 mmolar and also the amoni 
detergent sodium dodecyl sulphate at 10 mmolar Nor 
ionic detergents ‘Triton X-100’ and ‘Pluronie F68’ wer 
ineffective even at 1 per cent Electron microscopy < 
regions which had been thus treated shows that the su 
face membrane 1s thrown mto extensive folds as a resu 
of contraction of the subjacent cortex, which 1s chara 
terized in the animal pole by local accumulation of pi 
ment granules There ıs no evidence that the membrar 
undergoes active contraction 

Reversible relaxation of the contraction induced b 
poly-t-lysine was obtained, with a few minutes’ delay, b 
bathing contracted eggs in 01 per cent sodn m poly- 
glutamate (molecular weight 68,C00) or sodium hepar 
at around neutral pH Replacement by normal Sten 
berg’s medium even after 30 min resulted in local r 


Fig 3 Changes in electrical potential and membrane impedance associated with the action of polylysine on a two cell stage embrvo, first m 
the absence of divalent catiwns and then after their addition The upper trace records potential and the periodic upward displacements give 
resistance data The lower trace records current pulses Time runs from left torightineachinsert Speed normal 0 5 cm/sec, fast, 5 cm/sec 

A, Square pulse before penetration of recording electrode B, Penetration of recording electrode A negative potential of (—) 22 mV was 
recorded C and D, Potential trace was shifted 0 accommodate impedance pulses 2 Cupacitative fast pulse membrane impedance was 
calculated to be 320k2 Fand G Potential trace shifted again during flushing out of the electrode bath with divalent cation-free Stemberg’s 
medium The measured potential fell6mV H, After washing for 6 min the m>mbrane impedance had fallen to 210 KR though the pulse was 
stillcaprcitative 0 1 per cont pols lysine was added locally to a region of the anim i) pole between the first and sscond pulse of thisinsert The 
potential underwent a temporary change of (+) 10 mV, but the impedance fell and continued falling toafewk92 There was no sign of contraction 
intheegg T, A fast pulse showed negligible capacitance and httie impedance J, Three mun after the addition of polylvsine the electrode bath 
was replenished with ordinarv Steinberg’s medium Drop-wise addition produced * spikes” on the cord K, Without further change in electrical 
characteristics of the membrane (compare I) contraction praia gittun ty min of adding Ste:mberg’s medium L, 10 mV calibration. 

e alm wbration 
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Stimulating Recording 
electrode electrode 
seese Bath 
Neat Egg 
Electrode set-up. 
pulse 
to cathode 


follower ~e~- 






Voltage 


Stimulator amplifier 


Equivalent, circuit 


Fig 4 The upper diagram shows the electrode arrangement used in 
expermments on Xenopus laevis eggs and the lower diagram gives an out- 
hue of the crrcuit Re, ts the resistance of the stimulating electrode, 
Re, the resistance of the recording electrode and Re that of the indifferent 


electrode Rm 1s the resistance of the cell membrane and Cm its capaci- 

tance R, 18 the output resistance of the stimulutor, 10° 2 R,18 a 

resistance of 10° Q across which currentis measured Characteristic pulse 

profiles before and after the corrent paises through the cell membrane 
are indicate 


contraction of the fully relaxed region, suggesting that the 
polycation was not eluted from the cell surface by the 
polyanion Exposure to 0 5-20 molar sodium chloride 
caused relaxation, probubly without removal of bound 
polycation 

Using a recording technique which employs two intra- 
cellular glass mucroelectrodes® filled with 3 molar potas- 
stum chloride (Fig 4). untreated two or four cell stages 
were found to have impedances (Rm) in the range 250 to 
450 kQ Ifthe surface is taken to be 0 04 cm?, an Rm of 
350 kQ would give a unit area resistance of 14 kQ cm? 
Recorded potentials which were not corrected for changes 
in microelectrode tip potential inside the cell were usually 
between — 20 and —30 mV ın normal Stemberg’s solution 
Potential and impedance vary during early cleavages 
(unpublished results of Palmer) and for this reason care 
was taken to avoid measurements on dividing cells 
Following local applications of mbonuclease near the cell 
surface, the potential which was measured fell and some- 
times reversed to positive values, while the membrane 
unpedance invariably fell to below 50 kQ within a few 
seconds Visible contraction followed in a minute or two 
Poly-z-lysine also reduced the mpedance, but the poten- 
tial underwent a temporary change followed by a return 
tonormal Rapid recovery of mpedance and potential did 
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not occur after poly-u-lysine treatment alone, but spon- 
taneous recovery accompanied by relaxation followed 
about 8 mm after ribonuclease treatment (Fig 1) The 
addition of 01 per cent poly-z-glutamate caused slow 
relaxation of a region which was previously contracted by 
poly-t-lysime during the course of several minutes, and 
this was preceded by restoration of membiane impedance 
but with httle change m the potential The polyanion 
alone had almost no effect on the umpedance or potential 
of untreated cells. 

In the absence of external divalent cations with or 
without 3 mmolar di-sodium ethylene diaminetetraacetate 
(EDTA), neither mbonuclease nor poly-t-lysine induced 
contraction, although the membrane umpedance fell as 
before and the potential changed characteristically (Fig 2) 
Addition of normal Stemberg’s medium contammng 0 34 
mmolar Ca++ and 0 83 mmolar Mgt+ was attended, how- 
ever, by a rapid contraction at the site of polyion applica- 
tion without further change in membrane impedance or 
potential (Fig 3) 

The events leading to contraction seem to fall into a 
sequence (l) a change ın the membrane in 1esponse to 
adsorbed charged molecules, (2) 10n movements in 
response to changed membrane properties, and (3) cyto- 
plasmic contraction, the mechanism of which 18 not 
considered ın any detail here. From the work of Nevo, 
de Vries and Katchalsky? there 1s good evidence that 
poly-t-lysine binds to the outer surface of the 1ed cell 
without penetrating the membrane Electron microscopic 
examination of eggs which were treated with poly-L- 
lysme reveals a thick dense layer, 200-300 A on the 
surface, which 1s not present in untreated eggs This 
layer probably represents poly-L-lysme adsorbed to the 
surface coat Jonie detergents could adsorb at the hpid— 
water interface withm the membrane Adsorption of 
charged molecules which alter the surface potential 1s there- 
fore believed to be the first step m the sequence A fall 
ın membrane impedance followed immediately, indicating 
increased membrane permeability, though to which 1ons 
is uncertain The direction of the accompanying potential 
change after ribonuclease treatment suggests mcreased 
sodium permeability No cortical contraction follows 
unless divalent cations are present ın the external medium 
Passage of these tons into the cytoplasm may be directly 
responsible for activating a contractile apparatus in the 
cortex, but this has not yet been directly demonstrated 
An alternative explanation may be that divalent cations 
are released from combining sites on the mner surface of 
the membrane in response to changes in the membrane 
as a result of the adsorption of charged molecules in the 
presence of external divalent cations 

The membrane changes preceding relaxation could be 
initiated by restoration of the surface potential Salt 
would act thus, by reducing the positive surface potential 
caused by adsorbed polycation towards zero by virtue of 
mereased ionic strength Relaxation in Stemberg’s 
medium, which contains 006 molar sodium chloride, 
followmg contraction which was induced by ribonuclease, 
1s probably caused by salt elution of the protein whith 1s 
less strongly electrostatically bound than poly-x-lysine 
The relaxation induced by polyanions can be interpreted 
as a result of their reversible bondmg to surface-bound 
polycations, thus reducing the net positive charge and 
potential near the cell surface Sequestering of divalent 
cations in solution by polyanions could play some part 
in the process, though divalent cation removal per se 
would increase membrane permeability and cannot explain 
the increased membrane impedance which precedes 
relaxation 

In conclusion, the observations which have been made 
may be tentatively mterpreted as follows An increased 
negative or positive surface potential triggers a change 
ın the state of the membrane which 18 characterized by a 
fall in impedance which 1s reversed on restoration of the 
surface potential towards a smaller absolute value The 
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cytoplasmic contraction which ıs dependent on divalent 
cations and which follows reduction of membrane impe- 
dance could reflect an influx of divalent cations 

It 1s tempting to speculate on the apparently analogous 
events in muscle where-release of calcium fiom the sarco- 
plasmic reticulum m response to membrane depolariza- 
tion” 1s believed to initiate myofibrillar contraction Both 
systems could mvolve movements of divalent cations 
through a membrane the state of permeability of which is a 
function of its electric field Cellular motile responses of 
Amoeba proteus to polyions and salts have been examined 
with the microelectrode technique and the results, which 
also suggest that changes ın potential of the surface 
membrane can control cytoplasmic events, will be re- 
ported in detail elsewhere (results in preparation) 
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MICROBIOLOGY 


Skin Heterogenizing Virus 


We have reported previously!-* that some murine trans- 
plantable tumours contain an agent capable of inducing a 
strong transplantation antigen in the skin of mice with 
tumours The skin was regularly rejected both ın syn- 
generc grafting and in autotransplantation We call this 
phenomenon heterogemization or allogenization of skin 
under the effect of tumour!-* Skin grafts taken from mice 
which had rejected skin grafts obtamed from the tumour- 
bearing donors were also rejected in syngeneic transplanta- 
tion We also demonstrated the transfer of skin hetero- 
genization by means of skin grafting in eight successive 
passages 

Heterogenization of the sk has now been obtained 
by imjecting tumour homogenate Our experimental 
data show that the skin heterogenizmg agent 1s a new 
virug, possibly the first representative of a new oligo- 
cystronal group of viruses 

In our experiments, sarcoma K-237 of C57BL/6 Jas 
mice was used The tumour strain and the experimental 
technique were partially descrabed before! 

For homogenates, the tumour pieces were cleaned 
from the necrotic areas and ground with glass for 30 mm 
at 4° C The homogenous mass was then diluted to 
10 per cent with Hanks solution (pH 72) The basic 
material used throughout the experiments was the super- 
natant flud obtained after 10 per cent homogenate had 
been centrifuged for 30 min at 1,500 (later called super- 
natant 1) For differential centrifugation the following 
speeds were used stage 1, 3,000g or 10,0009; stage 2, 
80,000g or 130,000g The sediments were resuspended 
with the initial volume of Hanks solution, the super- 
natants were ysed for further centrifugation 
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To study the thermostability, supernatant 1 was 
heated for 30 min at different temperatures in a water 
bath or kept at — 20° C or — 70° C for 24h 

Ether sensitivity was determined by adding an equal 
part of diethyl ether and incubating at 4° C overnight 
The ether was then removed, and the remainder was 
evaporated in a Petri dish at room temperature 

The ten-fold dilutions, using Hanks solution, were used 
for agent dose titration The presence of skin hetero- 
genizing agent ın different materials was tested as follows 
Donor mice, adult C57BL/6 Jas females, recerved the 
materials m 05 ml volumes, both subcutaneously and 
intraperitoneally, in a total volume of 1 ml to each mouse 
The skin of these mice was checked by syngeneic grafting, 
carried out 3 weeks after moculation 

The presence of the virus in the sera and lymphoid 
organs of the tumour-bearing mice was also investigated 
For this purpose, donor mice were injected with 0 15 ml 
of pooled serum both mtraperitoneally and intravenously. 
The same injection route was used for a mixture of spleen 
and lymph nodes cells, the total amount being 250 x 10° 
cells/mouse The control materials were injected in the 
same way ‘The establishment of heterogenization was 
tested 

It can be seen from Table 1 that the skin heterogenizing 
agent 1s present both ın tumour homogenates and ım 
lymphoid cells of tumour-bearing mice, but not m the 
pooled serum where it 1s possibly neutralized by anti- 
bodies The agent ıs etheroresistant, imactivated at 
60° C and only partially sedimented at 130,000g Further- 
more, only partial sedimentation was obtaimed even 
after centrifugation at 226,000g for 6 h The properties 
of the agent indicate that 1t resembles a very small virus 
which 1s resistant to ether The virus dose in tumour 
supernatant 1 was higher than 10! particles/ml of the 
heterogenization producing mature virus (not indicated 
in Table 1) 


Table 1 PROPERTIES OF THE SKIN HETEROGENIZING VIRUS 


Rejection of syngeneic skin 
C57BL/8J donors inoculated with grafts in normal reciprents 
Pieces of the tumours, K-237, used for prepar- 
ation of homogenates 
Serum pool from tumour-bearing mice 
Mixture of lymphoid organ cells from tumour- 
bearing mice 8/8 
Supernatant 1 


24/24* 
0/4 


Supernatant 1 heated for 80 min at 45° C 13/16 
Supernatant 1 heated for 30 min at 60° C 1/11 
Supernatant 1 frozen for 24 h at —20° © 8/8 
Supernatant 1 frozen for 24 h at —70° © 8/8 
Supernatant 1 treated with ether 8/8 
Supernatant after centrifugation of supernatant 

1 for 30 min at 3,000% or 10,0009 26/29 
Sediment after centrifugation of supernatant 

1 for 30 min at 8,000g or 10,000g 0/4 
Supernatant after centmfugation of supernatant 

1 for 60 min at 130 000g 6/7 
Sediment after centrifugation of supernatant 1 for 

60 min at 130,000g 3/7 


* Numerator, number of mice with grafts rejected, denominator, total 
number of recipients 


The possibilty of specific virus neutralization was 
investigated in the followmg experiment The donors of 
ummune serum were C57BL/6 Jax female mice which 
rejected heterogenized skin A month after the average 
end-point of rejection, these mice were mjected with 1 ml 
of supernatant 1 once a week for 3 weeks 

Blood was taken from the orbital smus of donor mice 
1 week after the last mnjectton The poolcd serum, from 
six mice, was heated at 56° C for 1 h m a water bath; 
the sera of the control normal C57BL/6 Jax mice and 
BALB/c mice was prepared in the same way The sera were 
diluted 1 2,1 20,1 200and1 2,000 The supernatant 
served as a source of virus (infectious titre being higher 
than 10%) It was admixed with equal volumes of 
corresponding dilutions of tested sera and mcubated at 
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Fig. 2 


Fig. 3 





Fig. 1 


Fig. 1. Two kinds of viral particles ( x e. 212,960). 
Fig, 2, Type b particles ( xe. 555,550). 
Fig. 8. Type a particles ( x e. 555,550). 
Fig. 4. Type a particle (xe. 620,370). 
Fig. 5. Type a particle ( x e. 620,370). 


37° C for 1 h. Then the groups of C57BL/6 Jax mice were 
inoculated and the establishment of heterogenization 
was tested as usual. ` 

- The data in Table 2 show that the specific neutralization 
of skin heterogenizing virus occurred. The immune sera 
employed here must contain large amounts of neutralizing 
antibody because the virus dose was higher than 101. 


Table 2. NEUTRALIZATION OF THE SKIN HETEROGENIZING VIRUS 
Reciprocal to serum dilution 
. Donors of sera 2 20 200 2,000 
CS7BL/G Jax immune 0/8* 0/5 3/6 4/5 
CSTBL/6 Jar normal 4/6 4/4 4/4 = 
BALBRBje normal 6/6 6/6 6/8 —_ 


Hanks solution 8/8 os — as 


* As in Table 1, 


Passage of heterogenization from one mouse to another 
by-skin grafting showed that not only tumour cells but 
also the skin cells produced the mature virus. The per- 
sistence of “new” transplantation antigen, as well as the 
virus producing capacity of skin cells, was maintained in 
the infected mice for more than 4 months. The virus 

was also present in skin homogenates free of living cells. 
- The simultaneous induction of strong transplantation 
“antigen, and the production of virus irf large quantities, 
“indicates a quite original mechanism of interaction 
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between virus and cell in this experimental system. A 
quantitative study of virus behaviour is now in progress. 
The C57BL/6 Jax and BALB/e mice, which were inocu- 
lated by different routes with the supernatant 1 when they 
were born, had not produced any ‘noticeable pathological 
changes after 8 months of observation. 

A resuspended pellet from supernatant 1, after centrifu- 
gation at 80,000g for 1 h, was used for electron microscopy. 
The preparation was contrasted with 2-4 per cent phos- 
photungsten sodium solution pH 7-0. The electron 
microscope, JH M-7, was used at instrumental magnifi- 
cations of x 50,000, x 70,000 and x 100,000. 

Two kinds of complete, hollow (empty) virus-like 
particles were found in the preparations, and were desig- 
nated as type a and b particles (see Figs. 1-5). The 
particles exhibit cubic symmetry of the icosahedral type. 

The diameter of type a particles was 165 to 175 A, 
the thickness of the walls of the hollow particles being 
not more than 30 A. The diameter of the internal cavity 
of these particles was about 100-115 A and the volume 
was about 1,000,000 A’. The external diameter of 
type b particles was 75 to 85 A, the thickness of the walls 
of the hollow particles was about 20 A, the intemal 
cavity diameter was 35-45 A. and the volume was about 
60,000 Å? (Fig. 6). 





Fig. 6. Viral particles scheme. 


These results confirm our previous suggestion that 
skin heterogenization is produced by a virus'*. This 
virus seems to be etheroresistant and very small. It 
reproduces in the tumour and skin cells, and is present 
at least in the lymphatic organs of tumour-bearing 
animals. The only evident sign of infection is the induc- 
tion of new antigen in the skin, which makes it incom- 
patible in autologous and syngeneic grafting. 

In this respect it seems important that virus particles 
were found in sarcoma K-237 homogenate with the Help 
of electron microscopy. In view of the high magnification 
employed, these particles may be considered to be present 
in high concentrations (see Fig. 1). This fact correlates 
in an indirect way with tht high biological titre of the 
heterogenizing virus in the homogenate. 

Previously one of us*-* emphasized that “cell hetero- 
genization in respect of the whole organism” is a basic 
feature of interaction between cell and virus. There 
may be a whole world of viruses which cause the diseases 
based on the cell heterogenization phenomenon. Some 
of these diseases are referred to as autoimmune rheumatic 
fever, the nature of others, such as pemphigus and 
psoriasis, is not known very well. 

Possibly this skin heterogenizing virus is the first 
representative of a large group of viruses which are 
inductors of autoimmune diseases or syngeneic tissue 

e 
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compatibility conflicts. These viruses are preliminarily 
designated as rheumoviruses. 
G. J. Sver-MoLpavsky 
D. M. MEHEIDZE 
. A. L. LIOZNER 
Institute of Experimental and 
Clinical Oncology, 
Moscow. 
A. Pu. BYKOVSKY 
Gamaleya’s Memorial Institute, 
Moscow. 
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GENERAL 
Holographic Model of Temporal Recall 


How do we manage to recognize immediately, and to 
recall without effort, familiar words, sentences and other 
behavioural sequences? I suggest that we employ a 
system which is the temporal analogue of optical holo- 
graphy'-*. The analogy between holography and visual 
memory has already attracted attention in the literature, 
but this is not quite the thought that I shall pursue here; 
rather I shall consider the time dimension, because any 
perceptual event must certainly be associated with 
cerebral happenings which are extended not only in space 
but in time. If a system of this kind were indved used 
by the brain, not only would some familiar phenomena of 
“perception be naturally explained, but the cells or cell 
clusters responsible for laying down sensory information 
should have a certain property which might be accessible 
to experimental test. 

The system which I have in mind is most easily 
described with the aid of a concrete example. Imagine a 
bank of resonators, rather like the strings of a piano. 
Their resonant frequencies vz are supposed to be evenly 
distributed over a certain frequency band, with a spacing 
equal to u, and the bandwidth of each resonator will be 
assumed equal to the same constant p. Each resonator 
is supposed to be coupled to the input signal f(t) according 
to the equation 

dig + (Arp)ae + 4n?(u? + ve? )er = Agf(t) 

where zz denotes the displacement of the kth resonator, 
and A, is a coupling constant. Then it can be shown 
that the total response of the bank, conveniently defined 
as @ 


g(t) = 2 (te + 2nu2x,) 


will be proportional to f(t) provided (a) that the coupling 
coefficients A, are all equal} (b) that f(t) contains no 
frequencies lying outside the range of the bank and 
(c) that u is sufficiently small—that the resonators are 
sufficiently densely distributed over the frequency range. 

I now imagine that after the passage of a signal f(t), 
the coupling constant of each resonator is capable of being 
altered by an amount proportional to the work recently 
done on it by the signal, that is, 


0 
AAy = Af fit)ae(thetmmtdt 


where the quantity ìà is supposed to be the same for each 
resonator. Ifthe signal consisted of a pulse f,(t) followed 
e 
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immediately by another signal f,(¢), then it can be shown 
that if the coupling constants are subsequently adjusted 
as shown, a later input of the same pulse will immediately 
evoke a response g(t) proportional to f,(t). This phen- 
omenon is the mathematical analogue of the following 
holographic observation: a collimated laser beam is split 
into two parts; one is directly incident on a photographic 
plate, and the other falls on an object, the light from 
which is also incident on the plate. The plate is developed 
and replaced by its positive print, the hologram; the 
object is removed, and the hologram is illuminated with 
the first part of the same laser beam. An observer 
looking through the hologram then beholds the absent 
object in its original position. The mathematical analogy 
is not, however, quite complete, whereas the hologram 
records the square of the Fourier transform of the wave- 
front leaving the object, the bank of resonators records 
the square of the Laplace transform of f(t), because to 
record the Fourier transform would require a violation of 
causality. 

This result can be generalized in two stages. First, it 
can be shown that if a signal f(t) is arbitrarily partitioned 
into an earlier part f, and a later part f,, then after the 
bank has “memorized” the whole signal, the input of fı 
will evoke a more or less distinct ‘‘echo’’ of ga imme- 
diately afterwards. The distinctness of the echo will be 
greater the more closely the temporal autocorrelation 
function of f,(¢) approximates to a delta function at the 
origin. 

Second, the bank may be used for memorizing, at 
widely different times, a number of different signals 
f™, n=1, 2,3,... If these signals are so different that 
their mutual correlations can be neglected, then the later 
input of f,; will evoke a more or less distinct echo of 
g.” uncontaminated by any of the other signals that 
have also been recorded in the bark. 

If the bank is used, in this way, for recording a number 
of different signals, there will obviously be a limit to the 
length of any one signal that can be recorded. This limit 
is, in fact, the reciprocal of the frequency spacing p. But 
the bank can be made to regenerate signals of much 
greater length by connecting it to a regenerative feedback 
mechanism such that when the response g, appears the 
signal f, is fed back into the bank. Then, if the signals 
(fı then f,), (f2 then f;), and so on, have all been recorded, 
the input of f, will cause the bank to re-create the long 
sequence (g, then g, then g, then g; and so on). 

The resemblance of such behaviour to that of memory 
is sufficiently striking for one to wonder whether the 
brain may not employ systems of this general kind for 
recording temporal sequences such as those which are 
involved in speech and kinaesthetically controlled move- 
ment. If so, perhaps groups of cells could be detected 
which have the property of becoming more responsive to 
particular frequencies the more they are stimulated at 
those frequencies. Cells are already known which display 
an accurately sinusoidal metabolism, and have been 
tentatively identified as “biological clocks”! Could such 
cells be vitally involved in the processes of temporal 
recall ? 

I thank Dr A. Moscowitz, Dr L. Harmon and Dr B. 
Julesz for helpful criticism, and the Bell Telephone 
Laboratories for their hospitality in the course of this 
work, 

H. C. Lonever-Higers 
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BOOK REVIEWS 


SEALS 


Seals of the World 
By Gavin Maxwell, with John Stidworthy and David 


Wilhams (World Wildlife Series No 2) Pp xn+151+ 
16 plates (London Constable and Co, Ltd, 1967) 
45s net 


Sears have been much before the public in England 
during the past few years owing to the conflict between 
the interests of fishermen, to whom they are pests, and of 
others to whom they are endearing creatures An attempt 
to reduce the numbers of the grey seal on some parts of 
our coasts has led to much ill-informed protest, but 1t 1s 
surely better that public opimion, however misguided, 
should be anxious that our fauna be preserved than 
indifferent to 1ts destruction The publication of this 
book under the auspices of the World Wildhfe Fund 
which ıs to receive “‘pait of the proceeds” from its sale 
seems to be timed to take advantage of this feeling to 
whip up support for its propaganda 

Seals have for thousands of years been of the greatest 
economic importance to the people who live near the 
shores of the northern oceans of the world, they yield 
food, oil, furs, hides, rvory and other useful products 
So long as seals were cropped for subsistence by people 
on the peasant level of life, all was well, but when, around 
the begining of the nineteenth century, big busmess 
realized the wealth awaiting the gathermg, an era of 
almost incredible destruction started Although seals 
are aquatic mammals they have not, as have the whales, 
completely emancipated themselves from the land, or 
1ce-fields, to which they must resort to give birth to their 
young and nurse them through the first few weeks of hfe 
It ıs when they temporarily leave the sea and congregate 
m large herds that they are vulnerable to commerce 

Local exploitation of seals, mainly for their oil, was 
carried out on a small scale in different parts of the world 
as European exploration advanced, but the devastation 
came at the turn of the eighteenth century when fortunes 
were made fiom fur seals, especially in the southern 
hemisphere, and in a couple of decades the animals were 
practically exterminated Throughout the nineteenth 
century the 1emnants were spasmodically hunted down, 
until early in the twentieth century even occasional raids 
no longer paid expenses It has taken half a century 
for the populations to begin showing signs of recovery 
Events in the north Pacific took a similar course, but were 
halted at a 1ather earlier time The sea lions and fur 
seals of South America, the elephant seals of the sub- 
Antarctic, and the fur seals of the north Pacific are now 
cropped rationally—an easy thing to do with polygamous 
species that have an excess of males The ice-field breeding 
seals of the north Atlantic, such as the harp, bearded and 
other seals, are, however, still over-fished although some 
measures for their conservation have been taken The 
history of sealing 1s disgraceful, but at the eleventh hour 
before the final disappearance of the ammmals reason 1s 
beginning to prevail, and the prospects of preserving the 
world populations of these scientifically fascinating 
animals, and of taking a crop of useful products from 
them for the benefit of mankind, seem to be brighter 

Apart from their economic value seals are of the greatest 
interest to zoologists—their highly adapted anatomy, and 
the mnumerable pecularities of their physiology, have 
long attracted attention, and provide & host of problems 
for study by observation and experiment that will keep 
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enthusiasts at work for many years The recently dis- 
covered use of sound echo-location m some species has 
opened yet another field of investigation—and now SCUBA 
divers are able to meet seals in thew own element, even 
below the 1ce-fields of the Antarctic wastes 

This book gives a short general account of seals, and 
of man’s dealing with them, 1t then gives an account of 
each species in turn under headings such as distribution, 
appearance, habits, reproduction and so on It concludes 
with a list of the species and a short bibliography The 
author claims no originality ın the work for which his 
two assistants ransacked the lterature in search of 
material They have been industrious, and have collected 
most of the important facts about seals, and they have not 
copied over many of their predecessors’ mistakes, though 
they have missed some of the latest discoveries There are 
a few misprints such as ‘‘deputations of sealmg vessels” 
for “‘depredations” The interesting photographie ustra- 
tions show twenty-eight of the thirty-two species It is 
not clear, however, why this book should have been 
compiled, for a first-class book with the same title, written 
by Judith E King who has spent years ın original research 
on seals, was published by the British Museum (Natural 
History) only three years ago at less than a quarter of 
the price of this volume L Harrison MATTHEWS 


ANOTHER JOURNAL 


Biochemical Genetics 

Vol 1, No 1, June 1967 Edited by Charles R Shaw 
Pp 1-71 Annual subscription (4 issues) $18 Outside 
US and Canada add $180 for postage and handhlng 
(New York Plenum Publishing Corporation, 1967 ) 


ANY new scientific journal is at present a mixed blessing 
library budgets are usually stretched to the hmt, and the 
reading capacity of every research worker had already 
reached saturation some twenty years ago 

In this ight a new quarterly by the title Biochemecal 
Genetics is unlikely to be welcome on the usual grounds 
of filling a non-existing gap 

This said, what are the mitigating circumstances ? 
First, the proposed field of the journal states 1ts pnmary 
interest in the biochemical genetics of diploid organisms 
Presumably this means organisms other than Escherichra 
colt and phage T, or, more generally, eukaryotes This 1s 
welcome, but ıt may lead to class consciousness and 
inferiority complexes Second, the editorial board includes 
a number of very distinguished people Third, the first 
number includes some good specialized papers To quote a 
few, one on polymorphism for alcohol dehydrogenases ın 
maize, one on a new assay for galactose-urydyltransferase 
in cultured human cells, and one on ATP levels in ery- 
throcytes cf Negro and white Americans 

Among the articles of general interest, there 1s one by 
Fitch and Margoliash on a method for estimating the 
number of invariant amino-acid coding positions 1n a gene 

On the whole the first number 1s good, and if we have to 
be plagued by—and subscribe to—yet another journal, let 
us wish it as good a continuation G PONTECORVO 


IN THE SUB-ANTARCTIC 


Sub-Antarctic Sanctuary 

Summertime on Macquarie Island By Mary E Gillham 
Pp 223+32 photographs (London Victor Gollancz, 
1967.) 45s. 


Macquarie Island is one of nine truly sub-Antarctic 
oceanic islands, scattered around the Southern Hemi- 
sphere between latitudes 50° and 60° south It 1s of 
volcanic origin, and was heavily glaciated at the height 
of the Quaternary 1ce ages Itg meagre flora, vegetation 
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of tussock grassland, damp moorland and feld-mark, 
sparse land fauna and enormous breeding colonies of 
sea birds and seals are typical of the oceanic sub-Ant- 
arctic. Soon after discovery, in 1810, the island’s stock 
of fur seals was virtually exterminated by sealers and for 
a long period thereafter the elephant seals and penguins 
were exploited for oil. Sealers not only made great 
mroads into the native bird and mammal populations, 
but imported rabbits, cats and the New Zealand weka, 
and these species have had an equally devastating effect 
on the ecosystem The rabbits have undermined the 
vegetation on coastal slopes and caused widespread 
erosion, while cats and rats, jomtly or separately, are 
thought to have extermmated the island’s endemic 
flightless landrail and destroyed colomes of the smaller 
sea birds Altogether, Macquarie Island was ın a sorry 
state in 1933, when ıt was declared a sanctuary for 1ts 
surviving wild life even since then, 1ts management has 
not been uniformly enlightened Sheep, pigs, chickens 
and goats have been deliberately umported by the Austra- 
han National Antarctic Research Expedition which has 
maintained a scientific station at Macquarie since 1948, 
and while the goats were later destroyed, the sheep (which 
appear to serve no useful purpose) continued, ın 1960, 
when the author of this book visited the island, to damage 
the vegetation ın the one area of the island not previously 
infested with rabbits. 

The efforts of the Australian authorities to protect 
Macquarie have largely been successful in allowmg the 
recovery of penguin, albatross and seal populations. 
there 1s little hope of restoration of the overall oceanic 
island ecosystem to the level to be seen ın the less damaged 
sub-Antarctic islands of Iles Crozet, Prince Edward 
Island or the outhers of South Georgia At the same time, 
the island does provide, ın 1ts bird and mammal popula- 
tions, an impressive wild life spectacle, ıt has given 
opportunities for some outstanding long-term research 
on penguin and elephant seal biology and population 
dynamics, and even if imperfect, 1t 1s the most effective 
sanctuary, so far established, ın the sub-Antarctic zone 

Dr Mary Gillham’s book does not come up to the 
claims made for ıb on its dust cover It ıs not a “must” 
for the specialist because of the information it gives about 
current research programmes Most of the scientific 
detail within ıt will already be known to the specialist 
from other sources, and what 1s new 1s written in so 
anecdotal a style that its basis and authority cannot be 
checked ‘The book, in fact, 1s a fluently written piece of 
popular natural history, resulting from a few weeks’ 
visit in midsummer As would be expected from so experi- 
enced a plant ecologist, Dr Guillham’s notes on plant 
distribution and succession—for example, ın abandoned 
elephant seal wallow grounds or old penguin colonies— 
are penetiating and of real interest. Her account of 
zoological topics and of southern circumpolar ecology 
and biogeography as a whole 1s inevitably less first-hand 
and less authoritative, contains a sprinkling of minor 
errors and doubtful generalizations, and 1s occasionally 
spoiled by emotional anti-scavenger and anti-predator 
bias The book, taken by and large, 1s, however, an enter- 
taming addition to the growing library of sub-Antarctic 
popular natural history Ib has good photographs, rather 
less satisfactory pen-and-ink drawings, a valuable biblio- 
graphy, appendices and index, but 1s spoiled by the 
omission of an adequate map M W. Hoxrpeats 


REFLECTIVE ZOOLOGY 


Invertebrate Structure and Function 
By E J W Barrmgton Pp x+549 (London Thomas 
Nelson and Sons, Ltd , 1967 ) 60s net 


THE study of the organization of the invertebrates has 
long formed a major constituent of many university 
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courses in zoology The undergraduate frequently receives 
instruction on imvertebrate structure and classification 
and also on comparative physiology, and has to knit 
this information together into a moderately coherent 
whole Professo. Barrmgton’s book attempts to bring 
about such a synthesis: 1b 1s intended, as he says, “that 
the book may serve as an accompaniment to the more 
general and reflective parts of a university zoology 
course; as a companion for the seminars, the tutorials 
and the essay writing” 

The chapters are grouped together into six parts 
There ıs an mtioductory section on the general features 
of hving systems, followed by five chapters on movement, 
sıx on aspects of metabolism, four on mformation and 
co-ordination, three on reproduction and life histories 
and finally three on intraspecific and interspecific rela- 
tionships 

The treatment of movement concentrates mainly 
on the anatomical organization of muscular systems, 
without much analysis of the means whereby propulsive 
forces are applied to the substratum or the medium. 
The hydrostatic skeleton 1s examined in a wide variety 
of different animals, but the role of geodesic connective 
tissue fibres in the body wall is not really made very 
clear The section on aspects of metabolism deals com- 
prehbensively and interestingly with feeding methods, 
but the treatment of respiration, excretion and osmo- 
regulation 1s rather brief The chapter on sense organs 
contains some errors of detail no single vertebrate eye 
contains rhodopsin, 1odopsin, porphyropsin and cyanopsin, 
the axons of crustacean stretch receptors are not myelt- 
nated (as indicated in Fig 14-1) and the caption to 
Fig. 14-5 ıs meorrect The two chapters on nervous 
systems are mainly concerned with the relation between 
structure and behaviour The author’s explanations of 
how nervous systems work, ın terms of the properties 
of then individual neurones, are vague and misleading; 
it 18 incorrect to suggest that, at the cellular level, mlnbi- 
tion 1s the opposite of facilitation The next chapter 
examines the organization of endocrine systems ın some 
detail and provides a useful synthesis of structural and 
functional approaches The last six chapters deal with a 
variety of topics in reproduction, development and 
interrelationships between animals, m a way which 1s 
interesting and frequently luminating, this part of the 
book 1s, I think, of a much higher standard than much 
of the preceding material The illustrations are numerous, 
clear and well set out. There ıs a selected bibhography 
at the end of the book. 

Apart from these points of detail, however, there 1s a 
more fundamental criticism that can be made of this book. 
The subject matter ıs largely concerned with physiology 
and functional morphology; both of these are essentially 
experimental sciences, and the problems which occur m 
them are to be solved by experimental methods A study 
of these subjects should surely, therefore, include some 
treatment of what experiments have been done and how 
the evidence so acquired should be assessed It ıs not 
sufficent to feed a student of a scientific subject on a diet 
consisting almost entirely of hypotheses and conclusions: 
he must be brought into close contact with the :magin- 
ative processes involved in conceiving experiments and 
the mgorous processes of deduction required for their 
interp! etation 

If these criteria are to be applied, then Professor 
Barrington’s book must be found wanting He presents 
the reader with a large number of conclusions, but only 
rarely does he give an adequate account of the evidence 
on which these conclusions are based Connected with 
this feature 1s a marked absence of the quantitative 
approach, both ın the text and ın his selection of illustra- 
tions, there are nearly three hundred diagrams, but only 
twelve of them are graphs or experimental records with 
quantitative axes For example, in the chapter on 
respiration we might reasonably expect to find, in a book 
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of this nature, answers to some of the following questions 
What is the rate of oxygen uptake in any one particular 
animal? How can this be measured? What environ- 
mental factors affect 1t ? Is oxygen uptake affected by the 
size of an animal? How much more oxygen 1s required 
by active ammals? Do animals living in habitats with 
low oxygen concentrations show any anatomical adapta- 
tions for increasing their oxygen uptake ? What does the 
dissociation curve of a respiratory pigment look hke? 
None of these is dealt with Yet these are surely just the 
kinds of question that the attention of the student 
should be drawn towards, and especially so in his seminars, 
his tutorials and his essay writing D.J Amey 


BIRD’S EGG CHEMISTRY 


Biochemistry of the Avian Embryo 

A Quantitative Analysis of Prenatal Development By 
Alexis L Romanoff with the collaboration of Anastasia J 
Romanoff Pp xvii+398 (New York and London 
Interscience Publishers, a division of John Wiley and 
Sons, 1967) 156s 


Proressor Romanorr has long been an authority on the 
development of the avian embryo, and this, his latest 
production, 1s a valuable book which every embryologist, 
once he has seen 1t, will wish to have for frequent reference 
Compiled from an examination of more than 5,000 per- 
tinent publications, the mformation ıs provided in an 
intelligible and palatable form, mostly by means of tables 
with adequate explanatory text and many figures 
Equally important are the large number of references 
and more than twenty pages of bibliography, where the 
reader may find more details and be able to mvestigate 
the biochemistry of his problem ın depth Indeed, the 
book combines an introduction to chemical embryology 
and a reference manual for the advanced research worker 
ın this field 

It should be emphasized, however, that ıt 1s not a 
discourse on the biochemical processes occurring in the 
avian embryo, nor does it deal with the problem of 
differentiation and intercellular reactions On the con- 
trary, it 1s more of an encyclopaedia of biochemical facts 
and figures relatmg to every component of mtra- and 
extra-embryonic tissue or organ at frequent stages (usually 
every day) from the begmnimg of incubation to hatching 
Even those who have ceased to marvel at the trans- 
formation of the contents of a bud’s egg into an mde- 
pendent viable organism will learn a great deal to their 
advantage and be grateful to the authors for the labour 
of collecting so much and presenting ıt m so little space. 

It 1s with my tongue in my cheek that I duect attention 
to page 122 where the total blood volume within the chick 
egg on the eighteenth day is reported as reaching its peak 
of 2,900 ml Reference to the accompanying tables soon 
reveals that 2,900 mm? 1s the intention—a more accept- 
able figure Joun McKenziz 


THYMIDINE IN CELLS 


Thymidine Metabolism and Cell Kinetics 

By J E Cleaver (North-Holland Research Monographs 
Frontiers of Biology Vol 6) Pp 259 (Amsterdam 
North-Holland Publishing Company, 1967) 868. 


Tue mtroduction of the radioactive isotopes of carbon, 
phosphorus, sulphur and hydrogen imto the biological 
sciences during the past two decades has permitted great 
advances ın our understanding of the structure and 
function of hvng matter A significant factor in their 
use is that they can be meorporated by living tissues 
without grving rise to excessive disruption of metabolic 
processes by virtue of their radioactivity 
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Cleaver’s monograph deals specifically with work done 
using tritium (H;) labelled thymidine, a unique compound 
that ıs almost exclusively mecorporated into cell DNA 
and therefore makes possible very specific marking of this 
important macromolecule Possiblé uses which come to 
mind are studies of DNA replication, chromosome and 
nuclear distribution, the cell cycle and population kineties 
Early chapters in the book discuss methods of preparation 
and detection of the compound, as well as what 1s known 
about thymidine metabolism in various types of cell 
Expermental details are generally not meluded (they 
would, in any case, make the book unnecessarily com- 
plicated), but this 1s compensated for by a comprehensive 
bibliography The use of tritiated thymidime in following 
events durmg the cell cycle occupies the larger part of 
the book, including a treatise on the kinetics of defined 
cell populations The text 1s well supplemented with 
simplified diagrams, and those less mathematically 
minded are spared the compheated theory and assump- 
tions involved ın the use of radioactive thymidine until 
a final appendix. 

Dr Cleaver 1s mainly concerned with mammalian cells, 
but does not ignore the results obtamed from micro- 
organisms, plants and msects Such cell types especially 
have contributed to our knowledge of chromosome 
replication, the segregation patterns of chromatids after 
mitosis, and of cross-overs during meiosis In treating 
the cell cycle, the various phases of which are usually 
represented schematically by sectors on a clock face, the 
mammalian cell is used almost exclusively as a model 
A large number of different cell types have now been 
characterized with respect to the duration of each part 
of the cycle, both zn viro and an vwo, and ıt 18 of interest 
that the G, phase (between mitosis and DNA synthesis) 
has greater variability between different cell types than 
other the DNA repheation phase (S) or the period 
following replication (@,) The commonly held fallacy 
that tumour cells have a higher growth rate than non- 
malhgnant cells was exposed as such by comparing the 
respective cell cycles 

In writing the book, Dr Cleaver has assumed the reader 
to have a certain fundamental knowledge of the Watson 
and Crick hypothesis, the mitotie cycle, and of the basic 
organization of cell nucle. The applheation of tritiated 
thymidine to such problems, however, ıs fully discussed 
Though our understanding of chromosome structure and 
its mode of replication in diploid cells is less precisely 
known than in haploid unicellular organisms, models 
based on the latter are suggested for the more advanced 
cell types 

The mdex mht usefully have mcluded those authors 
mentioned in the text It may also be that the immuno- 
logist will be a little hurt that the interesting mitotic 
events followmg antigenic challenge have been largely 
ignored These, however, are minor criticisms, and 
research workers in any way involved in the study of 
nuclear DNA are likely to find the monograph of invaluable 
assistance and a useful reference source " 

A. J. 8. Davizs 


NON ANGELI SED AVES 


Radar Ornithology 
By Eric Eastwood Pp. xn+278+ 24 plates 
Methuen and Co, Ltd, 1967) 75s. net. 


To speak of a new science, as does the author, 18 surely 
an enthusiastic exaggeration A new technique has cer- 
tainly been exploited in the past dozen years by those 
ornithologists who parasitically battened on to early- 
warning or airport radars It now has such an accepted 
place tn bird migration studies that 1t is hard to appreciate 
the difficulties early users had ın convincing radar tech- 


nicians that many anomalous echoes on their sereens, 
s 


(London: 
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classified by some anonymous wit as “angels”, really did 
have wings 

Future practitioners may appreciate this book, with its 
reasonably clear enunciation of radar principles and 
practice and its sunimary of the few score of original 
papers that have appeared to date Until recently one 
might have wondered whether there would be many such 
people Hugh power, long-range radar equipment 1s far 
too expensive for ornithologists and the showers of angels 
were an obscuring nussance to the prime users of the sets 
Technical advances could soon have resulted m their 
elymination Modern aircraft, however, are showmg an 
increased tendency to collide with birds, so a new and 
economically important interest has arisen as to where 
birds are flyng A radar watch for migratory concen- 
trations may therefore become a standard requirement 
for airport controllers But the majority of airstrikes are 
on military aircraft streaking along below radar cover, or 
on take-off and landing, so one should not, perhaps, have 
too high hopes that ornithologists of the future will have 
access to a regular mine of photographic records of 
migrations in progress 

hey will have to be dedicated men While the speeded 

up cme film of a radar display 1s alive and exciting, the 
individual frames are deadly dull, as witness the many 
plates adding substantially to the high cost of this book 
To the uninitiated they are just one lot of “damned dots” 
after another Nor are the attempts to represent them 
in diagrammatic form much happier Dozens of little 
maps sprinkled with tiny arrows give more the impression 
that hostilities have broken out ın the Channel and that 
Harold ıs again in danger of personal disaster To be fair, 
radar studies of migration are not alone in havimg failed 
to achieve an attractive form of presentation The com- 
pilations of visual records from bird observatories, 
plastered with endless synoptic charts, have set a high 
standard of boredom Indeed, this may be the reason 
for one of the main lacks in this book, there is no thorough- 
going attempt to relate radar findings (many of which 
are not novel) with the formation obtained by other 
methods of studymg migration 

Perhaps more emphasis should have been laid on the 
crucial weaknesses of the radar method, the mabulity to 
describe, other than in very broad categories, the numbers 
or the kinds of birds involved in the choirs of “angels” 
It 1s said that specific identification of the “signatures” 
of radar echoes may be possible for single birds at short 
distances Sadly, those seeking to follow up the reference 
to the (10 em) radar detection of pulsations in the pectoral 
muscles of a small passerme will not find ıt pubhshed in 
the Proceedings of the International Ornithological Congress 
as specified (or anywhere else for that matter) The 
reference list also omits a number of relevant publications 
in ornithological journals, but does usefully give some 
papers in technological offerings that would not normally 
come the way of the ornithologist 

The book 1s well produced and free from typographical 
mistakes G V T Marrzews 


WAVEGUIDES IN THEORY 


The Theory of Waveguides and Cavities 
By R A Waldron Pp xm+120 (London Maclaren 
and Sons, Ltd, 1967) 32s net 


Theory of Waveguides and Cavity Resonators 

By Emule Argence and Théo Kahan Pp xv+424 
(London and Glasgow Blackie and Son, Ltd, 1967) 
120s net 


ALTHOUGH the two books which form the subject of this 
review bear almost the same title, this 1s practically the 
only commbdn factor between them The first text, by 


. 
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Richard Waldron, has as its core a number of papers 
published by the author ın 1961 Tt 1s essentially intended 
for research workers studying waveguide boundary 
value problems or the theory underlying the measure- 
ment of dielectric or ferrite properties using cavity 
resonators 

In the mtroductory chapter the concept of the HSP 
(homogeneous~simple—perfect) waveguide is piesented and 
its properties are reviewed Later the author proposes 
that a 1 1 correspondence exists between modes in 
non-HSP and HSP guides Although no general proof 
18 given the proposition does appear to be borne out 
by experience In Chapter 3 the author argues strongly 
that m approaching a new non-HSP waveguide problem 
one should seek to identify modes with those of the HSP 
guide The fourth chapter sets out the author’s views on 
mode nomenclature with ilustrations drawn from the 
behaviour of circular waveguide containing an axial 
dielectric rod Chapter 5 attacks the concept of surface 
impedance when used in the determination of the complex 
propagation coefficient of a mode m a waveguide with 
unperfectly conducting walls Undoubtedly Waldron’s 
point 1s valid, but ıt would be instructive to have a com- 
parison made with an exact rather than perturbation 
solution of the non-HSP waveguide problem With present 
day computers this ıs quite feasible, and could form a 
valuable study Chapter 6 presents a critical derivation 
of the formula for the determination of the complex per- 
muittivity and permeability of a small sample mtroduced 
into a resonant cavity The next chapter extends per- 
turbation theory to include waveguides After a derivation 
of the static expressions for fields in small ellipsoids, the 
final chapter makes a careful appraisal of cavity methods 
of measuring ferrite properties 

Although Waldron’s style of writing will not appeal to 
all, there ıs something to be said for “black and white” 
statements ın a monograph of this knd Undoubtedly 
some readers will be stimulated to make thew own 
examination of the problems deseribed 

The second book, a translation from the French, was 
specially prepared for science faculty students obliged to 
study on their own So far as British students are con- 
cerned, however, the treatment is such as to appeal 
principally to those graduates m mathematics or theor- 
etical physics who have an interest in electromagnetic 
problems ‘There ıs a nme chapter mathematical intro- 
duction which, m part, aids understanding of the sixteen 
chapters dealing with electromagnetic fields, waveguides 
and cavities which follow The introduction mcludes 
three quite substantial chapters on the theory of dis- 
tribution which I did not find to be essential to my 
understanding of the main work of the book The section 
on the electromagnetic field contains an account of Mie’s 
analysis of diffraction by a dielectric sphere and the 
integral equation method of Levine and Schoninger, 
applied to the same problem The section on waveguides 
commences with a treatment of plane wave propagation 
in a dispersive absorbing medium, which is followed by a 
review of basic circuit theory A general theory of propa- 
gation in waveguides is then considered and results for 
specific waveguides follow. If thus far a certain inco- 
herence in treatment seems apparent, this impression 1s 
probably justified From the remamuing chapters those 
describing the modal analysis of source excited wave- 
guides, due to Felsen and Mascuritry, and the application 
of radiational methods are noteworthy The whole book 
really comprises a selection of topics in electromagnetic 
theory intended for the advanced student The treatment 
is essentially mathematical with rather sparse physical 
descriptions, however, the originality of approach may 
appeal to those having reasonable familiarity with the 
subject matter In places the presentation of important 
subjects ıs terse, whereas elsewhere a student with 
mathematical competence could easily follow the steps 

P J B Crarricoats 
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TODAY’S RADIO TELESCOPES 


Radioastronomical Methods of Antenna Measurements 
By A D Kuz’min and A E Salomonovich ‘Translated 
by K N Trrogoff Translation edited by Ernest 
Jacobs (Electrical Science a Series of Monographs and 
Texts) Pp xvit+182 (New York Academic Press, 
Inc , London Academic Press, Ine (London), Ltd, 
1966) $8 50 


THE past ten years have witnessed an impressive growth 
of new telescopes which can explore the Universe by 
radio and radar One of the earliest of this generation of 
radio telescopes, the 250 ft diameter Mark I at Jodrell 
Bank, has now completed ten years of service in planetary, 
galactic and extragalactic studies It has since been jomed 
by an international group of large fully or partially 
steerable telescopes including the 210 ft at Parkes, 
Austraha, the 300 ft at Greenbank, USA, the 1,000 ft 
in Aricebo, Puerto Rico, and the 660 ft x 130 ft tiltable 
plane mirror at Nancay, France A new generation of 
telescopes capable of operating at very short wavelengths 
(2 cm or even shorter) has been put into service during 
the past two years Three such instruments 140-150 ft 
in diameter have been installed m eastern USA and 
Canada and already have been able to satisfy an upsurge 
of interest in the short wavelength emission from quasars 
and other compact radio galaxies and in the structure of 
galactic ionized hydrogen regions seen both im their 
continuum emission and in thew recombination line 
emission Other large telescopes have been built by 
Russia and USA for tracking deep-space probes 

Unfilled aperture telescopes with large spacings of their 
component collecting areas, and consequently higher 
resolution than the filled aperture telescopes, have also 
been developed during this period These include the 
1 mile synthesis telescope at Cambridge, the 1 mile cross 
telescope at Molongo, Australia, and the 1 9 mile diameter 
ring telescope at Culgoora, Australa 

Radio astronomy ıs an integral part of the broad front 
of astronomy and has provided a strong impetus to many 
branches of the subject, particularly galactic structure 
and topics relating to cosmology The quest for more 
sensitive and versatile telescopes to pursue these studies 
continues The Dutch are well on the way towards 
completing an ambitious synthesis system at Wester- 
bork, while the German radio astronomers are preparing 
to build a 330 ft fully steerable telescope near Bonn with 
a grant from the Volkswagen Foundation In Great 
Britain a move has been made towards the construction 
of a 400 ft telescope to operate at wavelengths down to 
20 em or shorter when the Science Research Council 
decided to negotiate a contract for a final design study 
American radio astronomers have been given support by 
the Dicke committee of the National Science Foundation 
in their request for a large synthesis system consisting 
of eight 130 ft telescopes and for the resurfacing of the 
1,000 ft Aricebo telescope to enable ıt to work down to 
10 ecm wavelengths 

An important part of the commussioning procedure for 
any new telescope 1s the accurate calibration of the position 
of its electrical axis and of the telescope gam at various 
wavelengths The book Radzoastronomical Methods of 
Antenna Measurements by A D Kuz’mn and A E 
Salomonovich provides the background for such measure- 
ments These two radio astronomers from the Lebedev 
Physical Institute, Moscow, have first hand experience in 
this field with ther 72 ft telescope which has a good 
performance at wavelengths down to 8mm They discuss 
in detail the basic concepts of receiver design and calibra- 
tion in addition to those of aerial gain measurement 
Their treatment, which 1s rigorous throughout, also 
includes an estimate of the effects of atmospheric refraction 
and absorption, the effects of finite time constant and 
beam width on the measurement of radio sources 
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A useful paramete: in evaluating the performance ot 
the combined aerial and receiver system when used to 
detect weak signals as in radio astronomy or communica- 
tions operations 1s the ratio of aerial gam to system noise 
figure This concept, which 1s hinted at in the book, 
undeilines the compromise which has to be struck between 
highest aerial gain of a given reflector and the consequent 
contribution to system noise by the aerial spillover With 
the advent of high performance low noise receivers 
operating at a few tens of degrees Kelvin input noise 
temperatures, this parameter 1s a fundamental factor in 
aerial design 

This book has concentrated entirely on the calibration 
of filled aperture radio telescopes and has shown how 
radio sources can be used for this purpose There are 
related problems in setting up and calibrating non-filled 
aperture telescopes These instruments provide the 
ultimate ın accurate angular location Now that very 
long baselme mterferometers have been successfully 
established the process can be imverted to derive the 
unterferometer baseline to a fraction of a wavelength from 
astronomical observations These measurements could 
be of geophysical importance 

The translators have performed a valuable service m 
making this excellent book available in the English 
language They have included many explanatory foot- 
notes to the text There are, however, traces of hteral 
translation ın some passages as well as many typographical 
errors in the text, including a misleading factor of 10? in 
Table 4 which gives the flux density of radio sources 
suggested for calibration purposes These are not major 
blemishes ın a book which will be found useful to those 
working in radio astronomy and m communications 
systems R D Davres 


ENGLISH FOR GERMANS 


Dictionary of Science and Technology, English-German 
Compiled and arranged by A F Dorian With the 
co-operation of L Herzbruch Pp 1,238 (Amsterdam, 
London and New York Elsevier Publishing Company, 
1967) 1808 


THis English-German dictionary which, so the blurb 
says, includes reference to the most important terms from 
128 different fields of science and technology, should be 
very useful to anyone having to translate technical 
Enghsh into German The German scientist reading a 
vitally 1mportant Enghsh paper, 1f he does not speak 
English already, which he probably does, should be 
pleased to have recourse to this single volume covering 
all branches of physical and biological science So should 
the translator busy rendering complex scientific English 
prose into German, or anyone else who needs to know 
the German equivalent of the many words which fill the 
seven centimetres between the covers of this book 

Each word has an explanation of the branch of sciegce 
from which it comes, together with 1ts translation, for 
example tranquillizer [med] Beruhigungsmittel n , rudder- 
hole [naut] Ruderstockoffnung f, hidradenitis [med] 
Schweissdrusenentzundung f There are also often ex- 
planations of the meaning of the words, for example 
mind [gen] (abstract term for any form of collective intelli- 
gence) Sinn m, Gemut n, hexachloroethane [chem] (a 
rubber accelerator and camphor substitute in celluloid 
manufacture) Hexachlorathan n, Perchlorathann These 
explanations might be of more use to readers if they were 
in German, after all, the English translator 1s more likely 
to know what the English words mean than is the German 
scientist to be able to understand the explanation 

Revised and enlarged editions of the dictionary are to 
follow every eight years to keep the work up to date, and 
the German-English volume will appear this year to com- 
plete a useful set Mary LINDLEY 
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University News : Birmingham 


De T P Watreneap has been appointed professor- 
of climeal chemistry (part-time). 


Glasgow 


Mr W Bryan JENNETT, a consultant neurosurgeon 
with the Institute of Neurological Science, has been 
appointed to the new chair of neurosurgery. 


London 


Proresson K W KEOHANE, professor of physics at 
Chelsea College of S.ience and Technology and co-ordi- 
nator of the Nuffield Foundation Science Teaching Project, 
has been appointed to the chair of science education 
tenable at that college The title of professor of animal 
behaviour has been conferred on Dr J S Kennedy, 
in respect of his post at the Imperial College of Science 
and Technology 


Reading 


Dr G. W. SERIES, at present umversity lecturer in the 
University of Oxford, has been appomted to a chair of 
physics 


Strathclyde 


Dr EDWARD EISNER, of the Mechanical Research Depart- 
ment of Bell Telephone Laboratories Inc , New Jersey, 
has been appointed to the new chair of applied physics 


Appointments 


De L C F. Bracxman has been appointed director- 
general of the British Coal Utilization Research Associa- 
tion 


Me J N R JEFFERS, at present head of the Statistics 
Section of the Forestry Commission, has been appointed 
director of the Nature Conservancy’s Merlewood Research 
Station at Grange-over-Sands, Lancashire 


Mr Donarp F Moors, formerly deputy federal co- 
ordinator for meteorological services and supporting 
research, has been appoimted assistant admunistrator 
for plans and programmes of the Environmental Science 
Services Admunistiation, US Department of Commerce 


Meetings 


PROTEIN Structure and Function, January 22-23, Uni- 
versity of Miami (Dr E L Chambers, University of Miami 
School of Medicine, PO Box 875, Biscayne Annex, 
Miam, Florida 33152). 


Power Group Winter Meeting of the Institute of Electrical 
and Electronics Engineers, January 28-February 2, New 
York (Institute of Electrical and Electronics Engineers, 
345 East 47th Street, New York, NY 10017) 


Reeumatism, February 17-21, Bombay (Dr M M Desai, 
cjo Indian Rheumatism Assocation, Fateh Manzil, 
457-459 Lamington Road, Bombay 4) 


FUNDAMENTAL Cancer Research, March 6-8, Houston 

(Dr Manley Mandel, Chief, Section of Molecular Biology, 

Department of Biology, MD. Anderson Hospital end 

oo Institute, University of Texas, Houston, Texas 
025) 


Moprern Chemistry in Industry, March 11-14, East- 
bourne (Society of Chemical Industry, 14 Belgrave 
Square, London, SW1) 


New Approach to Machine Tools in Relation to the 
Components They Make, March 20, Institution of Mech- 
ancal Engineers (R S Glynn, Head of the Conference 
Department, The Institution of Mechanical Engineers, 
1 Birdeage Walk, Westminster, London, SW1) 
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THERMODYNAMICS and Fluid Mechanics, March 27-26 
University of Bristol (Groups Department, The Instatu 
tion of Mechanical Engineers, 1 Birdeage Walk, West 
minster, London, SW1) 


Heat Transfer and Fluid Dynamies of Near Critica 
Fluds, March 27-29, Bristol (The Institution of Mech 
anical Engineers, 1 Birdcage Walk, Westminster, London 
SW1) 


Surrace Chemistry of Oxides, March 28-29, University 
of Nottingham (D: G C Parfitt. Department of Chemistry 
University of Nottingham, Nottingham) 


THERMOPHYSICAL Properties, April 1-4, Umversity o. 
Maryland (Mr J R Moszynski, Symposium Chairman 
Department of Mechanical and Aerospace Engineering 
University of Delaware, Newark, Delaware 19711). 


Ceti Biology, April 4-5, Middlesex Hospital, Londor 
(Dr L M Franks, Secretary-Treasurer, British Society 
for Cell Biology, Imperial Cancer Research Fund, Lin. 
coln’s Inn Fields, London, WC1) 


THERMODYNAMICS, April 8-10, Manchester (Dr H A 
Skinner, chairman, c/o University of Manchester, Oxford 
Road, Manchester 13) 


Vacuum Congress, April 17-19, Reynold Building of the 
University of Manchester Institute of Science and Tech- 
nology (Mr J Yarwood, Technical Secretary of the 
Congress, 47 Belgrave Square, London, SW1). 


Genetics and Breeding of Streptomyces, May 31-June 2, 
Dubrovnik (Dr M Alatewié, Secretary, Symposium on 
Genetics and Breeding of Streptomyces, Faculty of Tech- 
nology, University of Zagreb, Zagreb, Pierottiyeva 6/IV, 
Yugoslavia) 


PuorosyntHesis Research, June 4-8, Freudenstadt 
(Black Forest) (Professor H Metzner, International 
Congress of Photosynthesis Research, c/o Institut fur 
Chemische Pflanzenphysiologie der Universitat-Tubingen, 
72 Tubingen, Germany) 


Vaccum Microbalance Techniques, June 17-18, Tech- 
nological University of Eindhoven (Pat Gaskins, Secre- 
tary, Seventh Conference on Vacuum Microbalance 
Techniques, 7500 Jefferson Street, Paramount, California 
90723) 


Precision Electromagnetic Measurements, June 25-28, 
Boulder Laboratories of the National Bureau of Standards 
(George Goulette, Bureau of Continuation Education, 328 
University Memorial Center, University of Colorado, 
Boulder, Colorado 80302) 


Erratum. In the communication “Taylor Vortices with 
Eccentric Rotating Cylinders” by J A Cole (Nature, 
216, 1200, 1967) the reference mentioned ın the first 
and eighth lines of the third paragraph and tn the second 
line of the last paragraph should be No 3 and not No 2 


Erratum. In the article “‘Site of Attachment of Retinal 
in Rhodopsin” by Deric Bownds (Nature, 216, 1178, 
1967) the last sentence of the fifth paragraph should read 
“They contain rhodopsin in a large micelle with digito- 
nm’?’, In the seventh line of the seventh paragraph 
100° should read 110° 


Erratom In the communication “Density Distribution 
Analysis of Lymphocyte Populations’ by Ken Shortman 
etal (Nature, 216, 1227, 1967) the first lines of the legends 
of Figs 4 and 5 should refer to cells which form haemo- 
lytic antibody and not haemolytic cells which form anti- 
body In the followmg communication “Density Distribu- 
tion Analysis of Antigen Sensitive Cells in the Rat” by 
J S Haskill (Nature, 216, 1229, 1967) the references 
should be altered so that the first paragraph ends ‘The 
technique ıs that of sedimentation to eqmbibrum m 
density gradient of bovine serum albumin”! In the 
rest of the communication references mentioned in the 
text should read 9 for 8, 10 for 9 and 11 for 10. 
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FORTHCOMING EVENTS 


(Meetings marked urth an asterisk are open to the public) 


Monday, January 8 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place London, WC2), 
' 530 pm—Discussion Meeting on “Domain Originated Functional 
itegrated Circuits ‘DOFICS’"', opened by Mr © P Sandbank 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
> 530 pm -—Discussion Meeting on ‘“‘Logarithmically Periodic Aerials”, 
pened by Mr M F Radford 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with 
ie Colloid and Surface Chemistry Group, at 14 Belgrave Square, London, 
Wi), at 530 pm—Mr H W Vallender “Whither Detergents” 


Monday, January 8—Tuesday, January 9 


Society OF CHEMICAL INDUSTRY, PESTICIDES GROUP, and the PHYTO- 
HEMICAL SOCIETY (at the School of Pharmacy, Brunswick Square, London, 
¥C1)—Symposium on “Plant Growth Regulators” 


Tuesday, January 9 


CHEMICAL SOCIETY, NUCLEOTIDE GROUP (in the Chemistry Department, 
Jniversity of Birmingham), at 10 30 a m —Inaugural Meeting 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savov Place, London, WC2), 
+5 30 p m —Discussion Meeting on ‘Tilectrical Signals for Data Acquisition 
nd pre necrussionerW as Form Should They ‘lake ?”, opened by Mr R E 
fischbacher 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION AND 
WANIPULATINE AND MECHANICAL HANDLING MACHINERY GROUP (at 1 Bird- 
age Walk, Westminster, London, SW1) at 6 pm—MrH C Cox and Mr 
` E Norman “The Design of Automobile Door Latches” 


INSTITUTION OF THE RUBRER INDUSTRY, LONDON SECTION (at the Eccleston 
Hotel, Victoria, London, SW1), at 7 pm —Mr G Lambsdale “Overcoming 
Jommunication Problems in Process Industries” 


Tuesday, January 9—Thursday, January [1 


CHEMICAL SOCIETY (in the Physical Chemica! Laboratory, South Parks 
Road, University of Oxford), at 9am dally—International Symposium on 
"Valence and Reactivity” 


Wednesday, January 10 


MINERALOGIOAL SOCIETY (in the Department of Geology and Mineralogy, 
The University, Parks Road, Oxford)}—Meecting on ‘Choice of Methods in 
Geochemical Analysis” 


INSTITUTE OF FUE!, and the INSTITUTE OF MARINE ENGINEERS (at 76 
Mark Lane, London EC3)—Symposium on “Combustion in Marine Boilers” * 


GEOLOGICAL Soorrty or Lonpon (at Burlington House, Piccadilly, 
London, W1), at 5pm—MrJ G Jones ‘“Intraglacial Volcanoes of the 
Laugarvatn Region, South-West Iceland”, Dr R C Selley ‘'Near-Shore 
Marine and Continental Sediments of the Sirte Basin, Libya” 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS (at 8-9 Bedford 
Square, London, WC1), at 6 p m —-Professor J Merhaut “Some Aspects 
of Electrostatic Loudspeakers” 


INSTITUTION OF MECHANICAL ENGINEERS APPLIED MECHANICS GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m —Duiscussion 
Meeting on “Current Problems Jn the Pressure Vessel Field” 4 


Foa `“ EJ ee 
“instiruTE OF INFORMATION SCIENTISTS (at Kuightway House, 20 Soho 
aquare, London W1), at 615 pm —Dr A J Barrett “The Engineering 
gcrences Data Service” 


Thursday, January |} 


INSTITUTION OF ELECTRIOAL ENGINTERS (at Savoy Place, London WC2), 
at 5 30 p m—Discussion Meeting on “Electrical Properties of Polyolefines”, 
opened bv Mr W Reddish 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W1), at 
5630pm-—MrR G Henbest “Gas Turbines for Peak Load Generation” 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
MECHANICS GROUP (at L Birdcage Walk Westminster, London, SW1), at 
6 pm—Discussion Meeting on ‘Fuel Cells” 


Friday, January 12 


CHEMICAL SOCIETY PROTEIN GROUP (at the Geological Society, Burlington 
House, Piccadilly, London, Wi), at 2 p m —Inaugural Meeting 


Saturday, January 13 


BONE AND Tooru Society (at the Zoological Society, Regent’s Park, 
London, NW1), at 10 a m —Meeting on “Comparative Bone Disease” 


Monday, January [5 


INSTITUTION OF ELECTRICAL ENGINEERS (ət Savoy Place, London, WC2), 
at 5 30 pm —Discussion Meeting on “Project Problems” opened by Mr A 


Draper 
APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned 

SENIOR LrcruRer IN OPHTHALMOLOGY—The Registrar, The University 
of Manchester, Manchester, 13 quoting Ref 192/67 (Januarv 10) 

DIGITAL COMPUTER PROGRAMMER (with previous programming experience 
and preferably mathematics to degree levei}—The Principal, Lanchester 
College of Technologv, Priorv Street, Coventry (Janu&ry 11) 

LECTURER or ASSISTANT LECTURER (preferably with research interests in 
some branch of operational research or computational statistics) in the 
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ELECTRONIO COMPUTING LABORATORY—The Registrar and Secretary, The 
University Leeds, 2 quoting Ref 68/21/1 (January 12) 

HEAD OF THE DEPARTMENT OF MATHEMATICS—Clerk to the Governing 
Body, Woolwich Polytechnic, Wellington Street, London, SHi8 (January 19) 

SENIOR E\PERINENTAL OFFICER (with a degree or equivalent qualifica- 
tions) in the PaLABOECOLOGY LABORATORY, for duties which will include 
Tesponsibilitv for the operation, maintenance and development of radio- 
carbon dating equipment—lhe Secretary to the Acadenuc Council, The 
Queen’s University, Belfast, Northern Ireland (January 20) 

I ECTURERS or ASSISTANT LECTURERS IN BIOCHEMISTRY, GENETICS, PLANT 
PH} SIOLOGY, AND ANIMAL BEHAVIOUR—The Assistant Registrar (Establish- 
ment), The Universitv of Sussex, Essex House, Falmer, Brighton, Bnl 
9QQ, quoting Ref 856/5 (January 21) 

LECTURER/SENIOR LECTURER (with an appropriate degree, traming and 
experience in pasture agronomy, and preferably experience with tropical 
species) in AGRICULTURE at the University of Queensland, Austrahm—The 
Association of Commonwealth Universities (Branch Ofhce) Marlborough 
Honse Pall Mall, London SWI (London and Brisbane January 26) 

SENIOR LECTURER/LECTURER IN ORGANIC CHEMISTRY at the Australian 
National Universitv—lhe Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW (Australia and 
London Januarv 30) 

ASSISTANT LECTURER/LECTURER (preferably with experience tn en7ymo- 
logy and willing to develop investigations into the enzymology of lipids) in 
the DEPARTMENT OF BIOCHEWISTRY—The Registrar, The University, Liver- 
pool quoting Ref RV/301 (January 31) 

LECTURER IN CIVIL ENGINEERING (mainly for administrative duties) at 
the University of Syducy, Australa—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(Australia and London, January 31) 

LECTURER IN THE DEPARTMENT OF EXPERIMENTAL PATHOLOGY, FACULTY 
OF MEDICINE AND DENTISTRY, UNIVERSITY OF BIRMINGHAM-—~The Assistant 
Registrar, Medical School, Birmingham, 14 (January 31) 

LECTURER (with previous research and/or teaching experience in the field 
of physical chemistry anda Ph D or equivalent qualifications) in PHYSICAL 
CHEMISTRY at the University of New South Wales, Australia—The Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall London, SW1 (Australia and London January 31) 

RESEARCH FELLOW IN NEUROCHEMISTRY (BIOCHEWISTRY) at the John 
Curtin School of Medicul Research, Australian National Universitv—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall London, SW1 (Australia and London, Januarv 31) 

CHAIR OF CHEMICAL PATHOLOGY at St Bartholomew's Hospital Medical 
College—The Academic Registrar (A), University of London, Senate House, 
London, WC] (February 2) 

SENIOR LECTURER or LECTURER in the DEPARTMENT OF ZOOLOGY, 
UNIVERSITY OF KuartTous—The Secretary, The Inter-University Council 
for Higher Education Overseas, 33 Bedford Place, London, WC1 (February 


SENIOR LECTURERS or LECTURERS (2) ın (@) MODERN ALGEBRA, (b) 
TOPOLOGY, or (c) FUNCTIONAL ANALYSIS at the University of Khartoum-— 
The Secretary, Inter-University Council for Higher Education Overseas, 33 
Bedford Place, London, WCi (February 13) 

CHAIR OF PHTLOSOPHY at the University of Tasmania—The Association 
of Commonwealth Universities (Branch Office) Marlborough House, Pall 
Mall, London, SW1 (Australia and London, Februarv 19) 

LECTURER (experimental or theoretical physicist with experience ın 
nuclear structure research) in NUCLEAR PHysics-—The Registrar, King’s 
College (University of London), Strand, London, WC2 (February 28) 

ASSISTANT or ASSOCIATE PROFESSOR tn MAMMALOGY—Professor H E, 
Welch, Head of Zoology, University of Manitoba, Winnipeg, Canada 

ASSISTANT PROFESSOR or ASSOCIATE PROFESSOR to assume responsibility 
for the development and operation of undergraduate laboratories and 
lecture demonstrations—The Chairman, Physics Department, University of 
Alberta, Edmonton, Alberta Canada 

BIOCHE.UST, Basic Grade (with an honours degree ın chemistry or bio- 
chemistry or equivalent qualtfications}—Ihe Group Secretary, Wolver- 
hampton Hospital Management Committee, Royal Hospital, Wolverhampton 

GRADUATE RESEARCH ASSISTANT (preferably with previous experience in 
the field of tissue culture) to work in an organ culture Inboratorv—-The 
Secretary, St Mary’s Hospital Medical School Paddington London W2 

LECTURERS and ASSISTANT LECTURERS IN MECHANIOAL ENGINBERING— 
The Registrar The University of Manchester, Manchester, 13 

RESEARCH ASSISTANT for work on cell culture using foetal and adult 
haemopoietic tissue—Dr G D Pegrum, Department of Haematology, 
Charing Cross Hospital Medical School, 62-65 Chandos Place, London, 


RESEARCH ASSISTANT ın the DEPARTMENT OF MEDICINP for work involving 
the tnvestigation of metabolism of collagen in bone disease—Professor J, 
Anderson, oe of Medicine, King’s College Hospital, Denmark Hull, 

ondon, 


REPORTS and other PUBLICATIONS 


(not included ın the monthly Books Supplement) 
Great Britain and Ireland 


Royal Observatory, Edinburgh Publications—Vol 6, Nos 2and8 The 
Wavelength Dependence of Interstellar-Obscuration of Wolf-Ravet Stars By 
V C Reddish Observations of Interstellar Reddening IV Results for 
RegioninCepheus ByN Nandy Pp vi+15-23 (Edinburgh and London 
HM Stationerv Office 1967) 8s net [2010 

National Restarch Development Corporation Erghteenth Annual Report 
and Statement of Accounts for the vear ended 31st March 1967 together with 
the Comptroller and Auditor General's Report on the Accounts Pp 70 
(London H M Stationerv Office, 1967 ) 58 9d {2310 

Ministrv of Overseas Development Report of the Anti-Locust Research 
Centrefor1966 Pp 56 (London H M Stationers Office, 1967 ) 72 net [2310 

Dg Addiction Pp 32 (London Office of Health Econonucs 1967 ) 
8 


28 6 {2310 
Ministry of Agriculture, Fisheries and Food Bullet No 151 A Manual 
of Carnation Production Pp vi+168+8 plates (London HM Stationery 
Office, 1967) 12s 6d net 2310 
Cement and Concrete Association Report for the year 1966 Pp 72 
(London Cement and Concrete Association, 1967 ) (2410 
Report on Anti-Discrimination Legislation By Professor Harrv Street, 
Geoffrey Howe, Q C , and Geoffrey Bindman (Sponsored bythe Race Rela- 
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tions Board and the National Committee for Commonwealth Immigrants ) 
Pp 186 (London Political and Economic Planning, 1967 ) 42s {2410 
Council for Scientific Policy Second Report on Science Policy (Cmnd 
3420) Pp iv+46 (London HM Stationery Office, 1967) 4s 3d net [2510 
Northern Ireland Ministry of Agriculture Leaflet No 132 Farm 
Planning Pp 15 Leaflet No 186 Courses of Study in Agriculture Pp 11 
(Belfast Munistry of Agreulture, 1967 ) 2510 
Museum School Services Prepared by the Group for Educational Services 
in Museums Edited by Francis W Cheetham Pp 48 (London The 
Museums Association, 1967) 48 6d [2510 
Philosophical Transactions of the Royal Society of London Series B 
Biological Sciences No 782, Vol 253 (26 October, 1967) The Visceral 
Nerves of Octopus By J Z Young Pp 1-22+plates 1-8 (London 
The Royal Society, 1967) 178 6g , $2 60 [2610 
The Wellcome Trust Its Origin and Functions Pp 20 (London The 
Wellcome Trust, 1967 ) {2610 


Other Countries 


AFOSR Research The Current Research Program and a Summary of 
Research Accomplishments Pp viu+231 (Arlington, Virginia Aur Force 
Office of Scientific Research, 1967 Available from Clearinghouse for Federal 
Scientific and Technical Information, U S Department of Commerce, Spring- 
field, Virginia ) $3 {2010 

Australia Commonwealth Scientific and Industrial Research Organiza- 
ton Bulletin 286 A World Review of Introduced Species of Termites 
By F J Gay Pp 88 Annual Report of the Division of Tmbophysics, 1966— 
67 Pp 21 (Melbourne Commonwealth Scientific and Industrial Research 
Organization, 1967 ) 2310 

Deutsche Akademie der Wissenschaften zu Berlin Arbeiten aus dem 
Geodatischen Institut Potsdam, Nr 15 Bestimmung Rezenter Niveauver- 
schiebungen aus Langjahrigen Wasserstandsbeobachtungen der Südlichen 
Osteeekuste Von Horst Montag Pp 139 (Berlin Deutsche Akademie der 
Wissenschaften zu Berlin, 1967 ) [2310 

Australia Commonwealth Scientific and Industrial Research Organization 
Annual Report of the Division of Fisheries and Oceanography, 1966-67 
Pp 49 (Cronulla, NSW Commonwealth Scientific and Industrial 
Research Organization, 1967 ) [2316 

India Council of Scientific and Industrial Research, Annual Report of 
the Central Building Research Institute, 1966 Pp vin+96 (Roorkee, U P 
Central Buding Research Institute, 1967 ) 1 

United States Department of the Interior Geological Survey Bulletin 
1063-K Geology of the Hot Springs Quadrangle, Fall River and Custer 
Counties, South Dakota By Don W Wolcott Pp iv+427~442+plate 18 
Bulletin 1063-L Geology of the Cascade Springs Quadrangle, Fall River 
County, South Dakota, By Edwin V Post Pp v+443-504+ plates 29-31 
Bulletin 1244-I The Lincoln Creek Formation, Grays Harbor Basin, 
Southwestern Washington By Helen M Beikman, Weldon W Rau and 
Holly C Wagner Pp 11+11-14 $015 (Washington, DC Government 
Printing Office, 1967 ) 2310 

Thomas Cawthron Memorial Lecture, No 41 (1966) Landscape, Chmate 
and Epidemics By Professor J A R Miles Pp 21 (Nelson, New Zealand 
Cawthron_ Institute, 1967 ) (2410 

Forest Research Institute, Dehra Dun Indian Forest Leaflet No 180 T E 
Bolted Joints for Timber Structures (Bolt Bearing Strength of Wood Parallel 
to Grain), Part 1 By N J Masami, K S PruthiandS K Agarwal Pp 17 
Rs 130, 3¢ Id Indian Forest Leaflet No 179 Research Results on Lateral 
Strength of Nails in Structural Tumber Joints, Part 2 Bv N J Masana, 

Agarwal and G R Malhotra Pp 17 Rs 155, 3s 8d (Del 
Manager of Publications 1966 ) 2410 

Commonwealth of Australia Department of National Development 
Burean of Mineral Resources, Geology and Geophysics Report No 86 The 
Geology of the Central Part of the Amadeus Basin, Northern Territery By 
T C Ranford, P J Cookand A T Wells Pp 48 +16 plates (Canberra, 


HOW TO BUY NATURE 
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ACT Bureau of Mineral Resources, Geology and Geophysics, 1985 ) [24 

Physves of the Earth and Planetary Interiors Vol 1, No 1, (October 196' 
Pp 1-86 Subscription rate (volume of approx 500 pages) Gld 90, 180. 
$25 (Amsterdam North-Holland Publishing Company, 1967 ) [24 

Pan American Health Organization Scientific Publication No 15 
Patterns of Urban Mortality Report of the Inter-American [nvestigatu 
of Mortality By Ruth Rice Puffer and G Wynne Griffith Pp xui+3é 
(Washington, DC Pan-American Health Organization, Pan Americ 
Sanitary Bureau, Regional Office of the World Health Orgamızatio 


1967 ) 

Durban Museum Novitates Vol 8, Part 7, (14th July, 1967) Maser 
Janeous Taxonomic Notes on African Birds XXIV By P A Clance 
Pp 53-68 60 cents Vol 8, Part 8 (10th September, 1967) A Ne 


Species of Mullet of the Ellochelon (Pisces Mugulidae) from St Lue 
Estuary, Zululand By Mary-Lomse Penrithand M J Penrith Pp 69-7 
40 cents Vol 8, Part 9 (10th September, 1967) Critical Comments c 
the Subspecies of Some Birds from Zambia By P A Clancey Pp 77-10. 
R1 (Durban Durban Museum, 1967 ) 261 
Research Counci! of Alberta Report 67-1 Ardley Coal Zonein the Alberi 
Plains Central Red Deer River Area By J D Campbell Pp iv+2i 
(Alberta Research Counce:] of Alberta, 1967 ) 261 
Australia Commonwealth Scientific and Industrial Research Organizatio; 
Annual Report of the Division of Tropica) Pastures, 1966-67 Pp 127 (Bri 
bane Commonwealth Scientific and Industriat Research Organızatio! 
Studia Forestalia Suecica Nr 38 Commuting and Service Travelling < 
Forest Workers in Sweden By M Bendz Pp 89 6kr Nr 46 Oi 
Langtidsférvaring av Barrskogsfré (Pinus silvestris L, Picea abies Karts 
Abies lasiocarpa Nutt ) Av Einar Huss Pp 59 10kr Nr 47 Forsék me 
Tallprovenienser med Sarshikd till Norriandska Hojdlagen Av Eric Stefans 
gon och Mihaly Sinko Pp 108 15 Kr Nr 48 Distribution and Balance o 
N Labeled Fertilizer Nitrogen Applied to Young Pine Trees (Pinu 
sivesiris L) By Erik Björkman, Goran Lundeberg and Hans Nommuk 
Fp tog 6 kr (Stockholm Skogshogskolan, Royal College of Tot 
National Institute of Genetics, Japan Annual Report, No 17,1966 Pp 
vi+146 (Misima, Sizuoka-ken National Institute of Genetics, 1967) [271 
Western Australia 1 250,000 Geological Series—Explanatory Notes 
Widgiemooltha, Western Austraha Pp 25 Geological Map of Wester 
Australia 1966 Annual Report of the Geological Survey of Western Australi: 
for the year 1966 (Extract from the Report of the Department of Mimes 
Pp 83+37 plates (Perth Geological Survey of Western Australia, 196¢ 
and 1967 ) {271 
Organization for Economic Co-operation and Development Europear 
Nuclear Energy Agency Nuclear Legisiations—Analytical Study Nuclea) 
Third Party Liability Pp 78 (Pans OECD, European Nuclear Energy 
Agency, London HM Stationery Office, 1967) 9 francs, 14s, $230, 
750 DM [3010 
Australia Commonwealth Scientific and Industria) Research Organization 
CSIRO Nineteenth Annual Report, 1986-67 Pp 96 (Canberra Common- 
wealth Scientific and Industrial Research Organization, 1967 ) [3010 
OECD High Temperature Reactor Project, DRAGON Eighth Annual 
Report, 1966-67 Pp 174 (Paris OECD, European Nuclear Energy 
Agency, 1967 ) {3801 
Bulletin of the Museum of Comparative Zoology, Harvard University 
Vol 136, No 1 The Theridud Spider Fauna of Chile By Herbert W Levi 
Pp 1-20 Vol 136, No 2 Habitat Observations, Records, and New South 
American Theridud Spiders (Araneae, Theridiidae) By Herbert W Levi 
Pp 21-88 Vol 136, No 3 The Tertiary Lorisiform Primates of Africa 
By George Gaylord Simpson Pp 89-62 Vol 186, No 4 The Ameghinos 
Localities for Early Cenozoic Mammals in Patagonia By George Gaylord 
ten cea Pp 63-76 Vol 136, No 5 A Study of the Effects of Hxpatriation 
on the Gonads of Two Myctophid Fishes m the North Atlantic Ocean By 
Wilham T O’Dav and Basil Nafpaktitis Pp 77-90 (Cambridge, Mass 
Harvard University, 1967 ) {8010 
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Biologists know 
EDWARD GURR LTD. 


East Sheen, London, SW14 
specialize in the production of 


‘MU CIEUR OME’ 


Stains & Reagents for Biology 


and that the trade mark “Michrome”™ is 
synonymous with Quality, Reliability, Prompt 
delivery and Technical Information Service 


Chemists and Physicists know 


as do other scientists and technologists 
concerned with 


Industrial Research and Production 


that EDWARD GURR LTD. are very useful 
people to know when problems arise which could 
be overcome by the use of suitable dyes 


The namber of different synthetic dyes available at the present 
time Is enormous Each dye has its own individual physical 
and chemical characteristics It 1s our business to know 
which particular dye ts likely to serve best, as a research or 
Production tool, for a particular project 











We invite enquiries for: 


DYES FOR USE IN ALL INDUSTRIES 


(except the Textile industry) 


and hold stocks of a great variety of dyes, ready for immediate despatch 
to such industries as 


AGRICULTURE, AIRCRAFT, ANODIZING, BUILDING, CONCRETE 
CHEMICALS, DRUGS, DIAGNOSTICS & PHARMACEUTICALS, ENGIN- 
EERING, ELECTROPLATING, HORTICULTURE, INKS, METALS, MOTOR 
& CYCLE ACCESSORIES, PETROL, OIL & WAXES, OPTICAL, PAPER 
PESTICIDES, COLOUR PHOTOGRAPHY, EMBALMING, OFFICE SUP- 
PLIES, PUBLIC HEALTH, RADIO & TELEVISION, SHIPPING, VARNISHES, 
TIMBER & FORESTRY, etc 


Among the dyes held in stock are 

Amaranth, BPC, Cyanine, Dicyanine, Fast Bordeaux O, Aurantta, Fluorescein 
potassium, Crystal violet, BPC, Scarlet R, BPC, Diazonium salts, Neutral 
violet, Lacmoid, Nile blue, Janus green, Brilliant green BPC, Rosoltc acid, 
Indophenol, Phloxine, Methyl green, Magneson, p-Ethoxychrysordin, 
Pyoktannin, Pinacryptol yellow, Methyl red, Methyl orange, Uranine, 
Nitrazine yellow, Pinacryptol green, etc 


Biolog. ists Ai send for our latest 
‘MICHROME?’ Stains & Reagents for Biology 


which lists over 3,000 currently available items including 

Acridine orange, Amido black 10B, Aquamount, Euchrysins, Fiuormount, 
Fluoroil, Laktoseal, Lipid crimson, Luxol fast blue, LVN, Celloidin, Mata- 
mount, May-Grunwald, Jenner, Leishman, Giemsa, Toluidine blue, Cresyl 
fast violet, p-Xylenol blue, Trifalgic acid*, Rhodanile blue*, Chromosome 


red (Haplo)*, Nuclear fast reds, Papanicolaou stains, Shorr, Wright stain, § 


Sienna orange, Thieflavine S, Thioflavine T, Brilliant cresyl blue Nile blue 
Uvak, Pyronin Y, Falg stain (for detecting protein-calorie deficiency and 
state of health in man and animals) *, etc 


* Information leaflets available (gratis) on request 


Recent books by Dr Edward Gurr 


Rational use of dyes in biology 105/- 
Staining, practical and theoretical 95/- 


EDWARD GURR LTD. 


Michrome Laboratories, 42, Upper Richmond Road 
West, London, S.W.14 
Cables Micromlabs London SW14 Telephones 01-876 8228/9 


a NS EE 
Uniform High Quality, Reliabiity, Service, Immediate delivery 





now in its second year 
BIOCHIMICA ET BIOPHYSICA ACTA 


Biomembranes 


Elsevier’s new journal specializing in a 
rapidly developing and exciting field of 
Biochemistry 


the structure and organisation of biological 
membranes - studies on model membranes and 
films - petmeability, diffusion, active transport - 
bioelectricity 


Forthcoming papers 


The 1solation of rat liver plasma membrane fragments, 
JM Graham, JA Higgins and C., Green (Liverpool 
Great Bntain) 


Studies on plasma membranes VII A leucyl-{-naphthyl- 
amidase-containing repeating unit on the surface of ıso- 
lated liver and hepatoma plasma membranes, P Emmelot, 
a aS and EL Benedetti (Amsterdam, The Nether- 
ands 


Studies on lecithin - cholesterol - water interactions by 
differential scanning calorimetry and X-ray diffraction, 
BD Ladbrooke, RM Willams and D Chapman (Welwyn, 
Great Britain) 


Effects of non-metabolizable analogs on the distribution 
of amino acids in the rat, HN Christensen and AM 
Cullen (Ann Arbor, US A) 


@Amunoisobutyric acid uptake in itro by the rat extensor 
digitorum longus muscle after denervation and tenotomy 
G Bombara and L Bergamini (Siena, Italy) 


Irreversible inactivation of (Nat-K*)-dependent ATPase 
and K+-dependent phosphatase by fluoride, H Yoshida, 
K Nagai, M. Kamei and Y Nakagawa (Osaka, Japan) 


The distribution of morganic ions in lobster muscle 
P.B. Dunham and H Gainer (New York, US A) 


Demonstration of phospholipid splitting as the factor re- 
sponsible for increased permeability and block of axonal 
conduction induced by snake venom II Study on squid 
axons, E Condrea and P Rosenberg (New York, US A) 


Rapid publication - wide circulation 
Excellent electron micrograph reproduction 


Available as a part subscription of 
Biochimica et Biophysica Acta 


Subscription details fo. 1968 
Biochim Biophys Acta, Vols 
163(M3) (8 issues), 

total price Df 13000 Airmail surcharge for USA 
and Canada US$ 0 80 

Send orders to your regular bookseller or to 


Elsevier Publishing Company 
PO Box 211, Jan van Galenstraat 335 


150(M2) and 


AMSTERDAM, The Netherlands 


ee < Elsevier 
\ Publishing 
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Semr-displayed £6 per single column inch 
Minimum £3, each ad ditignal 1/12ch of an inch 
10s Full page £158, Half page across £80 
Colcur (orange) £20 extra 2/6 ıs charged 


for the re-direction of replies to advertise 
ments with a box number 


ADVERTISEMENTS SHOULD BEADDRESSED 
TO T G Scott and Son, Limited, | Clement's 
inn, Strand, London, WC2 Telephone 
01-405 4743 Telegrams Textualist, London, 
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APPOINTMENTS VACANT 





UNIVERSITY OF LANCASTER 
DEPARTMENT OF MATHEMATICS 


Applications are invited for several posts at the 
grade of Lecturer or Assistant Lecturer in the 
fields of 


APPROXIMATION THEORY, NUMERICAL 
ANALYSIS COMPUTER SCIENCE 


The undergraduate mathematics degree course has 
a substantial content of abstract mathematics as 
well as stochas.le mathematics and tts app ica- 
tions together with the topics mentioned above 
The Department ts also responsible for a newly 
established first degree course in computer 
science Neighbouring Departments of Systems 
Engineering Operational! Research, Economics 
and Financial Control provide a stimulating 
environment 


Further particulars may be obtained (quoting Ref 
L 269/D) from the University Secretary, Univer- 
sity House Batrigg Lancaster, to wnaom applica- 
tions (four copies) should be sent not later than 
January 31, 1968 (48) 


UNIVERSITY OF LANCASTER 


ASSISTANT LECTURER / 
LECTURER IN ELECTRONICS 


Applications are invited for appomtment from 
October, 1968, to this new post in the Depart- 
ment of Physics Candidates should have post- 
graduate experience in the theory and use of 
microwaves or solid-state microwaves devices 
Salary scale £1,105 to £1,340 per annum (Assist- 
ant Lecturer) or from £1,470 (Lecturer) plus 
FSSU_ benefits 

Further paruculars may be obtamed (quoting 
Ref £270/C), from the University Secretary, 
University House, Bailrigg, Lancaster, to whom 
applications {one copy) naming two referees 
should be sent not later than February 16, ia 

(46 





CHEMIST WITH AN INTEREST IN GAS 
chromatography required to join team working 
on metabolic disorders in children Salary on 
scale £930 to £1733 per annum according to 
experience —Apphcations with names of two 
teferees to Chemical Pathologist Hospital for 
Sick Children, Great Ormond Street, WC1 
Enquiries welcomed (52) 


UNIVERSITY OF LONDON 
KING’S COLLEGE 


Lecturer in Nuclear Pltysics 


Applications are mvited from expermen- 
tal or theoretical physicists with experience 
in nuclear structure research for a post of 
Lecturer tenable from August 1 1968 

Salary scale £1470 to £2270 then sub- 
ject to review, to £2630 A £60 London 
Allowance plus FSS U_ benefit will also be 
payable 

Details of facilities available, programmes 
of research, and teaching duties together 
with fo-ms of application and conditions of 
appomment, may be obtained from the 
Registrar, King’s College, Strand, London, 

to wiom completed forms s ould 
be sent by February 28, 1968 B67) 
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INFESTATION CONTROL LABORATORY 


(Ministry of Agnicu'ture, Fisheries and Food) 
Tolworth and Worplesdon, Surrey 


PHARMACOLOGIST/BIOCHEMIST (graded SSO /SO) required at 
Tolworth to initiate and undertake research on the pharmacological / 
physiological actions of compounds with potential value as rodenticides 
(Reference §/52-53/MAF/67/5 ) 

MICROBIOLOGIST (graded EO /AEO) required at Worplesdon to 
assist with research on myxomatosis Projects include laboratory studies 
of the virus system using tissue culture and immunological techniques 
Relevant experience desirable Some field work involved (Reference 
S/94-95 /MAF/68/4 ) 

CHEMIST or BIOCHEMIST (graded EO JA E O) required at Tolworth 
to take part ın interesting biochemical work with a small team investigating 
the metabolism of pesticides in birds Expenence of chromatographic 
techniques an advantage (Reference S/94-95/68/MAF/6) Closing date 
January 29, 1968 

Non-contributory pension Promotion prospects 

APPLICATION FORMS from Civil Service Commission, Savile Row, 
London W 1, quoting appropnate reference Closing date January 26, 
1968, except where otherwise stated 


REGIONAL PESTS SERVICE 


(Mımstry of Agriculture, Fisheries and Food) 


BIOLOGISTS (graded EO /A EO) with training in Entomology required 
to work as Insect Inspectors at Newcastle and Nottingham and carry out 
field and investigation work on imported foodstuffs in store, during trans- 
port and processing, including assessment of nature of infestation, advice 
on control measures and supervision of their execution 

Non-contnbutory pension Promotion prospects 

APPLICATION FORMS from Civil Service Commission, Savile Row, 
London W 1, quoting S/94-95/68/MAF/5 Closing date January 26, 1968 


ROYAL ARMY MEDICAL COLLEGE 
Millbank, London S.W.1 


PARASITOLOGIST (graded E O ) required as principal technical assistant 
responsible for preparation of pathology class-room for practical classes, 
meetings and demonstrations involving human Protozoology and Helmin- 
thology, to maintain parasitological specimens and biological matenal 
for this purpose, to set out macroscopic and microscopic demonstrations, 
to prepare and annotate descnptive drawings and diagrams to support these 
demonstrations and to assist in the practical tuition ın parasitology of 
medical officers and laboratory technicians Successful candidate may also 
undertake practical work in diagnosis of parasitic diseases and will have 
opportunities to participate in research Duties may include work with 
experimental animals 

Prospect of permanent pensionable appointment 


APPLICATIONS to Ministry of Defence, CE2((AD), Northumberiand 
House, Northumberland Avenue, London WC2 





SALARIES, QUALIFICATIONS and AGE LIMITS 


SCIENTIFIC OFFIGER/SENIOR SCIENTIFIC OFFICER 


SALARIES (starting salary may be above minimum) SO  £926-£1,574 (Increments and 
special £120 award for approved post-graduate experience ) 
SSO £1,744-€2,155 Most Scientific Officer Class appointments carry promotion 
prospects to Principal Scientific Officer £2,250-£3,107 Salaries are suonlemented tn 
the London area £125 inner London, £75 Outer London 


QUALIFICATIONS 

SO istor 2nd class hons degree or equivalent or higher qualifications in appropriate 
subject Age under 29 

SSO As above plus at least 3 years’ post-graduate research Age normally 26-21 


ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER 

SALARIES AEO £584 (age 18)-£803 (age 22)-£1,017 (age 26 or over)—£1,243 
EO £1,365~£1,734 (starting salary may be above minimum) Most Assistant Expert» 
mental Officers become Experimental Officers before reaching AE © scale maximum 
Promotion prospects to Senior Experimental Officer £1,977-£2,411 

Salaries are supplemented in the London area £125 Inner London, £75 Outer London 

QUALIFICATIONS 

Degree, H N C , or equivalent tn appropriate subject Under 22, minimum qualification ts 
GCE in five subjects, including two Sctentifice/Mathematical subjects at ‘A’ level or 
equivalent level 

AEO age 18-27,EO normally 26-30 





A free booklet entitled “THE SCIENTIFIC CIVIL SERVICE” is 
avaiable on request from Civil Sevice Commission, Savile Row, London 
el. ° (42) 
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ORGANIC RESEARCH CHEMIST 


We have a vacancy in our Chemistry Department for a male Organic Research Chemist holding a PhD, 
aged 24-25 The position ıs a challenging one with ample scope and encouragement given for contributing 
new ideas to the creation of new synthetic pesticides Reference Serial Number 147/10 


PHYSICAL CHEMIST 


We have a vacancy in our Chemistry Department for a male graduate (age up to 25 years) holding a B Sc 
in Chemistry, and who is interested in studying the physical chemistry of newly synthesized pesticides. 
Reference Serial Number 148/10 

The general conditions of employment and salary are good There ıs an excellent contributory pension 
scheme and an optional medical provident scheme The Research Station ıs situated in very pleasant country 
about fifteen miles from Cambridge and four miles from Saffron Walden Free transport ts provided to 
and from Bishop’s Stortford/Saffron Walden/Cambridge to Research Station ‘There ts an excellent sub- 
sidized canteen and encouragement is given to various sporting and social activities 


Please write quoting relevant serial number, giving brief particulars of qualifications, to the 


Personnel Officer, Fisons Cambridge Division, 
Chesterford Park Research Station, Nr. Saffron Walden, Essex. 
Telephone: Saffron Walden 3542. 

G3) 


UNIVERSITY OF MALAYA 
CHAIR OF CHEMICAL TECHNOLOGY 


FACULTY OF SCIENCE 
Applications are invited for a newly created 
Chair of Chemical Technology in the Department 
of Chem stry The appointee will be responsible 
for the organisation of a new four-year course in Y 


Chemical Technology leading to the degree of 
BSc, with Honours, in the Faculty of Science 





Candidates should have considerable experience ff H J HEINZ COMPANY LTD require a Librarian aged 24 or above, qualified 
in research Be et eect ana aS to ALA standard or in possession of suitable experience to maintain and 
Is expected to assume duty approximately nud- develop the library services within the Company 
ee or e The successful candidate, who will report directly to the head of the informa- 
igen oe ee ee SIERE caina tion department, will be responsible for book selection, classifying and 
(a) Salary There is a range of basic salaries, cataloguing stock, loans from other libraries, maintaining journa! subscriptions 
to one of which a oo 15 oppone de- $ and circulation 
ding on his alifications and experience 
Those a £2 882, £2,980, £3,077, £3,175, 3,272, f The post ıs located at our new head offices and research centre tn Hayes, 


£3,370, £3 468 Middlesex 
a et the-folowima -allgwanoes: are: pay- Conditions of employment are those of a large, progressive company 
() Vanable Allowance 35 per cent of basic 


salary, subject to certain maxima depending on 5 
marital status, minimum £244 per annum, maxi Please write, giving brief career résumé to, 


a £651 per annum Seay The Personnel Officer, 

(c) Inducement Allowance (if awarded), up to § 

£1,628 per annum (ln exceptional cases an m- |574 H. J. Heinz Company Ltd., 
ducerent. Allowance exceeding this amount may J Hayes Park, 

be grante : 

HOUSING will be provided if available, for Hayes, Middlesex. 
which a rent of £163 to £204 per annum will be 
charged 

PROVIDENT FUND Staff member contr- 
butes 5 per cent and University 15 per cent of 
basic salary 

Further particulars and application forms are 


obtainable from the Association of Common- 
wealth Universities (Branch Office), Marlborough TRINITY COLLEGE 





UNIVERSITY OF OXFORD 


JUNIOR LECTURESHIP IN MATHEMATICS 
UNIVERSITY OF DUBLIN Ca Aone 


Applications are invited for a Jumor Lecture- 
ship in Mathematics The appointment is for a 











House, Pall Mall London SW 1 The closing period of three years from October 1, 1968, and ts 
date for the receipt of applications in London LECTURER OR JUNIOR not renewable The stipend is on the scale 
and Kuala Lumpur is February 15, 1968 (43) LECTURER IN MYCOLOGY £1,260 by £80 to £1340 by £50 to £1390 The 
post may also be held in conjunction with a 
LUTON & DUNSTABLE HOSPITAL Applica‘tons are invited for the above cee Research Fellowship at Wadham 
LUTON -BEDS with itor Aalena. P Mana T Further details may be obtained from the Sec- 
Applicat ons are invited for the post of Bio- retary of Faculties, University Registry, Broad 
chemist (Senior Grade—Salary £1,833 to £2,276) Salary Scales Street, Oxford, to whom applications should be 
im the Department of Chaical Biochemistry at the made not later than February 12, 1968 (36) 
above Hosptal The successful applicant should Lecturer £1400 by £60 to £1,700 (merit 
have had not less than five years’ experience in bar), £1,780 by £60 to £2 500 CREMICAE A AGINEERING is DEPART, 
the basic grade of Biochemist This modern De- ment niversity College London, wer Street 
partment provides a Centra] Laboratory Service Juntor Lecturer, £1,160 by £60 to £1,340 WC 1, requires (a) Senior Technician and Tech- 
for the whole of Bedfordshire and is fully Marriage and chi'dren’s allowances are mican to work on fluidisation experiments involv- 
equipped to cover most aspects of Climcal Bio- paid, and there 1s a non-contributory pen- ing X-ray and photographic techniques Good 
chemistry Further information concerning the sion scheme practical experience of laboratory work with some 
post may be obtained from The Consultant photographic knowledge required, (b) Senior 
Chemical Pathologist at the Hospital Further mformation from the Secretary Technician and Technician to work on heat and 
Apphecations from Graduates or A RIC Mem- to the Colege Trinity Coliege Dubin 2, mass transfer measurements in turbulent flow of 
bers, giving full mformation of qualifications and who will recetve formal applications up to dilute polymer solutions ONC /A level mathe- 
experience, together with the names of two January 24, 1968 (66) matics with some knowledge of chemistry re- 
referees, should be sent to The Hospital Secre- quired —Application forms from Essablishment 
tary (63) Officer, quoting CH/E/5 €41) 
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TO INDUSTRY 


The Organic Department at the Radtochemical Centre, Amersham, ıs 
responsible for the development and production of compounds labelled 
with carbon-14 or tritium using enzymatic synthesis or microbiological 
preparation to supply the growing worldwide demand for radiochemicals 
for use principally in university and medical research units The work 
involves laboratory scale development and manufacturing within a com- 
mercial environment and requires close contact with users in this country 
and abroad 

A first class Biochemist capable of making a significant contribution in this 
field is required. He will be appointed as a Scientific Officer or, if in his 
late twenties with a record of significant work in a scientific environment, 
as a Senior Scientific Officer. Applicants should have a good honours 
degree and preferably a postgraduate qualification 

A Chemist with HNC or a pass degree is also required to augment the 
staff working in this field Appointment as an Assistant Experimental 
Officer or Experimental Officer, according to age and experience, is 
proposed 


Scientific Officer £995-£1,685 
Senior Scientific Officer £1,870-£2,310 
Assistant Experimental Officer £925 (at age 23)-£1,335 
Experimental Officer £I ,465-£1 860 

Write for application form and further details, tf required, to 


The Personnel Officer (Ref S 126/34) 


THE RADIOGHEMIGAL GENT 


AMERSHAM BUCKS 





DIRECTOR OF 
MEDICAL COMPUTING SERVICES 


HEALTH SCIENCES CENTRE 
University of Alberta . University of Alberta Hospital 


Plans are well established, at the University of Alberta, for the develop- 
ment of a Health Sciences Centre encompassing the Faculty of 
Medicine and the University of Alberta Hospital The development 
will have the benefit of a detailed study now nearmg completion, by 
TRW Systems, Los Angeles 


We are now ready to appoimt a Director of Medical Computing 
Services who will build up a staff to establish a computing and 


information system in the Health Sciences Centre The Director will 
be responsible to the Dean of Medicine, and to the Executive Director 


of the University Hospital He will hold appointments m the Health 
Sciences Centre and, at the rank of Professor, m the Faculty of 
Medicine, and in the Department of Computing Science Senior 
members of the Director’s staff will also hold academic appointments 
We are looking for a Director who has a PhD and/or an MD, a 
research background, and experience in computing science ın a hospital 
environment This is a key position with salary open 

Interested persons are invited to send a curriculum vitae to 


Professor R. S. Fraser, 
Department of Medicine, 
University of Alberta, 
Edmonton, Alberta, 
Canada. 


Ji 
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UNIVERSITY OF BELFAST 


SENIOR LECTURESHIP OR LECTURESHIP 
IN PHYSICS 


The Senate of the Queen's University of Belfast 
invites apphcations for a Semor Lectureship or 
Lectureship in the Department of Pure and Ap- 
pled Physics, School of Physics and Apphed 
Mathematics, from October t 1968 Applicants 
should have research experience (experimental or 
theoretical) in some branch of photon physics 
such as lasers, photo-clectronics, mage tubes, 
communications and information processing or 
Physical optics Salary range for a Senior Lec- 
tureship 1s £2,605 to £3,415 plus contributory 
pension rights under the F.SS U_ and for a Lec- 
tureship £1,470 to £2,630 plus FSSU Intal 
placing on the salary scales will depend on qual- 
fications and expenence Applications should be 
received by February 5, 1968 

Further partuculars may be obtamed from 
G R Cowe, MA, LLB JP, Secretary 
Queen’s Umversity, Belfast, BT7 INN, Northern 
Ireland (2: 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 


TECHNOLOGY 
DEPARTMENT OF ELECTRICAL 
ENGINEERING AND ELECTRONICS 


EXPERIMENTAL OFFICER 


Appl:catons are invited for the post of Experi- 
mental Officer in Electronics The duttes attached 
to this post involve the operation and mainten- 
ance of a low energy electron diffraction appara- 
tus Candidates should have a good knowledge 
of physics and previous experience of the fields 
of high vacuum techmiques or eclectromics circuns 
1s desirable 

Commencing salary according to qualifications 
and experience in the scale £920 to £1,525 per 
annum Federated Superannuation System for 
Universities 

Application forms and conditions of appoint- 
ment may be obtained from the Regtstrar of the 
Institute, Sackville Street, Manchester 1, to whom 
completed applications should be returned by 
February 29, 1968 (47) 


THE DEPARTMENT OF BIOLOGY, UNI- 
versity of Calgary, Calgary, Alberta, Canada has 
Graduate Student Assistantships available im the 
areas of Comparative Animal Physiology, Develop- 
mental Animal and Plant Biology, Environmental 
Biology, Genetics Microbiology, and Plant Taxo- 
nomy Graduate Teaching Assistantships range 
from $1,840 to $2 800 for eight months (Septem- 
ber to April) Graduate Research Assistantsiups 
range from $2,400 to $2,800 for twelve months 
Fees are remitted and travel assistance to a maxi- 
mum of $250 1s available Students holding 
eight-month assistantships are eligible to compete 
for Inter-Session Bursaries ($1,000) for the 
summer penod —Inquiries should be addressed to 
the Head of the Department well before Febru- 
ary 15, 1968 Completed applications must be 
recetved by March 1, 1968 a7) 


THE DEPARTMENT OF PHYSIOLOGY 
and Pharmacology, Ontario Veterinary College 
University of Guelph, Guelph, Ontario, Canada 
requires four faculty members to meet growing 
teaching and research needs Persons interested 
in the following positions are invited to send 
curriculum vitae, grade transcripts, list of pub- 
lcauons, and special qualifications and interests 
to Dr H G Dowme, Professor and Head of the 
Department 

1 DVM (or equivalent) with PhD in 
Pharmacology Duties include participation m 
the team approach to teaching undergraduate and 
graduate Pharmacology, and research tn areas of 
own interest Rank Associate Professor 


2 DVM (or equivalent) with PhD ın 
Pharmacology, Toxicology, or  Biochenustry 
Duties include participauen in the team approach 
by teaching undergraduate and graduate Toxico- 
logy and Pharmacology, administrauve supervi- 
ston of a veterinary toxicology testing laboratory, 
and research and development in forensic 
analysss Rank Associate Professor 


3 DVM (or equtvalent) with Master’s degree 
im any related science Duties include partictpa- 
tion in the team approach te teaching under- 
graduate Pharmacology The candidate would be 
expected to pursue graduate work at the Ph D 
level ın Pharmacology Rank Lecturer 


4 PHYSIOLOGIST with PhD qualification 
Duties include instruction in Physiology to Physi- 
cal Education undergraduates and participation 
in a laboratory course on Human Physiology 
Consideration will be given to those individuals 
having a special research imterest in respiratory 
or cardiovascular physiology Rank Assistant 
Professor 

Moving expenses up to $1000 will be provided 
for each position All salaries are competitive 
with industry 16) 
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Do the Universities have a Case? 


Ever since the University Grants Committee was told 
two months ago what money there would be to spend 
m each of the next five academic years in Britam, 
individual universities have been complaming that 
they will not be able to make ends meet without serious 
and even crippling economies And on the face of 
things, of course, there 1s something in what they say. 
The rate of grant will be creased more or less ın propor- 
tion with the merease m student population to be 
expected in the immediate future, but there is nothmg 
to suggest that in the five years ummediately ahead the 
universities will have the opportunity to make good 
some of the more glaring deficiencies of the present 
system—the lack of a research tradition m the newer 
institutions and the general skimpmg on postgraduate 
teaching which 1s now becommg commonplace Un- 
fortunately, however, the universities are ther own 
worst enemies when 1t comes to discussions of financial 
matters and in the past few weeks have foolishly and 
even wrongly dechned to publish factual mforma- 
tion about the prospects for the commg quinquennium, 
which 1s the only means by which the outside world 
can judge whether the complamts now bemg made are 
substantial and not just the public rrritation of people 
whose budget appheations have been cut down to size 

The circumstances are these The University 
Grants Committee announces at the beginning of each 
quinquennium how much money it will have to spend 
on finanemg the universities, but it is for universities 
themselves to decide whether to make pubhc ther 
own share or prospective share On this occasion, the 
Universities of Oxford and Cambridge have made a 
clean breast of their prospects, partly no doubt because 
ther forms of university admmustration make it neces- 
sary that mformation lke this should be publicly 
conveyed to the academic body Elsewhere, however, 
universities behave as 1f this information 1s and should 
be secret to themselves Sometimes a vice-chancellor 
in making a public complaint will let slip the fact that 
the allocation for the commg year 1s 1 per cent, or 2 
per cent, or x per cent greater than in the present 
Sometimes a university will agree that this information 
should be made available after 1t has been through the 
mull of discussion in the senate Sometimes universities 
behave as rf they mtend to keep the details secret for 
as long as possible m much the spirit that private 
individuals choose not to make pubhc mformation 
about ther bank accounts The absurdity, of course, 
is that the University Grants Committee will in due 
course make public the details of its allocations to all 
the universities In future, no doubt, the decision 
that the universities as a whole should be made publicly 
accountable will lead to the publicatgon of much more 
detailed information about the working of universities, 
and about the methods by which they obtain and spend 


thew money, than has ever been available in the past 
The universities may enjoy trymg to shut the stable 
door, but they ought to know that the horse 1s certain 
to bolt ın the end 

There are several reasons why these policies are 
mistaken and should be changed For one thing, the 
financing of the universities has become a matter of 
mamediate public importance and it 1s wrong that the 
University Grants Committee should seek to perpetuate 
the fiction that its dealmgs with individual universities 
are entirely private matters After all, the committee 
1s the first to solicit public support or at least discussion 
at times when ıt feels that too little money 1s being 
spent on the development of the universities The 
time has also come when ıt should recognize that the 
country as a whole has a mght to ask not merely 
whether the scale of the whole operation 1s right, but 
whether more detailed aspects of the policy on the 
universities are bemg handled properly Are some 
categories of universities getting too large or too small 
a share of the cake? Is the University Grants Com- 
mittee itself as zealous as 1t should be in trymg to spend 
as much of 1ts money as possible m those stitutions 
which have a proven record for efficiency ? Is the geo- 
graphical distribution of university money fair ? Are 
the colleges of advanced technology getting a fair 
crack of the whip? The time to ask these questions 
1s when decisions are bemg taken about the allocation 
of funds When the money has been spent, it 18 too 
late It 1s true that the University Grants Committee 
may well argue that a bald statement of how it pro- 
poses to allocate its funds may be misleading, for there 
may be considerable fluctuations from year to year in 
the cost of operatmg mdividual universities which 
arise not from broad issues of policy but from accidental 
causes, one university may have to equip a new 
laboratory, for example, and the cost may fall pre- 
dommantly m one year or one quinquennium But 
this 1s not an argument for no information but, on the 
contrary, a reason why the announcement by the 
University Grants Committee of its plans for the 
coming quinquennium should be accompanied by a 
full statement of the reasons why its decisions have 
been made ‘The cryptic character of its customary 
behaviour 18 merely one of the reasons why politicians 
and others have been provoked into beheving that a 
much tighter method of controlling the universities 18 
overdue 

Tf the coyness of the University Grants Committee 1s 
mistaken, that of mdividual universities 15 downright 
self-destructive. For one thing, 1t 1s a means of hamper- 
ing intelhgent public discussion of the running of 
universities, both among the academics most directly 
concerned and in the outside world J ıs true, of 
course, that those who belong to the nght committees 
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will sooner or later be given detailed statements of 
how much or how httle money there is to spend, but 
this 1s no substitute for the awareness among the 
teachmg staffs of umversities of the ways m which 
ther operations are necessarily circumscribed by 
financial considerations. Internally, the consequences 
can be quite serious. What sense 1s there m universi- 
ties’ attempts to operate more efficiently and economic- 
ally if those who will have to save the pennies are not 
kept fully mformed? And how can academics be 
expected to form sensible opmmions about the long-term 
strategy for the development of the university to which 
they belong if the details of now much money there 1s 
to spend are regarded as the privileged possession of a 
handful among them? Outside the universities, how- 
“ever, the consequences of this coyness are even more 
alarming In effect, the universities by their pomtless 
gentility are prevented from making the full-blooded 
claim on public sympathy which their objectives would 
justify 
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What ıs to be done? The universities themselves 
could do a lot to help and, if the University Grants 
Committee 1s unwilling to make an intelhgent comment 
on quinquennial allocations as these are made, the 
Committee of Vice-Chancellors and Principals could 
well take over that task But ın the long run, the 
real need 1s somehow to suppress the feelmg among 
university administrators and even academics that there 
18 some virtue in keepmg silence about the ways m 
which money is spent. So long as universities were 
private mstitutions and so long as the numbers of people 
with whom they dealt were so small that their influence 
m the economic hfe of Britam could be neglected, this 
may have been a tenable position But the need now 
1s for a much more open conduct of affars Since it 
1s public money which 1s bemg spent, the universities 
would be prudent to remember that xf they do not 
voluntarily provide mformation which 1s of great 
public umportance, matters may be taken out of their 
hands 


Public Transport should be Practicable 


Tars looks hke bemg a decade m which governments 
will be preoccupied with issues of public transport, at 
least m Britam and the United States After many 
years of speculation and timid experiment m urban 
planning, ıt has now been borne ın on a great many 
people that 1t 1s not feasible to plan the shape of cities 
without at the same time planning the transport 
networks by which people will move or seek to move 
from one place to another In Britam, the issue has 
been made controversial as well as topical by the 
energetic way m which Mrs Barbara Castle, Minister 
of Transport for more than a year, has been reshapmg 
the admmustrative structure of public transport. The 
startmg pomt for the policies which will obviously 
flow freely in the years ahead 1s the White Paper 
Public Transport and Traffic (HMSO, 3s 9d) Even 
Mrs Castle’s critics have been compelled to admit 
that this is a formidable and even admirable document 
One of its striking and least assailable conclusions 1s 
that public transport should be organized on a local 
basis, not centrally, which will frequently mean the 
transfer of large parts of existing transport under- 
takmgs to local passenger transport authorities, but 
which will also on some occasions entail that bus 
companies at present operated by comparatively small 
local authorities will be swallowed up by larger units 
One important innovation 1s that passenger transport 
authorities will be required to assume some responsi- 
bility for the pattern of railway services, particularly 
where these are widely used by commuters, and no 
doubt the time will come when these passenger trans- 
port authorities find themselves paymg subventions 
to the central railway authority for the cost of maim- 
tammg public services which would otherwise be un- 
economic It is, of course, entirely sensible that the 
costs of subsidies lke this should be felt directly at 
the local leyel at which they arise, and that machmery 
should exist for makmg, comparisons between the 


social benefits that can be obtamed by mvesting a 
sum of money m alternative means of transport. The 
doubts which Mrs Castle’s scheme arouses are not 
doubts of principle but of practice. What prospect 
is there that the passenger transport authorities estab- 
lished at a local level will be able to seize the opportuni- 
ties which transport technology now promises? How 
well will they be able to mtegrate their policies for the 
development of public transport with policies for the 
shape of urban planning under the control of other 
authorities ? How far will they be able to rse above 
the parochial considerations which bedevil local 
government in Britam ? 

The trouble 1s that there are now a great many 
conflictmg claims on the attention of those who would 
more effectively exploit the technology of modern 
transport The Ministry of Transport itself has recently 
been acquiring a commandimg expertise m the econo- 
mics of transport systems, and there is obviously a 
great deal to be done m the mmprovement of the 
efficiency of transport by persuading the users of the 
transport system to make demands on it which can 
more easily be satisfied The danger here, however, 
1s that too great a concern for pricmg systems may 
lead to policies which are armed at “pricmg the motor 
car off the roads” when the real objective should be to 
make the most efficient use of the transport system as 
a whole—traims, buses and private cars mcluded The 
force of this argument was well put recently by the 
Standmg Jomt Committee on the Buchanan Report 
which 1s bemg sponsored by the engmeering mstitutions 


United States Science Examined 


As this issue of Nature went to press, the OECD was 
begmning its confrontation with the United States 
authorities on the report about the condition of science 
in the United States which has been prepared by the 
team of exammers which has been at work on the 
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problem for the best part of two years The study 1s 
the eighth to have been carried out in the series of 
studies of national science policies ın the 21 member 
nations of the OECD, but the chances are great that 
the special circumstances of the United States wil] 
bring up questions which earher reports m the series 
have not raised Prominent among these are likely 
to be questions related to what 1s sometimes called the 
technology gap—a cause known to be close to the heart 
of the OECD. Not merely 1s there likely to be a serious 
attempt to draw from American experience in the 
management of science and technology, but there 1s 
also likely to be some attempt to determme the wisdom 
of trying to follow in Europe some of the developments 
which have been promment in the United States in 
recent years 

The OECD report, which 1s the basis for the discus- 
sions bemg held m Paris, has been prepared partly by 
the secretariat of the OECD and partly by a panel 
which consists of Dr H G B Casimir, director of the 
Philips Research Laboratories at Emdhoven; Mr 
Theo Lefevre, a former prime mmister of Belgium, 
M Pierre Masse, chairman of Electricité de France, 
and Professor C H Waddington of the University of 
Edmburgh A full summary of the review of United 
States Science Policy, together with an account of the 
confrontation m Paris, will appear in Nature next 
week, 


Drugs’ Dark Days 


Tue United States pharmaceutical mdustry must be 
suffermg from a bad case of nostalgia The good old 
days of the mnmeteen-fifties—when wonder drugs 
brought wondrous profits and gratitude from the pubhe 
as well—are probably gone for ever Instead, the 
federal government 1s gettmg more and more mquisi- 
tive about the whole busmess of medicmes how much 
they cost to make, whether they perform as advertised, 
whether those with melodious trade names are better 
healers than those with clumsy generic names Two 
Senate investigations are now mm progress, one looking 
mto possible abuses m the diet pill mdustry, another 
into the pricmg policies of drug manufacturers The 
total government spendmg on drugs by federal, state 
and municipal authorities continues to mcrease—it is 
now $200 million a year—so that the authorities are 
now unlikely to relax their vigilance 

The aura of suspicion created by Senate mvestigators 
was even blamed by an executive of one of the pharma- 
ceutical firms found guilty last week for conspiring to 
control the production and sales of tetracycline 
Certainly the jury had a Jot to contend with—patent 
law, chemical formulae, patent and anti-trust laws 
were all freely quoted during the trial Ther finding 
that three companies—Charles Pfizer and Company, 
American Cyanamid Company and the Bristol Myers 
Company—are guilty of criminal conspiracy m mono- 
pohzmg the manufacture of tetracycline until 1961 
has shaken the mdustry The decision, if 1t 18 not 
reversed, opens the door to lawsuits from major 
purchasers of tetracyclne from the defendants The 
City of New York and the State of Florida have already 
filed ther suits m the hope of recovermg the treble 
damages allowed by the Sherman Anti-Trust Act 
against companies convicted of monopoly The sums 
eventually paid back to mate customers could exceed 
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those awarded a few years ago when some American 
electrical companies were convicted of price-fixmg 

The mdustry, not surprisingly, feels hard done by 
The big laboratories, as the argument goes, bear the 
costs of all the research and, as soon as they come up 
with something useful, smaller companies rush 1m, 
copy the medicine and sell 1t at cut-prices Are the 
better-known branded products more efficacious °? 
The big companies say they are, and many doctors, 
meluding some from the American Defense Department, 
which has been buyimg low-priced tetracycline from 
Italy rather than the expensive domestic brands, 
agree The Food and Drug Administration set up a 
special committee to study the problem of efficacy 
and equivalence, and the job ıs harder than anyone 
had thought. After eighteen months, the committee 
has asked for more time 

The debate has really yust begun Last year m 
Congress Senator Long of Louisiana tried to make it 
mandatory for all public agencies ın the medicime- 
buyımg business to buy drugs by their chemical rather 
than by their trade names He failed, but a vestige 
of his wish survived ın the form of a directive to the 
Department of Health, Education and Welfare to ask 
all state governments to promise that the medicmes 
that they were buymg for people on relief rolls was 
purchased at the lowest possible cost At the very 
least, this means that more attention will be paid 
to the question of gettmg best buys The price differ- 
ences between what are said to be equal quantities 
of the same compound are staggermg The Senate 1s 
hearmg that public agencies were charged $209 in 
one case and $160 m another for the same quantity 
of reserpme tablets, and the Justice Department’s 
complaint m the tetracyclme case was that antibiotic 
tablets costing $2 or $3 a hundred to produce were 
being sold to the customer at $51 a hundred 

Meanwhile, the FDA 1s getting ready to make public 
the results of 1ts mquiry into the efficacy of medicmes 
sold in America between 1938 and 1962, when stricter 
standards were estabhshed The advance reports 
say that about 10 per cent of the old favourites m 
the medicme cabmet could be denounced as worthless 
and some may have to be withdrawn from sale 


Computers More Expensive 


INTERNATIONAL Busmess Machines last week an- 
nounced increases 1n the cost of both buymg and renting 
its computers m Britam Rentmg an IBM machme 
will cost 10 per cent more, while buying one will 
cost up to 10 per cent more The hirmg of time at 
computer bureaux and data centres will go up by 
between 3 and 10 per cent, and mamtenance charges 
will merease by 4 per cent ‘These mcreases, a response 
to the devaluation of sterling, may well be duplicated 
by other computer compamies which use a large pro- 
portion of imported parts—a group which meludes 
every computer manufacturer m Brtam, with the 
possible exception of International Computers and 
Tabulators 

JBM has also taken the opportumty of announcmg 
a new computer, as part of the 360 series The new 
model, the 360/25, falls between the smallest machme 
m the IBM range, the 360/20, and the next up, the 
360/30 It will offer users of the 360/20 a*chance to 
merease ther computmg pewer without having to 
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learn a new language, and competitive pricmg should 
help to encourage buyers These moves come at a 
time of unprecedented, weakness for IBM in the British 
market—it has even been suggested that IBM’s share 
of the British market has fallen below 30 per cent 
Whether or not this 1s true—IBM always refuses to 
divulge its market share—it 1s certamly true that 
Britain 1s proving a tougher market than some others 
Because IBM does most of its production for Europe 
in France and West Germany the effects of devaluation 
are hkely to hit the company harder than others 
Honeywell, which produces computers at its factory 
in Scotland, will be cheered by devaluation ICT, on 
the other hand, still views the effects of devaluation 
with some suspicion Colonel A T Maxwell, charman 
of the company, presenting the annual report for 1967, 
said. that the effect of the measures was still not clear 
“We are mevitably faced with higher costs, but we 
shall so direct our affairs as to contam these as much 
as possible We are also seizing the opportunity of 
mereasing our exports ” 

Only one other computer manufacturer, Burroughs, 
has so far announced price increases of 1ts own, they 
will work out at an average of about 7-5 per cent 
So far, no other companies have followed IBM and 
Burroughs, but the betting 1s that some—perhaps 
meluding Enghsh Electric—wil] have to do so within 
the next few weeks 


Policy for Research 


THz British Government will shortly be issumg a 
long-awaited White Paper on research policy At least 
one of the purposes of the White Paper will be to 
define ways ın which the research establishments can 
help industry Beeause there ıs plenty of room for 
disagreement—and musunderstanding—between the 
ministry and the industries ıt 1s trying to assist, the 
Electronic Engmeering Association has got im first by 
producing a memorandum which sets out its own 
views on what the relationship should be The report, 
which goes for discussion to the Development Council 
for the Electronics Industry next month, may differ m 
emphasis from the pohcy which the ministry must by 
now have agreed on Ño far, though, any clashes 
between the association and the ministry are hypo- 
thetical 

The chief pomt which the report makes 1s that, 
when projects are jomtly undertaken by government 
and industry, leadership should be very firmly m the 
hands of the industrial partners Captam R. A 
Vilhers of the association pomts out that when research 
establishments were mvolved with military work they 
kept closely m touch with the mihtary market, but 
the shift to cıvıl work means that a new relationship 
with industry has to be worked out. He thinks that 
the ministry has much to learn by exammimg the 
records of other industrialized countries, which tend, 
among other thmgs, to contract more work out to 
mdustry and to do less ın the estabhshments The 
main part the establishments can play on ther own, 
he thmks, ıs m more basic research work——hke, for 
example, the work on oceanography at Harwell. 

Another idea which Captam Villers puts forward 
involves the actual transfer of people from the estab- 
hshments to ndustry and vice versa Teams of people 
from the establishments should be able te jom mdus- 
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trial firms, and teams from mdustry should be seconded 
to government establishments to pick up know-how 
To do this, he says, both sides must become more 
flexible about transferrmg pension rights But so far 
he seems confident that there ıs no clash of views 
between himself and the Government Others will 
await the White Paper before committing themselves 
so cheerfully. 


Swiss Smelting 


Tue Swiss Alummmm Company has submitted a 
tender to build an alummium smelter m Britam The 
company says the smelter could be built m 25 years 
at a cost of between £18 and £20 million and a maxi- 
mum capacity of 100,000 tons Other tenders have so 
far been made by Rio Tinto Zine m conjunction with 
British Insulated Callender’s Cables, by Alcan Alu- 
mimium of Canada and by British Alummium British 
Aluminium 1s jomtly owned by Reynolds Metal 
Company of the United States and by Tube Invest- 
ments. 

The high cost of electricity m Britam has hitherto 
prohibited the development of a native alummium 
smelting industry of any size The decision by the 
British Government to mvite tenders for a plant was 
made with the mtention both of reduemg imports 
and of creating new jobs m development areas. Tariffs 
bemg out of the question, the project 1s rendered 
commercially viable by the offer of cheap electricity 
and generous investment grants (see Nature, 216, 109, 
1967) The Board of Trade 1s prepared to grant these 
meentives to foreign and British companies without 
discrmmation The Government envisages the con- 
struction of two plants with a total capacity of 240,000 
tonsa year It1s hoped that the first will begn produc- 
tion in 1970 and the second in 1974 


Sediments for Peace 


Tse Parhamentary Group for World Government, 
which 1s based ın London, seems well launched on its 
campaign to bring international law and order to the 
bottom of the deep oceans Earher this week the 
group made public the membership of the committee 
which has been formed to study some of the problems 
of arranging that the resources of the deep oceans 
should be exploited “for the benefit of all mankmd”’ 
The chairman of the committee 1s a barrister, Mr 
Maurice Bathurst, and the ordinary membership seems 
equally divided between lawyers, scientists and those 
with more general interests Lord Ritchie-Calder 1s 
perhaps most accurately described as the founder 
member of the movement, for he was one of the first 
to urge, a year ago, that there should be a Umted 
Nations agency empowered to exploit the resources 
of the oceans and to spend the proceeds on mter- 
national peace-keeping forces Other members include 
Dr G E R Deacon, director of the National Institute 
of Oceanography, Commandant Cousteau, director of 
the Instrtut Oceanographique at Monaco, Dr T. 
Gaskell, of British Petroleum Ltd, and Mr Oscar 
Gugen of the World Underwater Federation Dr Thor 
Heyerdahl has promised his support to the committee, 
which has already met on two occasions and which is 
evidently prepared for a busy year ahead 

By all accounts, the committee will have to divide 
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its time between the discussion of general principles 
and the lobbying of other interested—or uninterested 
~-parties. The response of the last General Assembly 
of the United Nations to the request of the Maltese 
delegation that there should be set up an agency to 
organize the exploitation of the ocean beds was to 
establish, on December 20, a sub-committee to study 
the problem. Advocates of the peaceful uses cf ocean 
sediments are not sure whether this is merely a device 
for putting off a decision about the formation of an 
international agency, although it would have been 
unreasonable to expect that the General Assembly 
could create an agency which raises all kinds of new 
problems in international law, and which may be 
financially hazardous as well, without satisfying itself 
that there is a feasible task to be accomplished. 
Nevertheless, there are some, at least, who fear that 
a committee with more than a score of nations as 
members will serve as a splendid cloak behind which 
the nations which fancy their own chances in the 
exploitation of the sea will be able to block agreement. 

At this stage, however, nobody seems inclined to 
make light of the problems. Strictly academic problems 
are formidable enough. How, for example, to dis- 
tinguish between the continental shelf and the deep 
sea? The committee has apparently given some 
thought to a measurement of the thickness of the 
crustal layer as a definition, though some oceano- 
graphers would no doubt have interesting reservations 
to make on that. There are also questions such as 
whether a treaty which reserved the right of ocean 
exploration to an international agency should cover 
the extraction of minerals from seawater as well. But 
technical problems are insignificant compared with 
the legal obstacles yet to be fully defined. Freedom 
of the high seas in the most literal sense is clearly in 
jeopardy. The question of what to do with any profits 
from international exploitation is obviously another 
teaser, although the advocates of an international 
agency seem at this stage more concerned that there 
should be profits of some kind than that there should 
be agreement in advance on the distribution of the 
profits between peace-keeping, aid for development 
and other good causes. The committee has a good 
point when it urges that if an international agency is 
to be formed at all this should be done before national 
activities have established awkward precedents. Plainly 
it is undismayed by the slow start there has been on 
océan mining. 


Unlucky Strike Again 


Mr RoserTt L. Srricxmay, the inventor of a new type 
of cigarette filter, announced last week his intention 
of. robbing Columbia University of the privilege of 
developing the filter. The university, to which most of 
the rights in the filter were assigned, seems likely to 
dispute this decision and an acrimonious battle through 
the courts may be in the offing. 

. Mr Strickman claims that his filter is much more 
effective than other types both in removing tar and 
nicotine and in allowing the taste of the tobacco to 
come through. Wishing to have the filter tested, 
developed and licensed by a non-profit institution, 
Mr Strickman offered the rights to Columbia Univer- 
sity. In July of last year, Columbia conducted a 
press conference, the timing and manner of which were 
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widely criticized, to announce its acceptance of Mr 
Strickman’s offer (Nature, 215, 339; 1967). The 
university was at that time about to launch a campaign 
for raising funds of $200 million, and the potential 
income from licensing the filter was undoubtedly a 
principal factor in its decision. Critics, however, ques- 
tioned the propriety of an academic institution making 
money in this way, and pointed out the risk the 
university took in creating the impression that it 
condoned or thought innocuous the smoking of 
cigarettes. 

The advisability of its decision apart, Columbia is 
clearly determined to put the filter through the most 
stringent tests it can devise. Here lies the point of 
disagreement with Mr Strickman, who considers that 
enough testing has been done and that Columbia 
should have already begun licensing the filter to. cigar- 
ette manufacturers. Although Mr Strickman is pressing 
for the return of his rights, he still wishes Columbia to 
share in the profits from the sale of the filter. The 
question now is whether Columbia will be able to 
accept even that truncated connexion with the filter. 


Underdeveloped Trade 


THE Overseas Development Institute has ventured 
into a new field with its guide to The Less Developed. 
Countries in World Trade (ODI, 30s.), written by 
Michael Zammit Cutajar and Alison Franks and pub- 
lished this week. The institute has studied the two- 
way process of trade for the first time, having pre- 
viously concentrated on the one-directional flow of 
official aid and private investment to less developed 
countries, The trading problems of the less developed 
countries were examined in detail at the three month 
United Nations Conference on Trade and Develop- 
ment (UNCTAD) in 1964, and a second UNCTAD 
conference on the subject is to begin in New Delhi 
on February 1. The institute, an independent non- 
government body which promotes wide development 
overseas, hopes that the study will provide back- 
ground information on the trading problems of the 
underdeveloped countries which form the majority of 
UNCTAD. The UNCTAD secretariat has co-operated 
in the compiling of the guide, although the idea for it 
came from members of the institute. 

Before giving world trade figures and details of the 
exports of less developed countries, the guide puts 
forward the fundamentals of economic theory to 
explain the need for trade. Development cannot be 
achieved efficiently by either trade or aid alone, and 
situations are described in which each is most 
appropriate. 

In the 12 years to 1965, world trade has increased 
by 135 per cent, but during that time the share of the 
less developed countries ha’ fallen by over 7 per cent, 
to less than 20 per cent of the total. When exports 
are divided into two groups—primary commodities and 
manufactures—the less developed countries are found 
to be dependent on the first group, which accounts for 
86 per cent of their export earnings. Developed and 
less developed countries each export about 42 per 
cent of the world total of primary products, but when 
it comes to manufactures the development gap is 
clearly seen. Developed countries export 80 per cent 
of the world total, while the share of the less developed 
countries stands at 6 per cent. The guide discusses 
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the current demand for primary products and gives 
details of international agreements which are in force, 
Eleven primary products, ranging from petrol and 
metals to tea and cdffee, are discussed in detail in 
terms of the nature and importance of the product, 
countries of supply, importing areas and national 
production figures, and the state of the market. British, 
United States and Common Market policies for trade 
with the less developed countries are discussed with a 
mass of information on the trade of the countries 
concerned. The guide concludes with a résumé of the 
work of the UNCTAD board and committees, and makes 
three preposals—a cocoa agreement, a scheme for 
tariff preferences for less developed countries and a 
scheme for supplementary financial measures, which 
could well be important talking points at the New 
Delhi meeting next month. 


No Change at Caltech? 


THE annual report of the president of the California 
Institute of Technology for the academic year now 
past provides the usual detailed and absorbing account 
of the institute’s recent achievements. Although, 
this year, Dr Lee DuBridge has much to say about the 
launching of the institute’s public appeal for $85 
million, his account of events does less than justice 
to the questions increasingly being asked among the 
faculty at Pasadena and their contemporaries else- 
where—is the pursuit of excellence, or pre-eminence, 
as Dr DuBridge calls it, in conflict with the educa- 
tional needs of the undergraduates, now almost 
outnumbered by the faculty ? 





Dr Lee DuBridge, president cf the California Institute 
of Technology. 


Like many other institutions, the California Institute 
of Technology is the continuing victim of what is now 
called sophistication. Simply staying still costs an 
extra 6 or 7 per cent a year. The institute wants 
to spend some of the $85 million which it hopes to 
raise on new buildings, while some of it will be added 
to the endowment. which amounted to a comparatively 
modest $1429 million in 1967. Within the running 
budget, which included expenditure of $30-35 million 
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in 1967, federal research plays a prominent part. Thus 
the direct cost of federally sponsored research worked 
out at $11-22 million, compared with $9-24 for what 
is described as “instruction and research”. In practice, 
the institute seems not too heavily dependent on any 
one agency for its funds—the US Navy provided $2-13 
million and the US Air Force $1-74 million in 1967, with 
roughly comparable amounts from the Public Health 
Service ($3-21 million), the AEC ($2-69 million), the 
NASA ($2-17 million) and the NSF ($2-01 million). 
It should fare as well as any other institution if, in the 
months ahead, there is a sharp reduction of the scale 
on which federal funds are made available. Whether 
the institute will be affected indirectly by the 
straitened NASA budget in the years ahead is an- 
other matter, for annual expenditure at the Jet 
Propulsion Laboratory which is managed on behalf 
of federal agencies by the institute grew by less than 
1 per cent (to $248 million) between 1966 and 1967, 
and could conceivably decline in the vears immediately 
ahead. 

Financial considerations have not, however, impeded 
the sustained if modest growth of the institute in the 
recent past. The faculty, for example, has grown from 
515 to 600 in five years, with the number of full pro- 
fessors almost unchanged at 142 but with a rapid 
increase from 159 to 206 in the number of research 
fellows. The intake of undergraduates, by contrast, 
has been constant for some years at 200 or so, but 
outsiders will be a little surprised that the rate of 
application for entry is only five times as great. Drop- 
outs account for 39 per cent of the student body 
over a four year undergraduate course, though no 
doubt some of these people complete their under- 
graduate degrees elsewhere. No doubt the rate of 
dropping out will be taken merely as a proof that even 
the more rigorous processes of selection cannot be a 
cast-iron assurance of academic success. At Caltech, 
as the Swann Committee has found in Britain, however, 
academic success begets academic temperament. Thus 
the production of PhD degrees is running at about 
100 a year, and has not yet been much affected by the 
increase of the graduate school from 660 to 770 in the 
past three years. In 1967, for example, 70 per cent of 
those graduating with PhD degrees found jobs at 
universities or at research institutions. 





Decline of Bone Strontium 


A CONTINUING decline of the concentration of radio- 
active strontium in human bones in the British Isles is 
recorded in the most recent of the reports on the 
subject by the Medical Research Council (Assay of 
Strontium-90 in Human Bone, HMSO, 3s.). The 
results are based on analyses carried out separately by 
the UK Atomic Energy Authority and by a group 
based on Scottish hospitals. Bone samples were 
obtained from the vertebrae of individuals dying 
between July and December 1966, and the results 
ee by the two groups are shown in the following 
table. l 


UKAEA Glasgow 
1965 1966 1965 1966 
Newborn and stillborn 2-5 2-2 3-4 2-7 
Under 5 years > 6-7 5l 82 6-5 
(excluding newborn) 
6-23 months 1 2 110 R3 
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This accords well with the measurements of the con- 
centration of radioactive materials in the atmosphere 
and in rain which have now been published by the 
Health Physics and Medical Division of the AERE, 
Harwell. The report (HMSO, 7s.), which runs up to 
the middle of 1967, shows that the average concentra- 
tion of strontium-90 in rainwater had decreased by 
roughly 40 per cent between the first half of 1966 
and the first half of 1967. Because rainfall in 1967 was 
considerably less than in the previous year, the actual 
deposition of strontium-90 in the first half of 1967 
was only 40 per cent of that deposited in the same 
period during the preceding year. By the end of 1966, 
it seems as if the rate of deposition of fresh strontium-90 
had become comparable with and smaller than the 
rate of disappearance of deposited strontium-90 by 
means of radioactive decay, so that “for the first time”, 
the “cumulative deposition began to decrease with 
time”. The balance was reversed with the spring rains 
in 1967, but it is clear that an end is in sight to the 
aceumulation of radioactivity in the soil. 


All Quiet on the Quiet Sun 


LIKE a great actress in later life, the organization of the 
International Years of the Quiet Sun is now well settled 
in the habit of making its final appearance. Formally, 
it is true, the great symposium at Imperial College last 
July marked the end of the period of co-ordinated or 
at least simultaneous observation. Now there has 
appeared the latest issue of JQSY Notes, the twenty- 
first, which is full of valedictory statements and which 
also contains the announcement that this issue will 
be the last. The next step is the publication of the 
Annals of the IQSY, which is being managed by the 
Royal Society. There will be admiration and even 
gratitude for the firm promise that the first of the eight 
or nine volumes in this series will appear early this 
year, and that publication of the whole series—which 
will include a record of the symposium last July— 
should be complete by the end of 1969. With luck, 
it should be possible to avoid overlap between the 
productions of the IQSY and of Dr Herbert Freeman’s 
Commission on Solar and Terrestrial Physics, now in 
the process of gestation. 

Although the latest [QSY Notes has no great sur- 
prises, it does provide some information about the 
financing of international operations like these. It is 
notable that the total cost of administering the IQSY 
for a period of 5} years amounted to merely $173,000 
a sum which had to cover the maintenance of the 
secretariat in London, the publication of manuals and 
the organization of meetings. The publication of the 
Annals is reckoned to cost a further $60,000. Most of 
the funds have been raised by voluntary contributions 
from the national committees of participating countries. 
The statement of the council goes out of its way to 
emphasize that “the payment of a contribution has 
never been a condition of adherence to the IQSY 
‘programme. Contributing and non-contributing com- 
: mittees have been treated exactly alike. . . . This was 
essential, since the prime objective of the scientific 
“programme was to encourage the widest possible 
geographical participation in the programme. . . ad 
‘This decision was no doubt wise, for the list of con- 
tributors suggests that some participants have been 
rather slow in paying up. It is perhaps understandable 
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that Taiwan and the Congo should not have paid 
after the first year or two. It is more surprising that 
Belgium, Finland, Israel, Rumania and Switzerland 
should not have contributed after a similar period. 
The Soviet Union had only paid two contributions 
out of six by October last year—a total of $10,000. 
Difficulties about the convertibility of the rouble 
(and of the rupee) are known to have been a complica- 
tion in this connexion. But the IQSY seems to have 
managed well enough and, even if its scientific pro- 
gramme was inescapably a somewhat undramatic 
business, the organization may well have been able to 
establish standards of good management among 
international organizations. 


More Medical Science 


A sMALL reform in the organization of the British Medi- 
cal Association seems likely to come about as a result 
of suggestions made by Dr Ronald Gibson, chairman 
of the council of the association. Dr Gibson has 
proposed that all the scientific and educational work 
done by the BMA should be brought under the umbrella 
of a central board. As well as the work of the present 
Committee on Medical Science, the board would provide 
for scientific and sociological work. But the hope 
expressed by Dr Gibson that the BMA could in this 
way “prove its right to be considered a forceful entity 
in the field of medical science” is hardly realistic. 
The proposal does not recommend any increase in the 
money which the BMA spends on research—last year 
it was £60,000—but simply concentrates on the reform 
of the committee structure. Nor is the suggestion 
particularly new—a similar idea was put forward some 
years ago. Dr Gibson has suggested that if the board 
is set up—a decision which the council of the BMA 
will have to take within the next few weeks—it might 
also sponsor some general sociological surveys. Topies 
put forward include drug addiction, the population 
explosion, nutrition, the stress diseases and the like. 

There seems to be no reason why the council should 
not approve the suggestion, modest as it is. It may, 
however, put the BMA into a position where it could 
begin to influence medical research in Britain, given a 
greater financial outlay. A counterweight to the mas- 
sive influence of the Medical Research Council would 
not be entirely unwelcome. The field where the BMA 
might be most influential, clinical research, has not so 
far had the same attention in the MRC as more basic 
studies, although this may change when the MRC 
Clinical Research Centre opens at Brent Hospital in 
1970. In the BMA, the move reflects a feeling that 
the polities of medicine has in the past few years been 
allowed to obscure the more cerebral activities of the 
BMA. -Having exhibited its taste and talent for 
political controversy, the argument runs, the BMA 
should now try to divorce itself somewhat from the 
image of a militant, if successful, trade union. 

The American Medical Association itself turned to 
research for many of the same reasons several years 
ago. There was a feeling that the AMA had become too 
closely identified with the fight against the Medicare 
proposals, and too far detached from scientific research. 
But the move to support basic research, in the Institute 
for Biomedical Research at the AMA headquarters in 
Chicago, seems not to have been wholly successful. 
After only two years of existence, the institute is now 
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to have its third director—George W. Beadle, the 
retiring president of the, University of Chicago. (His pre- 
decessors were Dr Roy E. Ritts and Sir John Eccles.) 
The AMA has also decided to move the institute to a 
new site on the campus of the University of Chicago. 
Unless the BMA decides to spend a good deal more on 
research, however, it is unlikely to be troubled by 
problems such as these. 


Doctors’ Complaints 


THE career structure of the medical profession in 
Britain is an important stimulus of the emigration of 
doctors and an effective deterrent to their return. 
This is one of the conclusions reached by an interview 
board sent by the Ministry of Health to the United 
States and Canada last October and which has now 
reported its findings. (British Medical Journal, 
i, 45; 1968.) 

Between 1962 and 1964 the rate of emigration of 
British doctors to all countries was about 300 a year— 
more than one-sixth of the annual output of British 
medical schools in those years. This rate of emigra- 
tion, which there is no reason to suppose will 
have diminished in subsequent years, was the goad 
to the board’s departure. Having advertised its 
coming in various medical journals, it was able to 
interview 135 out of the 200 doctors who applied to 
it, with the purpose both of finding them jobs in Britain 
and of ascertaining why they had left and what impedi- 
ments they saw to their return. Fifty of the doctors 
whom the board interviewed have already been 
offered, and have accepted, appointments in Britain 
and it is expected that more will do so. 

The board discovered a fairly consistent picture of 
dissatisfaction with the National Health Service and its 
doings. General practitioners who in Britain had 
aspired to a specialist career gave as their reason for 
emigrating the lack of hospital facilities for doing 
major surgery and other specialized practice, and the 
waiting period for senior posts after the appropriate 
higher qualifications had been gained. Other reasons 
for emigrating were the paucity of senior academic posts 
in the United Kingdom and the relative scarcity of 
research funds. To the board’s regret, it found that 
an emigrant’s decision to leave was not always a purely 
personal one: “evidence of British consultants and 
professors advising and encouraging trainees to emigrate 
because of the uncertainty of their prospects and the 
rigidity of the National Health Service and academic 
structure in the United Kingdom was unfortunately 
forthcoming”. 

For those who wish to return to the United Kingdom, 
the most formidable obstaele is the insistence by the 
National Health Service that candidates attend an 
interview. ‘If unsuccessful the candidate is left with 
his travelling expenses to pay, and if successful he is 
faced with removal costs of his dependants and effects 
as well. In this instance the board was empowered to 
reimburse such costs, which may account for much 
of its success in attracting doctors back. Other impedi- 
ments to a return are the lack of information about 
jobs, the hostile attitude of the North American press, 
and its British element in particular, towards the 
National Htalth Service, and the lack of any accepted 
equivalence between the higher qualifications awarded 
in North America and in Britain. 
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One reason for the board’s success may have been 
that it was less scrupulous in selecting candidates for 
interview than other interview boards have been. 
It recommends that the obstacles to return should be 
reduced, and that to diminish the rate of emigration in 
future the arrangements for career guidance of trainees 
should be improved and that more opportunities should 
be created for academic careers. The Minister of Health 
is now studying these recommendations. 

The loss of 300 doctors a year is indeed serious, but 
should be seen in proportion to the numbers Britain 
gains from other countries. Last year almost 2,000 
doctors from the Commonwealth alone applied to enter 
Britain. In 1965, the most recent year for which 
figures are available, there were 6,000 doctors working 
in National Health hospitals who had been born 
abroad—about 30 per cent of the total. Of general 
practitioners 2,600, or 12 per cent of the total, were 
born abroad. If every doctor were to practise in the 
country of his birth, Britain would not be the gainer. 
But this is not to decry any efforts that the ministry 
may now make to encourage the return of expatriates, 
and to allay the discontent of those who would follow 
them. 


More on Asbestosis 


Tuar there are risks associated with asbestos is not 
now disputed. A review of the problem as it occurs 
in Britain has just been published as a memorandum 
by the Advisory Panel on Problems Arising from the 
Use of Asbestos (HMSO, 3s. 9d.). The advisory panel, 
set up in 1965 by HM Factory Inspectorate, is respon- 
sible for considering the use of asbestos in relation to 
the health of those directly or indirectly exposed to 
asbestos in their occupations. Over the whole country 
the panel estimates that about 20,000 persons are 
exposed to asbestos in the use or handling of the fibres. 
The figure is probably higher than this; people can 
easily be put at risk by working near to where asbestos 
ishandled. The present Asbestos Industry Regulations, 
1931, are applied to some 300 registered factories, but 
the report says that there are many other factories 
which use asbestos products and which do not come 
within the regulations. The Ministry of Labour is at 
present drawing up new regulations to cover a wider 
range of factories. 

Tt was in the 1920s that it was first clearly recognized 
that asbestosis, a fibrotic condition of the lungs, is 
caused by occupational exposure to asbestos. Within 
a few years it was suggested that the disease might be 
complicated by the development of carcinoma of the 
lung, but an association was not generally accepted 
until the 1950s. Recently, there has been concern over 
the occurrence of mesothelial tumours of the pleura 
or peritoneum which appear to be causally related to 
asbestos exposure in many cases. Since 1966 meso- 
thelioma has been a scheduled industrial disease. 

The advisory panel concludes that there is an 
increasing incidence of asbestosis in the country. 
The most likely explanation for this increase is the 
greater use of asbestos and the greater numbers of 
people employed in the industry over the past 20 
years. But the panel says that “there is no evidence 
that the overall attack rate has decreased in the indus- 
try over this period, although it has in some textile 
mills in which the dust conditions have been greatly 
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improved”. It appears that if the regulations are more 
widely and more stringently applied than at present 
the number of cases should inevitably fall. 

_The panel indicates that crocidolite has a special 
significance in relation to mesothelial tumours. It 
recommends that other types of fibre should be sub- 
stituted for crocidolite wherever possible, and, where 
this is impossible, special precautions should be taken 
to reduce the risks of inhaling the material. The 
panel admits that at the moment the level of exposure 
below which the risk may be negligible is not known. 
The quantity of crocidolite (blue asbestos) imported 
into the country is much less than the other varieties 
of asbestos, and it has remained at about 7,000 tons 
per year for the last few years, But time may show 
that other fibres are also implicated in the development 
of mesothelial tumours. 

Finally, the report suggests that action should be 
taken to control the discharge of dust-laden air from 
asbestos factories and the dispersal of dust from waste 
dumps. It emphasizes, however, that the problem 
of mesothelioma in association with asbestos exposure 
should be kept in a proper perspective. Even though 
the incidence is increasing, the total number of cases 
of mesothelioma in Britain over several years is very 
small when compared with the annual total of deaths 
from cancers of the trachea, bronchus and lung. 


Recording Weather 


AN automatic weather recording station which can 
operate unmanned for at least three months has been 
produced by the Plessey Company Ltd. This station, 
which can make and record more than 82,500 measure- 
ments in a three month period, is available from the 
Marine Systems Division of the Plessey Electronics 
Group at Ilford. The value of automatic weather 
stations was recognized by a recent report from the 
World Meteorological Organization (Nature, 215, 1324; 
1967). They are important because modern develop- 
ments in weather forecasting require information about 
climate from all over the world—sometimes from un- 
inhabited areas—and it is becoming increasingly 
hard to persuade amateur meteorologists to provide 
accurate data day by day. Professionals cost money, 
and so there should be a real market for automatic 
stations which can do the job reliably for long periods 
without attention. 

The Plessey station is virtually self-contained and 
can monitor parameters such as rainfall, humidity, 
wind speed and direction, air, soil and water tempera- 
tures, barometric pressure, pH, solar radiation and 
water level and flow. The basic design was evolved in 
co-operation with the British Water Resources Board, 
the Meteorological Office and the National Physical 
Laboratory. By adding various instruments to the 
basic design, it has been possible to produce a family 
of stations including hydrometeorological, climato- 
logical, water level, water quality and recording rainfall 
stations. Each can be arranged for automatic opera- 
tion, and the recorded data can be sent by telemetry 
to a control centre on demand. 

Each station is supplied as a complete system with 
sensors, recorder, power supply, ‘Stevenson’ screens 
and a stayed aluminium mast which supports the sen- 
‘sors. The memory of the station samples up to eight 
sensors in turn. recording their outputs in ten-bit 





binary code on standard quarter-inch magnetic tape. 
It samples at intervals of 5, 10, 20, 30 or 60 minutes 
and is accurate to within 0-1 per cent. 


Discomforts of Space 
by Angela Croome 


THE next moves in manned spaceflight may be uncer- 
tain, but in both the United States and the USSR, 
background experiments for the longer flights of the 
future are going ahead. This month the McDonnell 
Douglas Corporation of California, contractors to the 
Office of Advanced Research and Technology of NASA 
(National Aeronautics and Space Administration), is 
to start on a two-month-long test of a closed system 
space chamber. The Soviet Union has recently com- 
pleted a 70-day confinement experiment involving 
three men. American and Soviet trials have relevance 
both for survival in space and for the operation of 
manned submersibles under the sea. 

In the case of the American closed life-support trial, 
four college students of the University of the City of 
Los Angeles are acting as experimental subjects. For 
a period of 60 days, they will exist on reclaimed water 
and oxygen from their own metabolic wastes. The 
test is believed to be the longest so far attempted under 
flight conditions using a closed water-oxygen loop. 
The closed water system consists of an evaporation 
unit, a charcoal filter and a condenser that reclaims 
moisture directly from the crew and from the air in 
the cabin. Oxygen will be reclaimed through a process 
of mixing hydrogen and carbon dioxide and then 
converting them to water and methane gas. The 
oxygen is recovered from the water by electrolysis 
and the methane gas is expelled. Atmospheric pressure 
within the cabin will be at 7 p.si. (half that at sea- 
level) and will consist of °3-1 p.sifoxygen and 3-9 
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p.s.i./nitrogen. The simulation of space conditions 
will not, of course, be complete, for the trial will take 
place on the ground where both men and system will 
operate under normal gravity. 

The Soviet experiment has already taken place 
and lasted the full period of 70 days during which a 
medical doetor, an engineer and a journalist remained 
shut up together under cramped and uncomfortable 
conditions, The exact dimensions of the isolation 
chamber are not given, but it is described as small. 
All three subjects were thoroughly instrumented for 
the measurement of their physical condition during 
the test. Their regime was to fulfil a daily routine of 
work, eating, sleep and medical examination up till 
about the halfway stage when they switched to a “free” 
routine, doing as they pleased. The journalist of the 
group recorded reactions in his log at the end of the 
first three weeks: “Watch-keeping, dinner, medical 
examination, sleep—our life has acquired a feverish 
though monotonous rhythm. There is almost no free 
time left. But we are already beginning to feel 
exhausted. Stanislav [the doctor] is getting thinner, 
there is a stubble of beard on his cheeks and dark 
rings under his eyes. Leonard’s eyes have become 
red and anxious. I cannot escape the feeling that some 
pungent fog is creeping into our tiny room. While 
gradually poisoning our brains, it makes us more 
intolerant towards one another’. 

But during the later period when there was no set 
routine, things seemed even worse. There was no 
longer a work schedule, but the men could pass the time 
as they chose—playing chess, reading or presumably 
sleeping. (Food preparation did not amount to much 
of a task as their diet was a typical space diet of 
dehydrates, concentrates, and tinned foods.) Now, 
they reported, time passed more slowly and nervous 
tension increased. Sleep was troubled and they had 
hallucinations of sound. They dreamt of music, 
singing and the noise of aircraft. None the less, no 
member of the group “deviated from the programme or 
complained’’—-complaint presumably being defined as 
a request for release from the experiment. The ex peri- 
menter in charge comments that the trial was above all 
a test of character and willpower, but much useful 
information was gleaned. 


Mapping in Metric Units 


ONE organization faced with a formidable task in 
changing to metric units is the Ordnance Survey. 
Among proposals which have so far been endorsed 
by the Joint Standing Committee in accomplishing 
this task are that heights will be shown in metres 
instead of feet on new and revised maps at l: 1,260 
and 1: 2,500 scales. Areas ‘will be shown in hectares 
instead of acres on maps at 1 : 2,500 scale. Heights 
will be given in metres instead of feet on bench mark 
lists prepared from new levelling. Contours will be 
shown at a metric interval on new six-inch maps. 
Finally, the problems of changing the six-inch and 
one-inch maps to “rational” scales such as 1- 10,000 
and 1 : 50,000 will be reviewed. These proposals were 
circulated to 180 interested badies, representing all 
classes of map users. 

According, to the annual report of the Survey for 
1966-67 (HMSO, 7s. 6d.), in which these facts are 
published, the past year was marked by a change of 
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ministry. In February the responsibility for the 
Ordnance Survey was passed from the War Office to 
the Minister of Housing and Loeal Government. Over- 
all expenditure during the year was £5,715,000-—about 
one-third of which was recovered by revenue from 
sales of maps and from royalties. On the whole, how- 
ever, there was a falling off in demand for maps, which, 
the report suggests, is mainly due to the deferment of 
investment in development schemes in many parts of 
the country as a result of the Government’s economic 
measures, together with an inerease in the price of 
maps at certain scales. On March 31, the total number 
of staff was 4,090 non-industrial and 552 industrial 
compared with 4,008 and 540 a year earlier—a vigorous 
recruiting programme bringing in some 480 new staff, 

Survey of the principal town areas on the scale of 
1: 1,250 is said in the report to be nearing completion. 
and revision of the old 1: 2,500 plans covering minor 
towns and rural areas has been speeded up, largely 
through the increased use of aerial photographs. 
Instead of the five-year re-levelling programme which 
was originally aimed at, subsidence areas will be levelled 
on & twenty-year cycle as in normal areas. 


New Physics Symbol 





Tue Institute of Physics and the Physical Society 
hopes that this symbol, when correetly placed on a 
red ground, will soon become familiar to anyone who 
has any acquaintance with physics. The symbol has 
been designed to accompany all kinds ef information 
produced in connexion with the four-day Physics 
Exhibition opening at the Alexandra Palace on March 
11. It is based on the weight diagram for the irreducible 
representation D° (1,1) of the SU(3) symmetry which 
has been successful in bringing order to the classifica- 
tion of sub-atomic particles. Mr D. Walter, who is 
organizing the exhibition, first thought of basing the 
symbol on SU(3) symmetry and, after advice from 
Imperial College, the final representation was drawn 
by Mr M. R. Preston of the Science Museum. 
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Letter to an Imaginary Soviet Scientist. 


The problems of cultural relations between countries which speak 
different languages are necessarily formidable, but the following 
letter suggests that these problems may sometimes be needlessly 


complicated. 


Dear colleague, 

The news of your election to the Soviet Academy 
has just reached us here, and I hasten to add my 
congratulations to those of your other friends and 
admirers. It does not seem fifteen years since we began 
to notice your name as the author of a series of brilliant 
contributions to our subject, and wondered whether 
you were as clever in conversation as you seemed in 
print. Nor does it seem as long as seven years since 
we actually met, and I learnt to value your cheerful, 
charming and provocative companionship. You 
deserve your honour, my dear friend, not only for your 
scientific work but for these human qualities which we 
have all appreciated on those few occasions when we 
have been able to have you with us in person. 

Now that you have risen to this august rank you 
will, of course, have heavier administrative respon- 
sibilities—but you will also be able to play a larger 
pn in the general direction of science in your country. 

nowing you as I do, I can only feel that this will be 
beneficial both to the Soviet Union and to our subject 
throughout the world. The combination, within your 
person, of intellectual power and human judgment fits 
you almost uniquely for such a role. 

Perhaps, therefore, you will excuse me, even on this 
especially happy occasion, if I mention something that 
has been worrying me from time to time and that has 
cast some small shadows over our friendship. It is 
not a matter that should stand between us personally 
—but I hope that you may exert your new-found 
authority to do something about it. 

T allude to the extraordinary deficiencies, amounting 
sometimes to downright discourtesy, that hinder 
written communications and practical arrangements 
between Soviet scientists and ourselves. You must, 
Tam sure, know the sort of thing I mean. 

For example, a mutual friend arranged a conference 
here last December. Knowing the problems of “getting 
any Russians”, he set to work in good time—or so he 
thought. In January he wrote to his opposite number 
in Moscow, an Academician, inviting him to come as 
a guest speaker. He also asked for the names of other 
good. Russian scientists as possible invited speakers 
and participants. To this letter he received no answer. 
At the end of March, having nearly finalized the 
programme of review lectures, he wrote again to the 
Academician. Still no answer. 

At this stage, he would have been justified in 
dropping all Russian names from the programme. 
However, being experienced in such business and 
genuinely wishing to hear at first hand about the 
work of the Moscow Institute, he wrote directly to the 
Presidium of the Academy and to the Ministry of 
Education, officially inviting six leading Russian 
scholars by name. This letter. sent in May. was 


answered in October, as follows “Dear Professor X, 
the Soviet delegation to your conference will consist 
of Y and Z. Please make arrangements for them to 
receive visas to enter your country.” 

Unfortunately, the two names mentioned in this 
brief and uncivil communication were not among 
those asked for. Indeed they were practically unknown 
to our friend, who could only assume that they were 
junior workers who had not yet risen to international 
prominence. He wrote back asking for more informa- 
tion, pointing out that he would not now be able to 
include these names in the official programme as 
invited speakers, but would welcome them neverthe- 
less. He also set in motion the Foreign Office machinery 
for granting visas. 

Again nothing seemed to happen until three days 
before the start of the conference, when a cable (in 
Russian) demanded accommodation for eight Russian 
scientists, including now the Academician himself. 
With tremendous energy, the organizing secretary 
wheedled six more rooms out of the local hotels, 
aroused the Foreign Office to action, and rearranged 
the programme. He even set graduate students 
awaiting at the airport to guide the party. But 
nobody came. 

Finally, in. the last two days of the meeting three 
Russians appeared, unannounced. One of them did 
not seem very familiar with the actual subject, but 
they all insisted on reading out their unscheduled 
communications. In the end, beer and vodka in the 
local pub resolved many inhibitions, and we soon 
became good friends. They were, indeed, full of 
apologies for any slight difficulty that may have been 
caused by the inefficiency of their bureaucracy—and 
once again we forgave them because, poor souls, it was 
not their fault that we had been put to so much trouble. 

What puzzles me about such buffoonery (believe me, 
I do not exaggerate the sort of thing that often 
happens) is that it benefits nobody. If attendance at 
scientific conferences is valuable, then surely the most 
suitable Russian participants should have been chosen, 
by experts such as the Academician, and efficient 
arrangements made for their travel. Much expense 
and effort seems to have been wasted. And the 
international standing of Soviet science was not 
enhanced. 

Well, of course, we too have our difficulties sometimes 
in persuading financial committees to make grants for 
travel to conferences, and in rearranging our university 
duties so as to get leave of absence: sometimes even 
nine months is an insufficient gestation period for such 
important administrative decisions. But at least the 
advice of expert scientists is followed. I know that 
it would not be fair to blame your Atademician 
personally for this particular fiasco: but I cannot 
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think of anyone else with the knowledge needed to 
take such decisions and to bear the responsibility for 
their success. . 

You must yourself have suffered through similar 
events, and do not need to be told by me that they are 
harmful to the Soviet Union and its scientific develop- 
ment. I can only say, as an outsider, that they really 
cause us a great deal of trouble, to the extent that 
many of us, in organizing international scientific 
meetings, may begin to feel that it is not worth the 
effort to try to get Russian participation. There is a 
limit, in terms of time and worry, to the price that we 
are prepared to pay for this commodity, however 
valuable it may be to us. I hope therefore that, in 
your new rank, you will press, through the Academy 
and other organs of the Soviet scientific community, 
for a great improvement in the practical management 
of all such matters. 

Yet there is a more subtle aspect of relations between 
Russian and “western” scientists that cannot be 
improved by mere administrative reorganization. I 
have mentioned letters that were not answered, nay, 
not even acknowledged. Friends have told me of the 
rebuffs they have received in planning a visit to the 
Soviet Union. For example, polite requests to talk to 
such and such a scientist have been fobbed off or 
simply ignored. We all know of the custom of trans- 
lating scholarly works into Russian, without consulting 
the author, despite the advantages that may be gained 
trom his advice concerning printing errors. Are these 
and other incivilities always to be forgiven ? 

Can it be that you and your colleagues are simply 
unfamiliar with our ways, just as we must be with 
yours ? Consider, for example, the general tone in 
which correspondence is conducted between established 
scientists in different countries, It is hard to charac- 
terize this tone specifically, but it is always courteous 
and friendly, whether formal or informgl. From an 
unknown German or Italian, a letter might be written 
in the old-fashioned style of conventional respect ; 
from an American friend it might be all on first-name 
terms, with chat about each other’s family. In every 
case, the letter would be addressed as from person to 
person, without passing through the bureaux of 
organizations, academies, universities, or other insti- 
tutions. The courtesies would be those normal between 
independent individuals, asking perhaps for advice or 
assistance, regretting in return the inability to give 
such help, conveying opinions or information, making 
practical arrangements, etc. 

The point is that, however much we may be in fact 
employees of universities, government laboratories or 
industrial corporations, we still like to regard ourselves 
a8 persons of independent standing, capable of deciding 
for ourselves on all matters associated with our profes- 
sional activities—what subjects to work on, when and 
what to publish, whom to meet and talk to, where to 
go for conferences and advanced instruction. I do not 
say that we are in fact quite as free as we like in all 
such questions; we must, indeed, perform our university 
duties and otherwise satisfy our directors of research 
and governing boards—but we are not mere func- 
tionaries. To fail to answer a letter from one such 
scholar to another is therefore something worse than 
administrative inefficiency—it is a personal insult. To 
act as if one scientist is interchangeable with another 
as the speaker in a conference is an attack on the 
personal standing of each one of us. To give meaning 
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to our work, we need to preserve the illusion that we 
are contributing individually to the growth of know- 
ledge and that each one of us deserves to be treated 
as the independent proprietor and cultivator of his 
own little cabbage patch in the land of learning. 

You yourself, I know, have never offended in this 
way; all I ask now is that you try to explain to your 
colleagues the importance of such apparently small 
issues. Our mutual good relations depend on an 
implicit respect for each other’s position by an explicit 
regard for his social conventions. An improvement 
at this level would be of far greater benefit than any 
number of cultural exchange agreements between our 
respective governments. 

These benefits would not be merely a vague increase 
in “international understanding’. It is now clearly 
established, by those who have studied the sociology 
of science, that the informal channels of communication 
between scholars are quite as important as the official 
organs of scientific publication. Information about 
new discoveries and new techniques diffuses very 
rapidly through our scholarly communities by means 
of letters, visits and personal contacts at conferences. 
To be cut off from such contacts is one of the main 
complaints of scientists in small countries, far from 
Europe and North America; it hampers their research 
at every level, seeming to make it always a little out 
of date. If we could unblock these channels between 
the Soviet scientific community and our own, then 
we should both benefit greatly; we should not have 
to learn, by painful experience, some of the things 
that you already know; your research would always 
start from the best possible basis of knowledge, includ- 
ing some of those subtle ideas that we have already 
conceived. I cannot emphasize this point too strongly 
to you, to your professional Russian colleagues, and 
to all those who have anything to do with the scientific 
development of your country. I know very well that 
there are obstacles to the opening of all doors between 
your scholarly community and our own; at least a 
general amelioration of the level of civility in personal 
communications would unlatch a few windows between 
us. 

You will, I trust, forgive me for having spoken so 
bluntly. I have not the least complaint against the 
way that you have treated me over these many years. 
The role of the “candid friend” is dangerous and 
foolish in personal relations. But this is not, in the 
end, a question of the relationship between private 
individuals; it concerns whole communities, great 
nations and our common dedication to the pursuit of 
knowledge; to fail to speak our minds honestly is to 
betray our social responsibilities. Perhaps we too are 
unwittingly offending you by our behaviour; give us 
the opportunity to show our emotional maturity by 
accepting your criticism in a humble spirit. 

Meanwhile, dear friend, we must make the best of 
our little lives within our chosen spheres. Once more 
let me congratulate you on the recognition that has 
crowned those past years of toil and effort and 
wish you many years of further success, the delights 
of yet more discoveries, and the fruits of wisdom and 
understanding. 

Arrivederci: to the time when we meet again. 

Yours ever, 
JOHN ZIMAN 
H. H. Wills Physics Laboratory, 
University of Bristol. 
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What is to Happen about Fusion? 


THESE are dog days for those who wish to see a rapid 
development of the kinds of devices which may in 
due course lead to the development of fusion reactors 
capable of extracting power from the thermonuclear 
fusion of light elements. In Britain, the laboratory 
at Culham will be running on progressively tighter 
budgets in the five years ahead, for the rate of expendi- 
türe is to be reduced at 20 per cent a year for each of 
the next five years. In the United States there has 
been a modest increase of expenditure in recent 
months, but the scale on which large experiments are 
undertaken in the United States will remain compara- 
tively modest. Gone, for the time being at least, are 
the days when men working with machines such as 
that. once known as NRX (at Los Alamos) were in- 
clined to think that they would soon be able to accom- 
plish the tricks which had earlier eluded the British 
machine called ZETA. Instead, everybody is taking 
a Sober view of the problems that will have to be solved 
before thermonuclear power can become a reality. 
Plasma physics is the watchword, not fusion research. 
So long as this is properly appreciated, however, it 
is valuable to be reminded, now and again, of the poten- 
tial benefits there would be if fusion reactors ever 
became a practical proposition. 

At least the uncertainty over the scale of support 
for fusion does not seem to have demolished the con- 
fidence of its supporters. Workers at Culham and 
elsewhere are going ahead with research and even with 
engineering designs for full scale power reactors. Last 
month, Mr R. Carruthers from Culham described just 
such a study for a 2,100 MW (e) fusion power station 
which would, he said, cost substantially less than the 
advanced gas cooled reactors being built at Dungeness, 
and which would generate electricity 10 per cent more 
cheaply than a fast breeder reactor. Fuel costs would 
he negligible and there would be no problem of disposal 
of radioactive waste. 

Although some may feel that it is optimistic indeed 
to design a reactor before the fundamental problems 
of plasma containment have been solved, there had 
until last week been little argument about the question 
of waste. On more than one occasion, indeed, sup- 
porters of fusion as a source of power have compared 
the messy results of fission reactors with the clean, 
waste-free designs for fusion reactors. The announce- 
ment last week by the European Nuclear Energy 
Agency that it has started to dump radioactive waste 
in the eastern Atlantic as a collaborative project 
involving five European countries brought home just 
how large the problems of disposal will have become 
by the end of the century. But now, in a paper in 
` Science (159, 83: 1968) Dr Frank L. Parker of the Health 


Physics Division at the Oak Ridge National Laboratory 
in the United States has suggested that fusion reactors 
would indeed be a source of harmful waste, in the form 
of tritium lost by the reactor vessel. Dr Parker con- 
siders a reactor in which deuterium reacts with tritium 
—the same design as that described by Mr Carruthers 
—and quotes results obtained by Professor D. J. Rose 
at Massachusetts Institute of Technology. These 
figures, he says, show that for every tritium atom 
burned 1-15 atoms have to be produced. This means 
that 15 per cent of the tritium produced is lost, and 
this would be equivalent to 1-1 x 10® curies of radio- 
activity a day for a 1,000 MW (e) station. 

This calculation seems a little wild, and Mr Car- 
ruthers is undeterred by it. The fact that tritium is 
lost does not mean that it is all lost to the atmosphere. 
On the contrary, in a working reactor, most of the 
tritium would be recirculated. Some would be absorbed 
into the material of the reactor and a small but not 
negligible amount would be lost by decay. Although 
it would be important to ensure that tritium leakage 
was minimized, he says, the problem would not be as 
great as Dr Parker feared. 


An Account of Geckos 


GEKKONID lizards are perhaps best known for their 
vocalization and for their ability to climb smooth 
vertical surfaces by means of dilated areas—suction 
pads—on the ends of their digits. There is, however, 
much more to their biology than this. It is perhaps 
not so well known that a few forms have extensive 
skin folds on their bodies and tails which, when 
extended, enable the animal to glide from tree to tree. 
Some species are even known to excavate their own 
tunnels. The family indeed shows a wide range of 
structural and biological diversity, and it has adapted 
to most environmental extremes. An authoritative 
account of the biology of the family has been written 
by A. G. Kluge (Bull. Amer. Mus. Nat. Hist., 185, 
1-60; 1967). In this paper, Dr Kluge also discusses 
the taxonomy and evolution of gekkonid lizards, and 
he proposes a new sub-familial classification which 
differs in some features fiom that suggested earlier 
by Underwood. In a more recent publication, with 
more specific appeal, Kluge now deals with the sys- 
tematics, phylogeny and zoogeography of the genus 
Diplodactylus Gray (Aust. J. Zool., 15, 1007-1108; 
1967). 

The Gekkonidae are found on all the main land 
masses between the latitudes 50° N. and 50°S. The 
genera number 82, and some 650 species have been 
identified, Adults vary in total length from less than 
40 mm to more than 350 mm. The digits are long and 
slender, angulate or straight to very dilated. Some 
species have webbed hand? and feet, and there are 
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some with sharp retractile claws. The “suction pads” 
consist of divided or undivided lamellae, each of which 
bears numerous micsoscopic, hook-like projections 
that appear to facilitate movement in trees. 

Maderson (see Nature, 208, 780-781; 1964) has sug- 
gested that this climbing mechanism is dependent on 
an electrostatic charge rather than on adhesion, but 
experimental work to support or reject the theory 
does not appear to have been carried out. Gekkonid 
tails, which are almost always autotomic (self-amputa- 
ting), vary in size from one species to another; in some 
forms the tail becomes very swollen with fatty tissue, 
apparently serving as a food reservoir. The eyes of 
gekkonids must be one of their most striking features. 
The margins of the iris are very mobile and it seems as 
if this mobility has enabled members of the family to 
adapt to a wide range of light intensities. In most 
forms, the eyes are protected by a spectacle (brille) 
instead of movable eyelids. Apparently it is common 
for geckos to lick their spectacle with their tongues and 
so clean it in the absence of movable eyelids which 
normally perform this function. 

Most gekkonids are nocturnal and arboreal in their 
habits, although there are exceptions: a few are 
cavernicolous, and some species actively feed and bask 
in the direct sunlight. They are primarily insect- 


eating, but the larger species are known to eat other 
lizards and even small birds and mammals. 





Dorsal view of Dipicdactylus taenicauda from Queensland. 
(Kluge, A. G., Aust. J. Zool., 15, 1967.) 


Kluge reviews the fossil history of the family, and 
suggests an Upper Jurassic~Lower Cretaceous origin; 
he also suggests that the limbless lizards of the family 
Pygopodidae have evolved directly from the Gek- 
konidae. He does not agree with Underwood’s classi- 
fication of gekkonids which is based on the shape of 
the pupil; Kluge considers this classification unnatural 
because of the variability of diagnostic characters. 
Instead, he uses eighteen characters to group the 
82 genera into four sub-families of equal rank: the 
Eublepharinae, Sphaerodactylinae, Diplodactylinae, 
and the Gekkoninae. The number of assemblages 
recognized and their names coincide with those of 
earlier studies. The difference lies in Kluge’s definition 
of Eublepharinae and Sphaerodactylinae as sub- 
families. ‘Underwood had Eublepharidae, Sphaero- 
dactylinae and Gekkonidae as three families, with 
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Gekkonidae subdivided into the sub-families Gek- 
koninae and Diplodactylinae. Kluge points out that 
although he has retained Gekkoninae and Diplo- 
dactylinae, their generic composition is very different 
from that in Underwood’s groupings. 

Kluge considers that not only do his four taxonomic 
groups agree with the morphological characters of 
gekkonids, but that they are consistent with present 
thought on zoogeography. It appears that south-east 
Asia was their place of origin. Kluge comments on the 
early evolution and dispersion of the different sub- 
families; the Diplodactylinae are thought to have dis- 
persed from Asia towards Australia by way of the Indo- 
Australian Archipelago. It is postulated that the sub- 
family reached Australia by Palaeocene—Eocene times. 
Today the Diplodactylinae are restricted to the Aus- 
tralian region (Australia (excluding Tasmania), New 
Caledonia, Loyalty Islands and New Zealand). Kluge 
gives distribution maps for all the sub-families. 


Molecules Constrained 
from our Thermodynamics Correspondent 


Tue second instalment has now appeared in the 
Proceedings of the Physical Society (Journal of Physics 
A,1, 15; 1968) of the treatment by Professor S. F. 
Edwards of the consequences for statistical mechanics 
of the imposition of topological restraints on long-chain 
molecules. The long-term objective is to construct a 
theoretical framework for the statistical mechanics of 
assemblages of long-chain molecules. The first instal- 
ment of Professor Edwards’s analysis (Proc. Phys. Soc., 
91, 513; 1967) was largely confined to two-dimensional 
problems, where the imposition of restraints can be 
represented by the appearance within the array of 
molecules of an impenetrable point, the effect of which 
may be likened to the threading of a needle through a 
ball of knitting wool. The immediate result is to sort 
the molecules into various classes on the basis of their 
topological relationship with the constraint. Some of 
them, for example, will pass on one side of the constraint 
and some on the other side, and there is an infinite set 
of categories for molecules which are looped around 
the constraining point for varying numbers of times. 
The essence of the problem in two dimensions is to 
calculate the probability that a flexible molecule of 
given length will fall into each of the various 
categories defined in this way. In practice, this is a 
random walk problem with restraints. It is no surprise 
that when the calculation has been carried out, the 
free energy of the assemblage turns out to be an 
additive function of the properties of the molecules in 
the several categories. One cheerful feature of the 
calculations is that the free energy comes out as an 
explicit function of the geometrical co-ordinates of the 
restraint, which means that elastic constants and the 
like can be calculated directly. 

The three-dimensional problem is considerably more 
difficult, and in his latest article on the subject Professor 
Edwards has done little more than show how to 
sort long flexible molecules into categories on the basis 
of calculable topological invariants. The point res- 
traints of the two-dimensional problem must be 
replaced by entanglements with other molecules, and 
for each degree of complexity of entanglement there is 
a separate invariant to be calculated. Professor 
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Edwards has calculated the first two of these, corre- 
sponding to the entanglement of molecules in twos and 
threes respectively Experience elsewhere, as m the 
evaluation of mtegrals representing multiple mter- 
actions in liquids, for example, would suggest that the 
value of calculating many more complicated members 
in this series will be limited More immediately, 
however, it 1s mterestmg that the expressions for the 
probability of molecular configurations defined by 
definite values of the mvariant mtegrals turn out to be 
identical with the formalism of the quantum field 
theory of charged scalar mesons—problems of renormal- 
ization mcluded One obvious possibility 1s that the 
construction of a series of Feynmann graphs of icreas- 
ing complexity will be a convenient mtuitive means of 
classifymg molecular entanglements ef meoreasmg 
complexity Given the extra complexity of real 
assemblages of molecules, however, the chances are 
that the new theoretical calculation will help with the 
description of the properties of real assemblages of 
long molecules—pieces of rubber, for example— 
intuitively rather than by exact calculation It 1s 
therefore important that Professor Edwards has 
already described how existing theortes of rubber-hke 
materials should be modified to take account of 
molecular entanglements (Proc Phys Soc , 92,9, 1967) 


New Plants from the Past 
by Mary Lindley 


Drvontan plants, two of them newly discovered, were 
the subject of a symposium held by the Palaeobotany 
Group of the Linnean Society on January 2 

As Professor T M Harris said in his introduction, 
widespread botanical interest was only focused on the 
Devonian in 1917 when the famous deposit was found 
in the village of Rhyme in Aberdeenshire, when Kidston 
and Lang described the three vascular genera Rhynia, 
Horneophyion and Asteroxylon with their erect dichoto- 
mously branched stems, covered with leaves in the case 
of Asteroxylon and naked m the other two genera 
In the Rhyme Chert, Kidston and Lang also found 
specimens which they supposed to be the fertile part 
of Asteroxylon mackwer, the type species of the genus, 
but m 1964 Dr A G Lyon—a botanist who also hap- 
pens to own the Rhyme Chert—described lateral 
sporangia of A mackier, suggesting that the fertile 
parts found by Kidston and Lang were a separate plant, 
to be called Noth aphylla At the meeting Dr W S 
Lacey described some work by a former student of his, 
Dr W El-Saadawy, who has exammed new specimens 
and established that Nothza aphylla 18 a separate species 
with a slender dichotomously branchmg stem and 
termmal sporangia 

Dr Lyon himself reported a new plant from the 
Rhynie Chert, the first for almost fifty years Two 
years ago he found some very localized remains which, 
by virtue of their xylem, could not be pieces of arachnid 
leg They turned out to be sections of a stem with 
epidermal ha:rrs—umicellular outgrowths from epidermal 
cells—wwhich clearly distinguish this plant from the 
others of the Rhyme Chert The stem has xylem— 
the conducting elements are tracheids with what 
appears to be annular thickenmg—surrounded by large 
phloem like cells and then cortex There were also 
many sporangia associated with these remains, but 
their mode of arrangement 1s uncertam An unusual 
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feature 1s that the vascular tissue appears to pass into 
the sporangium and then fan out. Dr Lyon thmks 
that this plant 1s different enough to be put m a genus 
of 1ts own, but he would not reveal the name that he 1s 
proposing for ıt, 1t remains the “hairy plant” 

Another new plant was described by Mrs Dianne 
Edwards when she discussed the Lower Devonian 
genus Cooksonza, one of the earliest plants to be success- 
ful on land This genus, with termmal sporangia 
borne on a naked dichotomously branching stem, has 
been described from sedimentary rocks m England 
and also Czechoslovakia and Russia There 1s a great 
deal of variation withm populations, and the relative 
maturity of specimens may add to the difficulty of the 
taxonomist, whose specimens may anyway be very 
poor Mrs Edwards was very dubious about the 
Russian species, O rusanovw, which is based on one 
very bad specimen She was also suspicious of the two 
species of Cooksoma described by Lang, who named 
the genus ın 1937, and thinks that the two may grade 
mto each other Mrs Edwards has also found better 
specimens of C downtonensis and thinks that this 
should perhaps be ın a genus separate from Lang’s 
Cooksonia Her own species of Cooksoma was found m 
Scotland, and is very hike Lang’s species In this case, 
however, the sporangia have thickenmg around them 
and each one has a definite and distimetiave base Like 
Dr Lyon, Mrs Edwards would not divulge the name 
she has given to her new plant 

A new find which has proved more mysterious was 
described by Mrs Margaret Mortamer She and Dr 
W G Chaloner have been studymg specimens of a 
cellular membrane which first turned up m lower 
Devonian rocks in South Wales, and later m boreholes 
m Cambridgeshire and the Sahara The specimen 
shows a network of irregular cells, probably m more 
than one layer, contammg regular circular pores 
This 1s quite unlike the cuticle of any Devonian vascular 
plant, and im this case there 1s no evidence of stomata 
On the assumption that 1t 1s not an animal membrane— 
1t has not been recognized as belongmg to any animal— 
the membrane compares best with the cuticle of some 
non-vascular Devonian plants, and best of all with 
Spongiophyton Although the specimens in question 
have nothing to compare with the larger pores m the 
cuticle of Spongiophyton, Mrs Mortimer and Dr Chaloner 
are mnclined to think tbat this 1s the eorrect identifica- 
tion It clearly 1llustrates the sort of detective work m 
which the palaeobotanist has to mdulge when identify- 
ing his specrmens 


Enzymes made Insoluble 
from a Correspondent 


Tur attendance of 200 people at the Biochemical 
Society’s colloquium on enzymes attached to solid 
matrices, held at the Medical College of St Bartholo- 
mew’s Hosprtal last Friday, was no mean achievement 
for the organizers when 1t 1s considered that only a 
few years ago the subject was often regarded as 
obscure 

Enzyme molecules have been made insoluble in 
four ways, by adsorption (ionic or otherwise), by 
immobilization in a gel, by cross-linking either 1mmed1- 
ately or after absorption on to a solid matrix and by 
covalently coupling them to a suitable insoluble 
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polymer Of these methods, the first 1s usually con- 
sidered to be adequate, although methods successfully 
employing such preparations have been reported and 
“irreversible” adsorption has been described Cross- 
linking was not considered in detail at the meeting, 
but physical entrapment ın a matrix was considered 
a serious rival of covalent attachment, on which most 
of the work has been carried out It was suggested 
that 1f a gel were used ın the preparation of the enzyme, 
for example, ın electrophoresis, then the enzyme thus 
trapped could be treated as an “insolubilized” prepara- 
tion Some doubts were expressed about the stabihty 
of trapped enzymes In general a covalently lmked 
enzyme 1s more stable than the corresponding free 
enzyme Inactivation by extremes of pH or tempera- 
ture, oxidation or bacterial attack 1s reduced There 
was httle mformation about the stability of trapped 
enzymes except that im at least one case 1t was reported 
that there was no protection against oxidative m- 
activation 

Covalent attachment of enzymes was considered 
m some detail About a dozen hydrolytic enzymes 
and half a dozen enzymes of other categories have been 
made insoluble by these methods The amount of 
enzyme activity remaming after coupling varies from 
30 per cent to 50 per cent and, ın one or two cases, to 
100 per cent of the free-solution activity In some 
cases the supporting polymer may contam more than 
its own weight of enzyme 

Insoluble enzymes can be used as models for wn vivo 
enzyme systems and as catalysts for analytical and 
preparative procedures The possibihty of usmg 
enzymes made insoluble also to reproduce the transport 
phenomena associated with natural membranes was 
discussed at the meeting, and the preparation of a 
system with potato-apyrase was reported This work, 
however, 1s still ın the early stages 

No striking process was described m the industrial 
and analytical uses of insoluble enzymes Attention 
was drawn to the mmportance of diffusion as a limiting 
factor on the activity of enzyme preparations which 
have been made insoluble Experiments were described 
in which the effective rate of catalysis by such a prepa- 
ration can be doubled by mcreasing the stirrmg speed 
in the reaction vessel Reasons were given for believ- 
ing that a packed bed would be preferable to a con- 
tinuous feed stirred tank when employing these cata- 
lysts The preparation and use of enzymes attached 
to “porous sheets’—filter paper and filter cloth— 
were reported, as was the use of several such sheets m 
series 


Industrial Microbiology 


Ter Microbiology Group of the Society of Chemical 
Industry celebrated the New Year with a meetmg on 
January 2 about the problems of mamtamıng pure 
cultures mn industrial fermentations This ıs an mpor- 
tant economic question MrB G W Hodds of Glaxo 
Ltd, Ulverston, provided a lucid introduction to the 
subject by describing how an mdustrial fermentation 
can frequently be ruined as a result of contamination 
by bacteria, yeasts, moulds, bacteriophages and actino- 
phages Sometimes the production of a micro-organ- 
ism or one of 1ts metabolites can be completely swamped 
by an intruder In the production of streptomycm, 
for example, contamination by actinophage can cause 
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complete lysis of the culture, which 1s why prudence 
suggests the addition of citrates to sequester calctum 
and magnesium ions necessary for the development of 
the actmophage But how to know when a culture 1s 
contaminated ? Mr Hodds emphasized the problem of 
distmguishmg microscopically between contamination 
and abnormal development of the cultured organism 
In brewing, to be sure, the low pH of fermentations 
and the antibacterial action of hops serve as a means 
of protection Fermentations mtended for the produc- 
tion of antibiotics also have a degree of self-protection 
except when contammating micro-organisms are resis- 
tant to them Bad luck or bad management here can 
mean the loss of a whole vat, the contents of which 
might be worth £10,000 How then to avoid con- 
tamination ?-This, said Mr Hodds, 1s not yust micro- 
biology but management He pointed out that the 
traming of recruits and the clear supervision of foremen 
are umportant factors ın reducing the chances of con- 
tamimation Speedy identification and elizmmation are 
important if the contammation of a whole plant 1s to be 
avoided 

Much can also be done by good design, and Mr J F 
Thorley of Dista Products, Speke—the star turn at 
the symposium—urged that sumplicity of design helps 
to keep out contamination The more numerous the 
connexions to a vessel, the more difficult 1t 1s to sterilize 
Smooth polished surfaces of stamless steel are a great 
help So too 1s continuous welding 

But what 1s the cost of freedom from contamination ? 
G D Wilkm of the Boots Pure Drug Company, 
Nottingham, said that any plant could be run under 
sterile conditions at a price The more valuable the 
product and the larger the plant, the more ıt 18 worth 
payımg for security 

The nsk of contamination 1s most feared, however, 
in the production of vacemes, either viral or bacterial 
Dr J R Hepple of Glaxo Laboratories Ltd explained 
how even a simple antigenic variation of an organism 
is enough to render a batch of vaccme useless This 
means that the mucro-organism must be kept m 
the pure form and in the correct physiological state, 
both in the seed and the batch cultures But 1t 1s also 
necessary to ensure that the tissue on which a virus 1s 
bemg cultivated should be free from other viruses and 
bacteria 


More Light on Ribonuclease 
from our Molecular Biology Correspondent 


PANCREATIC ribonuclease 1s the enzyme about which 
most 1s known, m terms of both structure and function 
The working out of the three-dimensional structure, 
supported by the accumulated mass of protem chemus- 
try, 18 now begmning to pay impressive dividends the 
current literature offers some especially mteresting 
examples 

A second pancreatic ribonuclease—from the rat— 
has been fully sequenced by Bemtema and Gruber 
(Biochim Biophys Acta, 147, 612, 1967), and it w 
remarkable to discover that differences from the bovine 
enzyme occur m no fewer than one-third of the positions 
m the cham Frequently there are substitutions of 
polar (for non-polar) residues, but 1t appears that m 
all cases the replacements fit without stram mto the 
model obtamed for bovme ribonuclease by Richards 
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‘and his associates; this leads one to expect that the 
structure will be essentially the same, despite the large 
differences in sequence. The residues known to be 
parts of the active centre remain in place, and the 
overall charge is also essentially unchanged. Most 
of the substitutions are in fact at the surface of the 
molecule: in the closely packed hydrophobic interior, 
the steric restrictions are exacting. Among the substi- 
tutions are three new proline residues, none happily 
in a-helical sections of the chain. A partial sequence of 
horse pancreatic ribonuclease is also presented, and 
shows considerable differences from the other two. 

The rat enzyme has three extra residues at the N- 
terminal end, and the S-peptide region is therefore 
enlarged to 23, as well as differing in no fewer than 10 
of the other 20 residues from bovine S-peptide. (The 
S-peptide, it will be recalled, is the terminal segment 
which can be removed after proteolytic fission of one 
bond, with complete loss of activity: if it is returned 
to the truncated enzyme, it attaches non-covalently, 
with full restoration of activity.) This is interesting, 

in view of recent work on synthesis of S-peptide 
analogues. It is known that six residues can be excised 
from the S-peptide without detriment to its function. 
Finn and Hofmann (J. Amer. Chem. Soc., 89, 5298: 

1967) have now shown that elimination of his-12— 
part of the active centre—from the S-peptide leads to 

` loss of reactivity, but hardly at all of affinity for the 
residual S-protein. The sites which are vital for 
attachment to S-protein, rather than activity, are 
glu-2, asp-14 and met-13, and these may not be 
tampered. with. All these, as expected, are unchanged 
in the rat enzyme, whereas all six inessential residues 
(15-20) are changed. Scoffone et al. (ibid., 5450) have 
also synthesized S-peptide analogues: arg-10 has been 
replaced by ornithine, and phe-8 by tyrosine, isoleucine 
or alanine. In the last two cases binding is dimin- 
ished, but tyrosine replaces phenylalanine with hardly 

any disadvantage. This is curious, for phe-8 is an 
internal residue, so the usual steric exclusivity is 
violated. Even in the other two cases, activity remains 
when a large excess of peptide is added to induce a 
measure of binding. 

-Yet another fascinating observation is that of 
Neumann et al. (Europ. J. Biochem., 8, 171; 1967), 
who have achieved partial reduction of pancreatic 
‘ribonuclease with a new reagent, phosphorothioate. 
Tn general, the four disulphide bonds are protected in 
the native state, but with this reagent two are cleaved 
in aqueous solution. The broken cystines have been 
identified by peptide mapping. As in one or two other 
‘eases recently reported, the partly cleaved ribonuclease 
‘retains its native conformation by all criteria. Thus 
it is immunologically identical with the native protein, 
and the three buried tyrosines remain non-titratable, 
and are exposed only on denaturation. In particular, 
the activity towards RNA is fully intact, and the 
activity towards cytidine evclic phosphate is actually 
enhanced more than two-fold—it must be supposed 
_by virtue of increased flexibility. The two surviving 
eystines are essentially “internal” residues. The 
susceptibility of the protein to attack by trypsin is 
‘much increased, which suggests that a general loosening 
of the structure can be tolerated. and that the steric 
_ limitations for activity are quite modest in large 
tracts of the sequence, as the wholesale substitutions 
in the rat enzyme also indicate. 
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Model Cell Membranes 


from a Correspondent 


ARTIFICIAL cell membranes, less than 100 A thick, can 
be prepared by allowing a film of lipid to form across a 
hole in a polythene cup separating two aqueous phases. 
Increasingly, these preparations are being used as 
model systems to test particular hypotheses in mem- 
brane transport. Thus, Tosteson and his colleagues 
{Andreoli et al., J. Gen. Physiol., 50, 1729; 1967) have 
been trying for a number of years to define the molecular 
basis of the difference between the HK (high potassium) 
and LK (low potassium) strains of sheep, where potas- 
sium refers to the concentration of this ion in the red 
blood cells of these animals. Transport studies have 
shown that the two strains differ in the ionic permeabili- 
ties of their cell membranes; the HK sheep are sodium 
selective, and the LK sheep prefer potassium ions. In 
the present paper, the lipids have been isolated from 
the cell membranes, artificial membranes prepared 
from these lipids and the permeability of such mem- 
branes measured. It is disappointing that artificial 
membranes from the two strains of sheep differ in no 
significant way; the artificial membranes do not dis- 
tinguish between sodium and potassium and are also 
more permeable to these ions than to chloride. In 
contrast, the intact cell, for both strains, has a chloride 
permeability some 10° times greater than that for 
cations. The difference between intact cells and model 
membranes seems to lie in the contribution of the 
membrane protein, and it is here that the gene dis- 
tinguishing the HK and LK strains must act. 

Another example of the impact of model membrane 
studies comes from Cass and Finkelstein (J. Gen. 
Physiol., 50, 1765; 1967), who have compared the water 
permeability of thin lipid films, when water movement 
occurs by diffusion (using isotopically labelled water) 
or by hydrodynamic flow (on setting up an osmotic 
gradient across the membrane). Studies of cell 
membranes have often shown that these two permea- 
bility coefficients differ. Because hydrodynamic flow 
across porous membranes, but not diffusion flow, is 
affected by the pore size, results such as these suggest 
that water moves through cell membranes along 
narrow channels. It was very surprising, therefore, 
that early studies on the artificial lipid membrane— 
presumably a continuous bilayer—showed a difference 
between the two permeability coefficients. Cass and 
Finkelstein now show that the early results were 
almost certainly caused by the presence of unstirred 
layers of water in the diffusion experiments and that. 
for the lipid bilayers the diffusion and hydrodynamic 
permeabilities for water do not differ. Hence water 
movement most probably occurs after dissolution in 
the lipid. It is pertinent to recall, therefore, Dainty’s 
suggestion that diffusion studies on intact cells may 
be in error because of the presence of unstirred layers. 
For the human ervthroeyvte, however, where the two 
permeability coefficients differ by a factor of 2-4, an 
elegant study (Sha’afi et al, J. Gen. Physiol., 50, 
1377; 1967) has shown that the unstirred layer is only 
5-5u thick, and that the effect of this laver is insignifi- 
cant. Valuable as the studies on artificial lipid mem- 
branes may be, therefore, they strongly suggest that 
membrane proteins play at least as important a part as 
lipid in determining the permeability properties of 
cell membranes. id 
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Reconstruction of Three Dimensional 
Structures from Electron Micrographs 


b 

4 General principles are formulated for the objective reconstruction 
D. J. DE ROSIER of a three dimensional object from a set of electron microscope 
A. KLUG images. These principles are applied to the calculation of a three 


MRC Laboratory of Molecular Biology, dimensional density map of the tail of bacteriophage T4. 


Hilis Road, Cambridge 


Tue standard high resolution electron microscope has 
a depth of focus of several thousand Angstréms, making 
the image a two dimensional superposition of different 
levels in the three dimensional structure. The focus 
eannot be adjusted to different levels within the object. 
and so three dimensional structures are difficult to analyse. 
Stereo-electron micrographs do not overcome this diffi- 
culty satisfactorily, as will be shown. 

Our method starts from the obvious premise that more 
than one view is generally needed to see an object in 
three dimensions. We determine first the number of 
views required for reconstructing an object to a given 
degree of resolution and find a systematic way of obtaining 
these views. The electron microscope images correspond- 
ing to these different views are then combined mathe- 
matically, by a procedure which is both quantitative 
and free from arbitrary assumptions, to give the three 
dimensional structure in a tangible and permanent form. 
The method is most powerful for objects containing 
symmetrically arranged subunits, for here a single image 





Fig. i 


Fig. 2 


effectively contains many different views of the structure. 
The symmetry of such an object can be introduced 
into the process of reconstruction, allowing the three 
dimensional structure to be reconstructed from a single 
view, or a small number of views. In principle, however, 
the method is applicable to any kind of structure, includ- 
ing individual, unsymmetrical particles, or sections of 
biological specimens. 


Summary of Procedure 

Electron micrographs are selected in which the details 
of the structure show up best, as judged for example 
in the phage tail described later. by their optical diffrac- 
tion patterns!?. The optical density in each image is 
sampled at regular points on a grid by an automatic 
microdensitometer linked to a computer (unpublished 
work of U. W. Arndt, R. A. Crowther and J. FE. W. 
Mallett), which converts the image into a set of numbers 
representing the density at each grid point. These numbers 
are now transformed by computation into a set of Fourier 





Fig. 3 


Fig. 1. Electron micrograph of a tail of bacteriophage T4, negatively stained with uranyl formate. {x 500,000.) 


Fig. 2. Optical diffraction pattern of the phage tail image in Fig, 1. Stronger exposures show that the order in the micrograph extends to 

spacings of about 25 A. The strong meridional peak on the seventh layer line arises from the spacing of 38 A between annuali. ‘The layer lines 

are approximately equally spaced at the orders of an approximate repeat of 7x 38=266 A. The helical selection rule for the diffraction 
pattern is l=2n + 7m, the only permitted values of x being those which are multiples of six. 


e. 
Fig. 3. Optically filtered image of phage tailin Fig, 1, admitting only the diffracted ravs corresponding to the far side of the particle. The 
dominant features are two distinct sets of oblique striations, which correspond to two distinct sets of helical lines running along two cylindrical 
surfaces of different diameter, and thus correspond to features at different depths in the particle. 
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amplitudes and phases*. A Fourier synthesis is then 
earried out which takes into account the symmetry of 
the object} and which builds up a three dimensional 
map of the structure. The density at each point on this 
map is made up by the summation of Fourier components 
contributed by all the different images of the object. 
This final step is similar to the method which is used by 
erystallographers for building up three dimensional maps 
of molecules from the amplitudes and phases of the X-rays 
diffracted by a crystal. The X-ray diffraction pattern lacks 
information about the phases, but these are readily 
calculated here from the density distribution in the 
original electron micrographs. 


Application to the Tail of Bacteriophage T4 


The tail of the 7-even bacteriophages is made up of 
a core surrounded by a contractile sheath’. This contains 
protein subunits arranged in successive annuli which 
are rotated with respect to one another, so that the sub- 
units also lie along oblique helical lines. On injection 
of the phage DNA into the host cell the sheath contracts, 
riding up the core. By comparing extended and con- 
tracted sheaths, we hope to discover the path of the 
contraction process. 

Fig. 1 shows an electron micrograph of an extended 
phage tail which has been negatively stained. Its optical 
diffraction pattern, reproduced in Fig. 2, is essentially 
symmetrical about the meridian; because the tail is 
helical, this. shows that the micrograph is made up by 
‘superposition from equally contributing substructures 
at the near and far sides of the particle. The diffracted 
rays from the unwanted side of the particle can now be 
filtered out, and a good image of the other side obtained 
by optical recombination of the remaining diffracted 
rays*. Fig. 3 shows such an image from one side of the 
phage tail, but the picture is still complex, because 
it contains detail coming from different radii of the 
particle. This difficulty is overcome by our new recon- 
struction method which allows us to work in three 
dimensions and thus to separate the various radial 
eontributions§. 

Fig. 5 shows a model of the phage tail, consisting 
of the core together with its sheath, obtained by applica- 
tion of this method to the image in Fig. 1. It represents 
a Fourier synthesis of the particle at a resolution of 
35 A, in which the solid parts represent regions inacces- 
sible to the negative stain. Comparison of such density 

maps from four different particles revealed only slight 
differences. The model contains two sets of black wires 


* Our method can be reformulated so as to carry out the reconstruction 
process without going through the intermediate stage of calculating Fourier 
coefficients, but this stage provides a useful point at which to check and if 
necessary correct the data, For example, in the case of a particle with helical 
asymmetry like the phage tail, the relationship of the phases on the two sides 
of the meridian of a computer-generated Fourier transform provides a check 
that the axis of the particle has been correctly chosen (compare Fig. 4). If 
the axis were not quite correctly chosen, its position can be refined in Fourier 
space, 

-+ For example, for a helical particle the three dimensional Fourier pro- 
gramme takes the form of a Fourler—Bessel synthesis into which the appro- 
priate helical parameters can be inserted*, 
“Phe parallel with X-ray diffraction can be carried further, for it is 
‘posalble to determine the Fourier amplitudes by optical diffraction from the 
electron microscope images, The determination of phases optically is more 
difeal -but we have tried out two optical techniques for phase determina- 
Hon. (1) The straightforward, but tedious, method in which diffracted rays 
are allowed to interfere pairwise to produce fringes, the positions of the fringe 
minima with respect to some reference point giving the phase. The pro- 
cedure was carried out on our optical filtering system (compare ref. 2), but is 
very laborious and was less accurate than the densitometry method. (2) A 
holographie method in which the diffracted rays from the subject are allowed 
to interfere with a strong reference beam coming from a point in the same 
plane as the subject. The holographic technique using this particular geo- 
metry has been variously termed “Fraunhofer diffraction holography” and 
“Fourier transform holography’®. This method has the same basis as the 
heavy-atom method in X-ray erystallography*. The method was not pur- 
Sued. intensively, becanse our first trials showed that, with subjects such as 
ours containing very fine detail, a proper interferometric system would have 
to be constructed’, 


D: Jand Klug, A., work in preparation on the structure of tubes of catalase) 
cor ahallowly grooved solid objects (compare ref. 2), 
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threaded through the two most prominent helical grooves; 
they form parallelograms which mark out the unit cells. 
There are six unit cells spanning the equator of the 
particle, corresponding to the number of subunits in the 
annulus!® 1, 

We find a hole of about 30 Å diameter along the axis 
of the particle as we move outwards from the centre. 
This is formed probably by the packing of protein sub- 
units in the tail core about a rotational symmetry axis. 
The resolution, however, is not sufficient to show up any 
fine periodic variations in the surface bounding this 
hole*. The model does show strong azimuthal fluctua- 
tions in density at two radii. Six helical tunnels of about 
30 Å diameter lie at a radius of 65 Å, corresponding to the 
boundary between the sheath and the tail core (Fig. 5c). 
The matter which alternates with the tunnels at this 
radius presumably represents the connexions. between 
tail and core. (These are to be expected, since the sheath 
is found in the extended state only when surrounding a 





core. Free sheaths are always contracted"™.) 
360° 
v 180° 
0° 
0-08 0-02 0-01 0 0-01 0-02 0-03 
An ro 


Fig. 4. Part of the computer-generated Fourier transform of the image 
of the tail in Fig. 1. The Fourier amplitude (Fi along the second layer 
line is shown (compare Fig, 2), together with the accompanying phase a, 
The dotted parts of the curves near the middle of the diagram depend 
upon the exact region used to produce the Fourier transform; 

regions used to produce this figure and Fig. 2 were not exactly the same. 


A complex set of protuberances extends from a radius 
of about 90 A to one of 120 A at the outermost edge of 
the particle. They begin in the region of the model 
marked L (Fig. 5a and b) between the annuli, then 
sweep up to the right, as they pass through the region 
of an annulus, and finally join up by diagonal bridges 
(S) with the units on the upper left and lower right. 
The finer of the two sets of black wires near the surface 
passes under the bridges. The lower left-hand part of the 
protruding unit is almost in contact with the unit below 
and to the left. We cannot be sure, however, whether 
these units are really not in contact or whether we merely 
chose the contours marking the boundary between protein 
and stain at slightly too high a density. 

Surprisingly, the cross-striations which give the 
appearance of annuli in the electron microscope are 
absent in the model. The cross-striations in the image 
are produced by the superposition of outer gaps and inner 
holes and do not correspond to deep serrations in the 
particle. 


General Principles of Three Dimensional 
Reconstruction 

Because of its high rotational symmetry, only a single 
two dimensional electron micrograph was needed to 
determine the three dimensional structure of the phage 


* It should be stated that, in computing the map of the structure, it has 
been assumed that all the matter in the tail has the same symmetry. If the 
core had a different symmetry from the sheath, small modifications would be 
introduced into the model, but the main features described in this paper 
would be unchanged, s 
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a b 


Fig.5. Model of the phage tailin the extended state, The portion 
shown is about one-third of the actual length, The model was 
built from a serles of sections in a three dimensional Fourier den- 
sity map which includes data to spacings of 35 A. a, Side view. 
The black wires lying in the prominent helical grooves on the 
surface serve to mark out the unit cells of the repeating structure, 
The horizontal lines at the side of the photograph mark the posi- 
tion of the annuli of subunits which can be seen in the electron 
micrograph in Fig. 1. 6, Model tilted forward. ‘The fine black wirea 
T follow the path of the helicai tunnels at an inner radius of about 
60 Å. e, Same as b, but with part of the front half removed, The 
helical tunnels T Hie between the tail core and the sheath, 


The six pronounced helical ridges on the surface which run at an 
angle of about 30° to the particle axis (marked by brackets in &) 
ean be identified with the helical “windings” which have been 
revealed at the surface by shadowing with metal, This identi- 
fication fixes the absolute hand of this family of helices, The same 
family of helices can be seen as the stronger of the two sets of 
oblique lines in the filtered image in Fig. 3, but their apparent hand 
is reversed there because it is the filtered image corresponding to 
the far side which is shown. 
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tail We now outline the conditions for the recovery 
of any type of three dimensional structure from trans- 
mission photographs and we formulate the part played 
by symmetry more precisely Large objects are examined 
usually by taking electron micrographs of thm sections, 
but this 1s not possible for small particles Instead of 
working with the particle directly, however, equivalent 
structural information in the form of 1ts Fourier amph- 
tudes and phases can be used If these could be measured 
in three dimensions, they could be used in a Fourier 
synthesis to compute the structure itself 

The electron microscope image represents a projection” 
of the three dimensional density distribution m the 
object at all levels perpendicular to the direction of view 
According to a theorem familiar to crystallographers, 
the Fourter coefficients calculated from a projection of 
a three dimensional density distribution form a section 
through the three dimensional set of Fourier coefficients 
corresponding to that distribution By collecting many 
different projections of a structure m the form of electron 
mucroscope images, 16 should therefore be possible to 
collect, section by section, the full set of Fourier co- 
efficients required to describe that structure (Fig 6) 
The number of projections needed to fill Fourier space 
roughly uniformly depends on the size of the particle 
and on the resolution, in much the same way as the number 
of zero-layer precession photographs m a three dimen- 
sional X-ray analysis depends on the unit cell size and the 
desired resolution Simularly, rotation or screw symmetry 
reduces the number of sections required, because different 
orientations of the particle present identical projec- 
tionst The advantage of symmetry 1s illustrated in 
Table 1 which gives the number of independent views 
required to solve, to a resolution of about 30 A, com- 
parable structures of lear dimensions of about 250 A 


Table 1 
Symmetry class Example No of views 
Helical P4 phage tail 1 
Icosahedral Tomato bushy stunt virus ~2 
No symmetry Ribosome ~30 


It may be helpful to restate the role of symmetry 
differently The projection of an object with rotational 
symmetry 1s the sum of projections of its asymmetric 
unit in the various symmetry-related orientations (and 
positions) In the reconstruction process the three 
dimensional structure of the asymmetric unit 1s recovered 
from the various projections of ıt which are contained 
in a single image of the whole object Looked at in this 
way, an electron microscope image of the phage tail, 
which has forty-two subunits in its axial repeat, effec- 
tively presents projections of the subunit in twenty-one 
different orientations, more than enough to reconstruct 
the structure{ The simplicity mtroduced by the sym- 


* In precise terma, it 13 the logarithm of the intensity of the transmitted 
electron beam in the image which represents the projection of the tiree 
dimensional distribution of absorbing (strictly scatte1ing) material along the 
path of the beam For a distribution elv, y, Z), the transmitted intensity Z 1s, 
in conditions of single scattering of electrons, related to the incident intensity 
I, by the expression J (z, y)= L, exp [—v Jez, y, z) dz], where z 1s the mass 
absorption coefficient and zis measured along the direction of the beam This 
interpretation on a mass-thickness basis 1s, of course only valid if the stain 
ts amorphous", and if the spatial order in the liquid-like arrangement of 
scattering atoms is not shown up at the resolution with which one ts con- 
cerned in the image!® This condition 1s obeyed for the scale of structure 
normally investigated in biological applications of electron microscopy 
Likewise the condition of single scattering 18 obeyed for the thicknesses of 
stain involved 

For our quantitative work a meagure of the transmitted electron beam 18 
given by the optical density on the electron microscope plate which ts propor- 
tional to 1t4® Thus in effecting the Fourier transformation of the electron 
microscope images, logarithms of the optical densities should be used to 
obtain the Fourier coefficients of the structure glz, y, z) Taking the loga- 
rithm 1s easy 1n numerical processing, but presents a problem when optical 
methods are used to measure Fourter amplitudes and phases, for the logarithm 
of transmitted intensity in an optical system is directly proportional to the 
optical density and not to the logarithm of the optical densitv 

+ Thisstatement assumes that the distribution ofstain possesses the particle 
symmetry (for example, if could have the form of a cylinder for a helical 
particle) Departures from this must be taken into account, and the tech- 
nical problem will be discussed elsewhere 

¢ In terms of helical diffraction theory the amplitude of the Fourier trans- 
form of the phage tau has cylindrical symmetry to the working resolution 
because there is no overlap of Bessel functions of different order on the layer 
planes’ 


133 


metry of the phage tail made us choose ıt for our first 
attempt at three dimensional electron microscopy 

At this point, ıt 1s worth discussing the reason why 
high-resolution stereo-electron emicroscopy 1s not, m 
general, an adequate technique for solving a structure 
Stereo-microscopy does not reproduce structures in a 
quantitative and tangible form, and has other draw- 
backs Information from pairs of corresponding pomts 
m a stereo-pair 1s combined visually Even if one had 
ideal pictures in which poit-lke features were clearly 
resolved, some points ın a complex, deep structure would 
probably be obscured by others m fiont of them. To 
overcome this difficulty, many pairs of stereo-pictures 
would have to be taken This brings one back to the re- 
quirements discussed above, but the procedure does not 
tell one how these views might be combined, even subjec- 
tively. For these reasons, stereoscopy 18 only suitable for 
seeing details confined to the neighbourhood of a single 
surface or for particularly simple three dimensional objects 


General Requirements for Implementation 


If more than one projection of an object 1s needed to 
resolve its structure, such projections can be obtamed in 
two ways The most obvious one 1s to systematically tilt 


Directions of view \ | 


structure 










Transmission image 
1s a projection 


<a 


Fourier transformation 
of a projection 
gives coefficients 


ina section 
of “Fourier space” 





Reconstruction 
by Fourier synthesis 
using ali sections 


ý 


Fig 6, Scheme for the general process of reconstruction of a structure 
from its transrgission images 
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and photograph a single particle in the electron mucro- 
scope If all the necessary projections are collected 
regardless of particle symmetry, no assumptions are 
needed to calculate the three dimensional structure 
The synthesis will reproduce any symmetry that the 
particle possesses, but also any distortion 1t has suffered, 
or any regularity m the stam distribution These 
defects, however, can be detected by comparmg Fourier 
syntheses of different particles For a complete set of 
projections, the particles must be tilted accurately 
by small imerements to a total tilt angle of 180° This, 
however, presents the technical problems both of covering 
the complete range of angles and of preserving the 
structure during successive exposures to the electron 
beam Symmetry lessens the difficulties by reducing 
both the number of different projections and the maximum 
tilt angle required So that symmetry can be used, 
the orientations of the symmetry axes with respect to 
the tilt axes must be found 

Alternatively, different umages from a field of particles 
are, ın principle, projections of the same structure 
(although in practice allowance must be made for vara- 
tions in staming or perturbations in the different particles) 
The exact orientation of each particle m relation to the 
direction of view must be determimed in order to relate 
correctly the Fourier space section obtained from it 
to those obtained from other particles This would mean 
determinmg the orientation of the particle for each 
ımage before its exact structure is known In practice, 
ancillary tilting experiments would help mm the recognition 
of the views?#i® Recognition and determination of the 
angle of view might be done more precisely by some 
form of refinement process, such as the simulation of 
particle umages using & provisional model of the struc- 
ture®.1°, This would also help in assessing the preserva- 
tion of detail in the different mages It 1s important to 
imtegrate the mformation contained in the images of 
different particles so that the effects of noise coming 
from the sources mentioned above can be averaged out 


Concluding Remarks 


Our method of three dimensional reconstruction 
relates the analysis of electron mucroscope images to 
the theory that has been developed for X-ray diffraction 
analysis The difference ıs that the “phase”, which 
together with the amplitudes of the Fourier components 
allows the reconstruction of a three dimensional map, 
1s lost in recording the X-ray diffraction data It 1s 
preserved, however, by the focusing of the diffracted 
electron beam into an image At the same time, one can 
work with a single or a few particles and one 1s not 
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confined to working with highly ordered crystals or 
fibres as in protem crystallography. While small numbers 
of particles can be used, more variability must be expected 
than ıs encountered ın the average structure from, for 
example, a protem crystal contaming 1015-101 particles* 

Because the theory underlymg this method 1s a very 
general one, the method can be used for all kinds of 
objects It may be necessary, however, to modify the 
various procedures used according to the particular 
problem. In the example given here we have used single 
particles, but the method could work equally well with 
ordered aggregates or arrays such as sections of muscle 
or small erystals 
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for help with the computer processmg, Dr K © Holmes 
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Huxley and M F Perutz for helpful criticism of earlier 
versions cf this article. One of us (D J De R) was 
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* Because the preservation of detail ın electron micrographs is not usually 
perfect, many examples must be examined and assessed The method of 
optical diffraction’? provides an objective assessment of the information 
contained in an image of a penodically repeating structure, for if displays an 
average of the genuine, repeating features We have found by this tech- 
nique that the resolution in electron micrographs of negatively stamed bio- 
logical specimens can be as high as 15-20 A (refs 1 and 2) 
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Response of Pine Seedlings to Mechanical Stimulation 


by 
W. C. ASHER 


Southeastern Forest Experiment Station, 
US Forest Service Research, 
Triangle Park, North Carolina 


Wen developmg electrophysiological techniques for 
forest tree physiology research, I observed a hitherto 
unreported electrical “response” to leaf fascicle move- 
ment in young slash (Pinus elott vanety ellrotin 
Engelm ) arid loblolly {P taeda L ) pme trees The effect 


When needles of pine seedlings are deflected downwards there is 
an electrical response which can be measured. 


can be elicrted consistently by sharply deflecting s faseicle 
downward while recording the electrical potential between 
two or more pomts on the stem of the tree with non- 
polarizing electrodes The response is rapid and sharply 
defined and seems to be typical of tissue depolanzation 
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A tracing of a single recorded response, obtained from 
a 2 yr old potted loblolly pme seedling ıs shown ın Fig 1 
Electrical potentials were led off through cotton-wick 
tapwater bridges to Ag-AgCl electrodes, amplified by a 
Keithley 603 dc. electrometer-amplifier (input resistance 
102 ohms), and displayed on a potentiometiie recorder 
Conventional high impedance de amplification and 
oscilloscope recoidings were also made frequently In the 
case of Fig 1, the stimulated fascicle was located about 
midway between the apical and basal electrode contact 
pomts The input system was floating, with a resistance 
to earth of about 10% ohms Single-ended inputs, and 
earthed seedlings with differential inputs, gave the same 
results 


Se ees 


7.5 sec 


Fig 1 Response of Pinus taeda seedlings to needle fascicle deflexton 

Arrow indicates approximate time of stimulation Peak at right of 

arrow illustrates the initial fast component of the response A downward 

response indicates electrical negativity of the apex of the seedling with 
respect to the base 


The magnitude of the response to maximal stimulation 
varied considerably with the condition of the tree and 
among trees, but an average of 406 measurements taken 
on eight seedlings was 0 72+0 58 (standard deviation) 
mV, a typical response In a series of forty-five measure- 
ments on two trees, with a Keithley 603 d c electrometer- 
amplifier and a direct-coupled Tektronix RM 565 dual- 
beam oscilloscope the response lasted on average 22 04+ 5 9 
sec Most of the fascicle deflexions ın this series were 
produced by means of a shielded pulse-driven d e solenoid 
with 1ts armature attached to the needles by means of a 
string or light plastic rod No differences ın the amplitude 
or duration of the response were attributable to tree 
species. 


Effects of Deflexion 


A bref description of a recent set of experiments 
employing two amplifying and recording channels (4 and 
B) illustrates typical features of what has been observed 
so far Ag-AgCl electrodes were attached by cotton 
threads soaked in 0 001 molar KCl to three points on a 
2 yr old potted loblolly pie seedling in the laboratory 
One electrode (apical) was placed on the terminal bud of 
the seedling and led to the “positive” input termmal of 
amplifier A A second electrode (middle), contacting the 
stem about midway, was connected ın common with the 
“negative” input terminal of amplifier A and the “‘positive” 
side of amplifier B. The third (basal) electrode led from a 
point near the base of the seedling to the “negative” 
input terminal of amplifier B Outputs from the two 
amplifiers were connected separately to two adjacent 
channels of a four-channel Texas Instruments Servo- 
Rater recorder 

Deflexion of a fascicle near the middle (common) 
electrode drove this point negatively (depolarization) 
Stimulation between this pomt and the apical contact 
resulted ın depolarization of the tissue at the apical 
electrode, whereas stimulation between the middle and 
basal contacts gave the same result as stimulation at or 
near the middle electrode Stimulation in the immediate 
vamty of an electrode contact usually produced a 
negative-going response at that pomt Stumulation between 
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two electrodes produced a negative-going potential 
change at the upper or apical contact pomt Stimulation 
of fascicles on branches produced no detectable response at 
electrodes on the main stem oy on other branches, but 
the usual responses were obtained from electrodes on the 
affected branches Responses appeared on lateral branches 
above the pomt of stimulation on the main stem, but not 
on those below this point 

“Dead” seed ings did not ordinarily show a response. 
The difficulty of kıllıng a seedling without affecting the 
elasticity of the tissue. and of determuning precisely when 
a seedhng 1s actually dead, renders a definite statement 
on this point ımpossıble at present. 

Girdling the stem with a hot wire above or below the 
point of stimulation resulted in altered response curves, 
ranging from disappearance of the initial fast component 
(Fig 1) to reversal of polarity. The most consistent effect 
noted was reversal (from negative-going to positive) on 
destruction of stem tissue between the point of stimulation 
and the basal electrode contact. Transverse knife cuts 
mto the xylem immediately above and below the stimu- 
lated fascicle resulted ın the disappearance of the imitial 
rapid component of the response, but the slow or pro- 
longed component persisted unaltered. 

Application of electrolyte solutions (for example, 1-3 
molar KCl) to the point of fascicle attachment to the stem 
usually led to a greatly reduced electrical response 
(Occasional absence of this effect in a few early records 
was apparently caused by failure of the solution to pene- 
trate into the living tissue ) Solutions of non-electrolytes, 
distilled water and mineral o1l have not shown any effect 
on response amphtude Application of 01-1 normal 
KCN resulted m a marked reduction m amphtude, but 
this may have been principally a result of electrical 
shorting by the electrolyte rather than any metabolic 
effect In all cases, response amphtudes returned to 
pretreatment levels after drying or flushing of the point 
of application with distilled water 


Characteristics of the Responses 


General characteristics of the observed responses can 
be summarized as follows (a) Stimulation at mtervals 
of about 20 sec produced maximal reproducible responses 
Increasing the stimulus rate produced responses arising 
from the pomt of recovery to the previous response, but 
with reduced amphtude Stimulus intervals of 5 see or 
less led to a sustained depolarization with small transient 
“responses” that were probably stimulus artefacts 

(b) No precise measurements of mechameal stimulus 
intensity or rate of stimulus onset were attempted, but 
actuation of the solenoid armature by square current 
pulses of varying amplitudes and by a voltage ramp of 
variable slope applied to the coil indicated an “‘all-or-none” 
type of response rather than a graded one Current pulses 
of about 4 m amp or less gave angular fascicle deflexions 
of less than 30 degrees and resulted m small transient 
and atypical voltage fluctuations, whereas pulses of 
5 m amp or more moved the fascicles at least 45 degrees 
and led to the typical maximal response Similarly, 
response to a slow rate of stimulus onset (voltage ramp 
applied to the coul), if there was any, was maximal and 
showed the rapid initial potential change associated with 
sudden faseicle deflexions (e) Efforts to establish the 
magnitude of the delay between stimulus and response 
have sc far been unsuccessful There was a slight delay, 
but it was difficult to measure because of the nature of 
the method of mechanical stimulation With very rapid 
deflexions, measurements from photographs of oscillo- 
scope traces gave values of about 2 m/sec, which 18 
far more rapid than any previously reported con- 
duction times for plant action potentials Attempts 
to utilze electrical stimulation were made, but without 
success 

(d) The magnitude of the recorded response did not 
seem to decrease appreciably.with distance from the point 
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of stimulation, although the response from a fascicle 
very near a recording point (within 1 em or less) was 
usually greater than at more distant pomts Spatial 
decrement could thus very well be exponential near the 
fascicle 

(e) The effect of temperature on the responses was not 
studied systematically, but casual observation indicated 
that the relationship, if any, was slight 

I have not succeeded in finding a fully plausible ex- 
planation for these observations. The possibility of 
shifting electrode contacts has been thoroughly tested 
and ruled out Regardless of type of contact used (for 
example, cotton wick, chlorided silver or platinum wires 
inserted into the stem or clamped ın place), the response 
persists unaltered Furthermore, the consistent return 
of the potential to pre-stumulus levels withm a few 
seconds argues against electrode contact shift as a sig- 
nificant contributing factor 

Similarly, electrostatic artefacts were elimmated by 
earthing the seedling, and puffs of ar directed against 
the fascicles with sufficient force to deflect them produced 
the same response as mechanical contact Electrical noise 
(“cable noise”) resulting from mechanical tissue deforma- 
tion does not seem to explain the phenomenon either, 
because of the relatrvely long recovery period 


Possible Explanations 


There are at least three other possibilities, two of them 
essentially biological rather than physical First, the 
response could be caused by depolarization of stem tissue 
in the immediate vicinity of the fascicle base. If the 
overall longitudinal seedling biopotential is the algebraic 
sum of polarized cells ın a series-parallel equivalent 
eircuit!, the drop ın potential difference resulting from 
slight injury m the area cluding the base of the deflected 
fascicle would account for the observed response This 
would be true especially in those cases where the overall 
potential difference ıs in the direction of apical positivity 
with respect to the base of the seedling, and the response 
1s negative, that ıs a reduction in potential difference 
In those cases where the seedling apex 1s electronegative 
with respect to the base, however, the response should be 
recorded as “positive” (toward zero) Such a clearcut 
relationship has not been established, although positive 
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responses are usually, but not always, associated with 
apical negativity 

Second, the response could be a rapidly propagated 
electrical impulse All attempts to establish a reasonable 
transmission time have, however, proved fruitless If 
a delay exists ıt 1s so slight as to cast serous doubt on 
its biological significance. 

Finally, the mechanical deformation produced by 
flexure of the pomt of fascicle attachment could produce 
sudden changes m hydrostatic pressure within the tree, 
possibly altering cell membrane permeability at distant 
electrode contact pomts and thus producing the observed 
electrical changes If this ıs indeed the case, the action 
must be strongly directed acropetally, posing intriguing 
anatomical and morphological problems 

Jacobson? has recently reported what he refers to as 
a “negative receptor potential” in response to mechano- 
sensory hair stimulation ın Dronaea muscrpula Ells 
(Venus fly-trap) Although his method of recording 
differed slightly from mme in that he recorded directly 
from the sensory hair, ns negative receptor potential 
bears a marked resemblance to the potentials reported here 
both ın waveform and duration (the Dionaea potentials 
were of greater magnitude, perhaps because of the 
recording method used) 

A similar potential change after a semes of strokmg 
stimuli had been applied to the outer leaf blade of Dionaea 
muscipula ıs apparent in the recording contamed in a 
report by DiPalma etal? The authors suggest that small 
protruding structures (stellate trichomes) on the leaf sur- 
face serve as touch receptors to sensitize the trigger hairs 
to mechanical stimul 

It 1s possible then that an electrical potential change 
1s generally associated with mechanical displacement of 
such plant structures as hairs, needle fascicles, stellate 
trichomes and other similar organs 

I thank Dr Bruce I H Scott for his encouragement 
and advice 
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FREDHOFF AND VANWINEKLE reported m 1962 that a 
compound characterized as 3,4-dimethoxyphenethyl- 
anne (DMPHA) by its paper chromatographic behaviour 
and a colour reaction (pink spot when treated with a 
sequence of reagents believed to be specific for phenethyl- 
amines), was unique to the urine of schizophrenie indivi- 
duals! Both the identification of the urmary component 
and its relationship to schizophrema, however, have 
become controversial issues Sen and McGeer found 


Although DMPEA does not seem to be a component of the pink 
spot in Parkinsonism, high urinary concentrations of tryptamine 
may be associated with some cases of the disease 
that in such cases tryptamine hydroxylation is defective. 


This suggests 


the amme ım the urmes of eleven out of twenty-two 
schizophrenics’, and Bourdillon et al observed a substance 
lke DMPEA in several urmes from schizophrenics’, 
Others, however, have been unable to correlate DMPEA 
or the pink spot or both with this disease (for leading 
references see ref 4) 

We, too, could not obtam unequivocal evidence for 
or against the presence of 3,4-dimethoxyphenethylamine 
in the urine of schizophrenics using the Friedhoff technique 
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because of the presence of other components m the same 
region of the paper chromatogram® An improved system 
of 1solation® based on thin-layer chromatography has made 
1b possible for us to effect a more selective separation of the 
urinary amines, indeed, the pmk spot area of a paper 
chromatogram prepared by the Friedhoff technique 
invariably revealed the presence of several components 
when rerun in our thin-layer system’ With this method, 
our studies of the urmes of schizophrenics obtained 
from Dr Friedhoff tended to confirm his findings that 
DMPEHA ıs unique to the urmes of some schizophrenic 
patients More extensive investigations of a larger 
number of urmes from other sources failed, however, to 
confirm these findings and we concluded that the 
positives ın the first group were attributable to unique 
nutritional or environmental factors not related to 
schizophrenia‘, 

To pursue these studies further, urmes of normal and 
schizophrenic individuals were examined for 3,4-dimeth- 
oxyphenylacetic acid, the principal metabolic end pro- 
duct?~* of 3,4-dimethoxyphenethylamine The results of 
these studies showed low concentrations of the acid 
in urnes of both normal and schizophrenic individuals, 
and no significant difference between the two groups 
On the basis of this evidence ıt was concluded that 
the excretion of DMPEA 1s not characteristic of schizo- 
phrena’ Friedhoff and Fumya recently reported 
finding the acid m the urine of both types of individuals, 
although the concentrations they found were considerably 
greater than we observed?® Despite the final statement 
m their paper that they contmue to find DMPEA only 
m urmes of schizophrenics, our conclusion seems to be 
supported by a number of recent publications", and 
the suggestion that the pink spot is a “red herring” when 
applied to the schizophrenic state seems to represent an 
accurate appraisal of this situation'® Most recently 
Perry et al have suggested that the pink spot may be 
monoacetyl or monopropronylcadaverine!? 

Although a relationship between DMPEA and schizo- 
phrenia now seems doubtful, recent evidence has suggested 
that this amme has some significance in Parkinson’s 
disease Barbeau and his associates, using the Friedhoff 
technique, found that urmes of 80 per cent of patients 
afflicted with this disease contained the pink spot com- 
ponent—tentatively identified as DMPEA'* They were 
also able to show that administered DMPEA causes 
akmnesia-hke symptoms m anımals!? A programme to 
examine the pmk spot components in urnes of patients 
with Parkmson’s disease with the technique employed 
in our earlier studies was thus undertaken with the co- 
operation of Dr Barbeau After this research was initiated, 
other workers confirmed Barbeau’s findings concerning 
the incidence of a pink spot m urmes of Parkinsonians, 
but could find no evidence supporting its identification 
as DMPEA*. 

The Parkinson urmes, obtained from two sources and 
from patients who had been off drug treatment for 48 h 
before collection, gave the results shown in Table 1 
Seven out of seventeen gave significant pink spots when 
examined by the Friedhoff technique An additional 
seven were positive in this respect, but here the colour 
was not judged to a greater intensity than observed for 
some normal urmes None of these urmes showed detect- 
able amounts of DMPEA when exammed by thin-layer 
chromatography Confirmation of the absence of this 
amine was obtained by gas chromatography of specimens 
selected on the basis of a high mtensity pmk spot The 
acid fractions of these urmes were examined for 3,4- 
dimethoxyphenylacetic acid by the method described 
before*, no differences between the normal and diseased 
groups were observed, which agrees with the absence of 
significant amounts of the precursor amine 

Boulton et al have suggested that the pmk spot m 
urnes of schizophremes and Parkmsonians may be 
p-tyrammne, for they observed this compound to exhibit 
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chromatographic and chromogenic properties ın the 
Friedhoff system simular to those of DMPEA, and it was 
found ın a single pooled specimen from four Parkinsonian 
patients in approximately twice the concentration found 
in that of a schizophreme* Unfortunately, the current 
studies with Parkimson urmes were not run m such a 
manner that p-tyramine could be detected On the other 
hand, our imvestigations revealed that tryptamune 1s 
both 1sographic with DMPEA in the Fnedhoff system 
and characterized by a similar although not identical 
colour sequence when treated with the nmhydrm-modified 
Ehrlich reagents It would thus contribute to the overall 
colour of the spot, which on paper 1s diffuse and masked 
by neighbourmg contaminants Accordingly, extracts of 
urines from a number of Parkmson patients were sub- 
jected to paper chromatography and the pink spot zone 
was eluted from paper with methanol and analysed by 
thin-layer chromatography Certain of the urimary 
extracts were also analysed directly by this method The 
results shown in Table 1 demonstrate that there 1s a 
reasonable correlation between the colour intensity of the 
pink spot on the paper chromatogram and the tryptamine 
content as measured by thin-layer chromatography 
(confirmation of the presence of this amine was obtamed 
by gas chromatography), certamly enough to suggest 
that tryptamine ıs one of the principal components of 
the pink spot 


Table 1 


Pink spot by 


Trvptamine 
paper strip 


estimate by TLO 


CODSCCOP RRP HHH RHE PON NYY o ea an 
COMONGDCESCHWNH OSC ON FH oth & to 


The suffix W denotes a sample from Dr Waltz, B from Dr Barbeau and Na 
normal urine specimen An arbitrary value of 0 to 5 was used to estimate the 
mtensity of the pink spot on paper and the tryptamme spot on the thin-layer 
chromatography (TLC) 


In conclusion, our studies with urines of Parkinson 
patients have revealed that DMPEA is not a component 
of the pink spot, nor 1s there any consistent qualitative 
difference between the urmes of normal and diseased 
individuals examimed with respect to the composition 
ofthe pmk spot On the other hand, the urimes of patients 
which showed the more intensely coloured spots were also 
found to have correspondingly Ingh concentrations of 
tryptamine Thus 1t seems possible that high urmary 
concentrations of tryptamme are associated with some 
but not all cases of Parkinson’s disease, and that this 
amune 1s a principal component of the pink spot observed ın 
these cases Furthermore, the finding by Barbeau et al 
that the urmary excretion of 5-hydroxymdoleacetic acid 
1s dimmished m patients with Parkinson’s disease’? 1s 
compatible with the concept of an mcreased excretion 
of tryptamine, and ıt 1s therefore reasonable to suggest 
that tryptophan hydroxylation may be defective m this 
diseased state Indeed, the admmustration of 5-hydroxy- 
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tryptophan ıs reported to umprove some symptoms of 
Parkinson’s disease (personal communication from A 
Barbeau). Of further terest are the observations that 
brain concentrations??? and the urmary excretion™ of 
dopamine are decreased ın Parkinson patients The fact 
that admmustered DOPA improves some symptoms led 
Cotzias et al. to suggest that tyrosine hydroxylation, the 
rate limiting step in dopamine formation, may be defective 
mn this disease? Such a fault would be expected to result 
in an increased excretion of p-tyramme and, as noted 
here, Boulton et al have found that this amine 1s a 
component of the pink spot from Parkmson patients?!, 
If both tyrosme and tryptophan hydroxylation prove to 
be deficient ın Parkinson’s disease, such a defect could 
be attributable to many factors including low concentra- 
tions of the mdividual hydroxylases Because, however, 
a reduced pteridine**.*? 13 an obligatory requirement for 
both tyrosine and tryptophan hydroxylase ıt 1s possible 
that a deficiency of this cofactor may also be rate hmuiting 
and thus of significance ım the aetiology of this disease 

We thank Professor André Barbeau and Dr Joseph M 
Waltz for the urmes of Parkinson patients 
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Untm 1959 heterochromatin was considered to be an 
elusive chromosome material difficult to approach exper- 
mentally at the cytological levelt. Work with phos- 
phorus-32 and tritium had not then produced any 
relevant information about this chromosomal material. 
The first experumental demonstration that hetero- 
chromatin synthesizes 1ts DNA later than the euchromatic 
regions of the chromosome complement was obtained in 
the grasshopper Melanoplus differentials? In the male 
of this species there 1s a large heterochromatic X chromo- 
some at prophase The autosomes are chiefly euchromatic 
The injection of tritiated thymidine into the body cavity 
revealed that m the spermatocytes, at zygotene and 
pachytene, the heterochromatic X and the autosomes 
were labelled at different times In the testicular tubules 
the spermatocytes are grouped ın cysts which are syn- 
chronized at a given meiotic stage. The cysts move along 
the tubule as meiosis progresses, so that, from their relative 
position, 16 1s possible to tell which have developed the 
farthest. In sections of this material, the spermatocytes 
of the cysts which were at a late stage in development 
were labelled only in the heterochromatic X chromosome, 


* Present address Institute of Animal Genetics, Edinburgh 


lt seems to be a rule of chromosome replication that hetero- 
chromatin synthesizes its DNA at a later stage than the rest of 
the chromosome. 


whereas cysts at an earlier stage of development were only 
labelled in the autosomes This result established that 
heterochromatin in this species, and ın this tissue, reph- 
cated later than euchiomatin 

To find out whether this phenomenon occurred in other 
organisms, leaves from seedlings of rye (Secale cereale) 
were exposed to tritiated thymidine In this organism‘ 
all chromosomes are heterochromatic on both sides of the 
kinetochore and possess heterochromatic “‘knobs” at most 
ends The autoradiographic picture of mterphase nucle1 
showed that m this species heterochromatin also repheated 
at a different time from euchromatm™ Since then many 
people have studied the same phenomenon in plant, 
animal and human material by tritrum autoradiography 


Cytology of Heterochromatin 


Heterochromatin as origmally deseribed by Heitz? 
represents a differential behaviour of the chromosome 
phenotype Heterochromatic regions are characterized, 
m interphase and early prophase nuclei, as “chromosome 
regions that form massive blocks of Feulgen positive 
materal’! 
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Heterochromatin is a state of the chromosome rather 
than a substance, as 1s sometimes assumed, because ıb 
does not occur at all stages of development In Droso- 
phila, heterochromatin 1s absent ın the early embryonic 
stages, but 1t 1s found at later stages m the three largest 
chromosomes!* In the male of the grasshopper Melano- 
plus the X chromosome is not heterochromatic in the 
spermatogonia, but becomes so later in the spermatocytes 

As Schultz"? pomted out, “nucleic acid starvation’ 
or “negative heteropycnosis”!® should not be mncluded m 
heterochromatin If we do so, every differential state of 
the chromosome during the cycle of division could qualify 
as heterochromatin The original definition would break 
down, everything m the chromosome becoming hetero- 
chromatin depending on the appearance of the region 
used as a standard Recent results confirm the idea that 
negative heteropycnosis ıs a phenomenon distinct from 
heterochromatin 

Spectrophotometric measurements have shown that the 
amount of DNA per unit area is two to three times greater 
ım the heterochromatin than ım the euchromatin of the 
same nucleus!® This 1s not the case in negatively hetero- 
pyenotie regions in which there is no indication of increase 
or decrease m DNA content”. Thus this result contra- 
dicts the assumption that negative heteropycnosis is the 
reverse state of positive heteropycnosis, a term also used 
for heterochromatin. Furthermore, autoradiographic 
studies in T'rillzum disclose that cold-induced negative 
heteropycnotic regions can occur in chromosomes which 
had completed their DNA. synthesis before the cold treat- 
ment began!! This result, as well as the spectrophoto- 
metric measurements, shows that the designation some- 
times given to such chromosomal segments of “nucleic 
acid starved regions” does not desenbe appropriately the 
actual macromolecular organization of these regions. 

Negative heteropyenosis 1s thus not necessarily the 
opposite of heterochromatin, although ıt 1s a particular 
state of the chromosome, and probably an equally signi- 
ficant one Furthermore, ıt is not ın agreement with the 
available evidence to call heterochromatin “positive 
heteropycnosis” as ıt has sometimes been described We 
should keep the original description of this well defined 
state of the chromosome which 1s characterized by the 
appearance of a massive block of Feulgen positive material 
at a given stage of development Other states of the 
chromosome should be considered as separate phenomena 
until we have a better knowledge of the macromolecular 
organization of the chromosome during these states 


Autoradiography and Heterochromatin 


Information about DNA synthesis obtained by different 
laboratories using tritium autoradiography has varied in 
the degree of accuracy with which the relation between 
the autoradiographic picture and the occurrence of hetero- 
chromatin has been established in a given tissue Accord- 
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ingly, these results may be divided into three main groups 
(a) Autoradiographic studies were carried out m the 
same tissue and at the same,stage at which hetero- 
chromatin has been well established (b) Trrtiated thymuid- 
ime was administered to tissues where heterochromatin 
was not recognizable but the chromosomes studied were 
heterochromatic ın another tissue (c) Trtiated thymidine 
was added to a given tissue, but no exact mformation was 
available about the occurrence of heterochromatin m the 
tissue studied or in other tissues This group contains 
some of the results for sex chromosomes or presumed sex 
chromosomes 

The experiments of groups (b) and (c), although relevant 
to this problem, cannot be considered to give rehable 
information about the relation between the occurrence of 
heterochromatin and the sequence of DNA synthesis To 
establish this relation with accuracy it 19 necessary 
(1) that there 1s clear-cut evidence that a grven chromo- 
some or chromosome segment 1s actually heterochromatic, 
and (1) that the autoradiographic pictures are studied in 
the tissue where heterochromatin 1s displayed 

A well known phenomenon, since Hertz’s discovery of 
heterochromatin, ıs that a given chromosome ıs not 
necessarily heterochromatic m all the tissues of an 
organism, and that not all sex chromosomes are hetero- 
chromatic 


Relation between Heterochromatin and Late Replication 


In this article, we will deal chiefly with the evidence 
from the first group of results, where the two conditions 
just postulated are fulfilled. There are now many results 
in this category available from different laboratories 
These allow us to assess the general validity of the findings 
originally made in Melanoplus and Secale 

Four species of plants (Table 1) have been found to 
exhibit this phenomenon Secale cereale!®°, Fritillaria 
lanceolata”, Viera faba”? and Hordeum vulgare? In these 
species heterochromatin 1s displayed, m root and leaf 
nuclei and other tissues It shows up at interphase m the 
form of chromocenters and at prophase as large chromo- 
meres or deeply stained segments Tritiated thymidme 
was administered to these tissues and the autoradiographic 
picture was studied at interphase, prophase and meta- 
phase In the four species, the chromocenters at mter- 
phase, the large chromomeres at prophase and the cor- 
responding regions at metaphase were found to replicate 
later than the euchromatie regions (Table 1). 

Four species of insects (Table 2) exhibit the same 
phenomenon Melanoplus differentials, Bombyx mort, 
Pseudococcus obscurus and Drosophila melanogaster Three 
of them, Drosophila, Melanoplus and Pseudococcus, are 
classical examples of organisms with heterochromatin 
The behaviour of the X chromosome in Melanoplus was 
mentioned earher in this article In Drosophila, the hetero- 
chromatin of which was mitially studied by Hertz’-? at 


Table 1 PLANTS IN WHICH INCORPORATION OF TRITIATED THYMIDINE WAS STUDIED IN THE SAME TISSUE AND AT THE SAME STAGE AND WHEN HETERO- 
CHROMATIN HAS BEEN WELL ESTABLISHED 


Autoradiography Heterochromatin References, References, 
Species Tissue Stage Tissue (1) Stage Replication period auto- hetero- 
(2) Chromosomes of heterochromatin radiography chromatin 
Secale cereale Leaves Interphase Leaves (1) Interphase Later than 19, 20 6, 64, 65 
Roots Prophase Roots Prophase euchromatin 
Metaphase (2) Proximal, and median regions of all 
chromosomes and “knobs” 
Fritllana Roots Interphase Roots (1) Interphase Later than 21 21 
lanceolata (2) Chr mocenters euchromatin 
Fra faba Roots Interphase Roots (1) Interphase Later than 22 66 
Prophase euchromatin 
(2) Near centromeres and other regions 
Hordeum Roots Metaphase Roots {1) Interphase Later than 23 65 
vulgare Prophase euchromatin 


{2) Proximal regions of all chromosomes ° 
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prophase and metaphase in somatic cells, the whole Y 
chromosome, the proxımal regions of the X and of 
chromosomes II and IIF are heterochromatic The m- 
corporation of tritiated thymidine into this same tissue 
where heterochromatin 1s observed reveals the late replica- 
tion of the heterochromatic regions relative to the 
euchromatic ones™., Particularly striking 1s the case of 
Pseudococcus where a whole set of chromosomes 1s hetero- 
chromatic®. This whole set undergoes DNA replication. 
later than the euchromatic set ın the same nucleus?! In 
Bombyx”, heterochromatin m the spmning glands is also 
found to be late replicating when tritiated thymidine 18 
admunistered to this tissue In the four cases the auto- 
radiographic picture was studied ın the same tissue and at 
the same stage, when the heterochromatin was described 

Mammals, including man, give most examples confirm- 
ing the rule of late replication of heterochromatin We 
include in Table 3 only the cases where DNA replication 
has been studied mn the chromocenters at imterphase 
With the exception of a few cases, only such conditions 
allow an accurate study of the sequence of DNA rephica- 
tion m heterochromatm relative to euchromatin Only 
when the mformation from the chromocenters at mter- 
phase, or from heterochromatic chromosomes at prophase, 
can be directly related to specific chromosomes at meta- 
phase can we state that the late DNA replication seen at 
metaphase ıs representative of the heterochromatin 
observed at mterphase or prophase Metaphase chromo- 
somes are seldom heterochromatic 
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Man 1s the species in which the relation between the 
metaphase and interphase pictures has been best estab- 
lished because of the occurrence of individuals with 
multiple X chromosomes The number of chromocenters 
(Barr bodies) seen at interphase in diploid cells 1s equal 
to the number of X chromosomes minus one (according 
to the rule of Harnden?) Thus ın man the autoradio- 
graphic picture of the X chromosome at metaphase can 
be considered to furnish reliable information about the 
late DNA replication of heterochromatin®-*! Studies of 
DNA rephcation m mdividuals with multiple sex chromo- 
somes have confirmed the relation between the number 
of Barr bodies seen at mterphase and the number of late 
replicating X chromosomes present at metaphase*?-** 
Furthermore, there have been several studies of the 
tritium autoradiographic picture of Barr bodies at mter- 
phase which confirm the late replication of hetero- 
chromatin in man at the chromocenter stage??-41 In 
addition to the sex chromatin (Barr bodies), autosomal 
heterochromatin has also been described at ınterphase m 
the human male and female This replicates at a different 
time from the euchromatin*?3 

The Chinese hamster (Cricetulus griseus) has X and Y 
chromosomes which form distmet chromocenters at inter- 
phase (ref 43 and personal communication from W 
Schmid) These were found to rephcate later than the 
euchromatic regions of the autosomes in interphase nuclei 
and at metaphase**5 A simular situation 1s found in the 
Syrian hamster (Mesocricetus auratus) and in the guinea- 


Table 2 INSECT SPECIES IN WHICH INCORPORATION OF TRITIATED THYMIDINE WAS STUDIED IN THE SAME TISSUE AND AT THE SAME STAGE AND WHERE 
HETEROCHROMATIN HAS BEEN WELL ESTABLISHED 
Heterochromatin References, References, 
Species Autoradiography Tissue (1) Stage Replication period auto- hetero- 
Tissue Stage (2) Chromosomes of heterochromatin radiography chromatin 
Melanoplus Testis Prophase of Testis (1) Prophase of meiosis X later than 4,57 4,57 
differentralss metosis (2) X chromosome euchtomatis 
autosomes 
Bombyx more Spmning glands Interphase Spinning glands (1) Interphase Later than 27 27 
(2) Chromocenters euchromatin 
Pseudococcus Somatic cells Interphase Somatic cells (1) Interphase Later than 26 25, 67 
obscurus Metaphase (2) Whole heterochromatic euchromatic set 
chromosome set 
Drosophila Embryonic cells Prophase Embryonic cells (1) Prophase Later than 24 68 
melanogaster Metaphase Metaphase euchromatin 
{2) Whole Y, proa reg of 


X and of chrom II 
and III 


Table 3 MAMMALIAN SPECIES WHERE THE INCORPORATION OF TRITIATED THYMIDINE WAS STUDIED IN THE SAME TISSUE AND AT THE SAME STAGE WHERE 
HETEROCHROMATIN HAS BEEN WELL ESTABLISHED 


Heterochromatin 


Replication References, References, 


Species Autoradiography Tissue (1) Stage period of hetero- auto- hetero- 
Tissue Stage (2) Chromosomes chromatin radiography chromatin 
Creetulus griseus Embryonic Interphase Embryonic cells (1) Interphase Later than 44 69 and personal 
(Chinese ham- tissues Metaphase Kidney and (2) Chromocenters representing euchromatin communica- 
ster) nerve cells and F tion from 
W Schmid 
Chinchilla Kidney cell Interphase Kıdney cell (1) Interphase Later than 48 48 
fanwwera cultures Metaphase cultures (2) Chromocenters representing euchromatin 
(chinchilla) and Y 
Macrotus agrestes Bone Interphase Bone marrow (1) Interphase Later than 46, 47 46,47 
(feld vole) marrow Metaphase cultures (2) Chromocenters whole Y euchromatin 
cultures Fibroblast cells and part of X 
Fibroblast 
cells 
Mesocricetus Kıdney cell Interphase Kıdney cel! (1) Interphase Later than 46 46 
auratus cultures Metaphase cultures (2) Major and minor chromo- euchromatin 
(Syrian ham- Nerve cells centers 
ster) 
Cana cobaya Kıdney cell Interphase Kidney cell (1) Interphase Later than 46 46 
(guinea-pig) cultures Metaphase cultures (2) Large and small chromo- euchromatin 
Nerve cells centers 
Cams famiharia Kidney cell Interphase Kidney cell (1) Interphase Later than 48 49 
cultures Metaphase cultures (2) Chromocenters euchromatin 
Bone Buccal mucosa One X chromosome 
marrow 
Donkev-grevy Skin Interphase Skin cultures (1) Interphase Later than 50 50 
zebra hybrid cultures Metaphase (2) Chromocenters euchromatin 
One X chromosome 
Mus musculus Kidney epi- Interphase Kidney epithelial (1) Interphase Later than 51 51 
(mouse) thelial cells cells (2) 4-20 chromocenters euchromatın 
Homo sapwns Various Interphase Various somatic (1) Interphase Later than 29-43 42, 43, 70-72 
(man) somatic Metaphase tissues (fibro- (2) Chromocenters euchromatin 
tissues blasts, blood, One X chromosome (Barr 
(fibroblasts, e skin, nerve body) and autosomes 


blood, skin) cells} 
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pig (Cama cobaya}, m which several major and minor 
chromocenters, present in the interphase nucleus, have 
been found to replicate late relative to the euchromatin*®. 

The sex chromosomes of Macrotus agresivs*? are among 
the largest known in mammals and their heterochromatin 
can be seen at mterphase in the form of very large chromo- 
centers and at prophase. In the male chinchilla‘, the Y 
and the X chromosome are heterochromatic at interphase 
forming two large chromocenters In these two species 
the pattern of uptake of tritiated thymidine into DNA 
was studied at metaphase, and also at interphase where 
the distinct chromocenters were found to replicate later 
than the euchromatin 

In the dog”, the donkey—grevy zebra hybrid®* and in 
the mouse*®! there are one or several chromocenters at 
mterphase These represent either one X chromosome 
(dog and donkey-grevy zebra hybrid) or cannot be directly 
related to sex chromosomes (mouse) In every mammalian 
species included m Table 3 the autoradiographic picture 
and the heterochromatin were studied m the same tissue 
at interphase, disclosing the late replication of the chromo- 
central heterochromatin 


Rule of Chromosome Replication 


These results for the seventeen species of plants, insects 
and mammals (Tables 1-3) allow us to formulate the 
following rule of chromosome replication When tritiated 
thymidine ıs incorporated into the cells of a given tissue 
in which there are massive Feulgen positive chromosome 
regions at interphase or early prophase, the hetero- 
chromatic regions replicate their DNA later than the 
euchromatic segments This takes place when the auto- 
radiographic picture 1s studied ın the same tissue and at 
the same stage in which heterochromatin 1s displayed 
This phenomenon occurs irrespective of the evolutionary 
position of the organism and of the tissue in which 
heterochromatin is observed 

If a chromosome 1s heterochromatic m a given tissue 
and replicates its DNA later than the euchromatin, it 
does not necessarily follow that 1t repheates its DNA 
later in other tissues where ıt may be euchromatic This 
phenomenon was demonstrated ın the grasshopper Melano- 
plus, m spermatocytes, the X chromosome ıs hetero- 
chromatic at prophase, and replicates its DNA later than 
tho autosomes?»2. The same chromosome 1s, however, 
euchromatic or slightly negatively heteropycnotic in the 
spermatogonia, and in this tissue the incorporation of 
tritiated thymidine takes place at the same time as m 
the autosomes** 

This result ıs most significant in demonstrating that 16 
is invalid to study the autoradiographic picture of a given 
chromosome in a tissue where this chromosome 1s not 
known with accuracy to be heterochromatic, and from such 
a result we draw conclusions about the relation between 
heterochromatin and the sequence of DNA replication 

In Microtus oregon Hsu et al ** described results which 
they believed contradicted the rule of chromosome replica- 
tion In this species Ohno et al 5 had observed a large chro- 
mocenter in embryonic liver cells which they interpreted as 
representing two-thirds of the X chromosome seen at pro- 
phase Hsuetal did not admmuster tritiated thymidine to 
this tissue but to lung fibioblasts grown an vitro, m which 
they then studied DNA replication at metaphase, when 
heterochromatin is mvisible They did not find late reph- 
cation of the segments presumed to be heterochromatic 
at mterphase in the liver, and they concluded that this 
case repiesentcd a departure fiom the relation between 
late replication and heterochromatin Autoradiography 
was carried out m one tissue and heterochiomatin 
was observed in another, and therefore such an experi- 
ment cannot be used as an example in establishing 
the relation between late replication and heterochromatin 

Tt ıs not a corollary of our DNA rule that any chromo- 
some or chromosome region which ıs late replicating should 
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be heterochromatic Thus within the chromosomes of 
various species different regions replicate at different 
times showing no indication of being heterochromatic 
When heterochromatin is not present, other factors, not 
yet apparent, determine the sequence of replication of 
various segments within and between chromosomes*’, 

It can be stated at present that what determines the 
presence of heterochromatin also determines the late repli- 
cation of a chromosome, or, in other words, what changes 
the condensation cycle of the chromosome at the same 
time shifts its timing of DNA replication. What de- 
termines the late replication of a chromosome or chromo- 
some region, however, may not necessarily determine the 
onset of heterochromatin 

It should be noted that heterochromatin was originally 
discovered. by its expression at the chromosome pheno- 
type, and it 1s still primarily recognized by the changes 
which occur at this level What happens at the gene level 
or at the molecular level of chromosome organization, 
when heterochromatin becomes apparent at the micro- 
scopic level—a jump from the Angstrom to the micion 
level—is unknown The synthesis cf mRNA in hetero- 
chromatin and in euchromatin, as well as the role of 
histones ın the repression of this synthesis, 1s now being 
studied®*-** and these results may give clues which will 
allow us to put the microscopic and molecular information 
into a coherent framework 

This work was supported by research grants from the 
Swedish Natural Science Research Council. 
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in Bacteria 
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THE 1ecognition of the metabolic and structural impor- 
tance of lipids has led to creased interest in them and 
in particular bacterial lipids. The wealth of information 
available on the phosphatide and fatty acid composition 
of numerous bacteria has enabled certain phylogenetic 
relationships to be established and this subject has been 
extensively reviewed)?, New types of lipids have been 
discovered, and two of the most interesting recent develop- 
ments have been the recognition of the widespread 
oecurrence of the amino-acid esters of phosphatidyl 
glycerol? and the glycosyl diglycerides‘. The structure, 
function and distribution of glycosyl diglycerides in 
bacteria have been studied in a number of laboratories, 
and this article reviews certam structural features and 
relationships that are emerging from this work 

With the exception of extensive investigations by 
Lederer and his associates on the glycolipids of myco- 
bacteria’, no information was available on the structure 
and distribution of glycolipids in other bacteria until, ın 
1961, Macfarlane reported the presence of a mannosyl 
diglyceride in Micrococcus lysoderkticus* The following 
year Polonovski, Wald and Paysant-Diament isolated a 
diglucosyl dighyceride from Staphylococcus aureus’, although 
in neither case was the full structure determimed Our 
interest in this field developcd from the observation 
that the lipids of a Pneumococcus Type I contained con- 
siderable quantities of 1-[O-a-p-galactopyranosvl-(1—>2)- 
O-«-p-glucopyranosyl]-2,3-diglycerrde (Fig 1)§ Inde- 
pendently, Kaufman, Kundig, Distler and Roseman 
proposed an identical structure for the glycolipid from 
Pneumococeus Type XIV (ref 9) Several Gram-positive 
bacteria were then examined,and the presence of similar 


Glycosyl diglycerides are widely distributed in Gram-positive 
bacteria. Those examined so far contain only glucose, galactose or 
mannose, and they can be classified according to the nature of the 
disaccharide attached to their diglyceride component. This chemical 
classification can be related to general bacterial taxonomy. 


compounds was established ın all of them! More recently, 
many other bactei1a have been shown to possess this type 
of lipid, the widespread distribution of which 1s firmly 
established From these studies, saummanzed in Table J, 
certain tentative conclusions may be drawn concerning 
their structure and distribution 

The puneipal glycolipid ın nearly all the orgamsms 
shown in Table 1 1s a diglycosyl diglyceride This type 
of lipid, first discovered in plants!®, 1s composed of a 
disaccharide residue glycosidically hnked to the 1-posttion 
of an af-diglycerde Five groups have so far been 
recognized, depending on the nature of the disacchande, 
these are the «a-glucosylglucosyl, {-glucoslyglucosyl, 
«-galactosylglucosyl, B-galactosylgalactosyl and «-manno- 
sylmannosy] diglycerides. Within each group the com- 
plete structure of at least one member has been determmed 
and is shown ın Fig 1. In four of the groups where 
structure determinations have been carried out on several 
members (indicated by an asterisk in Table 1), the diglyco- 
sylglycerols produced by hydrolysis of the glycolipids 
with alkali have identical structures within each group 
Glucose, galactose and mannose are the only sugars found 
so far in these glycolipids and, of the five types of diglyco- 
sylglycerols, four contain disaccharides of a single hexose. 
The two anomeric centres in the glycosides have the same 
configuration and, in the four glycosides contaming glucose 
or galactose or both, an «-linked disaccharide contains a 
I—>2 linkage between the two sugar residues whereas a 
8-linked disaccharide has a 1—6 lmkage 

The glycolipids yield @ single glycoside on hydrolysis 
with alkali, with the exception of those from Arthrobacter 
globiforms, where both a dimannosy! and a digalactosyl 
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diglyceride occur together Ths orgamsm is known to 
exist in two morphological forms and it 1s possible that 
these two forms each contain a single but different diglyco- 
syl diglyceride. Polonovsk: eż al have reported’? that the 
glycoside from Staphylococcus aureus is a mixture of two 
isomeric diglucosylglycerols containing respectively æ 
1—6 and a 1—3 linkage between the two sugars, but their 
evidence ıs inconclusive and has not been confirmed in 
our studies on S. aureus. Biosynthetic studies have shown 
that m Macrococcus lysodekircus*® and Pneumococcus 


CH, OH 
CH JOH o 
HO O 
OH 
OH HO 
O 0-çÇH, 
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1-[0-a-D-galactopyranosyl-(1--»+2)-0-a-D-glucopyranosyl]-2,3-dıglyceriđe 
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1-[0-a-p-mannopyranosyl-(1->8)-O-a2-D-mannopyranosy!]-2,3-diglyceride 
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1-[0-6-p-galactopyranosy!-(1->6)-0-8-p-galactopyranosyl]-2,3-diglyceride 


Fig 1 The structures of the five types of dialycosyl diglyceride isolated 
from Gram-positive bactena 
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Table 1 DISTRIBUTION OF GLYCOSYL DIGLYCKERIDES IN BACTERIA 


Diglucosy! diglycerides Reference 
a-Glycoside 
* Streptococcus faecalis NCIB 8191 . 4 
and N Shaw (un- 
published work) 
X ” » ATCC 9790 22 
» » t9 4 
n pyogenes 16 
ay pyogenes, derived L-form 16 
* Mycoplasma laidlawn B 23 
8-Glycoside 
* Staphylococcus lactis 13 21 
+ š saprophyticus I2 4 
D E Brundish 
(unpublished work} 
* oe lactis NCTC 7944 ca 
* aa aureus as 
* Bacillus subtilis 8 
Galactosylglucosy! diglycerides 
* Pneumococcus Type I 24 
+ j Type XIV 9 
* Lactobacillus caser ATCC 7469 25 
* s buchnerı NCIB 8007 4 


N Shaw 
{unpublished work) 
ie plantarum NCTB 7220 26 
25 helveticus NCIB 8025 26 


Dimannosy! digiycerides 
* Microcorrus lysodetkieus 13 
* Mecrobactervum laciwum N Shaw (unpub- 


hshed work) 
27 


* Arthrobacter globiformis 
Digalactosy) diglycerides 
* Arthrobacter globiformis 27 
Monoglycosy! diglycerides t 
* Arthrobacter globiformis—galactopvranosy] diglyceride 27 
* Mycoplasma mycovdes—galactofuranosy] a 28 
* 5 lardlawn B—giucopyranosyl a 23 


Triglycosv! diglycerides t 
Lactobacillus plantarum 17-5-glucosylgalactosylglucosyl 
diglyceride 


Gram-negative bacteria examined for glycosyldiglycerides®  Aerobacter 
aerogenes Bacillus polymyza Escherichia coli K12 E coh B Serraha mar- 
cescens, Pseudomonas fluorescens, P aeruginosa, Vibrio suceinogenes 


* Complete structure has been determined. 


+ The organisms listed contam these glycolipids as principal components 
Small quantities have been observed in other organisms 


Type XIV (ref 9), a monoglycosyl diglyceride ıs the 
immediate biosynthetic precursor of the diglycosyl 
diglyceride and 1t 1s probable that this mechanism of bio- 
synthesis is usual In only three organisms, however, has a 
significant amount of a monoglycosyl diglyceride been 
detected Furthermore, in two of these organisms, 
Arthrobacter globsformes and Mycoplasma lmdlawn B, a 
diglycosyl diglyceride is also present and the relative 
amounts of these two components will presumably 
depend on culture conditions aud the growth phase at the 
tıme of isolation Small quantities of triglycosyl diglycer- 
ide have been detected in several lactobacilh and Strepto- 
coccus faecales, and in Lactobacillus plantarum 17-5 ib 
1s the sole glycolipid component Gas-liquid chromato- 
graphic studies on the fatty acid composition of the 
glycolipids have shown a similar distribution to that 
in the other lipids 

Two conclusions may be drawn from a study of the 
distribution of these glycolipids. First, they have only 
been isolated from Gram-positive bacteria and, second, 
significant relationships concerning the nature of the 
glycolipid present and the taxonomy of the organisms are 
being revealed Although an extensive survey of Gram- 
negative bacteria has not been carried out, none of those 
examined ın detail (Table 1) contained glycosyl diglycer- 
ides It would be premature to claim their universal 
occurrence in Gram-positive bacteria, but the presence of 
& glycosyl diglyceride has been shown in all such organ- 
isms examined in these laboratories. Their presence m the 
mycoplasma, a group of organisms lacking the normal 
rigid bacterial cell wall, 1s especially mteresting and adds 
further support to the similarities which have already 
been established between the mycoplasma and the L-forms 


of Gram-positive bacteria™ 
° 


444 


The distribution of the five groups of diglycosyl diglycer- 
ides shows that the galactosylglucosyl diglycerides are 
found ın the lactobacilli and two strains of pneumococcus, 
the a-glucosylglucosyl diglycerides are found in strepto- 
coce: and Mycoplasma laidlawu B, the 8-glucosylglucosyl 
diglycendes are found in staphylococci and Bacillus 
subtilis and the dimannosyl diglycerides are found in 
Mucrococeus lysoderkticus and the closely related organisms 
Arthrobacter globiformas and Mucrobacterrwm lacticum 
Thus while the same glycolipid can be found ın o1ganisms 
belonging to different families, members of the same 
genus or closely related species contain identical glyco- 
lipids 

Quantitative studies have shown that the amount of 
glycolipid is variable, ranging from a few per cent of the 
total lipid in the lactobacilli and staphylococci to more 
than 40 per cent in Mecrobactersum lacticum and Myco- 
plasma ladlaww B Until more evidence is obtained 
concerning the function of these compounds and their 
rate of accumulation and turnover in the organism, 1t 18 
difficult to draw any useful conclusions from these figures 
In common with the phosphatides of Gram-positive 
bacteria, their location ın the membrane has been firmly 
established in several mstances5-17 

There 1s still no evideace to support earher suggestions?! 
that these glycolipids might be concerned in the transfer 
of sugar residues from nucleoside diphosphate sugars to 
polysaccharide chains, although the occurrence of the 
larger compounds would be consistent with such a function 
More recent events, however, have made this less hkely 
because ıb has been shown that ın the biosynthesis of 
hpopolysacchandes’ and peptidoglycans* sugar residues 
aie attached to an intermediate lipid pyrophosphate in 
which the lipid 1s a polyisoprenoid alcohol, a phospholipid 
intermediate has also been demonstrated in the biosynthe- 
gis of a teichoic acid (L J Douglas, N. L. Blumsom and 
J Baddiley, unpublished work) An alternative function 
has been suggested by Brundish, Shaw and Baddiley** 
from an examination of the shape of diglycosyl diglycer- 
ides These glycolipids can adopt a conformation in 
which all the hydroxyl groups he on one side of the 
molecule and the lipophilic components (fatty acids, ring 
oxygen of sugars and glycosidic oxygens) lie on the other 
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side The hydrophilic regions of a number of molecules 
could come together to form a “pore” m the membrane 
through which small ions and water-soluble metabolites 
could pass 

The conclusions presented here are based on a study 
of relatively few organisms and consequently may be 
invalidated by furthe: work ın this field In our view, 
however, the results obtained so far are sufficiently en- 
couraging to suggest that this approach will complement 
the results of phosphatide and fatty acid analysis in the 
study of phylogenetic relationships in bacteria 
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Measurement of an Antigen—Antibody Reaction by a Static 


Method utilizing a Porous Gel 
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THE availability of cross-linked dextrans or polyacryl- 
amide gels of varying pore size (‘Sephadex’, “Bro-Gel’) has 
led to their use ın the quantitative estimation of mter- 
actions between a protein and a small molecule, between 
protein molecules or protein subunits Such mtcractions 
have usually been measured by using columns of the 
gel'-§ A static method, which is less time consuming and. 
which more readily permits measurements in @ steady 
state, was described by Fasella et alë? In applying the 
method to an antigen-antikody imteraction we have 


Using radioactively labelled markers of high and low molecular 
weight, as well as radioactive ligand, it has been shown that binding 
of antibody to hen egg lysozyme is nearly complete. 


encountered difficulties resulting from non-specrfic adsorp- 
tion to the gol of protein which is present at low concen- 
trations By using radioactively labelled markers of high 
and low molecular weight, as well as rad onctive ligand, 
we have been able to detect small amounts uf non-specific 
adsorption and to evaluate unlabelled carters for thew 
ability to reduce non-speerfie adsorption by displacement 
of the adsorbed ligand Also, such niathers provide 
reference points which allow direct calculation of the 
extent of bmdmg The system which has beon mvesti- 
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Fig 1 Effect of unlabelled carrier protein on the ratio, cg (1odine-125- 

Ivso7vme)leg (godium-22) @ Unlabelled horse heart cx tochrome ¢ added 

as the carrier x, Unlabelled lysozyme ascarrier Total volume, 4 6 ml 

Other details are in the text Exper:ments in triplicate with standard 
deviations indicated by the bars 


gated ıs the combination of hen egg lysozyme (molecular 
weight, 14,600) with its rabbit antibody (molecular 
weight, 150,000) The method should, however, have 
general appheability 

‘Bio-Gel P-60’, 100-200 mesh, was obtained from the 
Bio-Rad Company and was allowed to swell in a buffer 
containing 015 molar sodium chloride and 0 003 molar 
sodium borate, pH 8 Crystallized lysozyme was obtained 
fiom the Mann Research Laboratories The extinction 


coefficient, E Pr cent at 280 mu, was taken as 26 (ref 7) 
Lysozyme and non-specific rabbit yG-immunoglobulin 
(IgG) were labelled with 1iodine-125 and 1odine-131, 
respectively (0 5 to 2 0 atoms of 10dine/molecule of pro- 
tein’) Unreacted iodine was removed by gel filtration or 
by dialys1s More than 99 per cent of the radioactivity in 
each preparation could be precipitated by 5 per cent tri- 
chloroacetic acid, with unlabelled bovine IgG present as 
a carrier Sodium-22 chloride was obtained from the 
Nuclear Chicago Company 

Equilibration of protein solution with the gel was 
carried out in a 5 ml vial with a screw cap and a poly- 
vinyl chloride—-polyvinyl acetate gasket In most experi- 
ments, 25 ml of solution and approximately 2 g of a 
suspension of swollen beads were placed in the vial which 
was then cooled in an ice-bath The system was equi- 
librated by inverting the vial ten times and allowing the 
beads to settle after each inversion Control experiments 
showed that five or sıx inversions were sufficient for equi- 
libration The mixture was transferred to a weighed test 
tube which was used for gamma counting The super- 
natant was completely removed with a very fine pipette, 
transferred to another tube and weighed Raduoactivities 
of the beads and supernatant were measured ın a 3-channol 
‘Packard’ gamma scintillation counter The radioactivity 
which was determined for each isotope was corrected for 
the contributions, at the window settings used, by the 
other isotopes present in the mixture A mimmum of 
five thousand counts above background was recorded in 
each channel 

An experimental parameter which 1s useful in dis- 
cussing these data 1s the concentration of an isotope 
within the gel suspension after equilibration, relative to its 
concentration in the supernatant fluid This value, which we 
designate cg, depends on the volume within the pores of the 
gel which is accessible to the isotope, on the spaces between 
the beads (void volume) and on the amount of material, if 
any, which is adsorbed to the gel Experimentally, Cg 1s 
evaluated by determining the net radioactivity/g of 
supernatant solution (A) and the radioactivity/g of the 
suspension of beads (B), cg is the ratio B/A 

In prehmmary experiments, cg was determined for 
sodium-22 ın solutions of sodium-22 chloride having 
approxunately 1,000 counts/min/ml , but in which total 
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concentrations of sodium chloride varied (0 01, 0 05, 01, 
015, 02 and 03 molar); the corresponding values of cg 
were 0 96, 0 97, 0 96, 0 95, 0 94 and 0 96. The constancy 
of cg with mcreasing concentration suggests that the 
fraction of sodium which 1s non-specifically bound to the 
beads 1s not significant at the concentrations which were 
tested Further evidence comes from a comparison of cg 
(sodium-22) with the weight of buffer in 1 g of a suspension 
of ‘Bio-Gel P-60’ This weight was found to be 0 946 g, 
m close agreement with the average value of cg 

A mixture was prepared in triplicate at pH 8 contaiming 
0 15 molar sodium-22 chloride, 0 003 molar sodium borate 
and 10dine-125-lysozyme at a final concentration of 0 022 
ug/ml The average ratio, cg (lysozyme)/cg (sodium), was 
150 and quite vauable (Fig 1, ordinate intercept) sug- 
gesting non-specific adsorption of lysozyme to the gel 
When unlabelled lysozyme was added as carrier in 
imereasing amounts, this ratio decreased and approached 
a constant value close to unity (Fig. 1) This constancy 
and the close agreement between the values for sodium 
and lysozyme suggest that the fraction of lysozyme which 
1s non-specifically adsorbed becomes neghgible as the 
total concentration of carrier increases above 0 1 mg/ml 

For studying interactions with rabbit antilysozyme, 
however, such concentrations are not very practical 
because, at equivalence, the weight ratio of antibody to 
lysozyme ıs about 14 1, so that large amounts of anti- 
body would be needed Also, ıt 18 essential to use very 
low concentrations of lysozyme to avoid formation of 
precipitates during the half-hour period before removal 
of supernatant from the gel When the concentration of 
lysozyme used ıs less than 1 pg/ml, no turbidity 1s 
observed in control experiments during this time 
interval 

Another basic protein, horse heart cytochrome c (Sigma 
Chemical Co), was found to be equally as good as 
unlabelled lysozyme in reducing non-specific adsorption 
(Fig 1) Precipitin data for lysozyme and its rabbit 
antibody in the presence and absence of added cyto- 
chrome c are shown in Fig 2 The data show that the 
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Fig 2 Precipitin curve (@) for the reaction of unlabelled Ivso7yme with 
an IgG fraction of rabbit antilvsozyme (3 5 mg IgG/test) Reaction 
volume, 04ml After 1 dav, precipitates were washed three times, dis- 
solved in 1 m} of 0 04 normal sodium hydroxide, and the absorbancy at 
280 mz was measured Experiments in tripheate with standard devia- 
tions indicated by the bars Two experiments (A) were repeated in 
duplicate im the presence of 1 mg of horse heart cvtochrome ¢, and 
two (C) with 1odine-125-lvsozyme in place of the unlabelled protein The 
average mean deviation for the experiments with labelled 1odine-125- 
lysozyme or with cytochrome c present was 0 010 uuits of absorbance 
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cytochrome ¢ does not compete with lysozyme for anti- 
body combining sites, 1+ was therefore used as carrier ın 
subsequent experiments. « 

Rabbit 1odine-131-IgG (molecular weight, 150,000) was 
used as an indicator which ıs excluded from ‘Bio-Gel P-60’ 
The value of cg (IgG) was found to be 048+0 015 and 
was essentially independent of concentration in the range 
which was investigated (0 02 to 3 5 mg/ml ) 

Fig 3 shows the effect of addition of antilysozyme (IgG) 
to a mixture at pH 8 contaming 015 molar sodium-22 
chloride, 0 003 molar borate, non-specific 10dine-131-IgG 
(0 46 mg), 1odine-125-lysozyme (0-1 pg) and cytochrome ¢ 
(1 mg) The total volume, including 26 g of bead sus- 
pension, was approximately 46 mi. With increasing 
concentrations of antilysozyme the ratio, eg (lysozyme)/ 
€g (sodium-22), decreased from 0 95 to 055 At the same 
time the ratio, cg (lysozyme)/cg (1odine-131-IgG), decreased 
from 1 94 to 105 (Fig 3) The close agreement between 
cg of non-specific IgG and that of the lysozyme—antibody 
complex 1s consistent with the mterpretation that both 
are excluded from the pores of ‘Bio-Gel P-60’ and that 
essentially all of the lysozyme 1s bound when an excess of 
antibody 1s present That the binding ts nearly complete 
1s supported by other data, described later 

It can be shown that in the absence of non-specific 
adsorption @ linear relationship should exist between the 
fraction of lysozyme which 1s bound to antibody and cg 
(lysozyme) On this basis, the amount of antibody (IgG 
fraction) required to bind 50 per cent of the 01 ug of 
lysozyme present 1s estimated, from the data of Fig 3, to be 
102 yg On the assumption that all of the antibody and 
antigen are precipitated at equivalence (Fig 2), 102 ug 
of antibody globulin contains 0 60 ug of antibody On 
this basis the ratio, moles of antibody present/moles of 
lysozyme bound, was 1:4 when 50 per cent was bound 

To check the results by an independent method, com- 
plexes of lysozyme and antibody were precipitated with 
sheep antiserum Varying amounts of antilysozyme (IgG) 
and non-specific IgG were mixed to give a total of 0 2 mg 
of protein in a volume of 16 ml of borate buffer, pH 8 
Iodine-125-lysozyme (005 ug in 005 ml) was added, 
followed after 10 min by 0:4 ml of sheep antiserum of 
high titre which was prepared against the heavy chains 
of rabbit IgG In preliminary experiments with 10dine- 
131-rabbit IgG, 92 per cent of the 10dime-131 was pre- 
cipitated in these conditions. In two experiments, 
l mg of horse cytochrome c was present. The concen- 
tration of lysozyme was chosen so as to be very similar 
to the concentration outside the gel in the experiments of 
Fig 3, at the pomt corresponding to 50 per cent binding 


Ratio of cg values 





0 12 24 36 48 54 
Antibody globulin (xg) 


Fig 3 Effect of added antibody (IgG fraction) on the ratio, cg Qodine- 

125-lyso7vme){*: (fodine-131-IgG) (curve A), or eg (iodine-125-lvsozvme)} 

cg (sodium-22) (curve B} Details aretn the text Experiments in tripli- 
cato with standard deviations indicated by bars 


NATURE, VOL 217, JANUARY 13, 1968 


100 





Percentage of iodine-125-lysozyme 
precipitated 


0 6 12 18 24 30 36 42 48 54 60 
Antilysozyme (IgG) (ug) 
Fig 4 Indirect precipitation of complexes of 1odme-126-l\ sozyme and 
rabbit antilysovyme (IgG fraction) by sheep antiserum to H chains of 
rabbit IgG Mixtures contained 0 05 g 1odine-125-lyso7vme, an amount 
of the antilvsozyme shown on the graph, and 0 4 ml of the sheep anti- 
serum In two experiments (open circles), 1 mg cytochrome e was also 
present Reaction volume,2ml Experimentsin triplicate with standard 
deviations indicated by bars 


After standmg for 1 day in the refrigerator, each pre- 
cipitate was separated by centmfugation, washed three 
times and the total radioactivities in the combined super- 
natant fluids and in the dissolved precipitate were 
measured 

The results (Fig 4) show that the amount of antibody 
globulin which 1s needed to react with half of the antigen 
(0 025 pg) is IIl ug In making this computation the 
amount of antigen which 1s non-specifically precipitated 
in the absence of antibody (0 006 ug, ordinate intercept 
of Fig 4) was subtracted from each value on the curve. 
The amount of antibody globulin required to bind 0 05 pg 
1s therefore 6 2 ug, as compared with the value 102 ug 
which was derived from experiments using the gel (Fig 3) 
The reason for the disparity 1s not apparent, but in view 
of the difference in conditions and reagents in the two 
sets of experiments the agreement seems reasonably close 

The difficulties which were encountered should be men- 
tioned One 1s the binding of lysozyme to non-specific 
IgG, which becomes appreciable at globulin concen- 
trations above 2 mg/ml Also, the binding of lysozyme 
to glass 1s significant at low concentrations in the absence 
of carrer protein. In experiments with another batch of 
‘Bio-Gel P-60’, lysozyme was not completely mcluded 
within the pores of the gel, which suggests that the pore 
size of ‘Bio-Gel P-60’ does not greatly exceed the size of 
lysozyme molecules This, however, may be attributable 
to partial dimerization of the protein” The precision of 
the method 1s poor when a small percentage of hgand 1s 
bound, because the magnitude of the experimental 
variation of cg then approaches the differences between 
cg of the ligand and cg of the internal control (sodium-22) 
The experimental variation, expressed as fraction of 
ligand bound, ıs about 5 per cent when half ıs bound 

The method 1s useful for showing the binding capacity 
of an antibody or other protein and, 1f components of 
sufficiently high specific radioactivity are used, should 
permit determination of dilutions at which dissociation of 
two reacting proteins occurs, and thus their association 
constant 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Spiral Structure and Galactic 
Magnetic Field 


THE amount of data avaiable on the magnetic field of the 
Galaxy has increased considerably since the discovery 
of linear polarization in the galactic background radio 
emission! There now exist three different methods for 
determining the structure of the field, these being (1) 
optical observations of interstellar polarization, (2) 
Faraday rotation measures of extra-galactic radio sources, 
and (3) the polarization of the galactic radio emission 

The chief conclusions drawn from the data are sum- 
marized in Table 1 The distances given ın the penultimate 
column are in most cases estimated from the dimensions 
of the region in which the particular effect 1s supposed to 
take place In some cases, the distances have been esti- 
mated by those doing the analysis or the observations 


Table 1 


Direction 
Method of the Region of the 
field 


Galaxy 


Interstellar polarization 7=50° Inplaneofthe Galaxy ~600 parsec 12 
45° Along spiral arm 0-1,000 parsec 10 
40° In plane ofthe Galaxy 60-260 parsec 2 


Distance from Ref 
the Sun 


» n l= 
” ” l= 


45° 
Radio background 
polarization l=50° In local spiral arm ~150 parsec 4 
” » ” 1=70° i i is ~150 parsec 13 
” ” n l=50° ” ” 7 >110 parsec 2 
” ” » l~70° Beyond spiral arm >500 parsec 2 
Faraday rotation meas- 
ures of extra-galactic 
radio sources 7=95° Inplaneofthe Galaxy ~600parsec 6 
” ” ýs l=95° Below galactic plane ~60N parsec 6 
” » » l=275° Above galactic plane ~600pirsec 6 
» » ” l=80° InplaneoftheGalaxy ~600 parsec 14 
” ” ” l=80° Below galactic plane ~600parsec 14 
a3 ” PR l=2860° Above galactıc plane ~ 600 parsec 14 
” ” ” 7=91° InplaneoftheGalaxy >1,100 parsec 2 
”» ” ” 7=82° Below galactic plane >1,100 parsec 2 
» ” ” 1=260° Above galactic plane >1,100 parsee 2 


Using the method I described earlier’, I carried out 
a spherical harmonic analysis of the interstellar polariza- 
tion data of Behr’, and I carried out a similar analysis on 
the radio background polarization data of Berkhuijsen 
et al ^ and the data of Bingham’ I also used the data of 
Gardner and Davies® for a spherical harmonic analysis of 


£=180° 


270° 90° 


0 


Fig 1 The large scale structure of the magnetic fleld deduced from 
Faraday rotation observations The angles give the galactic longitude, 
and S represents the position of the Sun 
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180 


£=70° 


0° 
Fig 2 The lines parallel to/=70° represent the local spiral arm The 


lines across the arm represent the field deduced from optical and radio 
polarization measurements 


rotation measures From these analyses I deduced the 
direction of the field in different regions of the Galaxy 

Recently, two models have been proposed which attempt 
to account for all the available observations In the first 
model, Hornby’ suggested that the magnetic field in the 
local spiral arm has u form very simular to that of a tightly 
wound helix Stepien® had already shown that some 
forms of helices were consistent with the interstellar 
polarization data Hornby showed that his model made 
possible an explanation of the field reversal seen at inter- 
mediate latitudes He also showed that the model was 
able to explain the principal features of the background 
polarization data His model, however, 1s unable to 
explain the direction of the field ın the plane of the 
Galaxy 

Bingham and Shakeshaft® considered a model in which 
the magnetic field in the plane of the Galaxy converged 
towards the direction 1=70° Their model was able to 
explain some aspects of the interstellar polarization data 
It 1s not, however, consistent with the data in the direction 
1= 75° (see rof 10) Their model also included a magnetic 
loop above the plane With this loop, they were able to 
explain the field reversal above the plane Like Hornby, 
they ignored certain low latitude sources on the grounds 
that the Faraday rotation for these sources takes place 
beyond the local spiral arm As a result, their model Js 
unable to explain the direction of the field in the plane of 
the Galaxy They show that their model is consistent with 
the background polarization data 

I have shown? that a toroidal field in the plane of the 
Galaxy was able to explain the Faraday rotation data, 1f 
one assumed that the Faraday rotation was not confined to 
the local spiral arm I also showed that a simple radial 
component was not consistent with the data. Faraday 
rotation thus gives a field of the form shown in Fig 1 
Optical polarization together with the polanzation of the 
radio background emission, however, gives us a field of the 
form shown in Fig 2 

Lin and Shu" suggested that the spiral arms are regions 
of high density ın a wavelike pattern which covers the disk 
of the Galaxy. This pattern ıs formed by periodie displace- 
ments of stars and gas parallel to the galactic plane. 
These displacements aie caused by motions caused by 
gravitational effects In such a theory the spiral arms, as 
well as any segment of a line parallel to them, are lines of 
equal phase These periodic motions would distort a simple 
toroidal field because the field 18 probably frozen nto the 
interstellar matter If the field lines are not to cross each 
other, if they are to remain connected and 1f there are 
no large scale twists about axes parallel to the galactic 
plane, then there are only a few possible configurations for 
the field lines to take Let us represent the local spiral arm 
by the curve AB (see Fig 3) and a section of the local 
magnetic field by the curve ab Consider two points c and d 
chosen in such a way that ¢ lies on a line of equal phase that 
lags, say, n behind AB, ard d les on a similar line that 
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Fig 3, A schematic representation of possible ways of joining the local 
field to the large scale field (see text) 


leads AB by x Thuscanddare 2 rout of phase There are 
two ways of joining @ and b toc and d Suppose we jom 
d to a and ò toc If we now follow the curve dabe we 
move in a direction of steadily increasmg phase all along 
the curve Thus this curve represents a configuration 
which could be obtained from the periodic disturbances. 
The curve, however, gives us a field that points from d to a 
and from b toc This 1s not consistent with the Faraday 
rotation measures of extra-galactic radio sources The 
other possibility is to jom c toaandbtod In this case, the 
curve would cut the local spiral arm ın points e and f as 
well as S (the position of the Sun) The field at e and fs in 
a direction differing from that at S. The field direction 1s 
therefore not uniquely defined by the phase, and this 1s 
rmpossible or our assumptions Thus sucha situation could 
not arise from the type of motion we described earlier 

A general soroidal field cannot be distorted by periodic 
disturbances, confined to the plane of the Galaxy, to give 
rise to the local spiral arm field, 1f the field lines are to 
remain connected and are not to cross each other This 
leads us to suppose that there may also be systematic 
motions perpendicular to the galactic plane or that the 
field hnes in the spiral arms are not connected to the 
general galactic field 

I should like to thank Professor F D Kahn for many 
helpful discussions 

P A H SEYMOUR 

Department of Astronomy, 
University of Manchester 
Received December 14, 1967 
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New Restriction on Models for Quasi- 
stellar Objects 


THE inverse Compton effect has recently received atten- 
tion as a possible source of the contimuous radiation of 
quasi-stellar objects!-? Hoyle e al * concluded that quasi- 
stella: objects cannot be at cosmological distances because 
otherwise the inverse Compton effect would force the 
electrons to dump their relativistic energies m times so 
short that no known acceleration mechanism could be 
responsible for their original dppearance Modifications of 
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this argument have been discussed by several authors*~*, 
in particular by Woltjer!®, who considered a radiation 
(and electron) flux restricted to a narrow cone about the 
radial direction 

In all these discussions, only the spontaneous com- 
ponent of the Compton effect was considered There 1s 
also, however, a stimulated term which 1s a straghtforward 
consequence of quantum mechanics and which was 
recognized as such as early as 1933 by Kapitza and 
Dirac"! It 1s the purpose of this communication to show 
that the—necessary—inclusion of the strmulated processes 
makes an understanding of the radiation pattern of quasi- 
stellar objects m terms of currently proposed models 
extremely difficult 

We assume that there are relativistic electrons moving 
through a radiation field Let their energy be such that, 
in familiar notation, y=[1- 8] "®© 1, where v=6e 1s the 
electron speed in the observer’s frame Furthermore, let 
the energy £ of the photons in the observer’s frame be 
such that e’~ye<p, where £’ 1s the photon energy in the 
rest frame of the electron, .=m,c? the rest energy of the 
electrons Finally, let 6 be the angle between the photon 
and electron paths ın the observer’s frame, so that a 
photon travelling parallel to the direction of motion of 
the electron from behind corresponds to 8=0 In the rest 
frame of the electron, however, all but the few photons 
arriving with 0<y-1 will seem to arrive with 0’~ 7, 80 
that cos(x% +6’) ~ —cosy’, where x’ 1s the scattering 
angle in the electron frame 

The probability of a Compton process 1s now propor- 
tional to [1+n(e)], where 


n(e) =[(mhe)*/ne*} N(e) (1) 


and N(£) ıs the number of photons of energy £ per em‘, 
2xh being Planck’s constant and c the speed of hght n(e) 
1s an mvariant, so that n’(e’, 8’)=n(e, 8) The power gener- 
ated through Compton scattermg can then be written as"? 


4nP = 2nr,? f siny’ dy’ J sm0: dO; (1+ cos?) (1 ~Beos6;) 
x {y?(1—feos0:) [1 —Beosyx’]— 1 
x fde; c es Nex) [1+ n(es)] (2) 


In equation (2) we have taken the Thomson approxima- 
tion to the Klem-Nıshına cross-section §; and 81’, m the 
respective reference frames, are the angles of the incoming 
photon (energy et ın the observer’s frame); ey ıs the 
energy of the outgoing photon 
It may suffice to derive a lower bound of the energy 
transferred from the electrons to the radiation field This 
we can obtain by rather simple considerations, a detailed 
analysis will appear elsewhere To arrive at such an 
estimate, we first consider scattering angles x’ > 1/a, where 
a<y Almost all events in this domain lead to an increase 
in the photon energy, whereas scatterings with 7’ < l/a 
will be essentially symmetric ın energy gain or loss Thus, 
if we extend the mtegration over x’ fiom cosy’=—1 to 
cosy’ = 1 — 1/2«? only, we are certain to collect energy gains 
The detailed calculation shows that 4a?~Iny? Simularly, 
we restrict the integration over O; to the cosð:; range 
between —1 and 1—1/2y? With the total flux F= 
JeN(e)ede we find for the spontaneous component 
4n PP = 4x (3217/9) y? r F (3) 
Writing cosy’ =v, cosh; =y, the stimulated component 
reads 


4nPi = 2n%r,? f dx f dy (1+2?) (1—By) {y2(1—By) 
x (1—Qa)~— 1} f de, Fler) x*h2c%ey-3 Fey) (4) 


Initial and final energies are related by ef= e; y? (1—By) 
x (1—B2) 

In order to proceed, we have to choose a specific flux 
spectrum. We first consider the case of constant flux, 
introducing boundaries £, = hv, and s; = hy, at which we cut 
off the spectrum In addition, for the stimulated term, we 
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must ascertain that both initial and final photon energies 
lie within the flux boundaries This amounts to limiting 
the £ integration between ¢,=«, and cy=e2, or between 
€,=£, and e:=e€,/y? (1—By) (1—Bz) The integrations lead 
to the result 





tan mY, F? 
AnP =4r z i (c?/h) acne (5) 
The total flux F ıs about F(c) s: Taking y*~ 10? in the 
logarithm, we find the ratio 
2 
R,= P%/P# =3 7x 104 Eis . (6) 
YYY” 


Here we mtroduced the flux F, at Earth distance, Q 
being the ratio of the distance between Earth and quasi- 
stellar object and the radius of the quasi-stellar object 

Similarly, the power spectrum for a monochromatic 
flux with index — 1 (ref 13, Table 5 1) yields 

P.Q? 
ee HG 
[In (ve/v;)}°va4 
The expression corresponding to equation (6) now reads 
P,Q? 

a (8) 
y*[in(v2/¥1)}v4 

Finally, the calculation for Woltjer’s model? shows 
that, although the spontaneous component 1s significantly 
reduced, the stimulated component is very nearly the same 
as in the isotropic case, provided that photons and elec- 
trons are not aligned to within an angle of order l/y 

It 1s worth emphasizing that equations (6) and (8) refer 
to monochromatic electrons But because the y dependence 
1s very strong and with a negative exponent, the implica- 
tion 1s that in a continuous energy distribution the slowest 
electrons lose their energy first, so that in effect we have 
a lower limit for the electron energies in a stationary 
situation 

If we insert the values (compatible with 30 273) Fy= 
10-8, y=10?, v,=107, vz= 104, r (quasi-stellar object) = 
1017, d (quasi-stellar object) = 10?? (cosmological distance) 
so that Q?= 10% (all units in CGS), we find R,=3 7x 108 
If we adopt the local hypothesis for quasi-stellar objects 
the numerical value of R, 1s reduced by roughly a factor 
10* As already mentioned, Hoyle et al 4, from considering 
the spontaneous component, concluded that the electrons 
in quasi-stellar objects could survive, 1f the sources were 
not at cosmological distances Adding the stimulated 
component seems to preclude even this possibility, at 
least for electrons with y~ 10? to 10° The reduction ın 
lifetime ıs even more drastic for a flux spectrum F(e)~ e7, 
namely, R,=2 7x10 for the same values of Fe 

Thus, and regardless as to whether we adopt the local 
or. the cosmological hypothesis, we are left with two 
choices 

(1) The radiation field of quast-stellar objects 1s caused by 
electrons supplied 1m situ 01, at any rate, not accelerated 
anywhere near the locus of the radiation field The elec- 
trons at the low energy end of the spectrum are then 
decelerated ‘instantaneously’, feeding the 1adiation field 
by means of stimulated Compton effect It ıs interesting 
to speculate that ıf this mechanism were operating, the 
radiation field would be made to align itself more and more 
with any preferred direction of particle motion If the 
particle motion is highly anisotropic, for example, purely 
racial, and if the radiation field has reached a state of 
confinement to a cone about the direction of particle 
motion of half-angle y-1, the stimulated scattering mechan- 
ism. ceases to be efficient At this time, the low energy 
portion of the photon spectrum may have been seriously 
depleted This effect could obviously be cited as an 
explanation for the observed curvature of the spectrum 
of many quasi-stellar objects 

(2) The alternative ıs for the radiation field to be pro- 
duced by a mechanism that does not mvolve relativistic 
electrons 


4nP = 4r (3/64) y~ ro? (c?/h) 


R,= P*/P? =6 1x 10" 
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PLANETARY SCIENCE 


Incoming Solar Radiation over 
the Tropical Pacific 


THERE seems to be a much large: amount of total m- 
coming solar radiation (direct and diffuse radiation on 
a horizontal surface as recorded by the Eppley pyrano- 
meter) at the ocean surface over the equatorial Pacific— 
and probably over much of the tropical Pacific as a whole— 
than has usually been thought It also seems that the 
incoming solar radiation over the central and western 
parts of the equatorial Pacific dry zone would closely 
approach the extremely large amounts recerved over the 
tropical and subtropical desert areas of the continents 
These statements are based on a study of 1ecorded in- 
coming solar radiation data for Wake and Canton 
Islands in relation to associated cloud distributions and 
also on comparisons of the long-term Canton Island cloud 
distribution with that of several othe: small islands in 
the central and western equatorial Pacific (Both Wake 
and Canton seem to be reasonably representative marine 
sites by virtue of their small land areas, lack of relief and 
complete isolation from continental influence ) 

The recent global illustrations by Budyko? show upward 
revisions of the incoming solar radiation over the tropical 
Pacific when compared with his?? earlier depictions and 
the works of Kimball‘ and Black, but they are still not 
indicative of the recorded incoming solar radiation values 
at Wake and Canton Islands For example, Budyko’s 
1963? representation of the average annual solar radiation 
reception at both these sites would indicate values 
slightly ın excess of 160 kLangleys* Wake Island, how- 
ever, shows an average annual reception of 194 kLangleys*, 
based on a 9 year period of record, and the average annual 
figure for Canton Island ıs 218 kLangleys’, based on a 12 
year period ofrecord Why do such large differences occur ? 

There 1s an extreme lack of solar radiation recording 
stations over the tropical Pacific, and 1t 1s apparent that 
computed values for incoming solar radiation, based on 
cloud cover data from the much more numerous weather 
observing sites, have had a controlling influence on the 
tropical Pacific representation Computations based on 
meteorological data usually consider only mean total 
sky cove: , and most of the formulae in use were developed 
originally for middle latitude conditions where cloud 
distributions and solar altitude ranges are quite different 
from those of the tropics Even during the highly unusual 
meteorological period July 1957 to June 1958, when Canton 
received 82 22 in of raimfall (usual annual precipitation 


* One Langlevistealcm’? min? g 
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Table 1 AVERAGE TRANSMISSION PERCENTAGES FOR DESIGNATED SOLAR ALTITUDE RANGES IN STIPULATED SKY COVER CONDITIONS 


150 
Coverage pale altitude > ranges 
(in tenths) -14° 15°-29° 30°~44° °—59° 
<20TC 46 9° (5) 65 6 (10) 73 2 (10) 76 6 (12) 
10 0 TC and <20 TOC 45 3 (36) 63 9 (24) 72 3 (24) 76 1 (26) 


60°-74° 75°-90° Average 
7787) 77 6 (5) 69 6 (Pertains essentially to clear sky) 
76 8 (26) 77 4 (6) 68 6 (Pertains essentially to cirriform overcast} 


TC, total sky cover, TOC, total opaque sky cover. Figures in parentheses refer to the number of cases in the particular category 


29 43 in) and had 90 tenths average total sky cover 
(mean annual sky cover 6 3 tenths), 1t received approxi- 
mately 195 kLangleys 

It seems quite significant that a 43 per cent increase in 
mean annual sky cover only caused an 11 per cent reduc- 
tion from the average annual incoming solar radiation 
for Canton (The 11 per cent figure 1s based on approxi- 
mately eleven months of data, because all radiation data 
for February 1958 were missing If, however, the missing 
data were available, it 1s difficult to see how the annual 
reduction would be increased beyond 12 per cent} The 
explanation of this situation seems to lie in the cloud 
distribution by type and amount During the peuiod 
July 1957 to June 1958, Canton experienced 10 0 tenths 
thin cirriform clouds with scattered or no low clouds 
about 40 per cent of the time This percentage 1s very 
lugh but would, of course, be much higher if specifications 
were changed so as to include the same low cloud criteria 
(scattered or none) and all cirriform ceilings (that 1s, 
6 to 10 tenths cirrus or cirrostratus) This thin eiriiform 
cloud cover, which was the principal contributor to total 
sky cover during fair weather, apparently had very 
little effect on the incoming solar radiation Even during 
this year of relatively high precipitation and clond cover, 
the percentage of time with disturbed weather and its 
associated heavy opaque cloud cover and precipitation 
was relatively small when compared with the percentage 
of time during which fair weather prevailed 

To ascertain the reduction in 1adiation caused by thin 
cirriform clouds alone, 1t was first necessary to determine 
the incoming solar radiation during clear sky conditions 
at Canton There were so few clear hours from July 1957 
to June 1958 that ıt was necessary to consider all observa- 
tions with less than 20 tenths total sky cover, after 
eliminating those situations when there were obviously 
low cloud patches directly between the pyranometer and 
the Sun (This was accomplished by a study of the Canton 
Island radiation traces for each hour involved Large, 
short period downward displacements in the radiation 
trace were indicative of the periods when low cloud 
patches were above the pyranometer) To obtain in- 
coming solar radiation when just the c:riform overcast 
was present, those hours with 100 tenths cirrostratus 
or cirrus and less than 2 0 tenths total opaque sky cover 
were used, following the same procedure to eliminate 
cases where a low cloud patch was directly between the 
pyranometer and the Sun (The opaque sky cover n 
these fair weather situations ordinarily pertains to low 
cloud patches) Table 1 contains average transmission 
percentages for the incoming solar radiation within the 
various solar altitude ranges (The individual transmission 
percentages, which were used to arrive at the average 
values of Table 1, were obtained by dividing the recorded 
hourly incoming solar radiation at the surface by the 
computed hourly incoming solar radiation at the top of 
the atmosphere, and then multiplying the result by 100 ) 
Figures in this table mndicate that the thin armform 
overcast dd not cause a significant reduction of the 
incoming solar radiation regardless of solar altitude 
The general decrease ın transmission percentage with 
decrease in solar altitude, which affected both categories 
similarly, was caused by the increase ın ar mass pene- 
trated at the lower solar altitudes For the long period 
record (a 209 month US Au Force Air Weather Service 
uniform summary of surface weather observations for 
Canton Island), although the mean cloud amounts show 
a considerable reduction from the amounts recorded for 
the July 1957 to June 1958 period, a similar cloud distri- 


bution is shown with high clouds as the :mpoitant 
contributor to total sky cover 

The incoming solar radiation pattern over the tropical 
Pacific ıs likely to resemble that shown by Wyrtk1’, in 
that a tropical minimum reception would be expected 
along the zone most frequently occupied by the inter- 
tropical convergence zone of the northern hemusphere, 
and a maximum would be expected in the equatorial 
dry zone The incoming solar radiation amounts, however, 
would seem to be considerably higher At Wake Island’s 
location (19° 17’ N . 166° 39’ E) Wyrtki’s chart gives 
about 165 kLangleys/yr (recorded average about 194 
kLangleys/yr) and at Canton’s location (2° 46’ S , 171° 48’ 
W ) his chart also indicates about 165 kLangleys/yr (re- 
corded average about 218 kLangleys) Wyrtk:’s incoming 
solar radiation figures exclude that part of the solar 
radiation reflected from the ocean surface, but, because 
this only amounts to about 6 to 7 per cent of the total 
mcoming solar radiation, 1t cannot account for the large 
differences between the observed and computed values 

If Canton Island, during this year of unusually large 
average total sky cover (9 0 tenths) and heavy rainfall 
(82 22 ın ), recorded about 195 kLangleys of mcoming 
solar radiation, there must be a very large portion of the 
tropical Pacific recervng annually ın excess of 180 
kLangleys and a sizable portion receiving m excess of 200 
kLangleys It 1s expected that the maximum annual re- 
ception over the Pacific would occur in the central and 
western portions of the equatorial dry zone where values 
may reach 200 kLangleys or more The large cirmform 
contribution to total sky cover seems to have prevented 
earlier recognition of this situation In those cases where 
a balance has been achieved, usmg the computed solar 
radiation figures, compensating errors most probably occur 
in one or more of the remaining heat budget terms 

This work was supported by giants from the US 
National Science Foundation and the US Office of Naval 
Research We thank Mrs § A Kulm and Mrs § J 
Borden for their assistance in computing the hourly 
solar radiation recerved on a horizontal surface at the top 
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Semi-annual Variation in 

Thermospheric Density 

Kiye-Here' has reported a semm-annual vanation in 
thermosphere density at about 190 km with a maximum 


to mmimum ratio of 145 Cook’s hypothesis? that the 
semi-annual variation 1s caused by the modulation of the 
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helium content of the lower thermosphere, originally 
coimed to account for the vanation at 1,100 km, clearly 
cannot be apphed to explain changes at 190 km. The 
reconciliation between theory and observation 1s m 
essentially the same state as ıt was a year ago There 1s 
the hypothesis of Anderson? that the serm-annual variation 
results from a migration of the perigee points of the 
satellites studied with latitude m such a manner that the 
drag at perigee ıs small when over the winter pole which 
ıs supposed to be cold (and of lower density than the 
equatorial regions) Debate is contmuing about Ander- 
son’s hypothesis** and no doubt the issue can be resolved 
when. sufficient values of density for a wide range of 
perigee latitudes and over all seasons are available, such 
as the simultaneous changes at 190 and 1,100 km 
Anderson quotes as support my colleagues’ computa- 
tions’, which show a cold winter pole ‘The influence 
of motions, however, was neglected in these computations 
and 1t has recently been shown that the influence of 
vertical motions 1s quite substantial (ref 7 and unpublished 
work of R E Dickinson, C P Lagos and R E Newell) 
Satellite drag observations by Jacchia! and Keating and 
Pror? show higher densities over the winter pole than 
over the summer pole Jacchia and Slowey” could reduce 
—but not eliminate—the effect by manipulating para- 
meters in ther model, indeed, the effect was predicted 
before observation" and seems to mcrease with altitude 
as expected from theory 

Another suggestion” is that the modulation of extreme 
ultraviolet radiation ıs responsible for the semi-annual 
change, just as ıt ıs responsible for the changes in the 
densities during the 27 day and solar cycles Unfor- 
tunately, while there may have been an association 
between extreme ultraviolet and density im 1962-63, 
there seems to have been density changes!’ without 
changes in the extreme ultraviolet ın several other years 

Density changes are observed at 190 km and may be 
caused by pressure change at some lower level or by 
temperature changes within the 100-190 km layer (if the 
influence of changes ın composition ıs ignored at these 
altitudes) At 80 km there is an annual density and pres- 
sure variation with a maxima in summer in the region™ 
30°-60° N. The question ıs what other mechanisms are 
available to produce temperature changes in the 100- 
200 km layer? Johnson (see Jacchia*) has proposed 
large-scale meridional motions which subtract more heat 
from the region during the solstice than during the equin- 
oxes, thereby producing a semi-annual density variation 
Another possibility would seem to be that Joule heating 
associated with ionospheric currents has a semi-annual 
variation Such heating has been considered by many 
authors (see Cole!) Both disturbance currents, caused 
by magnetic storms and usually measured by Kp, and 
steady currents denoted as Sọ have maxima at the 
equinoxes King-Hele has attempted to eliminate large 
variations in Kp from his results by omitting nineteen 
large storms in the period His elimmation criterion 1s 
not stated but seems to be about Kp <5, from mspection 
of the data There are very few days with very low Kp, 
74 days out of 386 have K,<2- Radio aurora can some- 
times be observed when Kp=2, and by implication Joule 
heating will be associated with the ionospheric currents, 
at least ın polar regions It 1s clearly difficult to assess 
the heating effect of many small disturbances, but ıb 15 
well known that Kp shows equinoctal peaks It has been 
suggested that the peaks result from leakage of energy 
from the large scale waves in the lower atmosphere into 
the thermosphere! The transmission between tropo- 
pause and mesopause 1s a maximum near the equinoxes 
when the winds are changing from westerly to easterly or 
vice versa. 

The quiet day currents are also at a maximum near the 
equinoxes'” and ıb 1s possible that vertical fluxes asso- 
ciated with tidal motions can penetrate into the lower 
thermosphere at these times when the prevailing zonal 
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winds at 100 km are also close to zero in middle latitudes*® 
There 1s some (slight) expermmental evidence that the 
diurnal tide does seem to pepetrate more easily at these 
times®, The amplitudes of the Sq currents are largest 
over the equator and if a typical equinoctal current 1s 
taken as 4x 10° amp (J) per 60° of latitude spanning the 
equator, and an average column conductivity (o) between 
100 and 120 km ıs taken as 10 mho (ignoring the com- 
plications introduced by the tensor nature of conductivity), 
then the Joule heating (I#/s) 1s 0 36 erg cm sec? Fora 
typical winter current of 3x 105 amp the corresponding 
heating 1s 0 21 erg cm? sec"! 

What is the temperature change in the 100 to 120 km 
region necessary to account for an observed density change 
of about 14 at 180 km, 1f all other parameters mcluding 
the temperature between 120 and 180 km are kept 
constant? An estimate from the hydrostatic equation 
and the equation of state usmg 10 km increments in 
height grves a value of about 40° K for the mean increase 
in temperature necessary in the 100-120 km layer In 
turn an energy flux of about 0 1 erg cm- sec! acting for 
10 days ıs implied, the danger of such simple estimates 
1s obvious because composition, temperature gradient and 
downward heat flux will all change concomitantly, but 
nevertheless the fact 13 that the small Joule heating 
inferred from the currents can be sigmificant in altermg 
the density of the 180 km level Small changes ın Kp, 
when K,<6 are also associated with substantial current 
changes as measured in terms of the numbers already 
mentioned, although these changes are largest at high 
latatudes Simularly, the larger change in Joule heating 
associated with Kp storm events may account for the 
observed density changes associated with Kp (ref 20) and 
the differences between day and mght currents may also be 
important ın the observed diurnal changes*!. In so far as 
the S4 currents are thought to be driven by atmospheric 
motions and some Kp changes may also be driven from 
below, King-Hele’s report may be treated as additional 
experimental evidence for a leakage hypothesis A test 
of all these items, including Johnson’s proposal of meri- 
dional motion, could be made by comparing the results 
from a global network of meteor wind stations, as proposed 
elsewhere?®, with thermospheric densities 
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Stable Lead in Fossil Ice and Bones 


DURING the past hundred years about 1x 10" g of lead 
has been dispersed by man in the biosphere’, and the 
question arises as to whether this has imcreased the 
exposure of modern societies to chronic lead intoxication 
The chief sources of lead ın the atmosphere are the com- 
bustion of petrol and coal and the contmbutions from 
both these sources are now of the same order of magnitude 
although ın the past the greater contribution was from 
coal* In effect, the existing concentrations of lead in 
different components of the biosphere are now much 
higher than the natural concentrations which have been 
calculated? To investigate the temporal variations ın 
the lead content of the environment and in the human 
body I have collected samples of glacial ice representing 
the precrpitations of the past hundred years, and also 
samples of human bones covermg the period from the 
third to the twentieth centuries In these samples lead 
was determined by dithizone colorimetry according to 
the method described earlier! 

Ice samples were collected from a mimature corrie 
glacier in the Great Mieguszowieck: Cirque and from a 
glacier ın the cave Grota Lodowa in the Tatra Mountains 
Both localities have already been described’ As Fig 1 
shows, the mean concentration of lead in the ice has 
increased steadily durmg the past hundred years The 
mean concentration which has been found ım contem- 
porary samples (1960-65) of 75 ug/l. was about sixteen 
times greater than that in the oldest samples from about 
1861-66, in which the mean concentration was 50 ug/l 
These results are similar to the data of Murozumi et al °, 
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Fig.1 Concentrations of stable lead Jn the glacier ice Lines repiesent 
the mean concentrations for a period 
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who found that the concentration of lead in the Green- 
land snow dating from 1905 was sixteen times lower than 
in the snow of 1964 The low concentrations of lead 
during 1861-1966 are probably not the natural concen- 
trations, because in that time the precipitations could 
have been polluted by mdustrial activity m the neigh- 
bourmg Silesian centres It 1s surprising that the m- 
creasing concentrations of lead in the ice are simular to 
the increasing annual use of coal as a source of energy’ 
This correlation 1s not necessarily exclusively caused by 
the volatilization of the lead in fuel combustion, but 1t 18 
probably connected with the merease ın general industrial 
activity, related to the rate of coal burning 

The samples of human bones were collected m four 
churches in Cracow and its region Most of them were 
preserved in wooden or stone coffins which were stored 
in dry underground crypts, although some bones from 
the Tyniec Monastery (samples 7-12) were buried directly 
in the loess beneath the central part of the church The 
third century bones were collected m a limestone cave 
near Kroczyce in the province of Katowice, where the 
skeletons were found lying on the dry stony floor Samples 
1 and 2 from this cave were collected in 1936, mmediately 
after the cave was discovered, and samples 3, 4 and 5 
were collected in 1967 The latter samples could have 
been contaminated by visitors 


Table 1 CONOKNTRATION OF STABLE LEAD IN HUMAN FOSSIL BONES 
Ae ed A Locaht; tate i aele. Type of b 
skele- ge ocality ration ug/g e of bone 

ton of dried bone 

1 8rd century Kroczyce 181 Pubis 

2 3rd century Kroczyce 184 Scapula 

3 3rd century Kroczyce 213 Ulna 

4 3rd century Kroczyce 255 Humerus 

5 3rd century Kroczyce 840 Tibia 

6 11th century Tyniec Monast 925 Temporal + frontal 
7 18th century Tyniec Monast 16 0 Vertebra 

7 2607 Temporal-+frontal 
7 56 Tibia 

8 18th century Tyniec Monast 87 5 Phalanx 

8 185 9 Talus 

8 318 6 Vertebra 

9 18th century Tyniec Monast 196 Mandibula 

9 24 8 Temporal + frontal 

10 13th century Tyniec Monast 8 52 iba 

11 14th century Tyniec Monast 56 Temporal + frontal 

11 78 Ulna 

12 17th century Tyniec Monast 311 Ula 

13 1650 Bielany Monast 1993 Femur 

14 1710 Reformatéw Ch 338 Femur (cortical) 

14 586 Femur (trabecular) 

15 1750 Bielany Monast 227 Femur 

16 1792 Buelany Monast 154 Temporal + frontal 

17 1797 Bielany Monast 587 Femur 

18 18th century Mariack: Church 808 Ulna 

19 18th century Matiacki Church 461 Phalanx 

20 18th century Mariacki Church 644 Ina 

21 About 1800 Bielany Monast 38 8 Tibia 

22 Early 19th century Mariacki Church 1165 Femur 

23 Early 19th century Mariacki Church 259 Vertebra 

23 816 Femur 

24 1835 Reformatéw Ch 651 Phalanx 

25 1838 Reformatéw Ch 69 2 Talus 

25 919 Phalanx 
Recent (mean of 20 

samples) Poland 39 Vertebrae 


As can be seen from Table 1, the low concentrations of 
lead in the third century bones contrast with the high 
lead content of the bones from the eleventh to the nine- 
teenth centuries The unusually high concentration of 
lead in the bones of an individual from the thirteenth 
century (skeleton No 8) was in all probability acquired 
during life, because relatively low concentrations of lead 
were found ın other skeletons from the same locality 
which were buried 1 to 2 metres away from skeleton 8 
The high concentrations of lead in the bones of humans 
living in Poland between the eleventh and nineteenth 
centuries are sumilar to the concentrations which were 
observed in contemporary bones in the United Kingdom. 
Germany and the United States*-12 On the other hand 
the lead contents of the bones of contemporary residents 
of Poland are lower than they were in the past, although 
the contamination of the environment with lead, as 
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reflected by the concentration of lead in the 
fossil precipitations, has mcreased during 
the past hundred years This suggests that 
in Poland the contribution from the atmo- 
sphere to the level of lead in the population 
18 now smaller than the contribution from 
other sources in the past These sources 
were probably tin kitchen utensils which 
were widely used, and which contamed 
large proportions of leads It can also 
be supposed that the high head content m 
the bones of contemporary residents of 
western countries 18 probably caused not by 
pollution of the atmosphere resulting from 
industrial activity, but rather by dietary 
habits and contamination of food 

The low lead concentiations which were 
found in the third century bones of 1 81 
and 1 84 ug/g of dried bone are remarkably near the value 
of 0 85 ug/g, which was theoretically estimated to be the 
natural concentration? According to T Dabrowska 
(private communication) the third century inhabitants 
of Poland probably had no contact with metallic lead, 
and ıt can be supposed that their bones show the natural 
concentration of lead, which 1s about 1-2 ug/g of dry 
bone 

I thank the Metropolitan Curia of Warsaw, the Diocesa 
Cura of Cracow and Piofessor Kazimierz Kowalski for 
help in collecting the bone samples I was greatly helped 
by the encouragement and support of the late Professor 
Edward Kowalski This work was supported m part by 
the International Atomic Energy Agency 
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Variations in Pc | Frequency 
with Latitude 


Recorpines of the magnetic mucropulsations called 
Pe 1 from two auroral zone stations, College, Alaska, and 
Sodankyla, Finland (64 6° N and 63 8° N. geomagnetic, 
respectively), and one subauroral station, Nurmyaarvi, 
Fmland (578° N ), show a marked latitude variation m 
muid-frequency of structured Pe 1 events Analysis of 
data for a 3 month period (Table 1) shows that the average 


Table] AVERAGE Pe 1 FREQUENCIES (a) jor THE HALF-HOURLY OCCURRENCES 
IN 


January May June 
Nurmijaarv: 132 2 39 195 
Sodankyla 079 0 98 
College 072 074 057 
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Fig 1 Sonagram showing very high frequencv structured Pe 1 event, Nurmijaarvi, 


Finland June 7, 1967 


frequency of structured Pe 1 at Nurmijaarvi, the lower 
latitude station, 1s significantly mgher than that for the 
auroral zone stations Fig. 1 shows a 6 Hz Pe 1 event 
which was recorded at Nurmijaarvi 

There 1s considerable evidence that structured Pe 1 
originate within the magnetosphere on ‘‘closed” field 
lines?-5 Satellite observations have shown that the closed 
field lies extend to approximately 75° geomagnetic 
latitude on the day side and to 69° on the mght side during 
magnetically quiet times, with the boundaries tending to 
move towards the equator with increasing Kp (ref 6) The 
location of the sources of Pe 1 within this region remains to 
be determmed Furthermore, the existence of a latitude- 
frequency relationship within this Pe 1 source region 1s 
important, because some theoretical mechanisms mvolve 
the 10n gyroresonance instabilities’-*, and the 10n gyro- 
frequency increases ınwards in the magnetosphere’s 
equatorial plane Some other mechanisms, for example, 
“hydromagnetie whistlers’*®, do not require this latitude 
variation in source frequency if a simple broad-band 
initiating impulse 1s postulated 

The mid-frequencies for each of the three stations for 
June are presented in a diurnal variation display (Fig 2) 
The “occurrences” are half-hour intervals which contain 
structured Pe 1 activity Note that during the midday 
hours all of the Nurmyjaarvi occurrences were above 
1 1 Hz, whereas at Sodankyla and College all occurrences 
were <1 1 Hz 

A complication which arses here from the fact that ıt 1s 
possible for Sodankyla to be outside the “closed” field line 
region on some occasions of high Kp, while Nurmyaarvi is 
inside Thus if Pc 1 do tend to occur in the outer part of 
the “closed” lime region, then events would tend to be 
recorded at Nurmyaarv: at times of higher Kp than at 
Sodankyla, and the apparent latitude variation in Pe 1 
frequency could be caused instead by the changing level of 
magnetic activity We averaged the Kp indices for times 
of the Pe 1 occurrences for May and for June For the 
College occurrences Kp averaged 195 and 191, and 
for Sodankyla 177 and 174, but for Nurmyaarvi the 
averages were 2 65 and 240 Thus in these data the more 
southerly station tended to experience structured Pe 1 
at times of higher Kp To remove the effect of variations in 
Kp we deleted Nurmyaarvi Pe 1 occurrences from the May 
data for times when Kp>2+ ‘The remaiming Kp then 
averaged 163 and the average Pe 1 mid-frequency was 
203 Hz Similarly, for June, the restriction Kp<3— 
brought the Nurmijaarvi average Pc 1 frequency down to 
177 Hz, still well above the Sodankyla average frequency 
From these and other results ıt seems that vamatidns in 
Kp cannot fully account for the observed Pe 1 frequency- 
latatude variations 

Structured Pe 1 events recorded at one of the Finland 
stations ın the summer months were usually not received at 
the other, ın spite of a separation ın latitude of only 6° For 
example, of the forty-six and sixty-five occurrences in 
May 1967 at Nurmyaarvi ‘and Sodankyla, respectively 
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(Fig. 3), only three were simultaneous, with appearance of 
sumilar frequency-tume on both records. 

In Fig 2 there 1s a wide spread ın frequencies for nght- 
time occurrences. This suggests that propagaticn across 
field limes, north and south from the source lines. may be 
best at night, and thus that a station receives sigr als from 
a wider range of latitudes at might This idea 1s consistent 
with the fact that California receives Pc 1 signals essentially 
only at night!® This further suggests that propagation 
across field lines should be best m winter months To 
check this, we analysed the data for January 1967 There 
was a remarkeble number of occurrences at Nurmyaarvi 
and at College—343 and 124, respectively. In contrast, in 
May and June the occurrences/month/station averaged 
approximately seventy The average Pe 1 frequencies 
for January (Table 1) were more nearly equal at the two 
stations as compared with the summer data Also, the 
average Kp values for Pe 1 occurrences were near!y equal 
in January These results are seen to be consistent with 
the idea that the Pe 1 signals propagate best across field 
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Fig 3 Mid-frequency of all structured Pe 1 events recorded at Nurmi- 
jaarvi, Sodankyla and College, May 1967 


lines at night and m winter Thus ıt seems that the 
latitude spread in Pe 1 frequencies 1s most reliably studied 
by using daytime and summer data We note again from 
Fig 3 that at midday all Nurmiyjaarv: occurrences were 
>11 Hz and all College and Sodankyla occurrences were 
<11Hz 

Theoretical works show that the higher frequencies are 
damped more heavily in the ionosphere’! We therefore 
expect that if Nurmyaarvi ıs located near the source field 
hnes for the higher Pe 1 frequencies, then stations at lower 
latitudes may record lower average Pe 1 frequencies than 
Nurmyaarvi, because of the attenuation of the highs in an 
ionospheric duct during southward propagation of the 
signal Tepley and Wentworth"? recorded Pe 1 with 
average frequency near 1 Hz at Palo Alto, at about 40° N 

There are certamly possible explanations for the Pe 1 
frequency variation other than the latitude variation in 
equatorial proton gyrofrequency For example, there 
could be latitude variations in the magnitudes of certain 
wave dampmg mechanisms ın the ionosphere and exo- 
sphere, and there could be more than one type of ion 
involved with a latitude spread in the distribution of the 
types. Dowden?* has suggested that helium atoms as well 
as protons are involved ın Pe 1 generation At present, 
however, there ıs no evidence for the existence of either of 
those latitude variations 

The results presented here do seem to favour the 
Pe 1 theories which depend on the 10n gyroresonance 
mechanism?~*, and present difficulties for certam other 
mechanisms 
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Origin of the Newgale Shingle 
Embankment, St. Bride’s Bay, 
Pembrokeshire 


Many of the shingle accumulations round the coastline 
of Britain pose problems of origin because there 1s no 
apparent source of supply for them One such accumula- 
tion 1s that at Newgale m Pembrokeshire (Fig 1), a study 
of which has provided evidence relating both to the 
source of supply of the shingle and to the reasons for its 
concentration This evidence may be of general interest 
with regard to the problem of explaining how such banks 
originate 

St Bride’s Bay 1s highly irregular in plan, the bay-head 
consisting of several small beaches separated by headlands 
The only substantial accumulation of shingle 1s at 
Newgale, where an embankment 17 ft high extends for 
125 miles Steers! has suggested that ‘Along the northern 
shore of St Bride’s Bay beach material travels eastward 
and the storm beach at Newgale thus accumulates, at 
least ın part? This view attempts to explain both the 
origin and concentration of the shingle By his further 
assertion that “It (the embankment) 1s formed of 
stones of local origin’, Steers seems to imply that chff 
erosion and the alongshore transport of the debris are 
principally responsible for the embankment The 
difficulties with this suggestion are first that there are 
erratics present, and second, it ıs doubtful whether 
shingle could move along the northern shore because of 
the minor headlands, which would obstruct movement, 
even with a lower sea level 

To explain the presence of flint shingle on the coast 
of southern England far from possible sources, Hardy? 
developed an idea of Steers? in which a rising post-glacial 
sea level is envisaged ‘‘sweeping up” shingle in front of ıt 
This hypothesis would seem applicable at Newgale The 
presence of erratics restricts the provenance of the shingle, 
at least in part, to drift Such deposits do not exist on 
land near Newgale, and so ıb 1s suggested that the source 
of the erratics is drift on the bay floor As a rising sea 
level “sweeping up” erratics from the drift would also 
remove stones of local origin, the drift could be the direct 
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source of most of the embankment’s shingle. It 1s therefore 
unnecessary to infer movement along the northern 
shore 

Steers’s hypothesis of httoral movement attempted to 
explain the origm and concentration of the shingle The 
rismg sea level theory solves only the former problem 
With reference to the latter, Hardy has suggested that 
m southern England? and Norfolk’ shingle structures 
are associated with areas of concentrated constructive 
wave energy An attempt has been made to test this 
idea, at Newgale 

The principal directions of wave approach to St 
Bride’s Bay he in the south western quadrant Wave 
refraction diagrams of the Arthur, Munk and Isaacs 
type’ drawn for various directions withm this quadrant 
for periods between 3 and 10 sec show that energy levels 
merease generally northwards along the bay-head, which 
1s to be expected because of the sheltering effect of the 
southern headland Maximum energy ıs therefore 
associated with the shingle accumulation, although the 
association 1s not confined to long constructive waves 
Hardy’s view 1s that this association of shingle with 
concentrations of constructive energy can be explained 
m that the sorting of shingle to produce a beach 1s achieved 
largely by constructive waves, so that any concentration 
of these will lead to a shingle concentration Hardy’s 
work 1s concerned with beaches built from loose shingle 
on the sea bed and not from chalk n mtu The removal of 
stones from drift would require a concentration of shorter, 
steeper, destructive waves before the building of an 
embankment by longer, less steep, constructive waves 
It ıs considered significant that waves of several lengths 
show maximum energy levels at Newgale 

There 1s thus at Newgale an association of high energy 
values with a shingle accumulation For a causal relation- 
ship to be inferred ıt must be shown that a simular con- 
centration of energy existed during the post-glacial rise 
in sea level The isobaths (Fig. 1) demonstrate that the 
bay form would have been in existence throughout this 
rise, so that the shelter effect of the southern headland 
would be a dommant factor controllmg the energy 
distribution patterns at successive coastlines Maximum 
energy levels throughout the rise would therefore be in 
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the northern part of the bay In addition, each successive 
bay shape would be relatively more inset, resulting in a 
progressive intensification of the shelter effect, which 
would in turn result in a tendency for the alongshore 
energy differential to become more pronounced with 
time 

I think that the Newgale embankment ıs composed 
largely of drift derived shingle from the bay floor and that 
the reason for its location is that wave energy has been 
continuously concentrated ın the northern part of the bay 
The postulated causal relationship between concentrated 
wave energy and shingle accumulation gains support 
from this investigation 
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Theoretical Model for the Chandler 
Wobble* 


Ever 1s usually credited with having been the first to 
show that an axially symmetric ngid body, with a frac- 
tional difference between the equatorial and polar moments 
of inertia equal to that of the Earth, could undergo a free 
nutation with a period of about 300 days That is, in a 
body-fixed co-ordinate system, the instantaneous axis 
of rotation would describe a cone about the polar axis 
with a 300 day period It could have been expected that 
such a motion, even if present primordially, would have 
been damped almost completely by natural dissipative 
processes within the Earth Such a motion would show 
itself in a periodic variation in astronomie latitude of a 
given site on the Earth’s surface, because the rotation 
axis moves only slightly with respect to an inertial frame’ 
Despite the expectance of almost complete damping, 
repeated attempts were made in the mneteenth century 
to uncover indications of a variation in latitude with a 
10 month period None was definitely established, but 
in 1891 Chandler? announced a variation with a period of 
428 days, about 40 per cent larger than predicted New- 
comb soon realized that the period of free nutation for 
the Earth would be greater than the mgid-body value, 
because of the fluid nature of the oceans and elastic 
yielding of the solid earth, and he proposed that Chandler’s 
observations were indeed of the free nutation® Systematic 
observations of latitude variations have been made since 
the turn of the century and clearly mdicate the presence 
of an oscillation with this 14 month period (see Fig 1). 
The amplitude of this oscillation has a maximum of about 
0 3 sec of arc, that 1s the inclination of the instantaneous 
axis of rotation to the figure axis does not seem ever to 
exceed about 0 3 sec of are 

What prevented this free nutation from being completely 
damped ? Many suggestions of mechanisms to excite the 
Chandler wobble have: been put forward during the 
past seventy-five years, but none has proved satisfactory 
The question is still considered by most geophysicists to 
be largely unanswered The purpose of this communica- 
tion ıs to describe a new, and admuttedly speculative, 
model that we conceived independently The idea is based 
on Fig 1 which, although extending over too short a time 
interval to be defimtive, appears to have an envelope 
characteristic of “beat phenomena We therefore pro- 
pose that these latitude variations do indeed exhibit 


* Because of a misunderstanding and,a delay in the post, an uncorrected 
version of this note appeared (Nature, 218, 669, 1987) 
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beats, attributable to a mechanical interaction between 
the upper layer with the remainder of the Earth We at 
first contemplated a core-mantle separation, but seismo- 
logical and magnetic field evidence seems to indicate that 
the core has insufficient rigidity to possess a free nutation 
frequency nearly equal to the corresponding frequency of 
the mantle alone We were thus led to the supposition, 
which must be regarded as speculative, that the mportant 
interaction effectively separating the Earth into two parts 
occurs in the upper mantle, perhaps somewhere between 
the depths of about 400 and 1,000 km ın a region where 
the shear velocities of seismic waves change rather 
sharply The separate free nutation frequencies of the 
two parts, modified by the coupling, can be expected to 
be present ın the Chandler motion The data (Fig 1) 
suggest a beat with a half-period between 40 and 50 
years, corresponding to a difference ın period of the two 
component frequencies of between 12 and 10 days. 
respectively Results of theoretical calculations, although 
sensitive to the assumed values for the relevant Love 
numbers and the differences in equatorial and polar 
moments of inertia of the two parts, indicate that such a 
beat period is reasonable for our proposed model (Of 
course, if the model proves adequate, the observed period 
provides a further condition on these properties ) 

We suppose that this resonant oscillation is excited 
asynchronously, through a nonlinear interaction, by the 
differential luni-solar torques exerted on the two layers 
Using a suitably parameterized model, we are investi- 
gating numerically the possible motions of this compli- 
cated, three degrees of freedom, dynamical system 
Apart from the well-known expressions for the luni-solar 
gravitational torques, the model includes a restormg 
torque (inertial coupling term), which is proportional to 
the separation of the figure axes of the two layers, and a 
viscous torque which 1s a non-linear function of the 
difference in angular velocity of the coupled parts. In 
first approximation both layers are considered rigid The 
transfer of the required energy between the two layers 
seems possible on the basis of preliminary calculations 
Quantitative results, to be reported ın a subsequent 
communication, will include the relations between the 
model parameters and the amplitudes and frequencies 
of the Chandler motion 

How may this model be checked experimentally ? 
The supposition that a beat frequency 1s present in the 
Chandler motion can, of course, be tested conclusively by 
awaiting future measurements In fact, data have 
accumulated for 12 years since Fig 1 was compiled and 
would be expected to exhibit a decreasing amplitude in 
the oscillation Although the nineteenth century observa- 
tions may not be very reliable, we intend to re-examine 
the best of these and, after separating the annual term', 
seek evidence bearing on the predicted amplitude modula- 
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Fig_1 Variations of the two orthogonal components of the position of 
the Earth's rotation axis with respect to the axis of the figure (from ref 1) 

The top two curves show the unsmoothed observations for one com- 
ponent, before (first curve) and after (second) removal of the seasonal 
variation The last two curves, in reversed order, show similar variations 
for the second component The first three curves were obtained by the 
International Latatude Service, the last with the Photographie Zenith 

Tube at Washington 













NATURE VOL 217 JANUARY 13 1968 


tion of the Chandler term ‘The presence of a beat would 
not definitely establish the correctness of our model, but 
would provide strong evidence in support of the basic 
idea Even if the beat were absent, and the apparent 
change in amplitude illusory, 1t 1s still quite conceivable 
that the excitation of the Chandler motion could take 
place through the differential luni-solar gravitational 
torques acting, say, on the core and mantle which may 
interact through a non-linear coupling 

The presence of two important frequency components 
in the Chandler motion is, of course, also consistent with 
the apparent breadth of the power spectrum of the polar 
motion in the vicinity of 0 8 cycles/yr! In the past, the 
corresponding decrease in the amplitude of the auto 
correlation of the Chandler data—approximately 10 per 
cent for a 14 month lag—was mterpreted as indicating a 
damping time of approximately a decade and led to 
suggestions that the free nutation was being excited by 
random impulses! In our model, the amphtude of the 
auto correlation will also decrease, as observed, but after 
longer intervals will mse agam, the period bemg equal to 
that of the beat frequency Furthermore, the problem of 
the anomalously small Q value for the Earth, inferred from 
the “damping” of the Chandler motion, 1s automatically 
disposed of 

If this model of the Chandler wobble proves fruitful, 1t 
might be interesting to consider the more complicated 
case of a non-axially symmetric mantle which may be 
appropriate for Venus or the Moon 
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PHYSICS 


Dimensional Problem of the Power 
Law in Rheology 


THE power law equation, between shear stress, +, and 
stram rate, y, may be written y=k<2 ıb has often been 
shown!? to be mn accordance with experimental data 
obtained for many non-Newtonian fluids The equation 
18 open to the logical objection that ıt 1s dimensionally 
mconsistent unless the constant of proportionality, k, 1s 
not a true constant at all but has variable dimensions 
which depend on the properties of the sample under 
observation Nedonchelle and Schutz? have shown 
expermentally that for one particular non-Newtonian 
system there ıs a relationship between the constant of 
proportionality, k, and the exponent, «, such that the 
equation may be reduced to a dimensionless form contam- 
ing three dimensionally stable constants which are inde- 
pendent properties charactenzing the material m its 
environment. 

Scott Blair‘ attempted to provide a theoretical basis 
for the existence of the power law, and ın one formë of 
his derivation he introduced four constants, two of which 
were particular values of a function, which he designated 
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fin his paper In his treatment, this function was subse- 
quently eliminated from the argument, but ıt can easily 
be shown that the constants of Nedonchelle and Schutz 
and of the particular values of Scott Blair for f are closely 
related 

Writing the dimensionless equation of Nedonchelle 
and Schutz m the form 


Y_ (2 

Yo ©) 
to correspond with the form given here, by zeplacing 
their D by y and their a by 1/a, gives, on taking logarithms 
log ¥—log Y. = a log t— & log To (2) 
From the theoretical derivation of Scott Blair, œ 1s the 


ratio of two constants, which he denotes by a and b 
Equation (2) may then be rewritten 


(1) 


b log ¥—b log Yı =4 log+—a log to 
or 
a log t—b log y = a log to— b log Yo 
Scott Blair gives (his equations (2) and (4)) 
alogrt=f,—f blog y=f.~—f 


alogt—blogy = fi—fe 
Combining equations (3) and (4) gives 


alog to—b log yo=fi— fe 
This becomes an identity if 
Jfiı=a log to f = blog Yo (5) 


These expressions (5) give the relation between the 
expermmentally determinable constants +) and fo of 
Nedonchelle and Schutz, and the constants of tegration 
fı and f, of Scott Blair 

Thus from the results of Nedonchelle and Schutz, ıt 
can be deduced that a minimum of three independent 
characteristic constants are necessary and sufficient for 
the power law to be dimensionally acceptable, and these 
three constants are compatible with the theoretical 
derivation of Scott Blair. 


so that 
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Luminescent Properties of Rocks, 
Meteorites and Natural Glasses under 
Proton Bombardment 


SuceeestTrons that some transient lunar events! are 
Iummescent phenomena, excited by sola: protons, have 
aroused interest ın the luminescent properties of putative 
lunar surface materials We have studied the luminescence 
produced ın various minerals and meteorites by a beam of 
146 MeV protons from the Atomic Energy Research 
Establishment synehrocyclotron Both our proton flux, 
about 108 protons sec em~, and the ionization density 
are many orders of magnitude lower than those used by 
other workers?‘, thus we avoid their problems of radiation 
damage and simulate more closely the conditions on the 
Moon’s surface 
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Our specimens, powdered to a grain size of 10-100u, 
were mounted on stainless steel disks using silicone grease, 
and viewed through one of a set of seven broad-band 
tnterference filters by a single EMI 9558 phototube 
Provision was made for evacuating the sample enclosure, 
for cooling the samples to liquid nitrogen temperature and 
for heating them electrically We thus obtamed spectra 
between 3800 A and 7400 A at — 180°C, +20°O and 
+100° © We also studied the thermolummescence 
produced by irradiation at — 180° C followed by heating, 
at about 12° per minute, to + 180° C 

Individual samples will be discussed in detaal elsewhere, 
here we note that they may be assigned according to their 
brightness, spectra and thermoluminescence into one of 
several distinct groups, corresponding in the case of 
geological specimens roughly to their petrological type, 
and in the case of meteorites to their classes according to 
the Prior—Hey catalogue’ These groups and their members 
are listed in Table 1, which also shows their average 
integrated light output at — 180°, + 20° and + 100°C, their 
characteristic thermoluminescence (if any), and the ratio 
of light output at — 180° to that at +100° C (the “cold 
enhancement factor”) In Figs 1 and 2 we show representa- 
tive spectra, at — 180° and + 100° C, of members of some 
of these groups The data are normalized to an intensity of 
87x10" protons/sec The absolute magnitude of the 
brightness was found by calculation from the known 
parameters of the apparatus. 

In geological samples, we note that the luminescent 
intensities are in all cases similar at + 20° C and + 100°C, 
but greatly enhanced at ~180° C In simular studies, 
Nash? found that the response of a basalt sample was 
unaffected by a temperature change from +120° C to 
— 80°C, we also find that a reduction to — 80° C does not 
sensibly alter the response of basalts or granites, but that a 
further reduction to — 180° C has a dramatic effect We 
show in Fig 8a the blue response of a granite specimen as 
a function of temperature and conclude that between 
—80° and —180°C the relative probability of radiative 
transitions increases sharply for these common minerals 
The granites show this low temperature enhancement most 
strikingly, their brightness at ~180° C ıs of the same 
order as that of 0004” of NH 102A scintillator The 
granites also show an imtense red thermolummescence, 
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with peaks near — 140° and — 30° C, a typical glow curve 
is shown in Fig 3b Energy efficiencies at + 20° C vaned 
between about 10-5 for the ultrabasic rocks, and about 
2x10-* for the granites, assuming an optical depth of 
40u This represents excellent agreement with Nash? 
(energy efficiencies typically 10-4-10-5) 

Of meteorites, we studied eleven chondrites and three 
achondrites Our results at + 20° C agree well with those 
of Geake and Walker? The enstatite achondrite Khor 
Temiki was by far the most mtensely luminescent Our 
spectrum for this, together with that of Geake and Walker 
for comparison, is shown in Fig 2a The effects of tempera- 
ture variation are interesting Some classes of meteorite 
are brighter at +100° C than at —180° C, unlike any 
terrestrial rocks we studied This behaviour, typified by a 
cold enhancement factor less than unity, 1s accompanied 
by thermolwminescence near to or above room temperature 
We show ın Fig 3d the red thermolumimescence of Khor 
Temiki, with, for comparison, the glow curve obtaimed 
by Sun and Gonzalez! for Cumberland Falls, another 
enstatite achondrite The recent fall at Barwell seems 
anomalous In all respects, 1t resembles the bronzites more 
than the hypersthenes with which it 18 classified* on a 
mineralogical basis Figs 2b, c and d show the spectra at 
— 180° Cand +100° C of Ogi (a typical bronute), Barwell 
and Sinai (a hypersthene), respectively This observation 
seems significant and (in view of the clear mineralogical 
distinctions’ between the classes of chondrites, particularly 
falls) somewhat surprising 

Finally, we studied five specimens of tektites and three 
terrestrial glasses Four of the tektites are very simular, 
they have featureless spectra of low intensity and exhibit 
only a small Jow temperature enhancement and no 
thermoluminescence The Moldavite, on the other hand, 
has a strong orange-red peak and a total hght output about 
five times that of the others Fig 2e compares ıts spectrum 
at +20° C with that of the Australite, and with the low 
temperature spectrum of Ries impactite glass The latter’s 
resemblance to the Moldavite 1s intriguing, but the dif- 
ference in cold enhancement factors argues against any 
genetic relationship between these two geographically 
associated glasses 

Our observations of the intense thermoluminescence of 
granites suggest an explanation of the transient red glow 


Table 1 
Average light output* Cold enhancement 
+20°C —180° C +100° © factor} Thermoluminescence 
Geological Samples 
I Basic ferromagnestan rocks and minerals 
(dunite, enstatite, augite, olivine) 13 30 11 27 Nil 
4 Extrusive rocks and breccia (five specimens 
of ash pumice and basaltic lava) 25 88 27 25 Nil 
ILI Ancient volcanic breccia (Ordovician ash 
and tuff) 57 480 83 73 Wom: bus peaks near 
IV Potash felspar (orthoclase) 266 449 320 14 eas Hue peak near 
+ 
V Granıtes (seven specimens) 238 3,352 268 126 Intense red peaks near 
+30? Cand ~—140° C 
Meteoric Samples 
VI Hypersthene chondrites (Sinai, Tenham) 12 24 14 17 Ni) 
Via = Barwell 30 28 38 07 Strong green-blue peak ) 
above +180°C 
VII Bronzite chondrites (Cobija, Mornans, 
Ogi, Sindhri) 18 19 28 07 ate ble peak above 
+ 
VIIL Pigeonite chondrite (Karoonda) 8 25 13 19 Nal 
IX Enstatite chondrites (Daniels Kul, Khairpur) 92 97 119 08 vey girone red peak near 
X Carbonaceous chondrites (Cold Bokkeveld, 
Orgueil) 8 10 20 Nil 
XI Hypersthene achondrite (Johnstown) 11 36 1 36 Nil 
XII Enstatite achondrite (Khor Temik1) 1,778 1,730 1,997 09 Intense red peak near 0° C 
XIII Plagtoclase achondrite (Juvinas) 116 132 89 16 Weak red peak near 0° © 
Glasses A 
XIV Tektites (Australite, Bediasite, 
Indochinite, Rizalite) 11 14 10 14 Nil 
(XIVa Moldavite 48 85 64 16 Nil) 
XV Natural glasses (Darwin glass, Ries impactite) 15 158 12 13 2 Nil 
(XVa Libyan Desert glass 471 1,845 850 38 Nil) 


* These figures are the integrated light output from 3800 A-7400 A 


In this table and on the figures, one umt corresponds to the emission of 2 x 10* 


photons/eee, which for our proton flux 1s equivalent to an energy efficiency of about 7 x 10-7 (assuming an optical depth of 40) 


t Ratio of light output at —180° C to that at +100° C 
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Fig 1 Lummescent spectra of various geological samples, 
circles represent data at —180° C, crosses are data at_,+100° 
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Fig 3 Luminescent response as a function of temperature (a), and 
thermolumnescent effects (b, c, d), for various samples 


seen repeatedly ın regions of the moon which, from their 
distribution, are believed® to be prone to tectonic dis- 
turbances In such active regions ıt may sometimes happen 
that cold sub-surface material, possibly granitic, ıs 
suddenly disturbed and exposed to surface insolation, a 
previous history of low-tempergiure irradiation may then 
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give rise to visible thermoluminescence Using values for 
proton fluxes cited by More and Tiffany, we calculate, for 
example, that lunar material at a depth of about 10 g cm- 
will absorb about 10!° MeV g-! em-* y-!_ Such irradiation 
at! — 70° C for about half a million years might then yield, 
on sudden heating, lıght outputs of the same order as that 
of reflected sunlight 

I M Bram 
Atomic Energy Research Establishment, 
Harwell, Berkshire 

J. A. EpGineron 
Queen Mary College, 
University of London 
Received December 1, revised December 18, 1967 
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THE SOLID STATE 


Annealing of Single Phase Poly- 
crystalline Sulphide Ores 


In two earher communications)? 1t was demonstrated 
that the grain boundary shapes in many sulphide ores 
could be ascribed to interfacial free energy 1equirements, 
and thus that their grain structures were analogous to 
those of metals and ceramics It was also suggested that 
many ores had been naturally annealed 

Subsequent work has confimed the importance of 
interfacial free energies m the development of grain 
shape, but ıt has also shown that the fully annealed state 
1s far less common than was originally thought In fact 
1t now seems that the fully annealed state 1s rare among 
granular ores of “massive”? type—a conclusion reached 
as a result of the development of a new, though very 
simple, method for expressing degree of annealing 

Following the earlier work, we began investigating 
the effects of temperature on the grain structure of single 
phase sulphide aggregates, and on dihedral angles in two 
phase and polyphase aggregates It soon became apparent 
that heating led to a decrease in the spread of angle 
values as measured on a random polished section, and 
that this decrease was in some way related to both time 
and temperature Unknown to us at the time, Ikeuye and 
Smith? had observed an analogous phenomenon in the 
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Fig 1 Frequency distribution of angles as measured on a random plane 

for polyerystallme chalcopyrite (CuFeS,) A, Distribution for 450 

random measurements before heating, B, distribution for 450 random 
measurements after heating at 300° C for 47 davs 
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Wig 2. Plots of changes in spread with time at (a) 300° C, and (b) 200° C 
for chalcopyrite 


change of the dihedral angle of alumınıum-tm alloys 
(95 per cent to 5 per cent) when cold-rolled and then 
progressively annealed at 350° and 450° © By plotting 
frequency distributions of a standard 400 random angles 
measured after cold-rolling and then at successive stages 
of the anneal, Ikeuye and Smith showed a clear change in 
mode (fiom 20° to approximately the true dihedral angle 
of about 60°) and also a decrease in spiead of values ‘‘as 
measured? This, of course, involved two phases and thus 
“smpurity diffusion”, whereas the present work has been 
concerned with single-phase grain boundary migration, 
but the general analogy 1s clear 

In Fig 1 are shown frequency distributions of angles, 
as measured on a random plane, observed by us in poly- 
crystalline chalcopyrite (CuFeS,) from one of the copper 
orebodies at Mount Isa, Queensland Fig 14 depicts 
450 1andom measurements on a polished slug of this 
chalcopyzite prior to heating and Fig 1B depicts a simular 
450 measurements on the same slug after heating at 300° C 
for 47 days Decrease in spread ıs clear 

Changes of this kind can be vestigated quantitatively 
by wntroducing a measure of spread, and then plotting 
this against time for any chosen temperature Where a 
fixed number of angles is measured throughout an 
experiment, the standard deviation of the frequency of 
angles as measured 1s an adequate and convenient index 

In Fig 2, changes ın spread exmbited by two specimens 
of Mount Isa copper ore heated at 200° and 300° C, 
tespectively, are shown Apart from occasional deforma- 
tion twins and the moderate incidence of subgrains, 
there was no gross microscopical evidence of deformation 
prior to heat treatment For each experiment, a single 
slug (about 2 x1x lcm) wasused This was etched mutually 
with ammonium hydroxide~hydrogen peroxide and a 
tandom 450 angles measured The etch was then removed, 
the slug placed m glass tubing which was evacuated 
and sealed off, and the whole was then heated at the 
appropriate temperature for the appropnate tame The 
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slug was then removed, repolished, etched and measured 
agam, and soon It 1s clear from Fig 2 that the iutial 
grain boundary arrangement ın both cases was immature 
{that is, not fully annealed) On heatingand on the develop- 
ment of atomic mobility, the boundaries began to move 
towards equilibrium positions, such movement being 
more or less linearly related to time. On attamimg 
equilibrium (that 1s, completion of the anneal) the standard 
deviation, s, stopped decreasing and the curve flattened 
as shown The ultimate spread ıs rather greater than 
that which might have been expected from random 
sectioning itself‘, but this ıs undoubtedly caused by the 
slight anisotropy of the chalcopyrite, and by the small 
impurity content mevitable ın any natural ore Fig 2 
shows that rate of annealing 1s, as might be expected, 
1elated to temperature 

A statistical study of this kind ıs valuable because ıt 
depicts the overall rate of annealing of a polycrystalline 
aggregate It is also of mterest, however, to observe 
rates of grain boundary adjustment at mdividual triple 
junctions, an expermment first carried out on a metal 
(a tri-crystal of tin) by Aust and Chalmers’. Such an 
experiment has been carried out by us on a single triple 
junction in a specimen of galena (PbS) from Coeur d’Alene, 
Idaho Unhke the Mount Isa chalcopyrite, this galena 
showed a high degree of deformation, obvious even to the 
naked eye Grains were elongated and often bent, the 
whole having the appearance of a sulphide schist Tho 
behaviour of the chosen triple junction (that 1s, the relative 
movement of the three grain boundaries) at 300° C 18 
shown in Fig 3 Position 0 indicates the mitial positions 
of the grain boundaries, and positions 1 to 9 show their 
arrangements as observed at intervals during the 21 days 
of the experiment Considering that the temperature was 
a moderate one from a geological pomt of view, the 
amount of movement achieved in this short time 18 
quite remarkable 

We have also obtained results similar to those of 
Fig 2 for galena and sphalente Rates of annealing 
for the three minerals are generally comparable 
and increase fairly systematically with temperature 
Current experiments are concerned with the low tempera- 
ture regions in an attempt to estimate activation tem- 
peratures for grain boundary movement in the more 
common sulphides 

In view of the low temperatures at which gram boun- 
dary movement can be induced in sulphides, and the 
rapidity with which this progresses, 1t 1s perhaps surprising 
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Fig 3 The behaviour of a triple junction in a specimen of galena (PbS) 


annealed at 300° C for 21 days Positron 0 tndiedtes the initial position 
of the gram boundaries, and positions 1 to 9 show their arrangement 
at intervals dusing the 21 days 
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that any sulphide ores remain unannealed in nature It 
leads us to suspect that they may be a good deal less 
static than has been generally thought, and, m fact, that 
they are being more or less contmuously deformed and 
annealed It follows from this, at least for “massive” 
ores, that present textures are unlikely to mdicate the 
original physical nature of a deposit or the piocesses by 
which it was formed 

This work has been carried out under the auspices 
of the Committee on Experimental Geology and Geo- 
physics at Harvard University, and the Broken Hull 
Mining Managers Association, and we wish to acknowledge 
the generous support of both of these We also wish to 
acknowledge the :mportant part played by N Gow in 
the imitial stages of the vestigation, and the helpful 
advice of Professor Cyril Stanley Smith as 1t progressed 
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MOLECULAR STRUCTURE 


Interaction between Model Compounds 
of Actinomycin D and DNA: 
DNA Dependent RNA Synthesis 


DimetHy.-actinociny!-bis-(carboxylate) (AMD 1) and 
dimethyl-actinociny!-bzs-(u-threonate) (AMD 2) bind to 
the double stranded DNA (see following article) by a 
mechanism simular to that suggested for aromatic hydro- 
carbons! The binding sites may be related to conforma- 
tional defects the concentration of which can be drastically 
reduced by addition of spermidine This 1s very hkely 
the result of a re-ordering of the Watson and Crick model 
in solution caused by a stereospecific complex between 
the polyamine and DNA (refs 2 and 3) 

This conclusion strongly suggests that ın contrast to 
actinomycin D (ACT D}, no specific sites are involved 
in the bindmg of AMD 1 and AMD 2 to DNA Some corre- 
lation has been found to exist for actinomycin between 
interaction in specific binding sites and mbhibition of 
DNA-dependent RNA synthesis in the presence of RNA 
polymerase‘, and so we decided to study this reaction in 
the presence of AMD 1 and AMD 2. 

For this purpose, DNA-AMD 1 and DNA-AMD 2 
complexes to be used as templates in the RNA synthesis 
were prepared by equilibration of fine crystals of the two 
compounds with DNA (Sigma, Type 1) solutions in the 
cold (4° C) for 4 days and centrifugation, as described 
in the following article A sample of DNA solution 
was treated in the same way and used as control RNA 
polymerase (Miles) from Mverococcus lysoderktacus with 
an enzyme activity of 700 u/mg (ref 5) was used Re- 
actions were performed at 30° C, 10mm ın a final volume of 
03 ml containmg 01 molar trs pH 75, 25 mmolar 
MnCl,, 16 mmolar spermidine hydrochloride (Fluka), 
1 mmolar CTP, GTP, UTP and “C-ATP (2,100 epm/ 
mymole), and 200 mymoles of DNA control or DNA- 
AMD 1l or DNA-AMD 2 and 4 ug of the enzyme The 
mhibition of RNA synthesis by actmomycin was studied 
in the same experimental conditions, by adding to the 
DNA control increasing amounts of actinomyem D (a 
gift from Merck, Sharp and Dohme Research Laboratones) 
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Fig 1. Percentage of RNA synthesisin presence of O, actinomycin D, 
Q, AMD 1.and@, AMD2 100 per cent corresponds to theincorporation 
of 2 mmoles of “C-AMP For experimental details see text 


The reaction was terminated by chillmg im ice and add- 
ing an equal volume of cold 10 per cent trichloroacetic 
acid, the precipitate was collected on a ‘Millipore’ filter 
and washed extensively with cold 5 per cent trichloro- 
acetic acid. The filters were dried and counted in a liquid 
scintillation counter (Nuclear Chicago). The results of 
these experiments are shown in Fig 1 Compounds 
AMD 1 and AMD 2 do not mhibıt the DNA-dependent 
RNA synthesis and give the same results as the DNA 
contrul at concentrations comparable with those of actino- 
myein D which mhuibits the reaction more than 80 per 
cent. In absence of spermidine the extent of the RNA 
synthesis 18 25 per cent lower for both DNA control and 
DNA-AMD 1 or DNA-AMD 2 

These results indicate that specific bmding of actino- 
mycin D to DNA which causes inhibition of RNA synthe- 
sis must necessarily involve the pepude lactone, although 
the isolated aromatic moiety of actinomycin can also 
interact with DNA 

This work was supported by the Consigho Nazionale 
delle Ricerche, Roma, Italy 
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Interaction between Model Compounds 
of Actinomycin D and DNA: 
Physicochemical Studies 

TEE remarkable inhibitory effect of actmomyem D on 
DNA dependent RNA synthesis has been correlated with 


its ability to mteract in a specific way with the DNA 
template’. The nature of the sites of teraction has 
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Fig 1 Absorption spectra of AMD 1 (left) and AMD 2 (right) in an 
aqueous solution of DNA (— — ~ -) and ın water ( ) 





been investigated by physicochemical and biochemica" 
methods*-4 For this purpose several chemical modifica- 
tions of the actmomycin have been tried Studies of 
simple chemical analogues of actinomycin which lack the 
peptide lactone moiety have, however, probably been 
discouraged by the great decrease m water solubility which 
1s produced by the removal of the non-phenoxazone region 
of the molecule Previous experiments ın our laboratory 
have provided useful mformation on the imteraction 
between DNA and polycyclic aromatic hydrocarbons®*, 
which are sparingly soluble in water, through the introduc- 
tion of a technique based on solubilization phenomena 

This method has been used ın the present work ın order 
to study the interaction of DNA with two model com- 
pounds containing the chromophore group of actinomycin 
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AMD 2 
Dimethyl-actinocinyl-bis- 
(t-threonate) 


AMD 1 
Dimethyl-actinocinyl-bis- 
(carboxylate) 


These compounds were prepared from 2-methoxy-toluic 
acid (Aldrich) through either five or sıx steps, respec- 
tively’-* Their solubilities in DNA solutions and ın water 
were determined according to the technique described 
earher®:® Fime crystals of AMD 1 and AMD 2 were 
equilibrated with solutions of DNA (Sigma, type 1) or 
with doubly distilled water for 8 days at 25° C by gentle 
shaking in the dark 

After centrifugation at 60,000g for 1 h in the Spinco 
LHYV ultracentrifuge, or filtration through smtered glass 
G4, the solutions were extracted with chloroform and the 
concentration in the organic layer was determined from 
the absorption at 437 my for AMD 1 (e= 27,000) and at 
444 mu for AMD 2 (<=27,800) In Table 1 the sou- 
bilities in water and in DNA solutions are reported 


Table 1 
Compound Solubilities at 25° C in 
Water DNA solution* 
(after deduction of 
the solubilities in 
water) 

AMD 1 16 x 10~ moles/! 32 x 10-5 moles/l 
AMD 2 10 x 10-¢* moles/! 12 x 10-5 moles/! 


* DNA concentration 4m equiv j! phosphate 
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The solubihty ın water of both compounds 1s extremely 
low compared with that of actinomycin’ In the presence 
of DNA, however, there 1s a marked increase In Fig l, 
the absorption spectra of AMD 1 and AMD 2 ın water 
and in DNA solution are shown As [ın the case of actino- 
mycin}, a marked red-shift, 31 my for AMD 1 and 13 mu 
for AMD 2, and a hypochromic effect (AMD 1, Esr = 
15,000, AMD 2, e,,,=16,000) are observed in DNA 
solution with respect to the aqueous solutions 

Both the solubilization of AMD 1 and AMD 2 ın water, 
induced by DNA, and the red-shift of the absorption 
spectra. are very reminiscent of simular effects which were 
observed in the case of aromatic hydrocarbons? For the 
latter compounds it has been proposed that their molecules 
are inserted into defectrve regions of double stranded 
DNA and establish perpendicular interactions with the 
bases The crystal and molecular structures of complexes 
between aromatic hydrocarbons and a fully methylated 
purine strongly support this model?!-13 

A similar explanation could apply to the interaction 
between DNA and AMD 1 and AMD 2 The average 
number of phosphorous atoms per molecule of AMD 1 
and AMD 2 bound can be calculated from the data m the 
table after making allowance for the solubilities in water 
The values so obtained are 1 44 and 1 125 which are 
of the same order of magnitude as those obtained for 
3,4-benzpyrene. 

As a further control of the hypothesis of a common 
mechanism for the binding of AMD 1 and AMD 2 and 
aromatic hydrocarbons to DNA, the influence of spormi- 
dine in the solubihzation of AMD 1 and AMD 2 ın the 
presence of DNA was studied 

The curves of Fig 2 compare very closely with a simular 
curve showing the effect of spermidine in. the binding of 
3,4-benzpyrene which was studied with the same tech- 
nigue® As in the case of aromatic hydrocarbons the 
decrease of binding sites for AMD 1 and AMD 2 which 
was brought about by addition of spermidine can be 
interpreted as being caused by the elimination of the 
conformational defects as a result of a stereo-specific 
complexing of the polyamine to DNA™ In conclusion, 
whereas actinomycin presents a strong binding to specific 
sites followed by a weak extensive binding, according to 
the mechanism proposed for the insertion of AMD 1 and 
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corresponding to the number of 
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AMD 2 ın conformational defects of DNA, no specificity 
should be expected in this latter case This 1s regardless 
of the similar optical changes which were observed when 
actinomycin and AMD 1 or AMD 2 interact with DNA 
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Molecular Structures of Propargyl 
Alcohol and Propargyl Amine from 
Microwave Spectra 


PROPARGYL alcohol and propargyl amme are of particular 
structural interest, because they belong to the rare class 
of substituted derivatives of methanol and methylamine 
in ‘which the only possibilities of rotational isomerism 
are those associated with the COH or CNH, groups We 
have assigned microwave spectra for six isotopic forms of 
propargyl alcohol and for the normal form of propargyl 
amine The moments of inertia show that the rotamers 
concerned are those in which the OH and both NH 
bonds occupy gauche positions, that 1s, subtend dihedral 
angles ın the region of 60° with respect to the acetylenic 
group. In the alcohol, the properties of the potential 
function for internal rotation are reflected in the occur- 
rence of spectra of molecules in a very low-lying excited 
state and in the occurrence of series of spectral lines with 
first-order Stark effects 


Table 1 ROTATIONAL CONSTANTS 


Molecule and state A (MHz) B(+01) MHz €(+01) MHz 

HCC CH,OH state 1 33,000 4,700 23 4,232 26 
i state 2 — 4,684 19 4,227 99 
HCC CH,OD state 1 — 4,812 73 4,130 68 
state 2 _ 4,600 74 4,127 71 

DCC CH,OH state 1 — 4,360 65 3,044 66 
state 2 — 4,345 77 3,940 89 

HOC CD,OH state 1 — 4,578 71 4,087 81 
state 2 — 4,584 15 4,084 25 

DCC CH,OD atate 1 — 4,282 04 3,852 89 
state 2 ~ 4,271 32 3,850 08 

H CC CD,OD state 1 — 4,500 08 3,992 13 
state 2 — 4,489 53 3,989 81 

HCC CH,NH, 29,619 46 £0 1 4,595 12 4,160 62 
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The spectroscopic constants are shown in Table 1 
For the alcohol, observed transitions are all caused by 
the component of the dipole moment in the A-axis of 
inertia, a total of some hundred lines were assigned on a 
ugid-rotor basis For the amine, lines caused by com- 
ponents of the dipole in both the A- and B- axes were 
assigned. 

The spectrum of the alcohol consists of two chef 
series of lines, the intensities of one series bemg only 
shghtly greater than those of the corresponding members 
of the second For convenience, we have distinguished. 
the constants for the stronger series as those of the ground 
state (state 1) and those for the other series as belonging 
to a very low-lying excited state (state 2) A number of 
lines caused by other states of the molecules are also 
present With any reasonable set of structure parameters 
the constants of all forms correspond convincingly only 
with those expected fo. the gauche rotamer In particular, 
the changes in B and C accompanying deuteration can 
be accounted for only with this geometry, which 1s that 
expected by analogy with the conformation found for 
allyl alcohol! Since beginning this work, we have learnt 
of similar measurements on propargyl aleohol by Dr E. 
Hnota?, at the University of Tokyo, and we are grateful 
to him for allowing a comparison of the data obtained by 
our two groups Agreement of the rotational constants 
is very good, and Dr Hirota has made a considerably 
deeper study of the internal rotation problem, which we 
shall accordingly not discuss ın detail here The suggestion 
that the low-lying excited states a1ise from a rather easy 
tunnelling of the OH proton from one of the two equiva- 
lent gauche positions to the other fits well with Dr 
Hirota’s theoretical analysis of the spectra, including 
the series of hnes with first-order Stark effects 

The rotational constants for propargyl amine, all of 
which can be evaluated with gh accuracy, show that 
four hydrogen atoms aie outside the HCCCN plane, and 
thus the spectra are those of the form in which the NH, 
group straddles the acetylenic bond In accordance with 
this we have not found lines at the accurately predicted. 
frequencies where absorption caused by any C-component 
of the dipole moment would he Support 1s also found in 
the nuclear quadrupole coupling constants for nitrogen, 
which have the values 


eqQ@a= —3 00 MHz, eqQ,=1 34 MHz, eqQ-=1 66 MHz 


The coupling tensor ıs thus roughly symmetrical about 
the A-axis of inertia and the constants are approximately 
consistent with the lone-pair electrons on the nitrogen 
being directed roughly along the A-axis This would be 
expected for the proposed rotamer, but not forthe other 
rotamer in which the lone pair 1s adjacent to the carbon— 
carbon triple bond No intense satellite spectra have been 
observed for the amine, in contrast with the alcohol, and 
this, too, conforms with the proposed geometry 
We are continuing to seek spectra of the alternative 
rotamers of both these substances, and 1t 1s hoped that 
evidence of the importance, or otherwise, of these will 
be obtained from high resolution infrared studies of 
both molecules, over a range of temperatures, which aie 
in progress Work on the microwave spectra 1s also bemg 
extended in order to obtam more detailed structural 
information 
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Empirical Correlation between the 
Molecular Electric Field Gradients and 
the Average Molecular Polarizabilities 
of some Halogen Compounds 


A NUCLEAR quadrupole resonance signal! ıs spht into two 
components by electrostatic fields? with up to maximum 
field strengths of 50 kV/em The separation between the 
two components 1s a linear function? of the polarizability 
of the molecular species under mvestigation The aim of 
this communication 1s to demonstrate the general validity 
of this particular relationship? which ıs in fact independent 
of any restiicting expermmental conditions, for example 
application of an electrostatic field (Stark effect?) Although 
there are relatively few compounds for which both the 
nuclear quadrupole resonance and molecular polarizability 
data are available, the general validity of the correlation 
between the molecular polarizability and nuclear quadrupole 
resonance parameters, such as the molecular electric field 
gradients gz, can be demonstrated conclusively in the 
series of the homologous compounds CH,Cl, CH,Cl, and 
CHCl, The relevant experimental data’-? are shown in 
Table 1 and illustrated ın Fig 1 
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Fig 1 Linear correlation between the molecular electric fleld gradient 
lrg and the average molecular polarizability a of the non-spherical 
molecules CH,C! (a), Ch,Cl, (b) and CHCI, (c) 


The molecular electric field gradients, gzz*, used for Fig 
l were calculated from the nuclear quadrupole resonance 
frequencies of chlorine-35 ın the molecules under nvestiga- 
tion It should also be mentioned that the electron polaziz- 
ability®, P+ Pa, 1s linearly related to the molecular 
electric field gradient 

The existence of the general correlation mmplies that for 
the compounds considered a simuar relationship might 
hold for the nuclear quadrupole resonance and Raman 
data because the appearance of Raman vibrations depends 
upon the molecular polarizability, which m turn is related 
to the molecular electric field gradient It ıs therefore 
interesting to note that if the Raman active vg_¢l(x) 4, 
frequencies* (expressed ım wave numbers) are plotted 
against the nuclear quadrupole resonance frequencies, the 

* The molecular electric fleld gradient was calculated with the aid of the 
following formula*® 
70%, 

2h 
where e ig the electronic elementary charge, Q 18 the electric nuclear quadru- 
pole moment of C, Gaz 38 the molecular electrice field gradient at the Ol 
nucleus fis Planck’s constant and » is the pure nuclear quadrupole resonance 
frequency 


v= 
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Fig 2 
(NOR) frequency and the »--<1 (x) A, Raman vibration of the non- 
spherical molecules CH, CI (a), CHCl, (b) and CHCI, (e) 


points 1epıesentıng the various chloromethanes fall on a 
smooth curve (see Fig 2) 

The Raman frequencies used ın Fig 2 are summarized in 
Table 1 

In the series of the chlorine derivatives of methane 
carbon tetrachloride seems to behave anomalously with 
respect to the rule developed This suggests that ın the 
case of spherical molecules other rules are necessary to 
describe the dependence of the molecular electric field 
gradient on the molecular polarizability The new cor- 
relation (equation (3)) can be deduced in the following 
way 

According to Clausius! and Mosotti*, the molecular 
polarizability of sphere-like molecules 13, to a good 
approximation, a function of the third power of the 
molecular radius R, 


a= R3 (1) 


On the other hand, the molecular electric field gradient 
at the chlorine nucleus is a function of the inverse of the 
third power of the average distance, r, between the quad- 
rupolar nucleus and the 3p, valence electron of chlorine, 


AOA @ 


Combining equation (1) with ae (2) gives 
~(=2) 


aa < J 


From equatıon (3) ıt would be expected that ın the case of 
sphere-lıike molecules the molecular electric field gradient 
1s proportional to the mverse of the molecular polariz- 
ability Equation (3) takes into account the fact that the 
quotient 1/« concerns the sphere-like molecule as a whole 
while <1/r?>gp characterizes one of the four chlorine atoms 
of the tetrachloride 

The validity of equation (3) can be checked with the 
series of compounds CCl, S:Cl, GeCl, and SnCl, For 
the graphic representation of equation (3), the electron 
polarization®:® values Pp+a of the tetrachlorides are used, 
for the molecular polarizability 1s not available im all fow 
cases This procedure is justified because according 
to the equation 


Guz = ( 


(3) 


the electron polarization ıs proportional to the molecular 
polanzability Fig 3 shows a plot of the molecular electric 
field gradient of sphere-like molecules against the mverse 
of the electron polarization * 
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‘Table 1 
Nuclear quadrupole resonance Molecular electric 
Substance frequency of *Cl (at 77° K) field gradient gz7 
CH;,Cl 34 029 MHz (ref 3) 24 75 x 10% cm~ 
CH,Cl, 35 991 MHz (refs 3-5) 26 17 x 10" em? 
CHO 38 254 MHz (refs 3, 4, 8) 27 81 x 10°! cm 


As indicated by Fig 3, equation (3) describes ın a fairly 
satisfactory manner the lmear dependence of the molecular 
electric field gradient upon the mverse of the electron 
polarization, and therefore also upon the inverse of the 
molecular polarizability ın all cases except that of SiCl, 
The anomalous behaviour of $1Cl, with respect to equation 
(3) ıs a consequence of the particular double bond character 
which causes both the silicon-chlorine bond distance and 
the chlorme nuclear quadrupole resonance frequency to 
deviate irregularly from those of the homologous tetra- 
chlorides A further reason 1s a possible strong deviation of 
solidified §:01, from the spherical symmetry which 1s 
characteristic of this molecule m the gaseous state In 
this regard 1t should be noted that the nuclear quadrupole 
resonance spectra of the tetrachlorides of the elements of 
the fourth chief periodic group can only be recorded ın the 
solid state (that 1s, at 77° K) The expemmental findings 
relevant to the particular problem of SiCl, are summanzed 
m refs 14 and 15 


Table 2 
Nuclear quadrupole Molecular Electron- 
Substance resonance frequency of electric polarization 
360] (at 77° K) fleld gradient Ge, 


COL 40 8 MHz (refs 3,4,6) 20952x10%cm-* 282 cm? (ref 8) 
(average value) 

SCl 20 464 MHz (ref 3) 14 88 x 10°%t cm~? 28 7 cm? (ref 9) 

GeCh, 25 746 MHz (ref 3) 18 72x10% cm 38cm‘ (ref 8) 

Sncl, 24 204 MHz (ref 3) 17 66x10% cm 455 cm? (ref 8) 


Although the data considered are rather muted in 
number, it 18 conclusively shown that the molecular 
symmetry determines the nature of the dependence of the 
molecular electric field gradient upon the molecular 
polarizability The results presented thus supplement 
various empirical correlations put forward For example, 
Gerdil* showed that a linear correlation exists between the 
nuclear quadrupole resonance and infrared absorption 
frequencies (thus continumg earher investigations by 
Lucken and Whitehead!) Further, Iredale’*® related 
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Fig 3 Linear correlation between the molecular electric field gradients 
Gan? and the inverse of the electron polarization, WP, +P A ofsphere-like 


molecules a, Snch, b, GeCl,, e, CCl, 


4 58 x 10~4 em? (ref 7) 
6 48 x 10-** cm! (ref 7) 
8 23 x 10-4 om? (ref 7) 
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Average molecular 
polarizability @ 


Electron- 
polarization (Pp+P,) 
13 6 em? (ref 8) 


20 cm (ref 8) 
26 6 cm? (ref 8) 


roc (n) 4; Raman 
frequency (cm-) 
732 em~ (ref 10) 


700 cm~! (ref 10) 
687 4 om~ (ref 10) 


nuclear quadrupole resonance frequencies to polarographic 
half-wave potentials, and Meal’? and Bray and Barnes” 
demonstrated linear correlation between nuclear 
quadrupole resonance coupling constants of substituted 
chlorobenzenes and the Hammett o values of the sub- 
stituents 
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BIOCHEMISTRY 


DNA Dynamics in Rat Granulopoiesis 
studied by Cytophotometry 


THE theory that the DNA content of cells remains con- 
stant has been widely accepted, but some workers'-* 
presume that DNA content decreases ether during the 
mitosis of the precursor cell (hypoploidy*, haploidy*) or 
during the mterphase maturation of the myelocyte stage 
into the granulocyte stage Another open question 1s. 
which myeloid cells are capable of DNA synthesis and 
mitosis? Most authors express the belief that these are 
the myeloblasts, promyelocytes and myelocytes*” Recent 
evidence, however, indicates that some metamyelocytes 
can synthesize DNA This has been shown in the bone 
marrow of the guinea-pig after haemorrhage, by labelling 
with *H-thymidine and by cytophotometry®, ın irradiated 
rats as well as normal rats, by autoradiographic methods? ; 
and m humans, by cnematomicrography'* 

These data and the fact that we had previously” 
observed division m the more differentiated myeloid cells 
of rats justified an investigation to find out, by different 
methods, whether DNA synthesis and mitosis could be 
seen in rat metamyelocytes in homoeostatic conditions 

Myeloid cells were obtained from twenty Wistar rats 
of ether sex weighing 80-120 g The animals were 
decapitated, the bone marrow plug was removed and 
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Fig 1 Histograms showing DNA content in myeloblasts (MB) 
promyelocytes (PMC), myelocytes (MC), metamyelocytes (MMO), an 
granulocytes (GC) of myeloid cella 


thoroughly mixed with Tyrode solution by careful shaking 
The cells were sedimented on quartz plates, and fixed 
in a 9 I mixture of methanol and formalin, stained 
by the Feulgen reaction, and mounted with ‘De Pe X’ 
medium DNA content was measured with an Opton 
Umep-1 m monochromatic hght of wavelength 560 my, 
and expressed in arbitrary units. Differential diagnoses 
were made m a phase contrast microscope fitted with an 
ocular micrometer (x 1,250) The stages of maturation 
were identified by the criteria described earher! The 
DNA content in 306 myeloid cells was recorded ın five 
compartments myeloblasts, promyelocytes, myelocytes, 
metamyelocytes and granulocytes Histograms are 
shown in Fig 1 

The diploids fell within the range of 85-115 arbitrary 
umts These were the granulocytes and most of the 
metamyelocytes The rest of the metamyelocytes 
were hyperdiploids and tetraploids Measurements 
showed them to amount to 21 per cent, but because we 
had selected, rather arbitrarily, the more intensely 
Feulgen-reactive metamyelocytes, ıt 1s safe to say that 
they amounted only to a small percentage Most, but 
not all, the metamyelocytes with a higher DNA content 
were larger than average 

Myelocytes showed the frequency distribution of a 
highly proliferative population The slight shift to the 
right of the peak of the diploid DNA values was probably 
caused by cells in the early S phase 

The DNA content of a large proportion of the promye- 
locytes fell within the range 190-233 arbitrary units, 
that 1s, they were tetraploids The diploid cells were 
conspicuous for their small number The ratio between 
2n, hyperdiploid, and 4n promyelocytes was 1 3 4, 
indicating the presence among them of a number of cells 
with a comparatively long G, To establish the most 
reliable differential diagnoses possible with the phase 
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contrast microscope, only cells with perforated ring shaped 
nuclei were selected for the DNA measurements, except in 
the myeloblasts 

The frequency distribution of DNA contents m myelo- 
blasts showed a small heap of diploid cells They were 
too few in number to establish the ratio between them 
and the hyperd:ploid and tetraploid cells 

Not one of the 306 myeloid cells measured was of higher 
than tetraploid values (AUma,= 233, a single promyelo- 
cyte) 

To test our cytophotometric data, some preparations 
were stained not with leulgen but according to the 
Pappenheim method for autoradiography (unpublished 
work of G Rappay and A Balazs), These studies showed 
that between 10 and 12 per cent of the metamyelocytes 
took up *H-thymidine and that they incorporated approx- 
mately as much labelled thymudine as did the promyelo- 
cytes with perforated nuclei 

Our findings suggest the following principal conclusions. 
We found that 50 per cent of the promyelocytes were 
diploids and hyperploids and that in none of the promyelo- 
cytes was the DNA content more than double that in the 
diploid myelocytes This seems to contradict the earlier 
assumption that the division of promyelocytes leads to 
hypoploid‘ or even haploid’ amounts of DNA This 
assumption 1s also in marked contrast with evidence 
produced by Lennartz et al}* that the time of DNA 
synthesis (ts) ıs twice as long m tetraploid as m diploid 
cells, whereas ın promyelocytes and myelocytes it 18 
about the same length*®?* Concermng the earlier 
assumption that DNA content decreases during inter- 
phase maturation’-*.7.14, we found a shift to the left ın 
the heap of metamyelocytes ın relation to the myelocytes 
Nevertheless, on cytophotometric evidence alone it 3s 
difficult to decide conclusively whether the shift was 
caused by actual loss of DNA or by the additive effect 
of cells in the early S phase, or to both. The transition 
between metamyelocyte and granulocyte 1s easier to inter- 
pret adequately In the present work, the mean DNA 
value for all metamyelocytes and granulocytes was 
1215 and 996, respectively, but if we disregard the 
hyperd:ploid and tetraploid metamyelocytes we find that 
the difference between the two diploid cell heaps 1s not 
statistically significant. 

it ıs now generally accepted*? that the myelocyte com- 
partment ıs the last ın which there 1s DNA synthesis 
during granulocytosis Yet some metamyelocytes, chiefly 
megametamyelocytes with a nuclear diameter of 13-15y, 
had been reported to be hyperdiploids or tetraploids*® 
We made the same observation with metamyelocytes of 
smaller diameter (10-12 5u) (ref 11) We have never 
encountered greater than tetraploid DNA values (com- 
pare reported findings in rabbit metamyelocytes") 

The large heap of promyelocytes can be interpreted ın 
either of two ways (1) These cells are members of a 
homogeneous population with a long G, period Because 
tg has been shown’? to be independent of tg,+tmy, a 
shortened G, phase looks obvious No doubt a umform 
cell compartment ın which the 1atio of ts to fg, 18 1 13 
does strike one as quite unusual The other, and perhaps 
more likely, explanation 1s that there is, at least in 
the rat, a heterogeneous population of promyelocytes 
Because tg 1s the same throughout®!*, while tg gets longer 
as myeloid differentiation progresses*-*+?°, 1b seems justified 
to postulate, ın addition to the meessantly maturing and 
drvidmg population, the existence of another promyelo- 
cyte population which has a comparatively long @, 
These cells might serve as a rapidly mobuilizable reserve 
in rat bone marrow, as was suggested ın some other 
respects by Gelfant' as well as by Lord? 

We have heard of Morrson’s pape: (Trans Amer 
Mecrose Soc, 84, 17, 1965) only after completion 
of our manuscript His findings are in good agree- 
ment with our results and support in some aspects our 
conclusions 
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Intermolecular Relationship between 
Neutral-salt-soluble and Acid-soluble 
Collagen 


SOLUBLE collagen can be extracted from collagenous 
material with neutral salt solutions and weak acids These 
extracts display many similar physical and chemical 
characteristics, but differ significantly with respect to 
ther solubility Neutral-salt-soluble collagen has been 
shown to be the precursor collagen!*, with acid-soluble 
collagen being the more mature fibre-formmg protem’ 
The relationship between these soluble collagens which 1s 
usually accepted relies on the presence or absence of intra- 
molecular cross inks Apart from hydrogen bonds no 
intramolecular bonds are considered to occur ın neutral- 
salt-soluble collagen On the other hand, acid-soluble 
collagen 1s formed as intramolecular bonds are introduced 
into neutral-salt-soluble collagen Such a relationship 
alone 1s insufficient, however, to explain the very different 
solubility properties of these two forms of collagen It 
is therefore proposed that neutral-salt-soluble and acid- 
soluble collagen are related on an mtermolecular basis 
in their native environment, but that their subsequent 
extraction in mildly acid and basic conditions results in 
the degradation of terminally located telopeptides, which 
play a vital part in the properties of these collagen prepara- 
tions The evidence for this theory 1s now outlmed 

A topic which has been the subject of some dispute 1s 
the relative proportions of « and 8-sub-units ın denatured 
soluble collagens Some workers have shown that neutral- 
salt-soluble collagen contains only «-sub-units*§, while 
others have shown the presence of 6-sub-units as well”:4,7.8 
Some authors®-" have reported no differences in the sub- 
unit composition of neutral-salt-soluble and acid-soluble 
collagen prepared from the same source A more detailed 
study of the monomeric nature of neutral-salt-soluble 
collagen, and its preparation, would seem to explain 
many of the contradictory findings about the relationship 
between neutral-salt-soluble and acid-soluble collagen 
The term monomeric tropocollagen refers here to the native 
monomer with intact terminally located telopeptide side 
chains It 1s postulated! that side chains rich in acidic 
residues are present at the one end of the molecule, mnduc- 
ing a small net negative chafge, while side chams nich in 
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basic residues are present at the other extiemity of the 
molecule, mducing a small net positive charge A number 
of workers!*-"" have isolated telopeptides rich in both aeidie 
and aromatic amino-acids, while Cooper and Davidson? 
have reported the presence of three relatively large basic 
telopeptides While the acidic telopeptides have been 
shown to be labile in alkalme conditions, the basic telo- 
peptides may be labile in acid conditions The failure to 
report the presence of such basic telopeptides in many 
acid-soluble collagen preparations would suggest that 
they are lost during preparation in weakly acid con 
ditions 

In the case of neutral-salt-soluble collagen the initia) 
extract yields a large collagen fraction which when 
precipitated by lowering the pH with acetic acid becomes 
largely insoluble ın 10 per cent NaCl even after very exhaus- 
tive extraction The mitial ability of such neutral-salt 
soluble collagen to form insoluble polymeric material as 
well as to gel at body heat**-?° would strongly suggest an 
intermolecular polymerization mechanism involving telo- 
peptide lmkages Furthermore, the extraction of the 
mitial collagen precipitate with dilute acetic acid results 
in a soluble collagen fraction incapable of undergoing 
vigorous polymerization or gelating at body heat The 
progressive depolymerization of the imutial collagen 
precipitate in weakly acid conditions 1esulting m the loss 
of telopeptide side chains would explain such findmgs 

If native neutral-salt-soluble collagen 1s the tropo- 
collagen monomer, then the possible dimeric character of 
acid-soluble collagen must be considered Acid-soluble 
collagen prepared by repeated phosphate precipitation in 
alkaline conditions has been fractionated on CM-cellulose 
yielding the a, 1, B11, Big and «s sub-units®?2 It must 
be noted, however, that acid-soluble collagen prepared 
using no phosphate precipitation has been shown to 
yield major unknown components- Davidson and 
Cooper** have related four such components to the 
101, OMe, BiBi and BiBi dimeric sub-units, respectively, 
and attribute their presence to the dimeric nature of the 
parent material Such a dimeric parent material would 
explain the {..-sub-unit reported by Bornstein et al %8, as 
well as the presence of only 8-sub-untts in an acid-soluble 
extract reported by Bakerman and Hersh?’ 

The presence of dimeric sub-units m solutions of de- 
natured collagens 1mmediately stresses the need for 
extreme caution in the interpretation of sedimentation 
data Davidson and Cooper?! have shown that the major 
dı% and Az% components sediment with the B-sub-umits, 
and suggest that the minor Bupi and B,.8,;. components 
(molecular weights approximately 350,000) may be incor- 
rectly characterized as gamma components A molecular 
weight of 260,000 for the collagen monomer*, as well as 
the wide range of molecular weights and «+8 ratios 
reported in the hterature, would support such findings 
Such evidence immediately casts doubt as to the labile 
nature of the 8-sub-unit in certam prescribed conditions 
when using evidence from sedimentation??.17-31-33 Mazu- 
rov and Orekhovitch? found no degradation of the 6-sub- 
unit at pH 9 The depolymerization of the «,0, and at, 
components may in some cases explain such findings 

While numerous values for the intrinsic viscosity of 
collagen appear in the hterature (see summary by Kahn 
and Witnauer**), the absenceof values extrapolated to zero 
rates of shear makes any comparison difficult Davison 
and Drake** quote a value of 10 dl /g for pronase treated 
monomeric tropocollagen at zero 1ate of shear, and 
attribute their higher values for untreated acid-soluble 
collagen (17-20 dl /g) as resulting from the presence of 
linear polymers Kahn and Witnauer*™ quote a value of 
27 dl jg for acid-soluble collagen at low rates of shear, 
which would support the theoretical supposition that the 
collagen dimer is terminally linked with a 10 per cent 
overlap*, and would display an intrinsic viscosity of 
approximately 30 dl /g This evidence would also sug- 
gest that acid-soluble collagen 1s drmerie 
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Native Dimer 
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+ 
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-d Collagen 
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| 10% Nac ja. aclid 
+ 
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A + 
+ 
+ 
~ Na 
Neutral-salt- 
soluble collagen 7 
dil. acid Yd acid Alkall-soluble 
collagen 
1. pronase 
polymerized dli. acid 2. dil. alkall 
collagen —» + am 
3. Irradtation 
_ 4 sonication 
Peptideless 
- Monomer 
Acid-soluble 
callagen 
Fig 1 Intermolecular relationships between soluble collagens 


When related to the current methods of extracting 
soluble collagens, much can be explained using this 
hypothesis First, the preparation of neutral-salt-soluble 
collagen would initially yield an active monomer which 
when acidified would yield an msoluble polymer (Fig 1) 
Subsequent extraction with dilute acetic acid would 
yield a mixture of soluble inactive monomer and mactive 
dimer, which on further purification would result m the 
progressive enrichment of mactive monomeric collagen 
Second, the preparation of acid-soluble collagen after 
previous removal of neutral-salt-soluble collagen would 
result m an initial extract of inactive dimeric collagen 
which on further purification would be progressively 
enriched with inactive monomeric collagen In both 
cases the resultant monomer-dimer content will depend 
on the number of purification stages carried out, as well 
as on the pH conditions used These conclusions would 
indicate that native monomeric tropocollagen can only 
be prepared in a neutral medium of high 10me strength 
Such a medium would effectively smother any electrostatic 
interaction of the high active collagen monomer, and so 
inhibit polymerization (Fig 1) 

The term lmnear polymerization seems to explain the 
well ordered mechanism of fibre formation from native 
tropocollagen monomers, while the term aggregation can 
be applied to those preparations ın which the partial or 
complete destruction of telopeptide side chains has taken 
place, resulting in an rmpaired ability of such preparations 
to form insoluble native fibres 
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Proposed Procedure for the Allocation 
of Trivial Names to the Gibberellins 


THE symbols A;, Áz As and A, were originally used by 
Takahashi et al.1? to denote the first four gibberellins, 
isolated from the fungus Gibberella fujskuror This con- 
venient trivial nomenclature was continued by MacMillan 
et al *-5, Cross et al 8-8, Hanson®?* and Galt+!-?2 to melude 
gibberellins A, to A,, Contimuity of the sequence gıb- 
berellins A, to A,, has been maintamed, and confusion 
avoided, for the following two reasons First, gibberellins 
A, to A, were named by one group at the University of 
Tokyo and gibberellins A, to A,, by a second group, 
who kept in personal contact when the Akers Research 
Laboratories, ICI, Ltd, where they worked was closed 
down. Fortuitously, there was no overlap in time between 
the numbering of these two groups of gibberellins by these 
two groups of workers Second, Tamura and his group 
and Mitsui and his colleagues have avoided possible 
confusion while waiting for an agreed procedure for the 
allocation of gibberellin A numbers, by using provisional 
names for thew recently discovered plant gibberellins 
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based on their source, namely, Bamboo"™-4, Pharbitis', 
Canavaha-I and -IT'*1?, Lupmus-I?* and Lupmus-IT (per- 
sonal communication from K Koshimizu and T Mitsui) 
gibberellins 

Several plant physiologists have suggested to us that 
the present circumstances provide an’ opportunity to 
devise an entirely new system of trivial names, based on 
structural type We believe that this would result in 
complete confusion Names based on the origmal source 
of isolation have obvious disadvantages, for example, 
Bamboo gibberellin has been found” in seed of Phaseolus 
multiflorus We therefore propose that the gibberellin 
A, An system of trivial names be extended to include 
the Bamboo, Pharbitis, Canavalia and Lupmus gibberel- 
lns (see Fig 1) We further propose the adoption of the 
following procedure for the allocation of gibberellm A 
numbers to future gibberellins One of us (J MacMillan) 
will allocate consecutive numbers gibberellin Ao, As 
on request His task will simply be one of book-keeping 
and the release of a number will umply no judgement on 
the correct application of gibberellin nomenclature; the 
naming of a compound by this gibberellin number would 







Provistonal Structure* Proposed Provisional Structure* Proposed 
name A number name A number 
CH, CH, 
Aut Pharbitis rs 
CH, 
Canavalia-I 
Ay 





Luptnas-I 


Bamboo 





CH, COnH 
. 


Fg i 


An 


* The depicted absolute stereochemistry is mainly by analogy, except for Ass 





Canavalia-IT 


Lupints-IL 





\ 
CH, CO,H 
t Isolated as the methyl ester only 
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remain the sole responsibility of the investigator(s). Fol- 
lowing precedent, these A numbers should be used only 
for naturally occurring, fully characterized compounds 
which possess the gibbane skeleton and the appropriate 
biological properties; A numbers need not be used for 
naturally occurring derivatives of previously described 
gibberellins, for example, 2-O-acetyl gibberellin A, (ref. 
20). To help determine whether a suspected new gibberel- 
lin is distinet from those previously described, as complete 
a collection as possible of infrared and mass spectra of 
the known gibberellins will be held by us both. 

These proposals have been discussed with, and approved 
by, other workers in the field. We hope that they will be 
generally adopted. 

It should be noted that the gibberellin A numbers do 
not necessarily follow the order of discovery. For example, 
gibberellin A, was the first characterized gibberellin and, 
indeed, the name gibberellic acid takes precedence over 
gibberellin A, although the latter name is now more 
convenient. Also, gibberellin A,, was isolated after 
gibberellins A,, to Ao. 

A complete list of the gibberellins known at present 
and their structures is provided by our Fig. 1 and Fig. 1 
of Cavell et al”. 
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PATHOLOGY 


Segmental Demyelination of Peripheral 
Nerves in Krabbe’s Disease 


Tue current literature contains many references to peri- 
pheral neuropathies in a variety of conditions'-4. This 
communication describes a peripheral neuropathy asso- 
tiated with Krabbe’s globoid cell leucodystrophy which 
ig a@ progressive heredofamilial neurological disorder of 
infancy, and is usually diagnosed by either brain biopsy 
or at necropsy by the demonstration of characteristic 
“globoid” cells in the white matter. Bachhawat et al.® 
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have described a deficiency of cerebroside sulphotrans- 
ferase in the brain of two eases. Clinical descriptions and 
details of investigations of a series of patients suffering 
from this rare condition are in preparation. 

Peripheral nerves were obtained at biopsy or neeropsy 
in four cases of Krabbe’s leucodystrophy aged between 
7 months and 21 months. Portions were “snap” frozen or 
fixed in buffered formalin. Part of one biopsy was pro- 
cessed for electron microscopy. Paraffin sections were 
stained with haematoxylin and eosin, periodic acid—Schiff 
(PAS), haematoxylin and van Gieson and Luxol fast 
blue. Acid phosphatase was demonstrated in cryostat 
sections of unfixed nerve, Cryostat sections were also 
stained with toluidine blue, cresyl fast violet, Sudan 
black, PAS and Luxol fast blue. Nerves from control 
cases were processed similarly. Nerves fixed in formalin 
were partially teased and stained with Sudan black in 
propylene glycol before final teasing from 30 per cent 
glycerol. 

In the paraffin sections, the nerves showed considerably 
less myelin than the controls, and there was evidence of 
myelin breakdown. Cryostat sections showed excessive 
acid phosphatase activity in the Schwann cell cytoplasm 
(Fig. 1), but no metachromasia could be demonstrated. 
The acid phosphatase activity was present in fine granular 
form and at the periphery of vacuoles. Teased nerves 
showed segmental demyelination (Fig. 2). Some re- 
myelination was also evident. 

Electron microscopy provided evidence of an active 
process in the nerve. Many fibres had large vacuoles 
containing myelin debris within the Schwann cell cyto- 








Rural nerve cryostat section. Acid phosphatase activity in the 


Fig. 1. i 
cytoplasm of Schwann cells. 





Fig.2. Teased nerve stained with Sudan black showing a demyelinated 
segment. 





172 





Large vacuoles containing myelin debris (MD) 
adjacent to myelin sheath, Axon (4) appears normal, Arrows indicate 
boundary of Schwann cell. 


Fig, 3. Sural nerve. 


plasm (Fig. 3). Other fibres appeared to be remyelinating 
and occasional fibres showed the changes of Wallerian 
degeneration. 

The pathological changes associated with Krabbe’s 
globoid cell leacodystrophy have hitherto been thought to 
be confined to the brain, and previous workers have found 
no abnormalities in peripheral nerves7*. Allen and de 
Veyra’, however, have recently shown in one case 
“minimal peripheral nerve abnormalities’ whieh they 
considered to be a late expression of a maximally developed 
disease. The results obtained in each of our cases show 
that the nerves of patients with Krabbe’s disease are 
poorly myelinated and that there is segmental demyelina- 
tion. A deficiency of cerebroside sulphotransferase in 
Krabbe’s disease could explain the findings in the peri- 
pheral nerves. The lack of this enzyme would prevent the 
formation of cerebroside sulphate (sulphatide), an essential 
component of myelin, and thus the myelin formed would 
be unstable. It is suggested that in suspected cases of 
Krabbe’s leucodystrophy nerve biopsy may be helpful 
in establishing the diagnosis, particularly if this is done in 
conjunction with studies of nerve conduction time. which 
in each of our cases was found to be markedly retarded. 

Metachromatic leucodystrophy from which this dis- 
order must be distinguished can be recognized by deposits 
of sulphatide staining metachromatically with cresyl fast 
violet in peripheral nerve and by the demonstration of 
metachromatically staining cells in the urine’. Urinary 
aryl sulphatase activity is also reduced in this condition". 
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Claireaux for access to material. 
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IMMUNOLOGY 


Ability of Leucocytes to recognize 
some Foreign Gamma Globulins 
during Pinocytosis 
We have previously demonstrated that pinocytosis of 
autologous immunoglobulins (Igs) altered by physical 
(heating at 80° C, X, y or 8-rays) or chemical agents 
((NO,),Hg; (NO,).Pb) is significantly increased as com- 
pared with unaltered Igs'*. We have now extended our 
investigations by studying the pinocytosis of unaltered 
Igs from various species. It is already known that Igs 
markedly increase pinocytosis by various types of cells*-*. 
Pinocytosis of Igs was investigated by fluorescence 
microscopy of a mixture of 10° guinea-pig peritoneal 
exudate cells and 6-6 mg of Igs/ml.. incubated for 30 min 
at 37°C. The guinea-pig peritoneal exudate was obtained 
after two intraperitoneal injections of polyvinylpyrroli- 
done and contained about 90 per cent of polymorpho- 
nuclear leucocytes. Autologous, homologous, human, 
chicken, tortoise and carp Igs were prepared by chromato- 
graphy on DEAE ‘Sephadex’ and labelled with fluorescein 
isothiocyanate®. The pinocytosis index was expressed 
as the percentage of leucocytes showing fluorescent 
pinocytie vacuoles! (Table 1). 


Table 1. INDEX OF PINOCYTOSIS OF VARIOUS GAMMA GLOBULINS BY GUINEA- 
PIG PERITONEAL EXUDATK LEUCOCYTES 

Gamma No, of 3 y 

globulin experiments teta dp * 

species performed 
Autologous 24 155 +11 1466 < zp < 16084 
Homologous 24 31-9 +31 3022 < tp < 385-58 
Human Igs 30 45-4 E27 4403 < gp < 46°77 
Chicken 7 40°51 44-95 ~~ 
Tortoise 5 44:42 48-2 = 
Carp 7 55 +603 — 


The significance of the results was estimated by the x* test and Student's ¢ 
test. The index of pinocytosis differed for each kind of Igs (autologous, 
human, reptile, fowl), although differences were not significant from one 
species to another (P > 0-05). Fish Igs show a maximum index, significantly 
different from the autologous and homologous (P < 0-01), but only doubtfully 
significant against tortoise Igs (0-01 < P < 0-05). 

* The mean population was calculated using the Student parameter (t), 
for a probability of 0-005. 


As shown in Table 1, the pinocytosis index for auto- 
logous Igs was significantly less than that observed for 
homologous Igs (P < 0-01) and this latter was significantly 
less than the index observed for heterologous Igs(P < 0-01). 
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“in the latter. 
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Our experiments show that polymorphonuclear leuco- 
cytes can discriminate between autologous and foreign or 
autologous immunoglobulins denatured in various ways! ?. 

The mechanism by which discrimination occurs is 
unknown. Many authors considered that discrimination 
of foreign or altered matter at the leucocytic level is 
mediated by opsonins or natural antibodies'!-!”, Tt seems 
very likely that the immunological mechanisms of recogni- 
tion implied in the immune response were evolved from 
the ecruder recognition process which also seems to be 
involved in our experiments. 

As shown in Fig. 1, the pinocytosis index for the hetero- 
logous Igs is not obviously related to the phylogenetic 
distance. 

The absence of correlation between the kind of radiations 
(X, y, 8) and the levels of the pinocytosis index (of irradi- 
ated autologous Igs) reported previously? also implies a 
more limited ability of polymorphonuclears to discrimin- 
ate subtle differences. 

We thank Mrs Giorgina Dimitrescu for technical 
assistance. 
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< Location of Gamma Globulin in the 
_Endocardium in Rheumatic Heart 

-< Disease by the Ferritin-labelled 
Antibody Technique 


Gamma globulin can be demonstrated by the fluorescent 
antibody technique in some biopsy specimens of the left 
atrial appendage from patients with rheumatic heart 
-< disease and also post mortem in the heart in cases of acute 
rheumatic fever!-*. The distribution is focal and usually 
: bears: no direct relation to cellular rheumatic lesions, 
although gamma globulin can occasionally be demonstrated 
We have used antibody labelled with 
ferritin to study the location of gamma globulin in 
relation to individual components of the endocardium 
and subendocardium. 

Cryostat sections of fresh specimens of left atrial 
“appendage from cases of mitral valvotomy were stained 
for gamma globulin by the fluorescein-labelled antibody 
technique (rabbit anti-human gamma globulin antiserum 
- followed by goat anti-rabbit gamma globulin antiserum 
~ Jabelled with fluorescein). 
©) For electron microscopy goat anti-rabbit and rabbit 
‘anti-human gamma globulin antisera were labelled with 
> ferritin by the method of Singer’, with various modifica- 
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tions. These preparations were kindly provided by 
Professor P. H. Gell. Cryostat sections (60u thick) of four 
specimens positive for gamma globulin and four negative 
specimens were treated with antibody labelled with 
ferritin either by the double layering or the direct tech- 
nique similar to the fluorescein-labelled antibody method. 
After washing for at least 30 min, sections were fixed in 
Caulfield’s buffered osmium tetroxide, and the endo- 
cardium was embedded in ‘Araldite’ and methacrylate. 
Some sections were treated with phosphotungstic acid 
during dehydration. 

As further controls, one specimen from a case of calcific 
aortic stenosis negative for gamma globulin by the 
fluorescein technique was similarly treated, and sections 
from all specimens were treated with ferritin solution 
diluted to a colour resembling that of the labelled antisera. 

With fluorescent microscopy irregular areas of the 
endocardium and subendocardium showed specific fluores- 
cence. Only one specimen contained small numbers of 
cellular lesions in the subendocardium and in some of 
these there was focal fluorescence. In most areas, however, 
the gamma globulin bore no relation to cellular lesions and 
was present in specimens without such lesions. 

The tissue had suffered considerable distortion by 
freezing and autolysis, but most structures were readily 
identifiable on the electron microscope. 

In the control sections, stained with diluted ferritin 
solution, a small amount of ferritin was seen chiefly in 
relation to collagen and sometimes in the cement sub- 
stance between collagen fibrils. A few groups of particles 
were present in the interstitial spaces, and occasionally 
were found attached to fibroblasts, macrophages and 
smocth muscle cells. A similar appearance was noted in 
the negative specimens treated with labelled antisera and in 
the contro! specimens of the positive cases. 

In contrast to this, sections containing gamma globulin 
showed large amounts of ferritin in the endocardium and 
subendocardium, but in some zones it was almost entirely 
absent. The ferritin was heavily concentrated in relation 
to collagen fibrils and when these occurred separately 
particles were closely applied to the fibrils. With large 
collagen fibres ferritin was located on and between 
fibrils and in cross-section could be seen in the cement 
substance, either closely applied to the fibril or separated 
from it by a narrow zone. Sometimes small groups of 
ferritin were seen in the interstitial spaces between 
collagen fibres. In some of the fibrils with ferritin attached 
no periodicity could be recognized. Small areas of granular 
amorphous material were heavily studded with ferritin 
particles. 

The elastic tissue showed only occasional ferritin par- 
ticles on the surface and the cells of the endocardium 
showed no more ferritin than in the controls. Only one 
specimen contained cellular lesions and we failed to locate 
any in the embedded sections. 





Fig. 1. Collagen fibrils and granulir material with ferritin attached, 


(x 180,000. 
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The specificity of the ferritin labelling technique is not 
very high because of the tendency of ferritin to stick to 
tissues; and attempts to improve it—for example, by 
removal of free ferritin—have been disappointing. In our 
material, the ferritin-labelled antibody was obviously not 
entirely specific, but the difference between the controls 
and the positive specimens was so marked that certain 
tentative conclusions are possible. The chief difference was 
quantitative and the effect could be recognized with the 
naked eye after staining by the faint yellowish colour of the 
sections positive for gamma globulin. The heaviest con- 
centrations of ferritin were in relation to collagen fibrils, 
some of which showed loss of periodicity, granular material 
and the cement substance of collagen fibres. We have 
previously described granular material and fibrils without 
periodicity within and around cellular rheumatic lesions’-*. 
The possibility that ferritin was in the same situation as 
acid mucopolysaccharide was considered, but this was not 
thought to be the case because the distribution of acid 
-mnucopolysaccharide, as demonstrated by the colloidal 
iron method, is principally around fibres and very little is 
seen within a fibre between the fibrils. In addition, when 
the dialysed iron method was applied after staining with 
labelled antibody the distribution of both could be seen 
on the electron microscope, and although the two some- 
times cecurred in the same area, the heavy concentration 
of colloidal iron on the surfaces of fibres contrasted with 
the heavy concentration of ferritin in relation to collagen 
fibrils. 

In spite of the difficulties of sampling and of non-specific 
“staining” we believe the differences are great enough 
between the controls and the test specimens to allow us to 
conclude that gamma globulin in rheumatic tissue is 
closely related to collagen fibrils or to the cement substance 
rather than to the ground substance between fibres. 

In previous studies’? we have shown that collagen 
itself and probably the cement substance take part in the 
formation of “fibrinoid” in rheumatic lesions. In this 
connexion the observation of Goldstein et al.™ that a glyco- 
protein in heart valves cross reacts with streptococcus A 


polysaccharide may be importan R. LANNIGAN 


S. ZAKI 
Department of Pathology, 
University of Birmingham. 
Received October 30; revised December 11, 1067. 
1 Vascuey, J. J., and Dixon, F. J., Lab. Invest., 8, 205 (1957). 
* Vasquey, J. J., and Dixon, F. J., Arch, Path., 68. 504 (1958). 
® Kapian, M. H., Ann. NY Acad. Sei., 86, 974 (1960). 
* Kaplan, M. H., and Dallenbach, F. D., J. Exp. Med., 118, 1 (1961). 
ë Wagner, B. M., Ann. NY Acad. Sei., 86, 992 (1980). 
* Singer, 8. J., Nature, 183, 1523 (1959). 
? Lannigan, R., and Zaki, 8. A., J. Path. Bact., 98, 449 (1967). 
t Lannigan, R., and Zaki, 8. A., Naturc, 198, 898 (1963). 
* Lannigan, R., and Zaki, 8. A., Nature, 206, 106 (1965), 
10 Goldstein, I., Halpern, B., and Robert, L., Nature, 213, 44 (1967). 


Gamma G4-Globulin Antibody causing 
Inhibition of Clotting Factor VII 


HAEMOPHILIA results from the absence of clotting faetor 
VIII. The presence of a circulating inhibitor to factor 
VIII causes a disease which resembles haemophilia. Five 
patients with inhibitors shown to be yG-antibodies have 
been reported!-', 

yG-antibodies can be separated into four subclasses 
(yGl1, yG2, ~G3 and yG4) and two types (x and ìà) based 
on antigenic differences in the heavy and hght polypeptide 
chains, respectively’. In this report, the antibody to factor 
VIII found in one patient is of the yG4 sub-class with 
x-type light chains. This is the first demonstration of 
antibody activity in the yG4 sub-class and the first determ- 
inetion of heavy chain subeclass characteristics of factor 
VIII inhibitors. 
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Previous studies of patient G: K.* had shown that de- 
creased factor VIII activity was the only clotting deficiency 
and was caused by a yG-antibody which inhibits factor 
VIII. In this study identification of heavy chain sub- 
class and light chain type was accomplished by immuno- 
globulin depletion. Antisera were directed against x or À 
light chains and either yG1, yG2 and yG3, referred to as 
anti-yG123, or yG4. Anti-yG123 was prepared by injecting 
Rhesus monkeys with pooled normal yG in complete 
Freund’s adjuvant. The antiserum was absorbed with 
isolated yG4-mycloma protein and light polypeptide 
chains from pooled normal human yG. Immunoelectro- 
phoretic and Ouchterlony tests showed that it precipitated 
only yG1, yG2 and yG3 sub-classes. Anti-yG4 was prepared 
by immunizing Rhesus monkeys with yG4-myeloma pro- 
tein. The antiserum was absorbed with light chains, 
~G2-mycloma protein and hypogammaglobulinemic 
serum, The resulting antiserum precipitated only yG4- 
globulins. 

Antisera to x and 4-chains were prepared by immunizing 
rabbits with x or 4-Bence Jones proteins in complete 
Freund’s adjuvant. The antisera were absorbed to render 
them specific for either x or A-chains. Difficulties en- 
countered in the clotting assay when whole rabbit anti- 
serum was used were circumvented by precipitating the 
antiserum with 40 per cent saturated (NH,),80, and 
fractionating precipitates on DEAE-cellulose. Fractions 
showing antibody activity were used. All antisera were 
centrifuged to remove lipid and adsorbed with BaSQ, 
to minimize any direct effect on the clotting time. 

Immunoglobulin depletion studies were carried out with 
inhibitor-rich fractions eluted from a starch block electro- 
phoresis of serum G. K. Aliquots of antiserum were 
added to the inhibitor fraction, incubated for 1 h at 
37° C, 16 hat 4° C, and centrifuged to remove precipitates. 
Antiserum was added until there was no further precipita- 
tion. Preer and Ouchterlony methods confirmed the 
completeness of absorption. 

The inhibitor was assayed by mixing the test sample 
with normal plasma diluted 1: 7-5, incubating for 30 min 
at 37° C, and performing a one stage factor VITI assay**. 
Prolongation of clotting time beyond the normal plasma 
control indicated loss of factor VIII activity caused by the 
inhibitor. Normal plasma gave an average clotting time 
of 78 sec (Table 1). When the inhibitor fraction of 
serum G. K. was added to normal plasma, the time 
increased to 112 sec. The inhibitor fraction was depleted 
of either yG1, yG2, and yG3 or yG4 and re-evaluated for 
inhibitory activity. Complete loss of inhibitory activity 
followed depletion of yG4-globulins (Table 1). The 
clotting time of normal plasma plus inhibitor fraction 
depleted of yGl, yG2 and yG3 remained at 112 sec, 
indicating no loss of inhibitory activity (Table 1). The 
clotting time of normal plasma was unaffected by anti- 
yG4 serum but it was shortened with anti-yG123. This 


Table 1. EFFECTS OF IMMUNOGLOBULIN ABSORPTION ON INHIBITORY 
ACTIVITY 
One stage factor VITT assay: No. of 
clotting time (sec) determ- 
Average Range inations 
Normal plasma 78 77-80 8 
Normal plasma+ inhibitor frac- 
tion 112 108-115 8 
Noimal plasma+inhibitor frac- 
tion absorbed with anti-yG123 112 110-114 6 
Normal plasma+inhibitor frac- 
tion absorbed with anti-vG4 80 79-82 12 
Normal plasma + anti-yG123 68 68-69 2 
Normal plasma + anti-yG4 77 76-78 2 
Hacmophilic plasma 115 — 1 
Haemophilic plasma +anti- 
y8123 115 a 1 
Hacemophilic plasma + anti-pG4 116 _ 1 


Normal or hacmophilic plasma was incubated with the test sample for 
30 min at 37° C. A one stage factor VITT assay was performed. In solutions 
containing normal plasma plus test sample, clotting t m-s longer than that 
for normaj plasma alone indicate the presence of a factor VI inhibitor in the 
test semple. In solutions lpia hacmephilic plarma plus test sample, 
clotting times shorter than hacmophilic plasma alone indicate the presence of 
factor VIII in the test sample. 
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offect was not caused by factor VLITI in the antiserum, for 
it did not decrease the clotting time of haemophilic (factor 
VIET deficient) plasma (Table 1). The shortening of 
clotting time caused by anti-yG123 is unexplained. 

To evaluate further the possibility that the inhibition 
of factor VIII is caused by a non-specific effect of elevated 
G4-globulins, an inhibitor assay was performed on serum 
from another patient containing more than 30 mg/ml. 
of yG4-myeloma globulin. No factor VIII inhibition was 
found. Other evidence that inhibition was the result of a 
true antigen-antibody reaction was obtained from a 
previous experiment? which showed that pepsin digestion, 
known to destroy the Fe piece of yG-globulins and leave 
intact the antibody combining site, failed to reduce 
inhibitory activity. 

Similar depletion experiments were carried out using 
rabbit antisera to x and A determinants. Anti-x serum 
removed some of the anti-factor VIII activity, while 
anti-A had no effect (Table 2). It was impossible to remove 
all anti-factor VIII activity with anti-x antiserum. This 
was probably not caused by 4-type anti-factor VIII, for 
absorption with anti-A did not remove any activity. 
_Anti-x serum may have produced soluble complexes with 
-x-type anti-factor VIII which retained inhibitory activity. 


fable 2, EFFECTS OF ABSORPTION WITH ANTI-x AND ANTI-A SERUM 


One stage factor VIII assay: No. of 
elotting tim- (sec) determin- 
Average Range ations 
Normal plasma 75 74-75 4 
Normal plasma+inhibitor frac- 
< thon 96 94-99 4 
“Normal plasma + inhibitor frac- 
tion absorbed with anti-x 84 83-84 4 
‘Noi plasms +inhibitor frac- 
¿ohon absorbed with anti- å 95 93-97 4 
Normal plasma + anti-x 75 74-76 4 
‘Normal plasma + anti-2 70 -— 4 


-o The factor VIII inhibitor in serum G. K. is therefore an 
antibody of the yG4 sub-class with x-type light chains. 
“This is consistent with previous observations of physical 
and chemical characteristics of the inhibitor? A 7S 
sedimentation coefficient, resistance to reduction and 
alkylation, and decrease in sedimentation coefficient to 
3-98 with popsin-cysteine treatment are characteristics 
of yG-antibodies. Electrophoretic mobility of the inhibi- 
-tor was faster than the bulk of yG-globulins. yG4-globu- 
_lins from normal serum and yG4-myeloma are known to 
_have electrophoretic mobilities similar to this inhibitor’. 
- Previous investigations have demonstrated antibody 
activity in the yG1, yG2 and yG3 sub-classes’. yG4 sub- 
"clasg is present in a low concentration in normal serum 
and has not previously been shown to have antibody 
activity. The present studies clearly show that yG4 can 
-also possess antibody activity. 
Earlier studies? failed to demonstrate precipitin re- 
actions, complement fixation and passive cutaneous 
anaphylaxis. This may have been because there were 
insufficient concentrations of antigen (factor VIII) or 
antibody (inhibitor). It is also possible that yG4-anti- 
` bodies are unable to participate in some or all of these 
reactions, Studies using yG4-myeloma proteins show that 
they can sensitize guinea-pig skin for reverse passive 
-cutaneous anaphylaxis*, but aggregated yG4 in contrast 
to the other sub-classes does not fix complement*®. Pre- 
sumably. yG4-antibodies lack the capacity to fix comple- 
ment. More observations will be necessary to clarify the 
biological activities of yG4-antibodies. 
Four reported cases have had only yG class inhibitors? 
- and a fifth was restricted to yA-globulin'’’. Only Poulik’s 
patient had factor VIII inhibitors of mixed classes, 
YG and yM. In the four cases studied’ only inhibitors 
with x-type light chains could be found. In the present 
_ study the antibody was not only of one immunoglobulin 
ass, yG, but contained only yG4-heavy chains and 
9@ light chains. A similar tendency toward antigenic 
ogeneity has been observed in cold agglutinating 
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antibodies" and erythrocyte auto-antibodies™. It, has 
yet to be determined whether the antigen or the nature 
of the antibody-producing mechanism is responsible for 
the relative homogeneity of antibodies in these pre- 
sumably auto-immune processes. 
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Enhancement of Skin Homografts and 
Dissociation of Immune Responses in 
Mice immunized with Lyophilized 
Tissues in Freund’s Adjuvant 


ATTEMPTS to achieve enhancement of skin homografts 
in actively or passively immunized animals have so far 
been unsuccessful, in contrast to the results of experi- 
ments with tumour homografts!~?.. On the other hand, 
delayed sensitivity can be relatively easily inhibited in 
adult animals immunized with organ-specific tissue -or 
some defined antigens in saline, or incomplete adjuvant, 
before sensitization with the same antigens in complete 
Freund’s adjuvant®!", The mechanism of this specific 
inhibition, which has been called immune deviation™, and 
its relation to enhancement or to partial tolerance’*-*, 
have not been fully elucidated. 

Using various schemes of pre-immunization, I have 
attempted to determine whether transplantation immunity 
was also effectively inhibited, as judged by the survival 
of skin homografts exchanged between mice of inbred 
strains differing at the H-2 locus. The results of experi- 
ments on CBA/Jax mice, immunized with lyophilized 
spleen cells from A strain mice, showed that different 
degrees of skin homograft enhancement could be achieved 
according to the dose of lyophilized tissue and the mode 
and time of its administration. The mode of immunization 
seemed to be most important in this respect, because a 
comparison of several experiments (one is illustrated in 
Fig. 1) revealed that the injection of antigen in incomplete 
or complete Freund’s adjuvant resulted in a longer survival 
of homografts than immunization with the same or a 
larger dose of the same antigen in saline. In my experi- 
ments, immunization with anfigen in incomplete adjuvant 
was most frequently used because repeated immunization 
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Fig. 1. Dependence on the mode of immunization. All injections 


were given intraperitoneally, Skin was grafted 6 days after the second 
injection. 1, Grafts only; 3f=11-5 (11-43). (Af... Median survival 
time and the confidence limits with the confidence coefficient greater 
than 95 per cent.) 2. Incomplete adiuvant three times at intervals of 
$ days; M =13 (12-14). 3, Complete adjuvant three times at intervals 
of 8 days; Af=13 (12-14). 4, 6x10 mg of lyophilized tissue in saline at 
intervals of 4 days; M = 14 (18-19). 5,3 10 mg of lyophilized tissue in 
incomplete adjuvant at intervals of 8 days; M = 19-5 (16-27). 6,3x 10 
mg of lyophilized tissue in complete adjuvant at intervals of 8 days; 
AM =19-5 (16-27). 
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Fig. 2. Dependence on the time of skin grafting, All experimental groups 

were injected with 3 x 10 mg of lyophilized tissue in incomplete adjuvant 

at intervals of 8 days. All injections were given intraperitoneally, Skin 

grafted 6 days after the second injection. 7, Skin grafting 24 h after the 

first dose; M =14 (12-15). 8, Skin grafting 6 days after the first dose; 

M-=1%5 (13-20), 9, Skin age eg after the third dose; M =17-5 
19), 


in: complete Freund’s adjuvant was accompanied by 
relatively high mortality. 

Mast of the A strain skin grafts which survived for a 
prolonged period in experimental mice were completely 
or partially covered with hair, and their delayed rejection 
was of a chronic nature, so that they survived for some 
time with an increasing number of ulcerations. Such grafts 
were evaluated as positive as long as their epithelium 
could be distinguished. The ability to reject these grafts 
was not accompanied by the acquisition of transplantation 
immunity, because in all nineteen cases where second grafts 
were applied 14 days after complete rejection 
of the first grafts, the grafts survived as 
long as normal first set ones. 

Figs. 2 and 3 show that apart from the 
mode of immunization two additional factors 
—>the time schedule of immunization and 
dose of antigen—are of decisive importance 
for the prolongation of skin graft survival. 
When CBA/Jaz mice were immunized re- 
peatedly with three doses of lyophilizate 
from A strain spleens (10 mg each) at 8 day 
intervals before grafting, the prolongation of 
homograft survival was less pronounced than 
when skin grafts from A strain mice were 
applied after a second immunization and the 
third immunizing dose was injected after 
grafting (Fig. 3). Immunization with only 
one dose before grafting had a less pro- 
nounced effect, and, if the first immunizing 
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Fig. 3. 





Dependence on the dose of antigen. 
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dose was given as late as 24 h before grafting, the result. was 
almost undetectable; the survival times of skin grafts in _ 
this group did not differ from the values observed in the 
control group injected with incomplete adjuvant only 
(Fig. 2). The effect of the dose of antigen on the pro- 
longation of the survival of the skin graft is illustrated 
in Fig. 3. A two-fold increase of the dose in each individual 
injection, or the addition of a fourth immunization, 
prolonged the survival time of the skin graft. : 
These results agree with the finding that transplantation 
immunity could not be transferred by regional lymph 
node cells taken from treated mice. The inhibition 
of cellular immunity is also accompanied by inhibition 
of the formation of cytotoxic antibody, as is the case 
in the prevention of experimental autoimmune aspermato- 
genesis by injection of antigen in saline before sensitiza- 
tion with complete Freund’s adjuvant’. No cytotoxie 
antibodies were detected in sera taken from experimental 
mice by the seventh day after grafting and as late as the 
fourteenth day; they were present only in low titres in 
comparison with control sera (Table 1). On the other hand, 
the titre of haemagglutinins was higher in the group pre- 
immunized with lyophilized tissues; this was especially 
pronounced in sera taken 14 days after grafting (Table 1). 


TITRES OF HARMAGGLUTININS AND CYTOTOXIO ANTIBODIES IN 
EXPERIMENTAL AND CONTROL GROUPS 


4x10 mg of lyophilized spleen tissue in incomplete adjuvant 
Experimental groups. Grafts from A strain mice 6 days after second injection 
14 days after grafting 


Table 1. 


7 days after grafting 


Grafts Haemaggl. Cytotox. Grafts Haemaggl. Cytotox. 
+ 64 0 + 250 0 
+ 64 0 + 250 8 
+ 64 0 + 120 8 
+ 82 0 + 250 4 
+ 120 0 + 32 4 
+ 64 9 + 64 4 
Control groups. Grafts from A strain mice only 
+ 8 8 - 0 16 
+ 16 8 - 16 32 
+ 64 16 ~- 32 64 
+ 120 16 - 8 64 
+ 32 4 - 16 64 
+ 32 0 ~ 64 8 


The prolonged survival of skin grafts which occurred in 
actively immunized mice could be transferred only in 
part by antisera taken 6 days after a second immuniza- 
tion with lyophilized tissues in incomplete Freund’s 
adjuvant (Fig. 4). A dose of serum, corresponding to 
3-3 ml. given in eleven injections within 14 days, resulted 
in a short but significant prolongation of survival 
(P<0-01). The optimum conditions for passive transfer 
of enhancement in skin grafts and its dependence on 
haemagglutinin titre will be reported later. 








20 
Days 


All Injections were piven intraperi- 
toneally. Skin was grafted 6 days after the second injection. 10, 4 x 10 mg of lyophil. 
ized tissue in incomplete adjuvant at intervals of 8 days; M = 25-0 (20-29), 11, 3 x 20 
mg of lyophilized tissue in incomplete adjuvant at intervals of 11 days; M = 24-0 
(20-35), 12, Control grafts from B10.D2 strain: Ag = 11-0 (10-12). 
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Fig. 4. Passive transfer. Bleven injections of sera, 0-3 ml., each daily 

texoept Sunday). Skin grafting 24 h after the first injection. 13, Control 

sera from non-immunized mice; M=11-0 (11-12). 14, Immune sera; 
AM = 14-5 (13-18). 


- Prolonged survival of skin grafts after immunization 
with incomplete and even complete Freund’s adjuvant is 
interesting and agrees with the results of experiments 
with tumour homografts", In the analysis of the mechan- 
ism of this phenomenon, our model has the advantage 
that the survival of the animals is not endangered by the 
growth of the graft as is the case with tumour homo- 
transplants. 
< On the basis of the results obtained in actively and 
‘passively immunized mice, it seems that there may be, 
in addition to antibodies which may be responsible for 
an afferent or central inhibition, another mechanism 
which plays a part in the inhibition of transplantation 
‘immunity in actively acquired enhancement of skin 
homografts. If various cell populations are responsible 
for different types of immune response!*!*, the most 
‘probable explanation of this mechanism seems to be 
temporarily predominating proliferation of the cell 
ypulation activated by pre-immunization with lyo- 
philized tissues, and reacting by a harmless or beneficial 
type of immune response characterized by haemagglutinin 
‘formation. On the other hand, a harmful type of immune 
response leading, in normal conditions, to a rapid destruc- 
tion of the graft shortly after grafting seems to be tem- 
porarily inhibited, perhaps as a result of the competition 
‘between immune responses. 

I thank Dr P. Iványi for carrying out haemagglutinin 
titrations and Dr V. Matoušek for statistical analysis. 
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Immunosuppressive Effects of Lymphoid 
Cell Proliferation in Mice receiving 
Anti-lymphocyte Globulin 


ANTILYMPHOCYTE serum (ALS) and globulin (ALG) are 
potent suppressors of certain forms of immune response, 
particularly homograft rejection’? and the primary 
antibody response®. Their mode of action has, however, 
been disputed. Although lymphopenia has been con- 
sidered the essential cause of the immunosuppression* 
it has not always accompanied homograft acceptance 
which is induced by these agents**. ‘“‘Blind-folding” and 
“sterile blast activation” of lynaphocytes by ALG have 
been proposed as alternative mechanisms. It has also been 
observed that renal homografts which have escaped 
rejection can nevertheless be infiltrated by lymphocytes, 
suggesting that the progeny of lymphoid cells exposed to 
ALG function inadequately*. 

We have already obtained evidence’ that ALG ablates 
circulating blood lymphocytes. We now report that these 
cells need not necessarily have been functionally re- 
plenished even when the absolute blood lymphocyte count 
had returned to normal after the cessation of ALG in- 
jections. Moreover, ALG induces proliferative changes in 
the lymphoid tissues and indeed this could itself account 
for the prolonged delay in the return of normal immuno- 
logical competence. This hypothesis was tested as follows. 

Rabbit anti-mouse lymphocyte IgG (ALG) was pre- 
pared as previously reported*. C,H mice were given daily 
intraperitoneal injections (10 mg) for 7 days. Twenty-four 
hours after the conclusion of these injections, one group 
of ALG-treated mice was given intravenously 150 x 10°. 
lymphoid cells which were obtained by mixing equal 
numbers of cells from spleen, lymph nodes and bone 
marrow from normal C,H donors. A second ALG-treated 
group received 10x 10° peripheral blood lymphocytes 
which were obtained by the method of Hildemann® from 
the same strain. A third ALG-treated group received no 
cells, and a control group received 10 mg daily of normal 
rabbit globulin. All groups were injected intraperitoneally 
with 1 ml. of 20 per cent sheep erythrocytes on the day-of 
transfer. Haemagglutination titres were determined 
6 days later. Table 1 shows that blood lymphocytes 
restored the capacity of the mice which had been treated 
with ALG to produce an antibody response, but that cells 
obtained from lymphoid tissues were ineffective when 
given immediately after ALG. These findings support the 
contention that ALG acts primarily on circulating 
lymphocytes. Indeed the importance of blood borne 
lymphocytes in the initiation of antibody production by 
the spleen has recently been emphasized’. 

In order to determine whether the absolute blood 
lymphocyte count was any guide to the return of immuno- 
logical competence after a course of ALG injections, we 
gave groups of twelve C,H and C57 BI mice daily injections 
of ALG for 10 days. At the end of this course, their mean 
absolute blood lymphocyte count was reduced to 500 per 
emm but 14 days later the counts had returned to control 
levels (mean 6,400 per cu.mm). Only feeble haemagylutina-- 
tion titres (mean log, titre 1-2) were obtained 6 days after 
challenge with sheep erythrocytes at this time, however, 
compared with a mean log, titre of 6-0 in control mice. 


Table 1. ANTIBODY TITRES TO SHEEP RED CELLS IN C,H MICE AFTER RECEIV- 

ING ANTILYMPHOCYTE GLOBULIN (ALG) AND RECONSTITUTED WITH LYMPHOID 

CELLS 

Log, haemagelutination 
titres at 6 days 


Arithmetic 


Group (No. of mice) mean log, titre 


ALG only (7)* 0. 0. 0. 0. 0. 0. 0. 0 
ALG, then mixed lymphoid cells(7)¢ 0. 0. 0. 0. 0. 0. 0. 0 
ALG, then peripheral blood lympho- 

cytes (7) $ 4, 5, 6. 3. 5. 3.0. 3-7 
Controls (6) 5.8. 8.3.5.3. 53 


* ALG in each group given daily for 6 days. 
+150 10* mixed Ivmph node, spleen and bone marrow cells injected 
intravenously in equal numbers. 
J0 x 108 cells injected intravenously. 
‘elis were given 24 h after ALG and all groups received 1 m!, 20 per cent 
sheep red blood cells intraperitoneally 26h after last injection of ALG. 
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. Similar results were obtained in a situation involving a 


red cell autoantibody. Twenty 2-month old NZB mice 
were injected twice weekly with 10 mg of ALG for 2 
months, with resulting lymphopenia (mean 550 lympho- 
eytes/emm.). Twenty control mice received 10 mg of 
normal rabbit IgG. Although the absolute blood lympho- 
cyte counts at 10 months of age were identical in the two 
groups (mean 4,400/cu.mm) all the ALG treated mice had 
negative antiglobulin tests compared with 80 per cent 
positive in the controls. 

In contrast, although X-irradiation produced lympho- 
cyte depletion of equivalent severity, its inmunosuppres- 
sive effects were short lived. Thus C,H mice which were 
challenged with sheep erythrocytes 14 days after 700 rads 
produced unimpaired haemagglutinin responses. Similarly, 
in experiments which are not reported here we have found 
that the incidence of positive anti-globulin tests at 10 
months of age in NZB mice which had received 700 rads 
X-irradiation at 2 months of age does not differ signifi- 
cantly from that in non-irradiated mice. 

The more prolonged immunosuppressive action of ALG 
compared with X-irradiation can be explained by con- 
sidering the changes in the lymphoid organs which are 
induced by the former agent. We intravenously injected 
tritiated thymidine (1-0 pe./g body weight; specific 
activity 17-8 ¢c./mM) into C57Bl, NZB and (NZBx 
NZW) F, hybrid mice which had received ALG continu- 
ously in the same dosage as above for periods of up to 
6 months. At 1, 24, 72 and 100 h, autoradiographs were 
obtained of imprints and sections from the peripheral 
blood, thymus, spleen, lymph nodes and bone marrow and 
analysed as described previously’'*. The specific activity of 
the DNA which was isolated from these tissues was 
measured by liquid scintillation counting*. Confirming our 
observations in rats’:*, the specific activity of the DNA 
which was isolated from the lymphoid tissues of mice 
receiving ALG was significantly higher than that of the 
DNA obtained from control animals which had received 
normal rabbit IgG. The results of a typical experiment are 
shown in Table 2. The values in ALG-treated mice were 
higher than in the control mice and even exceeded those in 
the mice which had received X-irradiation, which is known 
to be followed by a phase of compensatory increase in 
DNA synthesis!". 

The autoradiographs showed that the high specific 
activity of the DNA in the thymuses and spleens of the 
ALG-treated mice was attributable, as in similarly treated 
rats’, to a striking increase in the numbers of highly 
labelled reticulum cells and large lymphocytes; these were 
randomly distributed throughout the cortex and medulla 
of the thymus and the white pulp of the spleen which was 
depleted of small lymphocytes. Reticulum cells (reticular 
lymphoblasts) and large lymphocytes were identified by 
the criteria of Bessis'® and Frenkel et al.4. 

Furthermore, the high grain counts over these cells in 
the thymus and spleen fell sharply during the 100 h 
following labelling, and this fall was accompanied by the 
appearance after 24 h of labelled small lymphocytes in the 
thymic cortex and in the white pulp of the spleen. Because 
small labelled lymphocytes were not seen earlier, they must 
have arisen from division of labelled precursor cells. It is 
unlikely that they migrated from the blood, for these mice 
were still profoundly lymphopenic {< 500 lymphocytes/ 
cu.mm.) and less than 1 per cent of the lymphocytes in their 
blood was labelled. 

The high specific activity of the lymph-node DNA is 
clearly accounted for by the massive proliferation of 
plasma cells in the lymph nodes which is known to 
accompany ALG administration. 

Levey and Medawar have suggested that an effect of 
ALG treatment is to produce ‘sterile activation’ of 
lymphoid cells'*. The results reported here support this 
contention, because they show that ALG provokes an 
intense proliferation of preeursor cells leading to the 
appearance of immunolegieally incompetent lymphocytes 


Table 2. 
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INCORPORATION. OF TRITIATED: THYMIDINE (H'Tdr} INTO TRR- 
LYMPHOID TISSUE DNA OF NZB MICE RECEIVING ANTILYMPHOCYTE IMMUNO- 
GLOBULIN G (ALG), OR TOTAL BODY IRRADIATION, AND IN CONTROLS 


Specific activity* 
Group 
(No. of mice) Thymus Spleen Lymph nodes 
ALG treated (4) 84-8 (7-1-96-0) 282 (12-5-40-8) 100-5 (12-8-322-0) 
X-irradiated (3) 15-5 (9-8-20-0) 19-7 (188-202) 4-8 (2-6~-6-5) 
Controls (5) 2-7 (1-9-4-7) 14:7 (12-2-21-9) 48 (3-8-10-3) 


ALG group received 10 mg of ALG twice weekly for 4 weeks, 

X-irradiated group received 500 rads 3 days before labelling, delivered at. 
72-0 rads/min (250 kV, 1-2 mm Cu shield). 

Controls received normal rabbit gamma globulin twice weekly for 4 weeks. 

*C.p.m. per yg of DNA. 

+ Mean value and range. 


in the circulating blood. Moreover, after ALG treatment, 
the capacity to make primary antibody responses can only `: 
be restored by transfer of peripheral blood lymphocytes 
from a normal isogeneic donor, and not by non-circulating: 
lymphoid cells from spleen, lymph nodes or marrow. It is 
certain, however, that lymphocytes are not simply trans- 
formed into blast cells by the direct action of ALG as we 
have induced a blood lymphocytosis of 100,000/cu.mm. in 
mice by intravenous injection of pertussis vaccine and 
have then injected ALG. Despite a fall in the blood 
lymphocyte count to 300 per cu.mm. over a 24 h period, 
blast cells were not detected in the peripheral blood either 
morphologically or by tritiated thymidine labelling. 
We thank Dr R. H. Mole and Mr M. J. Corp of the 
MRC Radiobiological Research Unit, Harwell, for help 
with the irradiation experiment. 
A. M. Denman 
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Effect of Cyclophosphamide on the 
Production of Interferon 


Cyroroxic drugs are widely used for the treatment of 
malignant disease. Many of these agents are also powerful 
immunosuppressants, affecting both humoral and cellular 
immunity. Other antiviral defence mechanisms can also 
be affected by cytotoxic drygs; for example, the produc- 
tion of interferon can be depressed by actinomycin}? 
ard puromycin*. Steroids have also been shown to 
suppress the production of interferon’. 

We describe here experiments which show that cyclo- 
phosphamide depresses interferon in the intact animal 
but is without activity in tissue culture systems. 

Preliminary experiments indicated that 1 mg/ml. of 
cyclophosphamide was not toxie for cultured monkey 
kidney cells. It was also shown that this concentration 
of the drug had no effect on the growth of the Sendai 
strain of parainfluenza and the Kunz strain of influenza 
A virus in the same cells. These findings suggested that 
eyclophosphamide was having no effect on normal 
metabolic processes of the cell, the processes concerned 
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Yable-1. . EFFECT OF CYCLOPHOSPHAMIDE (1 MG/ML.) ON INTERFERON 
PRODUCTION INDUCED BY NEWCASTLE DISEASE VIRUS IN TISSUE CULTURES 
ee OF- MOUSE L CELLS 


Interferon titres 


Experiment No, Without drug With drug 
1 33 37 
2 13 ik 
8 32 35 
Table 2, EFFECT OF CYCLOPHOSPHAMIDE ON INTERFERON PRODUCTION IN 


MOUSE LUNG INDUCED BY SENDAI VIRUS 


Experiment Dose Interferon titres 
No. {mgikg) Without drug With drug 
1 100 210 36 
2 100 512 48 
3 200 218 28 
4 200 42 <16 
5 400 44 <8 
6 200 39 <8 
7 200 B8 26 


Assays were carried out on lungs removed on either the third or fifth day 
after infection. 
with viral replication, and probably no effect on the 
processes concerned with the production of interferon. 

The effect of cyclophosphamide on the production of 
interferon in tissue culture was determined directly, 
using the method of Paucker? in which interferon is 
induced in mouse L cells by Newcastle Disease Virus. 
Cyclophosphamide was incorporated in the tissue culture 
medium of the experimental cultures in a concentration 
of 1 mg/ml. and interferon was assayed by the quanti- 
‘tative haemadsorption method’. The results of three 

experiments are shown in Table 1, which demonstrates 
that cyclophosphamide had no effect on the yields of 
“interferon. 

In contrast, cyclophosphamide treatment consistently 
depressed the production of interferon in the intact animal. 
Swiss white mice were inoculated intranasally with 

C IOEIDy of Sendai virus. The mice were killed and 
< exsanguinated on either the third or fifth day after 
infection and their lungs were processed and assayed 
o for interferon. Animals were inoculated subcutaneously 

with cyclophosphamide as indicated in Table 2, which 
shows the results of seven experiments with different 
' ‘batches of mice. Although there was considerable varia- 
“tion in the amounts of interferon produced in the different 
- experiments, the titres were always considerably lower 

“in the cyclophosphamide treated animals. 

‘The difference between the in vitro and in vivo effects 

‘of cyclophosphamide on the production of interferon 

“ean. be explained if certain metabolic processes of the 
intact animal are required to convert the drug into its 
active form”. This lack of activity in tissue culture 
has also been observed by Hampel et al.*, who have 
shown that cyclophosphamide (in contrast to most 
cytotoxic drugs) does not damage the chromosomes of 
“lymphocytes cultured in vitro, but chromosome damage 
can be demonstrated if these cells are treated with the 
< gorum from rats treated with cyclophosphamide. 
These findings show that cyclophosphamide, like many 
-other cytotoxic compounds, may adversely affect not only 
immune processes but also eertain non-specific reactions 
“eoneerned with defence against viral infections. 
We thank Messrs Ward, Blenkinsop and Co., Ltd., 
< for the cyclophosphamide, and Miss G. V. Martin for 
< technical assistance. 
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In vitro Culture 
of the Regenerating Lens 


LENS regeneration by the dorsal iris in the lentectomized 
newt is a phenomenon which has been studied from the 
viewpoints of experimental embryology’? as well as 
cell biology*-?.. Most of the studies so far reported, how- 
ever, have been performed in vivo. The potential advan- 
tages of performing such studies in controlled conditions 
led us to develop an in vitro method for the culture of the 
regenerating lens of the newt Triturus viridescens. 

The technique involved placing the lens regenerates on 
agar cubes into which culture medium had been incor- 
porated. The two media used were medium 199 with 
15 per cent foetal bovine serum or Puck’s N-16 (Micro- 
biological Associates, Bethesda, Maryland). Penicillin 
was added at a concentration of 200 u/ml. The agar 
blocks were prepared by mixing either of these media 
with 4 per cent aqueous agar (noble Difco agar) solution 
1:1 by volume and pouring into a 5 cm Petri dish to a 
depth of about 3 mm. After solidification, cubes of approx- 
imately 5x 5x3 mm were cut out. These were placed 
into 3 em tissue culture Petri dishes which had previously 
been filled with culture medium without agar up to è 
depth of 1 to 2 mm. The agar substrate was used to 
inhibit the outgrowth of cells from the regenerate, and 
the additional liquid medium was used to saturate the 
culture with nutrient solution. 

The dorsal iris with the regenerating lens was dissected 
from the eye of the lentectomized newt in aseptic condi- 
tions, washed with Earle’s balanced salt solution and 
placed on the surface of the agar block. The cultures 
were incubated at 25° C in 5 per cent carbon dioxide and 





Figs. 1 and 3. 20 day old regenerates cultured for 5 days in Puck’s 
medium N-16. Lens fibres are conspicuous and squamous cells are 
present at the periphefy of the regenerates. 
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90 per cent relative humidity. Maintenance of the pH of 
the culture between 7 and 7:4 with a carbon dioxide 
atmosphere was essential for optimal development of the 
regenerates. Cultures, in which alkalinity developed, 
died or survived in a poor condition. 

Regenerates at day 9, 15 and 20 after lens removal 
were cultured for 5, 7 and 10 days. Mitoses were seen in 
pigmented and depigmented cells and the differentiation 
of cells into fibres continued (Figs. 1, 3, 4, 5 and 6) as 
compared with controls (Fig. 2). Both culture media 
were suitable for developing the tissue; however, a better 
differentiation was observed when the medium with serum 
supplement was used. 





Fig. 2. Control for regenerate in Fiz. 1. Both eyes were lentectomized 
in the same animal. This regenerate was fixed at the same time that 
regenerate in Fig. 1 was started in culture. 





Fig. 4., 20 day old regenerate cultured for 10 days in medium 199 plus 
15 per cent foetal bovine serum. 





Fig. 5. 15 day old regenerate cultured for 7 days in medium 199 plus 
15 per cent foetal bovine serum. Cbserve elongation of cells into fibres. 
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Fig. 6. 9 day old regenerate cultured for 7 days in medium 199 plus 
15 per cent foetal bovine serum, 


An interesting feature in the cultured regenerates was 
the disappearance of the presumptive lens epithelium. 
It scems that cells in this region of the lens regenerate 
elongated aud form lens fibres (Figs. 3, 4 and 5) or 
become transformed to squamous type cells surrounding 
the developing lens (Figs. 1 and 3). 

Our experiments suggest that as early as 9 days after 
lentectomy, the lens regenerate, can survive in vitro 
conditions and continue with further differentiation. The 
results on the further progress of differentiation in vitro 
from day 9 of regeneration onwards agree with the pre- 
liminary results of Reese (reported by Yamada‘). In 
other studies, we have found that in these conditions the 
integrity of the cultured regenerates was maintained and 
the cells remained healthy for periods of up to 30 days. A 
more detailed study in the differentiative capacities of 
developing lenses at successive stages of regeneration is 
being performed. 

This work was supported in part by a grant from the 
National Research Council of Canada. We thank Mrs V. 
Scott for technical assistance. 
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Effect of Cell Cycle on Recovery from 
Radiation Damage in the Mouse Liver 


I wave studied the chromosomal aberrations which are 
induced in -mouse hepatocytes by single and fractionated 
doses of X-rays given at various times before or after 
surgical partial hepatectomy. The data presented here 
show that the different phases of the cell cycle possibly 
differ not only in their sensitivity to chromosomal damage 
by radiation but also in their ability to recover from such 
damage. 

Femile SAS/4 mice 12 weeks old which had been 
anaesthetized with sodium pentobarbitone (‘Nembutal’), 
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60 mg/kg body weight, were partially hepatectomized to 
remove two-thirds of the liver’. The surgery was per- 
formed so that subsequent killing, 66 h later, by cervical 
dislocation was always between Y 00-10 00 am, thus off- 
setting possible diurnal mitotic rhythm which has been 
reported to occur? The remaining regenerating hver was 
excised and sections 5u thick were stamed with haem- 
atoxylin and eosm for microscopic examination Similar 
anatomical areas of the anterior mght lateral lobe were 
scanned in each mouse by one investigator using coded 
shdes to score chromosomal abnormalities The aber- 
rations, bridges and fragments were scored in 100 anaphase/ 
telophase figures m each liver, using approximately ten 
mice in each group Irradiation was carried out with a 
250 kVp, 15 mamp X-ray machine, filtered so as to give a 
dose rate of 105 rad/min at 30 cm focal spot distance The 
filtration was 1 mm Al inherent and a ‘Thoraeus IT’ filter 
which gave uniform beam over the field was used Mice, 
which were unanaesthetized, breathing air, and which were 
constramed mn a ‘Perspex’ tube with walls 0 5 cm thick, 
were irradiated, two at a time 

The upper curve m Fig 1 1s a plot of the logarithm of 
the fraction of normal mitoses against dose for cells 
exposed 24 h before partial hepatectomy, that 1s, while 
in the Gj phase The values which are plotted are relative 
to those ın non-irradiated mice for which 945407 per 
cent of normal mitoses was observed There 1s a close fit 
to an exponential function with a fitted lne drawn 
through all points having a D,=1,228+31 rads and an 
extrapolation number of 1 00+002. The lower curve in 
Fig 1 shows the same effect for irradiation which was 
given 24 h after partial hepatectomy when the regener- 
ating cells were, as has been shown by autoradiography ın 
this laboratory, to be in G, or early S This line has a 
definite curvature and a fitted lime on the last four points 
gives a D,= 300 rads and an extrapolation number of 6 7 
There 1s thus a very large difference m radiation sensi- 
tavity, as far as chromosomal damage 1s concerned, 
between cells irradiated in the G, phase or early S phase 
Furthermore, in the latter case, the curve has a pro- 
nounced shoulder which 1s indicative of repair of damage, 
while the upper curve has no shoulder 

In order to test whether a difference in ability to 
recover was detectable between G, cells and cells in G,/S, 
fractionation experiments were carried out The lower 
curve of Fig 2 shows the relative proportion of normal 
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Fig 1 A plot of the logarithm of fraction normal mitotic figures against 

doses of X-rays O, Doses given 24 h before partial hepatectomy, 

@, Doses given 24 h after partial hepatectomy More points would be 

desirable for the latter fitted bns, ns 18, however, technically very 
iie 
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Relative recovery 
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Eig 2 Relative recovery factor for chromosomal] damage induced by 

radiation against time between two fractions of 475radseach @, Doses 

given after partial hepatectomy, Q doses given before partial hepa- 
ectomy 


mitoses which were observed after splitting a dose of 
950 rads into two equal fractions, the first fraction being 
given at 24 h before partial hepatectomy and the second 
being given at the tumes shown—that 18, 3, 9, 16, 21, 24 h 
later—right up to the time of the operation There seems 
to be no significant difference m chromosomal damage 
between the single and the split dose over the 24 h period 
which was studied Such a result suggests that no recovery 
of chromosome damage occurs in Ge cells durmg 24h In 
contrast, the upper curve shows the increased proportion 
of normal mitoses, interpreted as “recovery”, which takes 
place by splitting the same dose and giving the first half 
24 h after partial hepatectomy and the second half at the 
times shown Further experiments m this laboratory have 
shown that the reduced yield of aberrations which was 
observed was not caused by the second fraction of the 
dose being given to cells in a phase of increased radio- 
resistance 

The percentage yields of chromosomal damage for Gy 
cells (Fig. 1) are m accord with published values®-’ 
although these authors used only one or two doses The 
greater sensitivity of cells in actively dividing liver 1s m 
agreement with Albert? The reasons for the difference ın 
sensitivity remain obscure, but an oxygen effect could be 
mvolved because in regenerating liver an mflammatory 
reaction exists and mereased oxygenation possibly results 
im increased sensitivity Cater (see Holmes*), however, 
reported a 40 per cent increase in the consumption of oxy- 
gen in regenerating liver slices relative to that ın normal 
liver, the tissues are therefore unlikely to be highly oxy- 
genated unless there ıs a correspondingly greater oxygen 
supply, for which there 1s no evidence Alternatively, ım- 
creased sensitivity could be a result of the difference be- 
tween time of irradiation and the time of assay of the 
damage, because in each case the latter was 66 h post- 
operatively and there was therefore a difference of 48 h 
between irradiation and assay times of cells irradiated 
24 h before (Gy) and those irradiated 24 h after (@,/S cells) 
Greater damage might be expected ın the letter because 
they had less time available for any repair The slight 
increase in damage which was observed for the 16 h 
spht dose compared with that at 24 h, in the upper curve 
of Fig 1, however, argues against this mterpretation 

The lack of recovery in G, cells which were exposed to 
split doses 1s ın agreement with Shapiro®, who reported 
no sparing effect when two doses were split by a 7 day 
period Several papers?” report httle or no decrease 
in the number of abnormalities when partial hepatectomies 
were performed many weeks or months after a single dose 
of radiation, and only one’ noticed a decay ım the pro- 
portion of “bridges” but not in overall percentage abnor- 
mahties In contrast, two workers®™! showed chronic 
irradiation to be less effective than acute exposures, this 
1s suggestive of repair, as one of the workers? excludes cell 
death at cell division as % factor lessenmg observed 
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damage. The persistence of chromosomal abnormalities 
which were found in peripheral blood cultures"! could 
represent another example of the lack of recovery ın cells 
which were not actively m cell cycle. 

There does seem to be a recovery, however, when split 
doses are given after partial hepatectomy The upper 
curve in Fig 2 shows a smooth early recovery with no 
evidence of fluctuations in recovery pattern as have 
recently been reported’, although split doses separated 
by less than 6 h might reveal such patterns 

It might be suggested that the population feedback 
mechanism which keeps cells m G, (ref 18) also mhibits 
the metabolic pathway necessary for repair of damage, as 
seen in cells which are in cycle This might corstitute a 
definitive characteristic of the Ge phase. 

This work was supported by grants from tha British 
Empire Cancer Campaign and the US Pubhe Health 
Service I thank Professor J Rotblat and Dr Patricia J 
Lindop for their guidance 
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PHYSIOLOGY 


lodine Compounds in Plasma of Rats: 
Effect of Exposure to High 
Environmental Temperature 


Tue rate of release of 10dine-131 from the thyroid has 
been widely used as an index for thyroid activity and has 
been considered a reliable index for thyroid 
function}. It 1s also used as a basis for the 
rate of secretion of thyroxine (TSR) by the 
replacement method’. Recently, this labor- 
atory® reported a higher rate of release of 
10dine-131 from the thyroid ın rats followmg 
long-term exposure to a high environ- 
mental temperature (34° C) These find- 
ings prompted the question whether the 
composition of the substance(s) released 
might be constant in different physiological 
conditions, that 1s, would long-term 
exposure to environmental heat alter the 
composition of the 1odinated compounds 
which were released by the thyroid gland ? 
This experiment was undertaken in order 
to determine the nature of the iodinated 
compounds ın plasma of rats durmg 
exposure to keat (34° ©) 

A group of fifty-six male rats of the 
Holtzmann strain (3 weeks old) was mam- 
tained in a climatic chamber at 28° C and 
50 per cent relative humidity (RH) At 
the age of 6 weeks, twenty-four rats were 
exposed to a constant temperature of 34° C 
and 50 per cent RH and were maintained in 
these conditions for more than 20 weeks 


Todine-181 c pm (percentage of dose) 
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Carner-free 1odine-131 was diluted in distilled water to 
contain 20 pe /ml and 05 ml was administered intra- 
peritoneally totherats Twenty-four hours after the injec- 
tion of 1odine-131 blood samples (2-3 ml ) were collected by 
heart puncture from each rat Blood samples were 
collected after 1, 3, 6, 12 and 20 weeks’ exposure 
to heat (34° C) Rats which were maintained at 28° C 
were bled at the beginning and at the end of the experi- 
ment. 

The 1odine-131 compounds in plasma were separated 
using a descending chromatographic technique deseribed 
by Heninger et al‘ The 1odine-131 activity was assayed 
in a well type scintillation crystal detector 

Fig. 1 ıllustı ates the percentage of iodinated compounds 
in the plasma of rats which were raised at 28° C and of 
others which were exposed to high temperature (34° C) 
for 1, 3, 6, 12 and 20 weeks. The truodothyronine (T) 
and duodothyronine (T,) fractions were not adequately 
separated and the radioactivity of both fractions was 
therefore combined. The results at 28° C and 34° C 
indicate that thyroxine (T,) contains most of the iodine- 
131 compounds in plasma At 28° C, the rat plasma 
contains an average of 935 per cent Ta, 46 per cent T, 
+ T, 06 per cent monoiodotyrosme (MIT) and 16 
per cent morganic 10dine (I~) 

After exposure to heat at 34° C the 1odine-131 com- 
pounds in plasma were not significantly different from 
the values which were obtained at 28° C after exposure 
for 1 and 3 weeks After 6 weeks of exposure to 34° C 
the composition of the 1odine-131 compounds was sig- 
nificantly (P <0 05) different from the values which were 
obtained for these compounds at 28° © The T, fraction 
was decreased and the I-, MIT and T,+T, fractions were 
increased. After exposure for 12 and 20 weeks at 34° C 
the T, fraction was significantly lower (P <0 01) than the 
values at 28° C These data suggested a significant effect 
of long-term (at least 6-12 weeks) exposure to heat on 
the composition of 1odine-131 compounds im plasma 
(Fig 1). 

The results which are presented confirmed that T, 
1s the principal 1odine-131 compound ın the plasma, of rat 
Pitt-Rivers and Rall’ reported 92—94 per cent Ty, 4:2-4 4 
per cent T, and 1 3-34 per cent iodinated thyronines 
(MIT + DIT) in rat plasma Laidlaw*, however, found 
that ın a few rats (three animals), plasma contained 
60 per cent T,, 48 h after the injection of 1odine-131 
The uniqueness of the data shown in Fig 11s the change 
which occurred in the 1odine-131 compounds in the 
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plasma of rats which were exposed to 34° C. The data 
suggested that the composition of the thyroid secretion 
changes during acclimatization to heat (34° C) For 
example, the ratio of I- T, changes from 1 55 at 28° C 
to 1 23, 1 10 and 1.9 at 34° C after exposure for 6, 
12 and 20 weeks, respectively. The ratio of MIT T, + T; 
changed from 13 100 to 21 100, 51 100 and 49 100 
at 34° C for 6, 12, and 20 weeks, respectively 

To explain the changes which occurred in the com- 
position of the 1odinated compounds during heat acclima- 
tization, there are three possibilities (a) perhaps the 
heat affects the permeability of thyroid cells resulting 
in the cellular release of more I-, MIT and less T,; (b) 
the heat could affect the acinar cellular processes which 
limit the biosynthesis of T,, (e) changes in the percentage 
of I- in plasma of rats which were exposed to heat could 
reflect either a reduction in renal clearance of I- or a 
reduced uptake of 1odine-131 by the thyroid, or both 
Details of body weight and other physiological functions at 
34° C are reported elsewhere’ 

Knowing that the release rate technique measures the 
rate of all the iodine that comes out of the gland/umt 
of time, any changes in the composition of the iodine 
which 1s released from the gland are ignored by this 
technique and may mask the true secretory action of 
the thyroid gland Results obtamed by the release rate 
technique should be explamed with great caution when 
the animal is deviated from its thermoneutral environ- 
ment and exposed to high or other ambient temperature 
conditions 

This work was supported by the Division of Environ- 
mental Engineering and by a Food Protection Research 
grant 
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Regeneration of a Peripheral Nerve 
implant into Goldfish Telencephalic 
Parenchyma 


THE nerve fibres of a peripheral nerve implanted in the 
cortex of the rat? or cat?-5 do not regenerate into the brain 
parenchyma The glial scar which lines the wound made 
in the parenchyma during nerve implantation seems to 
be a mechanical barrier to successful regeneration After 
nerve implantation and administration of the drug piro- 
men, however, the peripheral axons which formerly had 
not grown through the ghal scar now grow through the 
sear?’ 

Several chemical agents have induced the growth of 
axons in the central nervous system, which demonstrated 
that the effect of the glial sear which seems to be a 
barrier in the normal course of regeneration can be 
negated?~*, In the goldfish, a ghal-ependymal scar was 
observed after central nervous system insult This scar 
does not act as a mechanical barrer to regenerating 
axons of the central nervous system®* The present 
experiments were undertaken to ascertam the tissue 
reaction of the telencephalon of the goldfish to an ım- 
planted peripheral nerve 
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Fig 1 The peripheral nerve fibres regenerated through a dense 
glial-ependymal scar (arrow) into the telencephalic parenchyma, Silver 
stain (protargol, x 850) 


Seven goldfish (Carraswus auratus) 3-6 yı old and 
approximately 17 em long were used in these experi- 
ments ‘The goldfish were anaesthetized with Tricame 
methanesulphonate (‘MS-222’, Sandoz, 1 4,000) The 
cranium was opened with a trephine and the fatty sub- 
stance surrounding the brain aspirated On the floor of 
the cranium a bianch of the seventh nerve within the 
cranial cavity was exposed This nerve was dissected 
free, tuned and implanted into a stab wound within the 
telencephalon A cap was used to close the cranium 
Anmals were killed 90 days later and the degree of 
regeneration was assessed 

Five animals were perfused with 10 per cent isotonic 
formol-saline, the brain removed, dehydrated, embedded 
in paraplast and sectioned at 10u Alternate sections were 
stained with silver (‘Protargol’), or with periodic acid— 
Schiff’s reagent and haematoxylm Two anmals were 
perfused with 2 5 per cent gluteraldehyde in a phosphate 
buffer (pH 7 4). The telencephalon with the :mplant was 
removed, washed in buffer and placed in buffered 2 per 
cent osmic acid for 2h The tissue was then dehydrated 
and embedded in ‘Araldite’ Sections lp thick were 
stained with methylene blue, Azure II or toluidine blue 

Although the stab wound ın the telencephalon resulted 
in the formation of a glial-ependymal scar, the peripheral 
nerve fibres regenerated into the brain parenchyma (Fig 
1) The ghal-ependymal scar was from two to seven cells 
thick and was characterized by long interdigitating cyto- 
plasmic processes of the cells constituting the scar The 
peripheral nerve fibres seemed to grow between these 
cellular processes and splay out into the brain parenchyma 
The nerve fibres did not grow as compact bundles of nerve 
fibres, but were discrete axons that grew between the ghal, 
ependymal and neuronal cell processes The peripheral 
nerve fibres seemed normal when compared with cells of 
the contralateral unoperated telencephalic hemisphere 

After administration of the drug piromen peripheral 
nerve fibres which usually do not grow into the brain 
parenchyma will successfully regenerate into the cortex 
of cats This phenomenon has been interpreted as the 
loosening of the glial sca: allowing for the penetration of 
the nerve fibres? Recent evidence has demonstrated 
that except for the synaptic bed of Mauthner’s cell’ the 
extracellular space of the fish bram does not seem to 
differ from that of the mammahan brain* These data 
seem to demonstrate that the glial-ependymal scar of the 
goldfish, through winch the peripheral nerves regenerated, 
1s not morphologically more loose than the mammalian 
glial scar through which peripheral nerves do not re- 
generate The regeneration of axons ın the mammalian 
nervous system seems to depend on the establishment of 
proper milieu for nerve regrowth This has been demon- 
strated by the fact that axons of the mammalian brain 
stem and spinal cord will resume growth (sprout) after 
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partial denervation of the neurones in the surrounding 
parenchyma® The action of piromen could therefore be 
considered to induce a change in the permeability of the 
cellular constitution of the ghal scar, thus creating a 
proper environment for the growth of the peripheral 
nerve fibres through the scar The chemical constituents 
of the telencephalon of the goldfish are such that a proper 
mulieu is established within the brain parenchyma allow- 
ing for the successful regeneration of peripheral axons, 
whereas drugs or special operative procedures must be 
utilized in the mammalhan brain to induce the proper 
neurotrophic environment 

This work was supported by a grant from the US 
National Institutes of Health, National Institute of 
Neurological Diseases and Blindness I thank M E 
Bernstem and T Karell for their help 
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Regional Distribution of Tritiated 
Acetylcholine in Rat Brain 


Tue almost universal occurrence of acetylcholine, other 
choline derivatives and cholinesterase ın the vertebrate 
nervous system, and effects of cholinesterase inhibitors on 
the central nervous system have suggested that cholinergic 
systems play an important part in brain function The 
experimental evidence for such a role ranges from effects 
on the rate of discharge of single brain neurones to com- 
plex animal behaviour! Whittaker? has demonstrated 
that acetylcholine 1s located primarily m the specific tissue 
fraction consisting chiefly of nerve ending particles De 
Robertis? has located acetylcholme in the synaptic vesicles 
recovered from brain homogenates 

Recent studies have demonstrated that *H-norepi- 
nephrine intioduced mto the brain by intraventricular 
injection 1s taken up by neurones which contain catechol- 
amune, where 1t mixes with the endogenous norepmephrine 
stores‘ We therefore thought ıt of terest to determine 
whether *H-acetylcholine can also be accumulated m the 
brain m analogous fashion Because acetylcholine is 
reported to occur unequally m various regions of the 
brain’, regional distribution of mjected *H-acetylcholine 
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was determmed with the hope that differences in distribu- 
tion among various brain regions may reflect the relative 
importance of this compound in these regions. Because 
intravenously myected acetylcholine does not readily 
penetrate the blood-brain barrier, *H-acetylcholme was 
admunistered into the lateral ventricle of the bram. (The 
acetyleholme was purchased from New England Nuclear 
Corporation, who state that the labelling 1s m the methyl 
group of the acetyl The correct designation should 
therefore be acetyl-“H cholme According to New 
England Nuclear Corporation and Nuclear-Chicago, 
tritiated acetylcholine, labelled erther im the acetyl or 
N-methyl groups, has the biological and chemical proper- 
ties of “cold” acetylcholine ) 

Female Sprague-Dawley rats weighing 180-200 g were 
anaesthetized with ether and fixed ın a stereotaxic device 
A hole just large enough to accommodate a 27 gauge 
needle was drilled through the skull on the coronal suture 
15 mm lateral to the bregma A polyethylene sleeve was 
fitted to penetrate 4 mm below the surface of the skull 
Penetiation to this depth placed the tip of the needle in 
the lateral ventricle This was verified by dissection of 
fresh brains after the injection of mdian ink Physo- 
stigmine hydrochloride (1 mg/kg) was injected subcutane- 
ously 5-10 min before the injection of acetyl-?H choline 
into the ventmcle in order to inhibit hydrolysis of the 
admmuistered acetyleholhme Acetyl-7H choline (5 uc 
42 mg/mc) was drawn into a 50 pl Hamilton syringe 
fitted with the 27 gauge needle described here and injected 
into the lateral ventmcle After 5 sec, the needle was 
withdrawn and the hole covered with the index finger to 
prevent leakage The animals were decapitated 30 mm 
after mjection of the acetyl--H choline. The brains were 
removed immediately and rinsed in cold 09 per cent 
sodium chloride They were then dissected im cold 
saline into nine regions Each brain portion was blotted, 
weighed and homogenized in 4-10 ml of cold 0 4 normal 
perchloric acid, according to the method of Hebb et al ë 
After centrifugation, a 1 ml aliquot of the supernatant 
fluid was transferred to 10 ml of Bray’s solution Total 
radioactivity was measured by means of a Nuclear 
Chicago quid scintillation counter 

Our results indicate that acetyl-°H choline accumulated 
in the bram tissue The rate of disappearance of radio- 
activity from the whole brain was relatively rapid with 
reduction withm 30 mim to half the activity that was 
present at 2 mun (Fig 1) If true uptake of the acetyl-“H 
choline into the physiological pool of endogenous acetyl- 
choline is assumed, our results indicate a rather rapid 
turnover of acetylcholine in the rat bran Analysis of 
various regions of the rat brain indicates (Table 1) that 
acetyl-°H choline was not taken up equally The differ- 
ences in uptake among some regions were highly signifi- 
cant We have included data on the occurrence of endo- 
genous acetylcholine m Table I in order to enable com- 
parison with the distribution of acetyl-"-H choline No 
data on the occurrence of endogenous acetylcholine in 
the hippocampus and diencephalon are available for 
comparison with our finding that the greatest accumula- 
tion of acetyl-°H choline occurred ın these regions The 
basal gangha, where Votava? found considerable concen- 


Table 1 ACCUMULATION OF *H-ACh IN VARIOUS_REGIONS OF THE BRAIN 
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(4) Cerebral hem * exclusive of forebrain regions hsted 
(5) Medulla 

(6) Mesencephalon 
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Acetyl" choline (5 xe ) was injected mto the right lateral ventricle and the animals were killed 30 min later 


for total radioactivity 
* Datafrom Z Fink cited by Z Votava! 


Endogenous ¢ 
Acetyl-*H choline (c p m /mg) acetylcholine 
3 4 5 Mean (ug/mg) 
408 55 6 56 4 453 
23 6 39 2 212 297 
192 — — 177 407340 853 
188 —_— pis 145 210540 5084 
60 72 42 82 2 471 +0 573 
36 120 60 78 3 864+ 0 550 
44 84 56 74 1 36040 601 
— 48 60 56 
08 19 11 12 


Various regions of the brain were assayed 


+ Arranged according to region§ of decreasing concentration of acety!l“H choline 


} Listed as cortex 
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0 [] Lal 
2 5 15 30 «60 240 


Min 


Fig 1 Rate of disappearance of acetyl-*H choline from the whole brain 

of rats Each point represents the mean of results in three rats each 

injected with 5 we of acetyl H choline and decapitated at the times 
indicated on the abscissa 


tration of acetylcholine, accumulated relatively large 
concentrations of acetyl-"H choline The observation by 
Votava that the cerebral cortex had more acetylcholine 
than did the basal ganglia cannot be compared with ours 
because the cerebral hemispheres we analysed mcluded 
other telencephahe structures We found that the 
mesencephalon accumulated about 44 per cent as much 
acetyl-"H choline as the basal ganglia which 1s lower 
than the 95 per cent endogenous acetylcholine reported 
by Votava We are unable to account for these differences. 
Although this study ındıcates that the brain takes up 
acetyl-?H choline, 1b 1s not yet possible to decide whether 
this 18 of physiological significance Passive uptake of 
4C-acetylcholine by the mitochondrial, pinch-off nerve 
terminal, and synaptic vesicle fractions in rat brain® has 
been demonstrated The marked and consistent differ- 
ences in regional distribution in our experiments suggest 
that the differential accumulation of acetyl-7H choline 
in various brain regions ıs not fortuitous, and may reflect 
the degree of involvement of acetylcholine m the activity 
of these regions 
This work was supported by the US Public Health 

Service and by a grant from the Tobacco Research Council. 
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Human Rod Visual Delay 


In 1922, Pulfrich! noticed that when a swinging pendulum 
bob ıs viewed binocularly with a neutral] density filter 
over one eye the bob appears to describe an ellipse The 
effect 1s caused by the extra delay associated with the 
lower illumination level ın the filtered eye (fig 1) This 
promoted interest in finding the relation between visual 
delay and intensity 

Variations of visual delay with intensity have been 
measured electrophysiologically?? It has been shown for 
animals that, whereas the total visual delay depends on 
the measuring point along the optic pathway, 1ts variation 
with the mtensity of stumulus 1s everywhere the same. 
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Fig 1 The Pulfrich pendulum for gaze ponte straight ahead 


(Adapted from Gregory? 
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Fig 2 Delay versus mtensity curves for rod vision obtaimed by 
Arden and Weale Their caption The change in the latent period of 
vision with intensity Ordinates on the left Atın msec, on the right, 

degrees of episcotister scale Abscissa the logarithmic intensity scale 
expressed tn multiples of the absolute threshold of vision, a8 measured 
with a 3 min field at 8° ın the right visual field of the lefteve @, Observer 
GBA, O,RAW_ Continuous line, foveal data, broken line, extra- 
foveal duta, dashed curve, Bernhard’s data (For details see text) 


Thus variations must take place in the retina peripheral 
where all electrophysiological measurements have been 
made In 1954, Arden and Weale* measured human rod 
visual delay versus intensity by flashing a 3 mun field for 
3 msec at 8° off the centre of gaze Their methods relied 
on subjective reporting of simultaneity between two 
flashes Fig 2 shows that they agree well, however, 
with Bernhard, who arrived at his results by relating 
human EEG blocking times to stimulus intensities 
Weale® and Bornschein® had earlier verified that rods were 
active in photopic conditions, and that rod activity can 
be suppressed only at the highest levels of luminance 
So Arden and Weale furthér investigated the Pulfnch 
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Fig 8 Experimental apparatus 


Delay (msec) 





10 20 10 20 40 
Intensity (per cent) 


Fig 4 Delay versus percentage of right eye hghtintensity admitted to 


left eye for five subjects ©, Mo, x, Jane, 


O, Nancy, @, Pam, 
*, Jeff 

pendulum effect using only the shapes of their rod and 
cone delay curves and coloured eye filters. They con- 
cluded that the effect was predominantly the result of rod 
vision They tacitly assumed that the curve of rod vision 
delay-versus-intensity 1s the same in natural visual con- 
ditions as ıb ıs for dark adapted eyes looking at 3 min 
spots for 3 msec in a darkened room The multifarious 
effects of lateral inhibition in the retina’?-?* would seem to 
dictate against this unless variations ın rod visual delay 
are wholly mediated within the 10d receptor layer We 
decided to use the Pulfrich pendulum to check this 
possibility j 


Our expermmental set-up 1s shown in Fig 3 The 1-4° 
bright blue ball had a swing period of 2 9 sec and was 
boosted back to the start mark by an experimenter every 
three swings The subject was asked to focus on the effect 
mdicator, E, and by means of the adjustor ropes, to move 
E until it appeared to be just under the nearest point of 
the ball’s apparent trajectory This assured rod vision 
results The experiment room was a small classroom, and 
was lit during each test by fluorescent overhead hghts and 
early afternoon sunlight through windows to the left of 
and behind the ball The illumination level was about 
40 ft -candles so, according to Rushton”, our well adapted 
subjects had equilibrated at about 10 per cent rhodopsin 
bleach Each subject performed an Æ alignment for each 
case over a random sequence of neutral density filter 
strengths. The tests on each subject were repeated several 
times during several days with the usual precautions All 
subjects were between 20 and 40 yr old The greatest 
effect was obtained with Nancy, who set E at 40” on her 
side of the pendulum plane with a 320 reducing filter 
At the point of fastest movement of the ball mage on the 
retina, the mage covered each rod for more than 20 msec. 
The ball mage defimtely produced an “‘on” effect ın an 
otherwise static visual field filled with a variety of tex- 
tures, colours and forms 

Our results are shown in Fig 4 If percentage intensity 
were plotted on a lmear instead of logarithmic scale, the 
shape of our curves would approximate Arden and 
Weale’s, and Bernhard’s We must therefore conclude 
that the rod vision delay-versus-intensity relationship 
involves more than just 3 msec throughput receptor 
characteristics Lateral interactions over the entire retinal 
field are centrally umportant 
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Distribution of Excitation and 
Inhibition in Receptive Fields of 
Lateral Geniculate Neurones 


Ir has become apparent that the composition of 1eceptive 
fields of cells ın the visual system vary considerably with 
the species studied, the level in the visual system exam- 
ined and the stimulus parameters used In spite of this 
variability, one characteristic form of receptive field has 
frequently been found at low levels in the visual system 
It 1s usually described as roughly circular in shape and 1s 
made up of concentric zones which have the same spectral 
sensitivity The important features of a unit with such 
a receptive field are that hght stimulation in the centre 
of the field leads to either an increase or decrease in the 
cell’s rate of discharge, while stumulation in the surround 
leads to a rate change ın the cpposite direction If both 
of these regions are stimulated together, the resultant 
response ıs a combination of the separate responses of 
the regions', Thus ıb appears that at some peripheral 
point there 1s a combination of inputs so that the response 
of the cell indexes the amount of activation received by 
an excitatory system minus the amount of activation 
received by an inhibitory system 

Two general models have been proposed to show how 
spatially distributed excitatory and imbhubitory effects 
might be combined to produce the characteristics of the 
receptive fields described here The basic difference 
between these two schemes concerns the distribution of the 
surround mechanism, some assume?‘ that the centre 
and surround mechanisms are spatially co-extensive, while 
others have suggested that there is a spatial discreteness 
for the centre and surround mechanisms with some overlap 
at the borders between the two® It has been specifically 
suggested that not only are the centre and surround 
mechanisms co-extensive, but that the surround mechan- 
ism has maximal sensitivity at the same point as the 
centre mechanism, so that ıt 1s chiefly the rate of fall-off mn 
sensitivity that differentiates the two mechanisms The 
experiment reported here was designed to determine 
which of these two possibilities better describes the 
input to cells in the lateral geniculate nucleus of the 
squirrel monkey (Sarmırı scvureus) 

The activity of single cells in the lateral geniculate 
nucleus of lightly anaesthetized squirrel monkeys was 
recorded using mucropipette electrodes and conventional 
recording methods, permanent records of cell activity 
and stimulus sequences were obtained for later analysis 
Receptive fields were analysed by presentmg various 
hight stimuli on a translucent tangent screen 15 m 
from the monkey Two types of stimulation were 
used narrow-band spectral stimuli were obtained from 
a grating monochromator behind the screen, and geometric 
forms (annuh, spots and so on) were projected on to the 
front of the screen using tungsten-filament projectors. In 
addition, full sereen Ulummation was used to provide 
photopic adaptation conditions 

Receptive fields of cells of the lateral geniculate nucleus 
were initially mapped using flashed spots of monochrom- 
atic light (duration, 1 see, diameter, 20mm.) This pro- 
cedure provided information on the spatial extent of the 
centre and the surround of the receptive field In addition, 
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the spectral sensitivity of these two regions was determ- 
ined, and only those cells that had the same spectral 
sensitivity throughout were used in this experiment 
Such cells are of the class previously stud ed in condi- 
tions of diffuse light stimulation, and are termed non- 
opponent or broad-band’, 

After this mitial mappmg, responses were obtained 
by presenting a 20 min spot, centred as accurately as 
possible in the middle of the centre region of the field 
Next an annulus was projected onto the screen and posi- 
tioned so that its centre covered the centre of the receptive 
field (an area with a diameter of approximately 0 5°-1 2° 
for such cells) Sufficient trme was allowed for the visual 
system to adapt to the various annular luminance levels, 
and responses to the centred spot were recorded for each 
such level In this way, responses were obtamed for an 
annular luminance level equal to the background lumin- 
ance and for several other levels up to as much as 2 5 logyy 
units higher 

The two models of receptive field organization predict 
different results from this procedure If the surround 
and centre mechanisms are spatially discrete, the response 
to the centred spot should become no greater when 
annular adaptation 1s added On the other hand, if the 
centre and surround mechanisms are spatially co-extensive, 
adaptation to the surround at some levels might be 
expected to lead to an enhancement of the response to 
the centred spot because there should be a range of 
luminance levels that would affect the surround mechan- 
ism but have little effect on the centre mechanism Any 
adaptation of the centre mechanism, either ın the sur- 
round from annular stimulation or because of hght scatter 
back into the centre, could only lead to an attenuation 
of the response to centre stimulation 

All cells tested gave a qualitatively similar outcome 
The results from six such cells are shown in Fig. 1, where 
the mean response of each cell to centre stimulation 1s 
plotted as a function of the annular luminance level 
and relative to the response without annular adaptation 
As can be seen, there 1s a range of luminance levels where 
the centre response ıs markedly enhanced over that 
obtained in the absence of annular adaptation Two 
pomts should be noted First, the enhancement effect 
typically occurs for annular adaptation levels only slightly 
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Fig 1 Changein response to centre stimulstion for sıx lateral geniculate 

nucleus cells as a function of annular adaptation level Response change 

was calculated from a baseline pron consisting of no aunular adap- 
tion 
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above the background level. At some point above that 
the response to centre stimulation begins to decline, 
presumably because at those levels the annular light 18 
also affecting the centre mechanism Second, although 
there 1s variability from cell to cell m the intensity of 
annular adaptation necessary to produce enhancement, 
the magnitude of the maximum enhancement effect 1s 
roughly the same across cells The latter feature would 
seem to indicate that the difference ın sensitivity of the 
centre and the surround mechanisms ın the surround 1s 
similar from cell to cell That conclusion, however, seems 
unhkely in view of the fact that the balance between the 
centre and the surround of these cells seems to vary 
rather widely 

The results of this experiment suggest that the centre 
and surround mechanisms for these lateral geniculate 
nucleus cells must be to a large extent spatially co- 
extensive It should be emphasized that the situation 
for lateral geniculate nucleus cells possessing spectrally 
selective receptive fields may be different from the cells 
examined here, although there 1s evidence to support 
the notion that some such cells may also have spatially 
co-extensive regions®:?= Finally, there 1s also the distinct 
possibility that even cells with the same sorts of receptive 
fields may be differently constructed in different animals, 
it has, for example, been reported that for lateral genicu- 
late nucleus cells of this type m another monkey genus, 
Macaca, a centre stimulus is not made more effective by 
projecting a steady annulus on to the surround’ 

This work was supported by a grant from the US 
National Science Foundation 
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Selection for the Absence of 
Scutellar Bristles 


In stocks of Drosophila melanogaster with a variable 
number of scutellar bristles, directional selection can 
increase the number of such bristles!-3_ Directional selec- 
tion for the removal of scutellar bristles, however, 1s 
rarely successful in the absence of either a sex linked 
mutant scute allele (sc) or a major mutant which similarly 
reduces the scutellar bristle number to less than fourt? 
The bese population for this expeimment, Vg6, was 
homozygous for the recessive mutant vestigial wings (vg). 
This stock had been successfully selected for high sterno- 
pleural chaeta number for ninety-six generations’ and 
subsequently maintained in mass culture for 6 yr 
Scutellar bristle number assays of Vg6 at 25° C showed 
that 4 8 per cent of females and 0 8 per cent of males had 
less than four scutellar bristles Three females and one 
male each with three bristles were mated together and 
125 flies of each sex were taken at random from the result- 
ing progeny and assayed for scutellar bristle number 
The female and male flies with the lowest number of 
scutellar bristles, regardless of the position of the missing 
bristles, were chosen as the two parents for the next 
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Fig 1 Response to selection for low scutellar bristle number ~~, 
Females, —— ——, males 


generation This selection and assay regime was repeated 
each fortmghtly generation Four single pair mnsurance 
cultures were also set up each generation from the flies 
with the next lowest bristle numbers to insure against the 
possibility that the best pair should fail to breed. All 
cultures and assays were made at 25° C 

The results (Fig 1) show that selection was very effective 
in reducing the mean scutellar bristle number of both 
females and males from the four bristles characteristic of 
the base population Male fles without any scutellar 
bristles appeared after only five generations of selection, 
and from 88 onwards neither of the two flies selected for 
the prunary culture had any scutellar bristles 

It 1s mteresting that even after this period, when the 
selection intensity was inevitably zero, the mean scutellar 
bristle number of the line continued to fall The regres- 
sion of mean scutellar bristle number on generations from 
S8 to S20 1s negative and significantly different from 0 
(0 05> P>002) It seems likely that for these thirteen 
generations natural selection imereased the relative 
viability of low scutellar bristle number flies Thus the 
proportion of flies with a low number of scutellar bristles 
among the progeny of selected parents increased and the 
mean bristle number of the line fell 

Each generation the number of bristles missing from 
the two anterior and the two posterior sites were separately 
scored During the early generations of selection only 
anterior bristles were missing and in the whole experiment 
the proportion of missing posterior bristles never rose 
above 38 per cent (Fig 2). 
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Tig 2 The proportion of missing bristles at anterior sites in the 
selectionhne ~—, Females, --~——, males, 
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The area of the scutellum in female flies of different scutellar 
bristle number phenotypes; shaded area, males. 


Big 4. 
This apparent gradient in the removal of scutellar 
bristles was reflected in the chaetaxy of the dorsal surface 
“of the thorax. At generations Sl] and S20 ten flies of 
‘each sex and scutellar bristle number phenotype were 
assayed for the number of dorso-central bristles on the 
thorax. These assays showed that selection for low 
-geutellar bristle number had a correlated response in the 
dorso-central bristles which were reduced in number from 
the four bristles invariably present. Dorso-central bristle 
< number was closely related to scutellar bristle number in 
females but less closely in males at S10. By S20 the 
correlation was similar in both females and males (Fig. 3). 
Tt was significant that 68 per cent of the missing dorso- 
central bristles were anterior in position. 

“The removal of scutellar and dorso-central bristles was 
associated with changes in the size of the flies. Flies with 
no scutellar bristles had a smaller mean scutellum size 
than flies with four bristles (Fig. 4 and Table 1). There 
were no corresponding changes, however, in the area of 
the thorax in the five scutellar bristle number phenotypes. 


Table 1. ANALYSIS OF VARIANCE OF SCUTELLUM AREA POR FLIES OF TRE 
PIVE SCUTELLAR BRISTLE NUMBER PHENOTYPES (LOG TRANSFORMATION) 
Source AMS. d.f. F Probability 
Sex. 0-2429 L 120-48 P<0-001 
Scutellar bristle number pe Se Tag $ 
-phenotypes 0-0291 4 351 O05>P oe O41 
Sex x phenotypes ; 00013 4 <i P>005 
Between individuals within 0-0083 85 
sex and phenotypes (error) i 
Total BE 2 74 








189 
Table 2. ANALYSIS OF VARIANOE OF CELL HAIR COUNTS PER UNTE AREA 
OF SCUTELLUM 
Prob- 
Souree M.S. dJ. F ability 
Sex : 76-76 1 622 P<006 
Scutellar bristle number phenotypes 13-69 4 111 P>005 
Sex x phenotypes 11-94 4 <i P>o05 
Between individuals within sex and 12-34 20 
phenotypes (error) a 
Between measures within individuals 2-95 120 
Total 149 


Table 3. MEAN SOUTELLAR BRISTLE NUMBERS IN ASSAYS OF Vg6 CHROMOSOMES 
ON A y, bw, sf BACKGROUND IN MALES 
(Males hemizygous for a y marker 
X chromosome) 
Number oe ¥g6 third chromosomos 


Number of V¢6 second i 40 
chromosomes 2 36 27 
(Males hemizygous for a Vg X chromosome} 
Number of Vg8 third aaa aaa 


1 
Number of Vg8 second 1 4-0 4-0 
chromosomes 2 35 26 


40 


Each epidermal cell in Drosophila melanogaster produces 
a single cell hair (Fig. 5) so that estimates of epidermal 
cell number can be made by counting the cell hairs in æ 
defined area of the scutellum. The analysis of variance 
of cell hair assays (Table 2) shows that the only significant 
degree of freedom is associated with the difference in cell 
number between females and males. Thus the change in 
area of the scutellum resulted from a decrease in cell 
number rather than a decrease in cell size. 

Crosses between female flies from the selected line and 
males hemizygous for sc! did not produce any flies with 
less than four scutellar bristles. Clearly the selection 
response was caused by factors other than mutant scute 
alleles which might have occurred and been selected for in 
the line. Whole chromosome analyses based on male 
flies from the F, of a cross between flies from the line and 
a standard stock homozygous for the recessive mutants 
y, bw and st (X, second and third chromosome markers 
respectively) confirm this finding (Table 3). None of 
the chromosomes derived from Vg6 had appreciable 
individual effects on scutellar bristle number relative to 
y, bw, st, when heterozygous or homozygous. Male flies 
heterozygous for the Vg6 third chromosome and homo- 
zygous for the Vg6 second chromosome, however, had a 
mean scutellar bristle number of 3-6 bristles/fly (Table 3). 
When the Vg6 third chromosome was also homozygous 
the mean was reduced to 2-7. Substitutions of X chromo- 
somes from V6 did not have a significant effect on mean 
seutellar bristle number in males. 





Fig. 5. Epidermal cell hairs on the scutellum (x ¢. 5,360). 
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These data confirm that by itself the mutant vg has 
little effect on scutellar bristle number in the line although 
some vg alleles do alter the orientation of the scutellar 
bristles. Nevertheless, the vg mutants affect the develop- 
ment of part of the same pair of dorsal mesothoracic 
imaginal disks that give rise to the dorso-lateral regions 
of the thorax and the scutellum. Thus the dorso-central 
bristles and the scutellar bristles derive from a common 
developmental pathway. As the scutellum was reduced 
in size but not the thorax, the data emphasize that fly 
size genes do not necessarily have general effects (compare 
with rəf. 5). 

Rendel? has shown that canalization of the number of 
scutellar bristles at four can be changed by the presence 
of mutant scute alleles. It may be that the mutant vg 
has a similar effect in the present line, for one of the 
located effective factors is closely linked to the vg locus. 
It is possible, however, that the long history of directional 
selection for high sternopleural chaeta number in 
Vg6 has reduced the canalization of the scutellar pheno- 
type to make the line responsive to directional selection 
‘for seutellar bristle number. 

In view of the positive correlation between cell number 
and scutellar number at the end of the selection experi- 
ment, we can question whether the changes in canaliza- 
tion, revealed in this experiment, are in any direct way 
to be regarded as involving changes of the canalization 
system of scutellar bristle number and pattern. Rather, 
it seems that the factors determining the pre-pattern® of 
bristle number may have remained constant, but changes 
of cell number may have “removed” the possibility that 
the constant bristle pre-pattern be revealed, so that the 
canalization of scutellum shape and cell number may be 
the variable that has been manipulated. 

I thank Professor J. M. Thoday and Dr P. Lawrence 
for helpful comments and G. Hudson for assistance. The 
Cambridge Instrument Co., Ltd., provided the facility 
of the ‘Sterescan’ microscope to prepare Fig. 5. 
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Response of Neurones in the Motor 
Cortex during Performance of a 
Simple Repetitive Arm Movement 


ANALYSIS of the firing pattern of single cells in the brains 
of unanaesthetized animals promises to be a useful 
approach towards understanding brain mechanisms 
involved in the control of movement. Evarts?, studying 
reaction time in monkeys, observed that the firing rate 
of some pyramidal-tract neurones changes before the 
electromyographic potential associated with the behavi- 
oural response. Evarts’s study provided valuable data on 
the response latency of pyramidal tract cell discharge 
before a conditioned arm movement. The reaction time 
task with non-human subjects has the disadvantage that 
protracted training is necessary to establish fast and 
stable responses’, and relatively few behavioural responses 
are available each day for analysis in relation to unit 
activity. 

We described earlier a technique for concurrent record- 
ing of physiological and .behavioural data on a two- 
channel magnetic tape in which the tape recorder was 
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modified so that it could be played backwards*. We used 
a backward summing technique as part of an analysis 
of muscle potentials occurring just before the behavioural 
response in a reaction time task. Here we describe an 
extension of the backward summing technique that shows 
changes in firing rate of units in the motor cortex of a 
monkey before and after the animal presses a lever. _ 

A macaque monkey (Macaca mulatta) was kept in a 
primate restraining chair. The animal was first trained to 
depress a telegraph key to deliver a small food pellet. 
When the lever pressing response had been well established 
further responses were reinforced after a variable interval 
of time (with a mean of 32 seconds) had elapsed since 
the previous reinforeement (VI 32 schedule). After 2 
weeks of training the animal was responding at a rate 
of about 1,000 responses/h throughout a 3 h daily session. 
When performance was stable, a stainless steel adaptor 
was implanted in the skull under general anaesthesia 
for later coupling with a microelectrode drive unit. 
The adaptor was positioned over the hand and arm area 
of the precentral cortex contralateral to the hand used 
in the training. The dura was left intact and was pro- 
tected by a silastic rubber plug inside the steel adaptor. 
Tungsten electrodes etched in the manner described by 
Hubel’ were insulated by repeatedly dipping them tip 
down in thickened Isonel 31 (Schenectady Chemicals, 
Inc., Schenectady, NY) and baking them tip down be- 
tween each immersion. Six coats of ‘Isonel’ applied by 
this technique covered the electrode up to 10-15y from 
its tip, and provided firm insulation which withstood 
repeated penetration of the dura. 

During each recording session the monkey's head was 
loosely restrained to prevent gross movements. A remotely 
controlled hydraulic micromanipulator rigidly attached 
to the steel bone adaptor advanced the tungsten electrode 
through the rubber plug and dura into the brain. The 
electrode carrier was so arranged that the angle of 
penetration could be varied, permitting us to sample 
neurones within a circle of about 2-5 mm radius using the 
same skull mounted adaptor. Electrode penetrations 
were carried out daily while the animal was actively 
bar pressing. It was difficult to determine when the 
electrode actually entered the cortex, so the micro- 
manipulator reading that corresponded to the first 
clearly identifiable unit activity was noted. Cells en- 
countered deeper in the cortex were referenced to this 
first identifiable unit measure in order to provide a rough 
moasure of each unit’s relative depth. When a cell was 
sufficiently isolated, unit activity was recorded on one 
channel of a stereo tape recorder while the bar presses 
were recorded concurrently on the second channel. 
Data have been gathered on twenty-five well isolated 
units obtained in seven electrode penetrations. The 
spikes recorded were subsequently coded onto paper 
tape through a Schmitt Trigger circuit, and the pattern 
of cell activity was analysed by computing average 
firing rates in 20 msec class intervals from 500 msec 
before the bar press to 500 msec after the bar press. Cell 
firing prior to the bar press was analysed by playing the 
tape backwards and using the bar press time mark to 
initiate the computer’s 500 msec analysis period. Cell 
firing after the bar press was similarly analysed by playing 
the tape forward. The number of behavioural responses 
used to establish the average firing rates varied from 38 
to 200 depending on how long the cell was held. 

Fourteen of the twenty-five cells from which we recorded 
changed their firing pattern before the behavioural 
response. This change took one of two forms: some 
cells that had a relatively low resting rate of discharge 
were phasically activated, while others that were tonically 
active transiently lowered their firing rate prior to the 
response. Representative single cell records and their 
averaged firing rates are shown in Fig. 1. 

Although our measure of depth in the cortex was 
crude, it was sufficient to show that nearly all cells 
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Fig 1. Average firing rates and eek ane single cell recordings of three celis recorded in the same penetration, The oscilloscope photographs 


“were made from taped records. 


‘The negative portions (downwards) of the units have been brightened by applying the negative portion of the 


input signal-to the oscilloscope’s intensity-modulation system. The bright dot above cach time tine indicates the occurrence of the bar press, 


oie toarks are 10 and L00 msec, 

pattern before the response, 
with the response, 
response, 


eonsistently modified by the response were relatively 
deep in the cortex. The first few cells in any penetration 
had very low spontaneous rates, and became intermittently 
active in bursts with no apparent correlation to the 
monkey's bar pressing. 
Although we do not know whether the deep cells were 
pyramidal tract neurones or not, the general form of the 
response patterns confirms the “tonie” and “phasic”? 
‘distinction made for pyramidal tract cells by Evarts*, 
Moreover, their depth in the cortex suggests that the 
recorded cells lie in the layers of the precentral cortex 
which give rise to cortical efferents. Even the most 
strongly modulated phasic cells did not fire faster than 
SO/sec. This supports Evarts? suggestion that precentral 
cells in the awake animal may be subject to a frequency- 
Umiting mechanism. 
-Our technique of recording and analysis offers some 
advantages for study of brain mechanisms in movement. 
The method may be readily adapted to other sites in the 
brain or fo other movements. 
This work was supported by grants from the US Public 
Health Service. 
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These three cells, recorded in the deeper layers of the cortex, showed consistent modification of their fring 
Two cells isolated in the same penetration at more superficial levels had no apparent correlation of firing pattern 
The sharp post-response deflexion seen in the middle graph consists of a single discharge at a fixed interval after the 
‘Three cells of the sample had this characteristic. 
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MICROBIOLOGY 


Chemotaxonomic Studies of some 
Gram Negative Bacteria by means of 
Pyrolysis-Gas—Liquid Chromatography 
TuERE has recently been a great need in medical miero- 
biology for more rapid and objective methods of differ- 
entiating pathogenic micro-organisms. Earlier worki? 
indicated that sub-species differences among diverse taxa 
could be detected by means of gas-liquid chromatography 
of their whole cell pyrolysis products. The present study 
confirms these results and shows that the distribution of 
pyrolytic products is a constant factor and is directly 
related to the chemical structure of the micro-organism. 
The biochemical and serological procedures employed in 
the characterization of the cultures used were the same 
as those described by Ewing* and Edwards and Ewing’, 
which were similar to those given by Kauffmann’ * and 
Ørskov”. Smooth cultures of Escherichia coli and Shigella 
serotypes as well as representative examples of other 
genera were inoculated into grypticase soy broth. The 
tubes were incubated with agitation for 6h at 37° Cina 
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water bath. Growth from these cultures was used to 
inoculate large (200x35 mm) plates, each of which con- 
tained either 350 ml. of freshly prepared meat infusion 
agar medium or a simple peptone yeast extract medium. 
A sample (1-2 ml.) of the broth cultures was spread on the 
surface of each plate. After incubation for 21 h at 37° C, 
the growth from each plate was collected in 10 ml. of 
distilled water containing 0-5 per cent formalin, centri- 
fuged (10,0009 for 15 min), resuspended in the same 
diluent and recentrifuged. The cells were washed three 
times in this way. The heavy suspensions of washed cells 
were lyophilized and stored at room temperature in 
screw-capped bottles. 

Details of the pyrolysis-gas-liquid chromatography 
(PGLC) procedure and equipment used have been de- 
scribed elsewhere’. In brief, the method consists of sub- 
jecting a pellet of dry bacteria (100-275+1-0 ug) to a 
rigidly controlled pyrolysis. A gas chromatographic 
system directly connected to the pyrolyser separates the 
thermal fragmentation products. A pyrogram or graph 
showing the pattern of these products is traced on a strip 
chart recorder. 

One question which arises is whether the criteria used 
for distinguishing organisms are in fact related to differ- 
ences in their chemical structure and not related to 
variations inherent in the technique. Instrument variation 
is not a significant factor, as numerous tests have shown. 
In a typical example, a single sample of Æ. coli 0105 was 
analysed five times in succession. Weights of samples 
varied from 143 to 200 ug. Individual peaks had retention 
times ranging in mean absolute deviation from 1 to 4 sec. 
Amplitudes of individual peaks (concentration) indicated 
good precision as well. The following is more important, 
however, from the standpoint of diagnosis: pyrograms 
from a variety of micro-organisms (2,400 analyses) show 
that certain areas or peaks of the profile are characteristic. 
These characteristic peaks, used to distinguish organisms, 
are constant and reliable. Such peaks seem to be un- 
affected by a number of factors, and these will be dis- 
cussed. 

The investigation involved sixteen 2 year old cultures 
analysed previously and thirty-three fresh cultures. The 
fresh cultures were coded and their antigenic schema was 
not available to the analyst before all pyrograms were 
completed. Every sample was analysed at least twice on 
each gas-liquid chromatography column. Although 
columns were prepared in an identical way, pyrograms 
of a single organism, analysed on different ‘columns, 
may show some modification in pattern. In all, 316 
analyses were recorded. 

When the analyses were completed, pyrograms of the 
coded samples were sorted into five groups. These 
divisions were based on the ratios of two characteristic 
peaks: peak 8 (Rr, 900 sec) and a double peak, 9a and 
96 (Rr, 1,010 sec). Group 1 consisted of nine profiles with 
peak 9 taller than peak 8. All of these were later found 
to be 055 serotypes. Group 2 comprised four pyrograms 
with peak 9, in this case, shorter than peak 8; group 3 
was made up of five pyrograms with peak 9 equal to 
peak 8. Groups 2 and 3 proved to be FZ. coli 0111 sero- 
types. Group 4 included fifteen samples in which peak 8 
was missing altogether. This group was further divided 
into those pyrograms with (1) 9a taller than 9b, and (2) 9a 
equal to 9b. The latter were found to belong to EB. coli 
0 group 105 (formerly designated 0115) (ref. 1) and 
Shigella boydii 10. In addition, some groups contained 
pyrograms which were identical in every respect (obviously 
duplicates). Conversely, some pyrograms within a group 
had small differences. At this stage, it could not be 
established whether these small differences were consistent, 
thus characteristic ones. so no further subdivisions were 
made. 

When the identity of the samples was diselosed, nine 
serotypes had, in fact, been represented in the five groups. 
Now, however, additional subdivisions, based on small 
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‘Table 1. DIFFERENTIATION OF PYRO-CHROMATOGRAMS 
GLC column 1 


E. coli culture 6 Peak 4Peak Peak 


and analysis No,* a,b,c,d 4aS 4b 8:9 929 

Ollila, 011b : B4 : H12t tele =æ > > 
180°, 181°, 190°, 191°, 2904, 221° 

Ollila, 0111b : B4 : H12* E = > > 
176°, 177°, 184°, 185°, 2314, 2397 

Ollila, Olile : Ba: H4 mp = > > 
194°, 195°, 214¢, 215° 

055 ; B5 : H6 + ak = z > 
212°, 213°, 2242, 225° 

055 : B5 : H6 + + wat = < > 
206°, 207°, 2268, 227¢ 

0 = < > 


55 : BS: H7 

192°, 193°, 198°, 199°, 2084, 209° 
0127 : B8 ass 2 wae > 
2104, 2114, 216°, 217° 


01: Ki: H7 bpa = TEN > 
188°, 189°, 1964, 1974, 202°, 203° 

06 : K13: Hi 
1744, 1864, 1874, 204°, 205°, 175+ i < nave > 

0105 a>b = Nes = 
2224, 223%, 228°, 229e 

S, boydii 10 a<b = rear = 


2184, 200°, 201°, 182°, 183°, 219° 


GLC column 2 


E. coli culture Notched Single Peak 829 %a/0b 
and analysis No.* peak 6 peaké 8 z ratio 

olila, O111b : B4 : H124 + - + > 16 
352°, 352, 356°, 357°, 384°, 390: 

0lila, 0111b : B4 : H12* + - + > 16 
354°, 355°, 385°, 389¢ 

Ollla, Olite : B4: H4 + - + s 22 
403°, 383¢, 3914 

055 : B5 : H0 + + ~ + Ss 2-0 
360°, 380°, 381°, 3944, 305" 

055 : B5: H6+ + + - + s 2-0 
363°, 379°, 3964 

055 : BB: H7 + - + 2 20 
359°, 382°, 3924, 3934 

0127 ; B8 - + ~ ate 20 
371°, 376°, 399%, 400% 

01 : Ki: H7§ - + - tee 2-0 
370°, 377°, 3984 

06: K13 : Hi - + ~ ri 20 
372°, 373°, 374°, 401° 

0105 - + - PE 10 
367°, 369%, 378°, 3974 

S. boydii 10 ~ + - Tok 10 


361", 368°, 387°, 3884 

à Analysis No.—denotes sequential order of analysis. 

* Old BAB, samples stored 2 yr. BAB, blood agar base, 
° New BAB; inoculation of same cultures as w, 2 yr later. 
43 week BAB (cultures inoculated afresh, 3 weeks after e) 
* Peptone media. 

§ Prominent peak between 6 and 7. 

* 492-64 Ollila, O111b: B4 : H12. 

+ 1004-64, 

+ 881-63 055: B5:H6 

+ + 2032-63. 


differences in the profiles already recorded, could readily 
be made. The small differences proved to be charac- 
teristic of the serotypes in question. 

Typical pyrograms of each group are shown in Fig. 1. 
On both chromatography columns, pyrograms fall into 
two principal patterns: on column 1, those with a peak 
at position 8 were E. coli 0 groups, 111 and 55. All 
others lacked this peak. The same divisions appeared in 
analyses performed on column 2. Those profiles having 
peak 8 on column 1, however, now had a double peak 6 
on column 2; those lacking peak 8 on column 1 now had a 
single peak 6. On both columns these characteristic 
peaks always had a retention time close to 18 min. E. 
colt 0 group 1, unlike all the others, showed a prominent 
peak between 6 and 7. These findings indicate a relation- 
ship between organisms within each of the two principal 
groups. As far as is known, such a relationship has not 
been established by serological or other methods currently 
used. 

In this investigation, experiments were designed to 
achieve several objectives, as follows. In a series of 
experiments on coded samples, one test was designed to 
measure how well closely allied organisms could be dis- 
tinguished. Two samples of E. coli, 011 la, 01116: B4: H12 
and Ollla, Ollle: B4:H4, which differ only in the 
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Fig. 1 


somatic antigen sub-type and in the kind of flagellar 
antigen, were analysed Pyrograms showed consistent 
differences in ratios of peak heights of peaks 9a and 9b 
(see Table 1, gas-hquid chromatography column 2) 

In another example (Fig 1) are shown pyrograms of 
E cols 0105 and Shegella boyda 10 Because these organ- 
isms share O and K antigens, serological differentiation 18 
very difficult On the other hand, ın their respective 
pyrograms, recognizable differences in pattern are shown 
between peaks 6 and 7 

In addition, Shayella sonner, which has no serological 
relationship to the other two, diffeis only between peaks 
6 and 7. A priori, if pyrolysis profiles are indeed a reflexion 
of the onginal antigenic structure of the micro-organism, 
a much greater difference should be expected in a com- 
parison of S sonner and E col 0105 than with S boydz 10 
and Æ colt 0105 Such differences, however, are not 
revealed (Fig 1), ıb ıs therefore concluded that pyro- 
grams do not always show a direct association with sero- 
logical findings and therefore they must be showing other 
differences 

Scrological data are lacking for Enterobacter hafmae 
Together with Prowdencia stuarin, they give similar 
pyrograms (Fig 1; slight differences at peaks 4 and 5) 
These are, ın turn, quite different from the profiles 
obtained from all cultures of E colt which have been 
studied 

In a second test, two cultures of E cola 011la, 01116 
B4 H12, each isolated from different sources (human), 
were analysed Their PGLC profiles were superumposable 

In another example, two organisms which were of the 
same serotypes, 055 Bö H6, but derived from different 


human sources, again yielded pyrolysis profiles which 
were identical when superimposed In addition, profiles 
from a variety of non-enteric pathogens, obtained in the 
same conditions, also have given superimposable pyro- 
grams 

A third set of tests concerned the following effects 
changing the culture media (blood agar base to poptone 
yeast extract), inoculating and collecting cells at different 
times (during 3 weeks), varying the storage penod of 
lyophilized cells (days, up to 2 yr) In each instance, 
pyrolysis profiles, when judged by their characteristic 
peaks (peaks which :mpait uniqueness), remained un- 
changed by these modifications 

A fourth test was designed to see whether the method 
could permit differentiation between even more closely 
related organisms Two Æ colt cultures of known serotype, 
055 B5 H6 and 055 B5 H7, were chosen for com- 
parison As far as is known, they differ only in their 
flagellar, H, antigens The H antigens are thought to be 
composed almost entirely of a protem, flagellin, which 
represents up to 2 per cent of the diy weight of the cell’. 
The analytical results, illustrated in Fig 1, show that a 
small peak, 2a, which follows the notched peak 2, appears 
below the notch on H6; above the notch on H7 Peaks 
4 and 5 also show different relationships These small 
differences appeared consistently ın every pyrogram 
(twenty-four) of the two samples 

The fine distinction between these organisms, based on 
what seems to be a minute amount of dissimilar protein, 
raises the interesting pomt as to what specific chemical 
structures or combinations are contributing to the total 
pyrolysis pattern This question, as well as investigations 
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on cell wall antigen structures and electronic data pro- 
cessing, 18 under study 
E REINER 
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BIOLOGY 


Natural Selection by Glow-worms in 
a Population of Cepaea nemoralis 


THERE are very dense populations of Cepaea nemoralta, 
the polymorphic land snail, on the sand dunes of the 
nature reserve of Newborough Warren in Anglesey, 
Wales They occur sporadieally, chiefly in areas of dune 
colonized by Salix repens, and contain individuals of the 
usual phenotypes—yellow or pink and banded or un- 
banded Some populations also contain considerable 
numbers of the brown phenotype While sampling one 
of these populations with Dr K Isarankura, glow-worms 
were occasionally to be found feeding on the snails 
During a survey of the area at night, about thirty-three 
glow-worms were seen in an area of 10 m square, the 
actual population no doubt being denser than this 
Glow-worms may therefore well be an important pre- 
dator of Cepaea and if they preferred one phenotype 
to another they might have a strong selective effect. 
An experiment was set up to test for any preferences the 
glow-worms may have for particular phenotypes <A 
glow-worm was put in a bowl with a choice of two snails 
to eat The choices were either of brown and banded 
yellow or of unbanded and banded yellow The experi- 
ments were carried out in the autumn of 1965 and 1967 
Table 1 gives the data when the choice was of brown and 


Table 1 NUMBER OF SNAILS EATEN WITH A CHOICE OF BROWN AND BANDED 
YELLOW 


Banded 
Brown yellow Totals 
1965 Adults 14 10 24 
1965 Young 15 8 23 
1967 Adults 15 8 23 
Totals 44 26 70 
Degrees Value 
Effect tested bv z? of freedom of z? Probability 
Deviation of observed Nos 
eaten from 1 1 ratio 1 4 6286 0 05> P>0 025 
Heterogeneity (variation 
between experiments) 2 0 3201 09>P>08 


Table 2 NUMBER OF SNAILS EATEN WITH A CHOIOR OF UNBANDED AND 
BANDED YELLOW 


Unbanded Banded 
yellow yellow Totals 
1965 Adults 17 2 19 
1985 Young 13 15 28 
1967 Aduits 8 4 12 
Totals 38 21 59 
Degrees Value 
Effect tested by z? of freedom ef x? Probability 
Deviation of observed Nos 
eaten from 1 1 ratio 1 4 8983 0 05> P>0025 
Heterogeneity 02 9 1823 0025>P>001 
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banded yellow and Table 2 the data for unbanded and 
banded yellow The results show that both brown and 
unbanded yellow are preferred to banded yellow but that 
there 1s heterogeneity ın the results for unbanded and 
banded yellow If the data m Tables 1 and 2 me com- 
bmed, the overall preference for brown or unbanded 
yellow becomes very significant (0:005> P >0 001), the 
heterogeneity in the combmed data ıs not quite signifi- 
cant If there ıs significant variation in the results of 
the experiments, ıt could be caused by a varying pre- 
ference ın different glow-worms The data for 1967 were 
obtained by using some of the glow-worms more than 
once The sequences of their choices were recorded 

the data and their analysis are shown in Table 3 There 
1s no evidence for a correlation between successive choices 
of a glow-worm and no evidence therefore for variation 
in preference between glow-worms 


Table 3. SEQUENCES OF PHENOTYPES EATEN BY GLOW-WORMS THAT PED 
MORE THAN ONOB 
No of 
glow-worm 
in experiment Sequence eaten 
Gi Bd Y¥, Unbd Y, Unbd Y., Unbd, Y. 
Q7 Bd Y, Unbd Y 
G10 Bd Y Bd Y 
Gil Bd Y, Bd Y 
G20 Brown, Brown, Brown 
G21 Brown, Brown, Bd Y , Brown 
G22 Bd Y, Bd Y 
G24 Brown, Brown 
G25 Brown, Brown 
Phenotype of Phenotv pe of first snail 
second snail of a patr to be eaten 
of a pair to be Brown or Y Totals 
eaten Unbd Y 
Brown or 
Unbd Y. 7 3 10 
Ba Y 1 3 4 
Totals 8 6 14 


Fisher's exact test for both tails of the distribution gives a probability of 
P=0 245 which 1s without significance 


The preference shown by the glow-worms ın these 
experiments may explain a sharp cline in the frequencies 
of the brown phenotypes The population we studied 
extends along a small dune for about 150 yd In the 
area where the glow-worms aie found at the northern 
end of the population browns occur with a frequency 
of about 10 per cent But at the extreme southern end 
of the population about 40 per cent are brown, the 
frequency of brown decreasing sharply over about 80 
yd The glow-worms are not to be seen whore the browns 
are common Becavse there 1s almost a 2 to l preference 
for brown by the glow-worms ıb is tempting to suggest 
that the cline of decreasing brown 1s caused by increasing 
glow-worm predation It 1s therefore possible that the 
glow-worm predation may be a factor affecting the 
“area effects” that were extensively studied by Cain 
and Currey! They showed that in certain areas the 
frequencies of the different phenotypes in populations of 
Cepaea were not correlated with the background of the 
environment from which the populations were sampled 
Visual selection of the phenotypes by birds was presum- 
ably not the factor determining the frequencies Glow- 
worms might, however, be a selective predator Cam 
and Currey found populations with high frequencies 
of browns and noted that they were usually ın areas 
where cold air might be expected to accumulate on clear 
mghts suggesting that brown might be hardier, but 1% 
would be interesting to know if glow-worms were present 
or not 
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Production of Auxin by Detached 
Leaves 


In senescent leaves proteins are hydrolysed to amino- 
acids and peptides!, which might be expected to release 
protem-bound auxin and also to provide considerable 
amounts of tryptophan which can be converted by many 
plant tissues to the auxin indolyl-3-acetic acid (IAA) 
We have therefore investigated the concentrations of 
auxin i senescent leaves 

Mature trifolate leaves from plants of Phaseolus 
vulgaris and leaves from young plants (2-3 weeks old) of 
Avena satwa were detached and placed with their petioles 
or bases in distilled water in the dark at 25° ©. In these 
conditions, the leaves become senescent and turn yellow 
Samples were taken at various times (at intervals of 1 or 
2 days), weighed and stored ın the deep freeze until they 
were extracted with peroxide-free ether for 3 h at 0° C 
The ether extract was partitioned and the acidic fraction 
was run on paper chromatograms with isopropanol 
ammonia . water (8:2-1 v/v). The zone corresponding 
to IAA was eluted and the auxin was estimated using an 
Avena coleoptile straight growth bioassay. The amounts 
of auxin extracted from the leaves at various times are 
shown ın Figs. 1 and 2 

It can be seen that in both cases there 1s a large increase 
in the amount of auxin present over a period of 6 days 
The amounts measured represent the resultant of auxin 
production and auxin destruction. in the case of Avena, 
after about the fourth day the rate of destruction exceeds 
the rate of production The fall in total auxin was 
observed ın each of six experiments. Libbert et al? 
maintain that most of the IAA which can be extracted 
from plants ıs formed by epiphytic bacteria, but because 
plants do not normally grow in stemle conditions this 
alleged bacterial production of TAA 1s likely to be very 
significant physiologically. Thus although the experi- 
ments reported here were not performed ın sterile con- 
ditions, the results are relevant whether or not the auxin 
1s formed in part by epiphytic bacteria. 

Young expanding leaves are an important source of 
auxin in the plant and concentrations of auxin in mature 
leaves arelow’-> The concentrations of auxin m attached 
senescent leaves, however, have received little attention, 
and such measurements as have been made have been 
based on relatively infrequent sampling {usually at 
intervals of about 10 days) A peak of auxin production 
during leaf senescence could therefore have been missed 
The level of auxm in leaves and petioles 1s involved in 
the control of abscission® so the production of auxin by 
senescent leaves, if 1t 18 a general phenomenon, may be 
an important factor which so far has been overlooked 
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Fig 1, Auxin levels in detached Phaseolus vulgaris leaves Expressed 
on dry weight (D W , ©) and fresh weight (F W , A) basis 


195 


DWFW 
2,000 100 


1,606 80 


1,200 60 


ug IAA equiv /kg 


800 40 


400 20 


0 1 2 8 4 6 6 
Time (days) 


Fig 2 Auxin levelsin detached Avena leaves Expressed on dry weight 
and fresh weight basis asin Fig 1, . 


We have suggested elsewhere’ that dying cells are a 
principal source of auxin in the plant. Bacause cell death 
is frequent in normal growth, differentiation and develop- 
ment of the plant, the production of auxin by senescent, 
dying leaves may be only one example of a much more 
general process 
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GENERAL 


“Least-squares” Estimation of 
Distribution Mixtures 


THE statistical estimation of the unknown fractions Il, 
@=1, .. . k), and, when unknown, further parameters 
6;(9=1,.. m), ın & mxed population which 1s denoted 
by ıts cumulative distribution (taken to be un:variate) 


F(z) = È ILF) 
i=l 


18, ın general, cumbersome It therefore seems worth 
noting the convenience and comparative efficiency, at 
least in relation to the estimation of the IIJ;, of estimators 
of “least-squares” type, defined by the mmumuization of 


the integral 
J(df.—dF)?/dG 


where F(z) denotes the cumulative distribution of the 
empirical sample (from, for example, n independent 
observations), and G(x) ıs a suitable mecreasing function 
ofa Taking for simplicity the case m= 0, the estimators 
of theIl; are automatically unbiased with exact variances 
readily calculable, and with asymptotic normality For 
example, if k= 2, we have an estimate p, for TI, 


_ SAP dF) 
Pi = Sam, — dF)H 
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for example, where H = (dF, —-dF.)/dG, with the expected 
value H(p,)=T,, and variance 


[EAF — (fHdaF)? 
n[fidF, — dF,)H}? 


A considerable choice of H 1s possible Thus, considermg 
for definiteness the density case, we define the unweighted 
least-squares estimator of Il, by the choice dG=dz, 
H=f,—f; We should, however, expect weighted esti- 
mators to be better In fact, because the variance of dF; 18 
Jfdzjn, we should try to choose d@=fdx, the term 
JHdaF in the expression for 5*(p,), arismg from the covar!- 
ance of df.(z%) and dFs(y), then vanishes, and o*(p1) 
becomes identical with the reciprocal of the mformation 
function I(f1,) Ifwe take dG = Ild F+ (1— Nod Fs, then 
this woighting will be most efficient when II, 1s close to 
i, Thus if we suspect II , to be near 1, 4 or 0, suitable 
choices for TI, would be 1, $ or 0, respectively. An alterna- 
tive to 4#(d¥,+d¥/,) ıs the geometiic mean of dF, and 
dF, and another 1s max(dF,, dF). The geometric 
mean has some convenience over the arithmetic mean in 
theoretical investigations of efficiency (for example, for 
fı and fa normal), but the latter (or alternatively 
max(d/’,, dF',)) has the advantage of approximating to 
the maximum lkelthood estimator, for any value of Il, 
in both the extreme cases of fı and f, well separated and 
of f,—>f, It has been shown by Hill! that the information 
funcbon I(I1,) forIl , may be written n{l —S(1,)]/(t4,112), 
where 


o*(p1) = 


SW) = S(fifo/f)dx 


If fı and fa differ by some parameter p (for example, the 
mean), and Ap =p: By then also as frfa 


I(T) ~ n( Ap)*t(p) 
where Z() 1s the mformation function for » Thus for 


the maximum likelihood estimator II, the variance, which 
is xe Ia for fı and fa well separated, is 1/[n(Ay)*Z(p)] as 
Ja 

In the case of further unknown parameters 0; the 
problem ıs obviously more complex, because of the 
non-linear dependence of f on 6;, but lneanzation of the 
estimation equations may sometimes be convenient For 
example, for two populations with unknown parameters 
Os, Oa, respectively, we might adopt the standard least- 
squares procedure of taking provisional values Vi, Va, say, 
so that ın the “sum of squares” to be minimized. we write 
in the numerator 


Í ~ falva) + (fiw) — fe(ve)) + pfw + pfa w 
in the unknowns II,, 9, and 92, where 
@ı = I, (8, — v), Pe = IL.(02 — v2) 
(retaining the provisional values v, and v, ın the weighting- 
function dG) 
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Speculations on the Use of Orthonormal 
Functions in the Study of Morphogenesis 


THE recent proposal’ to analyse shapes of biological 
objects by means of orthonormal functions opens up some 
interesting possibilities In the work cited, a particular 
set of two-dimensional orthonormal functions synthesized 
from Walsh? functions which take only the values +1 
and —l was used As is well known, however, there 1s 
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a vast number of other complete sets of orthonormal 
functions and, in fact, they could be constructed m- 
definitely There are also standard lnear methods for 
transforming from one set of orthonormal functions to 
another, these procedures can be realized as computer 
programmes 

The Walsh-denved functions are most suitable as an 
initial set because of their simplicity Their characteristic 
chequerboard patterns, however, are not the most natural 
to use for the analysis of famılar kinds of biological 
objects, this was indicated by the fact? that, for good 
accuracy, as many as 256 terms might be needed in the 
expansion for a leaf It might be possible to construct a 
different orthonormal set of basic patterns which would 
be more “leaf-lıke” ın shape, ideally, a development 
series of leaves would all be adequately described by merely 
two or three terms, say What is required then ıs to devise 
computer programmes which, for a given senes of input 
shapes, would find the best orthonormal set—using the 
transformation procedures referred to—best ın the sense 
that fewest terms would be required for adequate descrip- 
tion When this had been achieved, one might hope to 
discover laws of a general type from the experimental 
data, for example, by studying the changes of the weights 
(that 1s, coefficients ın the orthonormal expansion) that 
occur in development or because of experimentally appled 
external agents If ths were achieved, the basic patterns 
would presumably have genuine biological significance 

What follows 1s rather more speculative It 1s well 
known that most of the standard orthonormal functions 
of mathematical physics (sinusoidal or Bessel, for example) 
arise naturally in the solution of differential equations 
with boundary constramts Thus a given set of ortho- 
normal functions characterizes a given differential equa- 
tion with its associated boundary conditions If then 
an orthonormal set which was particularly adequate in 
the sense of the previous paragraph was found, this set 
might well have a special significance and be indicative of 
some differential equation or, maybe, difference equation 
or other type of equation, which characterizes m & 
general way the development of the patterns concerned 
It might thus be possible, merely from examining the 
optimum orthonormal sets generated by the computer 
programmes, to draw conclusions about or even to derive 
the fundamental laws—in the form of differential equa- 
tions or something stmilar—which govern the development 
of form. 

Another issue, which 1t may be fruitful to investigate, 18 
the biological meaning, if any, of the maximal weights 
previously discussed'. If one attempted to reconstruct 
a form from the maximal weights directly, one would 
fail, because m general the constructed function would 
have other values than 0 and 1. Nevertheless, this 
function, because ıt contains all the information about 
the degrees of resemblance of the form concerned to 
the basic pattern forms, should have a significance which 
might be usable—especially m those cases where the 
number of basic patterns effectively used ıs very small, 
as discussed previously 

It would also be useful to generalize the orthonormal 
expansion method by allowing the form function to have 
more than two values For example, a representation of 
the vems of a leaf might be included with a value of 2 
being assigned at locations on a vem This would provide 
a three-valued function, but many-valued functions could 
be used also for other purposes such as giving the distribu- 
tion of colour as well as shape of an object, when a suitable 
numerical coding of the colours had been chosen 

BERNARD MELTZER 
Metamathematics Unit, 
University of Edmburgh 
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BOOK REVIEWS 


PHYSICS OF HADRONS 


Algebraic Theory of Particle Physics 

Hadron Dynamics in Terms of Unitary Spin Currents 
By Yuval Ne’eman (Frontiersin Physics). Pp xvi+334 
(New York and Amsterdam W. A Benjamin, Inc, 
1967) $10 cloth, $5 95 paper 


The Interactions of Hadrons 
By Hartmut Pilkuhn. Pp x1+375 (Amsterdam North- 
Holland Publishing Company, 1967) 100s 


THE past decade has seen three major advances ın hadron 
physics The first was the discovery of parity violation 
ım Weak interactions, with its elegant explanation in 
terms of the two-component neutrmo This implies 
equal strengths for axial and vector lepton currents and 
suggests that the axial and vector hadron currents in the 
Weak interaction would also appear with equal coupling 
constants 1f Strong interaction effects could be switched 
off 

The second advance culminated in the discovery of 
Q~, which in turn established that the Stiong interactions 
are approximately invariant with respect to operations 
of the group SU(3) The symmetry breaking teraction 
is about one order of magnitude weaker than the dominant 
Strong interaction, and 1s still invariant with respect to 
the subgroup U(2); (isotopic spin and hypercharge) 
SU(3) ıs an eight parameter group, and so ıb gives rise 
to eight currents which in the basic (quark) representation 
and conventional notation are written 


Tie) = V(x)yp M p(z) witha = 1, ,8 
These are all approximately conserved, and those cor- 
responding to isotopic spin and hypercharge are exactly 
conserved apart from electromagnetic and Weak inter- 
action effects 

The third major line of progress has been the establish- 
ment of a number of links between the currents arising 
from the Strong symmetry and those appearing in the 
electromagnetic and Weak interaction Lagrangians 

(1) The crucial consequence of the (correct) 8-fold-Way 
version of SU(3) ıs that the electromagnetic current can 
„be expressed as a limeai combination of those SU(3) 
currents which are related to isotopic spin and hyper- 
charge 

(1) The CVC hypothesis states that the vector hadron 
currents appearing in the Weak interaction are also the 
appropriate components of the SU(3) octet of currents 
The fact that the isotopic spin current 1s conserved 
imphes that the corresponding vector coupling constant 
1s not renormalized by Strong interaction effects 

(u) The PDDAC hypothesis asserts that the Pion 
Dominates the Divergence of the Weak iteraction 
Axial-vector Current, in the sense of dispersion relations 
This means that the divergence of the axial current 
behaves like the pion field, with a constant of propor- 
tionality which depends on the particle masses, the 
Strong coupling constant and the ratio of the observed 
axial to vector Weak coupling strengths, G4/@p (Ths 
18 often called PCAC ) 

(wv) By far the most adventurous of this cham of 
assumptions is that which asserts that the hadron cur- 
rents appearing in the Weak interaction satisfy the 
algebra (or the commutation relations) obtained from the 
simple form of vector SU(3) currents Ji A), and for the 
axial-vector currents the similar expressions with Y, 
replaced by yzYs This has led notably to the Adler- 
Weisberger relation which depends on SU(2) variance 
of the Strong interactions and all the properties of the 
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Weak interaction mentioned above It correctly 1elates 
the ratio G4/Gy to pion—nucleon seattermg, and appears 
to confirm this chain of assumptions about the Weak 
interaction It throws no new light on the symmetry 
properties of Strong interactions 

On the basis of these successes, the problem which has 
received most attention in recent years 1s the further 
elucidation of the hadron spectrum, which can be 
approached either directly or indirectly through mgh- 
energy scattering and 1ts analysis ın terms of fixed or 
Regge poles The problem ıs to find the relation between. 
the observed hadron masses, their spins and SU(3) 
multiplet properties A considerable advance appeared 
to have been made with the proposal of SU(6) which 
correctly predicts both SU(3) and spin properties of the 
low-lying mesons and baryons and the ratio of proton to 
neutron magnetic moment But there appear to be 
fundamental difficulties with any symmetry which couples 
internal (SU(3)) properties to the external (space-time) 
properties of parity and spin 

To understand the present paradoxical situation, 16 18 
instructive to consider a model world with only two 
spatial dimensions Thus we can visualize the flat-land 
physies which would be developed by two-dimensional 
physicists confined to a plane If there were no preferred, 
position o1 direction ın the plane, they would observe 
invariance of physical laws with respect to displacements. 
and rotations about an axis perpendicular to the plane. 
Consequently they would find conservation of linear 
momentum and simultaneously angular momentum Im 
the plane about an axis through the centre of mass. 
They would find imtrinsic spin (in the plane) which n 
units of h could take on integer or half integer values m; 
but there would be no reason to expect any multiplet 
structure relating particles with different m values 

Suppose now that 16 was found experimentally that the 
particles did in fact group themselves naturally into 
multiplets of approximately equal mass with m values 
which were observed to satisfy a relation 


3 <m<j. 


The physicists would mterpret this as some internal 
symmetry, but to the mathematically minded flat-landers 
16 would immediately suggest three-dimensional rotations 
O(3) They could perfectly consistently postulate that 
single particle states were invariant with respect to three- 
dimensional rotations, since ın the rest frame these 
rotations would not take the particle out of the plane 
(In a three-dimensional relativistic theory O(3) would 
be replaced by SU(6) or U(6) x U(6)}y,, and I will 
continue to indicate in parentheses the corresponding 
generalizations ) 

To explain the omgins of the O(3) rule, they might 
assume that relative motion can be neglected in Strong 
short range interactions and that the remaiming spin-spin 
interactions are invariant with respect to three-dimen- 
sional rotations ‘This would be logically consistent, but 
would predict that spin (not angular momentum) in the 
physical plane would be conserved It would forbid, for 
example, the decay of a high-spin object into any two 
objects of smaller spm That would require orbital 
angular momentum to give overall conservation (SL(6,C)} 
or U(6,6) = (12) ) 

If this were contrary to observation, the two-dimen- 
sional physicists might conjecture that “reality” was in 
fact three-dimensional, invanant with respect to three- 
dimensional rotations—of which they were observing 
a two-dimensional section ([U(6,6)) To wnte down 
momentum-dependent and invaziant interactions, 1t would 
be necessary to introduce momentum as a 3-vector (not 
just a 2-vector) and then to impose the condition that, 
for all physical processes, the momenta he entirely ın the 
physical plane The extra djmension 1s not in fact a 
serious problem The only physical implications of the 
assumed higher symmetry apply to collmear processes, 
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such as forward scattering or two-body decay, which in 
their rest frame involve one direction These must now 
be invariant with respect to rotations about that direc- 
tion—an axis in the physical plane defimng rotations 
which do not remove the process from the plane If these 
latter are called W-rotations, we may recover all the 
physical ımplıcatıons of the wider symmetry by postulat- 
ing O(3) mvanance for single particle states and W-rota- 
tion immvariance for collinear processes, without ever 
mentioning three-component momenta (SU(6)w) The 
two statements have identical physical content The 
formulation which refers to extraphysical dimensions 1s 
intuitively clearer; the latter sacrifices some intuitive 
clarity for the advantage of not even referring to un- 
physical quantities. 

There 1s, however, & serious difficulty with probability, 
which must still be conserved in the real two-dimensional 
world. The consequent unitarity of the S-matrix enables 
one to express the imaginary part of a forward scattering 
amplitude as a sum over all energetically possible pro- 
cesses. These latter are not in general collinear and thus 
do not have the extra W-spin symmetry required for the 
forward amplitude. Consistency between W-spin m- 
variance and unitarity 1s only possible if the dynamics 
of the hadrons leads exclusively to forward (or backward) 
scattering. But smee forward scattering is the hmut of 
non-forward the simplest analyticity requirement on the 
S§-matrix excludes non-vamshing forward scattering 1f 
scattering through any finite angle 1s zero 

The two-dimensional model accurately illustrates the 
problems of higher symmetries which combine internal 
and external transformations A possibility which 1s 
not apparent from this simple model 1s to assume that 
the particles form infinite umtary multiplets of the non- 
compact groups which arise when the theory 1s made 
relativistic. This is clearly a very drastic approximation 
and, in fact, leads to further troubles 

One can try to avoid the problem by noting that the 
bottom end of the meson spectrum 1s just that to be 
expected from a quark~antiquark pair bound ın any simple 
potential. This model treats an extreme relativistic situe- 
tion in which about 80 per cent of the original rest mass 
has disappeared mto binding energy as though it were 
non-relativistic nuclear physics. It fails to explain the 
baryon states since pairs of quarks must not bind, and 
three quarks bind ın mutual p-states—not natural 
properties of simple potentials. It purports to replace 
group theory by specific dynamics, but the dynamical 
model fails already for one particle states and 1s quite 
unbelievable for scattering, where the real difficulties arise 
It may yet “predict” the correct meson spectrum, but 
1t does not solve the problem. 

The two books by Dr Pilkuhn and Dr Ne’eman approach 
this material with very different intentions, but I cannot 
enthusa about either of them. Dr Pilkuhn has restricted 
lumself to the well-established parts of the subject, and 
has written an introductory text suitable for someone 
starting research in this field He deliberately avoids the 
use of operator fields, which to my mind is a disservice 
to the student, for fields provide much the simplest 
vehicle for discussing both the invariance and the analytic 
properties of the S-matrix, particularly when anti- 
particles are involved. They do not depend on weak 
interactions or a Lagrangian Consequently anti-particles 
are here introduced almost apologetically and the ım- 
portant CTP theorem 1s not covered 

The book deals with the phenomenology of pion- 
nucleon and kaon-nucleon scattering, but the Poincaré 
group 1s not mentioned and the formalism excludes the 
introduction. of operator currents. As a result, the treat- 
ment of Weak interactions 1s clumsy, and generally the 
text does not lead naturally mto those fields which are 
now of most active theoretical unterest 

Dr Ne’eman’s book, onethe other hand, 1s aimed at 
research workers who abready have some experience m 
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the field, and sets out to give an up-to-date account of 
the apphcation of group theory to hadron physics He 1s 
thus directly concerned with the material summarized 
above The book ıs mteresting smce the subject matter 
18 extremely mteresting, but the treatment is obscured 
by the author’s personal jargon and a partisan approach 
Thus current algebras are referred to throughout as 
TOA, Weak becomes “atonous’’, and mternal “endo” 
with no increase in clarity The U(6,6) theories are intro- 
duced with the revealing phrase—‘‘one should perhaps 
mention the attempt to work with ‘redundant com- 
ponents’”. It is not explamed that the redundant 
components referred to are Just the four components of 
Dirac theory which generalize the two component non- 
relativistic spinors, and are precisely the mechanism 
whereby one can produce an SU(6) static limit and at the 
same time preserve all the attractive features of a local 
causal theory—crossing symmetry, CTP and the correct 
spin-statistics relationship The parallel work of Rühl 
on SL(6,C) ıs not mentioned. The groups U(6) x U(6)yo 
and SU(6)w for the Strong mteraction emerge rather 
unconvineingly as subgroups of the algebra produced by 
commuting the Weak currents The successes of the 
theory are presented, but I failed to find the bad results 
(Hussein and Rotelli, Wintermtz et al ) on põ annihilation 
at rest. Fortunately, as explained above, the formulation 
of this theory 1s not as smportant for the progress of 
physics as the solution of the questions which it raises 
The problem of the hadron spectrum still stands where 
it did in the late summer of 1966, when the manuseript 
of this book was completed P T MarrHews 


LIQUID STATE PHYSICS 


An Introduction to the Liquid State 

By P. A Egelstaff Pp. xvi+236. (London: Academic 
Press, Inc (London), Ltd , New York Academic Press, 
Inc , 1967.) 578. 6d; $10 


THE last decade has seen the creation of a subject that may 
be called hquid state physics, and this book 1s one of the 
first to attempt an account of the new field. 

X-ray and neutron diffraction have been used for many 
years to study the equilibrium structures of solids and, 
less frequently, of hquids Recent 1mprovements in the 
accuracy of the work on liquids, recent advances in 
equilibrium theory, and the use of computers for simula- 
tion experiments have at last brought some order into 
what was previously a confusing situation. We can now 
claim to have some degree of quantitative understanding 
of the structure and thermodynamic properties of simple 
hquids 

These advances are deseribed by Egelstaff ım the first 
ninety pages of this book, but it 1s clear that his real 
interest 1s in the dynamic properties. These can be 
studied in experiments of neutron and optical scattering 
in which the change of energy and angle of a mono- 
chromatic beam ıs observed The incoherently and 
coherently scattered neutrons are related, respectively, to 
the evolution in time of the distribution functions of single 
molecules and of molecular pairs It 1s the uncompleted 
task of non-equilibrium statistical mechanics to relate the 
space, time and velocity distribution functions to the 
transport properties of a fluid 

These advances of technique and theory have come 
mainly from those whe both have access to powerful 
sources of neutrons, and have done theoretical work on the 
parallel problems in solid state physics In this country 
these conditions have been met at Harwell where Egelstaff 
and his colleagues have been amongst the most successful 
both in obtaining and interpreting new results 

The liquids discussed in this book are mainly “single 
particle” fluids, such as the inert gases and liquid metals, 
although the author spares a few pages for other problems 
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—molecular fluids, quantal fuds and even for a brief 
discussion of the critical pont. These pages are very few, 
and might have been better used to allow less terse accounts 
of the main subjects 

The book ıs far from elementary, ın spite ofits title The 
author explains ın his preface that ıt arose from a course of 
lectures to postgraduate physicists, and 1t 1s unfortunate 
that the publishers’ summary on the dust jacket claims 
that ıt 18 suitable for undergraduates The subject is 
mherently difficult, but those who have heard the superb 
1eviews that the author has given at more than one 
conference will not be surprised by the many ingenious 
diagrams and other aids that he uses to mitigate these 
difficulties The book is recommended to those who are 
willing to work hard at ıt J § ROWLINSON 


TWO ON FLUID DYNAMICS 


An introduction to Fluid Dynamıcs 


By Frank Chorlton Students’ paperback edition. Pp 
University Press, 1967) 75s net; $13 50 

Textbook of Fluid Dynamics 

By Frank Chorlton Students’ paperback edition Pp 


xiv+399 (London D Van Nostrand Company, Ltd , 
Princeton, NJ D Van Nostrand Company, Inc , 1967 ) 
358 


Tas longevity of flud mechanics as a scientific disciphne 
1a due primarily to the multitude of applications of the 
same basic ideas and partly because the correct nter- 
pretation of the theory ıs frequently not intuitively 
obvious. The experimenter ıs continually challenging 
fundamental tenets of the theoretician to the advantage 
of both and to the lasting benefit of the discrphne These 
features of fluid mechanics, however, make the writing of 
introductory texts extremely difficult, for the author has 
to steer @ narrow course between a phenomenological 
approach, ın which the actual behaviour of fluids 1s 
properly described but the theory ıs presented in a 
piecemeal and unconvincing manner, and a mathematical 
approach ın which emphasis 1s laid on elegant solutions 
of the basic equations without consideration of their 
relevance to observation. 

Only a few books written this century have managed 
to achieve a proper balance and thew authors have ın 
consequence become household names in the world of 
fluid mechanics—Lamb, Goldstem, Prandtl Let me say 
at once that the new book by Professor Batchelor 1s truly 
worthy of standing next to them on the shelf of honour 
No instructor of an elementary course m fluid dynamics 
will be able to prepare his lectures without first seeing 
what Batchelor has to say about it, lest his students 
repair the omission for him The book is firmly embedded 
m the reahties of fluid dynamics, but nevertheless the 
author develops the mathematical arguments in a coherent 
way so that the novice applied mathematician will feel 
that there 1s an important part for him to play in the 
discipline 

The author nghtly confines himself almost entirely to 
the study of incompressible fluids in lammar motion, 
examuning ın depth the significance of the interplay 
between inertial, pressure and viscous forces The opening 
chapter, however, on the physical properties of fluids, 
examines & wider spectrum and m some ways is slightly 
less satisfying than the remamder—no doubt because the 
author has to compress a number of complicated theories, 
such as thermodynamics, into a very few pages After 
that introduction the book gets properly under way with 
the kinematics of flow, governing equations, viscous 
effects at small and large Reynolds number, 1rrotational 
inviseid flow, and ending up with a study of inviseid 
rotational flow which mcludes a considerable section on 
fluids having a rigid rotation at mfintty The explanation 
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is careful, the style is pellucid and the diversity, excite- 
ment and beauty of the subject are made manifest to the 
reader The book includes a number of examples, some 
of which most students might find intimidating and the 
instructor may well have to supplement them with a set 
of his own 

Alternatively he might turn to the extensive set m Dr 
Chorlton’s book This second book under review 15 
entirely mathematical in content and I could detect no 
comparison at any stage with expermment. The dangers 
of this approach have already been referred to and the 
author can be emticized for over-emphasizing mathe- 
matical beauty at the expense of physical truth How- 
ever, provided the mstructor emphasizes the physics of 
fluid meehamics hus students will find Chorlton’s book 
useful, for ıt presents the mathematical arguments ın a 
clear and concise way K Srewartson 


HEREDITY AND CANCER 


Hereditary Factors in Carcinoma 

By Henry T Lynch (Recent Results in Cancer Research, 
Vol 12.) Pp xiv+186 (Berlin and New York Springer~ 
Verlag, 1967 ) 24 DM ; $6. 


As early as the seventeenth century, the physician Hoff- 
mann suggested that a disposition to cancer might be 
inherited, basing the suggestion on family histories with a 
high ineidence of malignant disease. The enquiry con- 
ducted by the Society for the Investigation and Cure of 
Cancer ın 1802 asked the physicians in this country “Is 
cancer inherited ?”? which shows that such a possibility had 
already been considered by then. Throughout the 
nineteenth century many family pedigrees were reported 
in which several members died from cancer; these reports 
formed the basis of statistical investigations into the 
famulial tendencies of the disease These studies, however, 
were incomplete, lacking a suitable control group for 
comparison, and were useless It 1s not surprismg that 
owing to the unrelability of the data and the contra- 
dictory conclusions which had been drawn from their 
investigations, the clmnicians were inclined to dismiss 
heredity as a possible factor in the development of cancer. 

Recent enquiries into the familial meidence of malignant 
conditions are conducted on a truly scientific basis; the 
pedigree studies employ improved statistical methods and 
use more vigorous criteria in selecting the control groups 
What are the findings of these investigations? The 
monograph under review 1s based on more than 700 reports 
published ın the world literature which deal either directly 
or indirectly with the subject of “cancer genetics”. The 
aim of the author 1s to bring together the evidence which 
supports a “genetic etiology” at least m some human 
malhgnancies The classical examples of those pathological 
conditions which are known to be inherited (for example, 
xeroderma, multiple polyposis of the intestine) and result 
in cancer are given prominence. Much information con- 
cerning the common types of cancer, such as breast, 
stomach and lung cancer, has been brought together, and 
the author stresses the mereased risk which a high mead- 
ence of these cancers ın the families indicates, for example, 
the risk 1s claimed to be fourteen times higher for a smoking 
member of a family in which another member had 
cancer 

The monograph contains a brief summary of the author’s 
study concerning the ineidence of multiple cancer ın fifty 
families, six of which are presented ın more detail. He 
finds an medence of 19 per cent as compared with 3 per 
cent in the control group and draws the conclusion that the 
“multiple cancer syndrome” has a genetic basis Accord- 
ing to him an autosomal dominant gene 1s acting together 
with environmental factors The reader of the monograph 
is advised to consult the origin&l reports which give more 
information about the respective role of the familial and 
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environmental factors m the development of a particular 
malgnant disease 
The true value of the monograph ıs that ıt serves as a 
rich source of mformation covering many and varied aspects 
of cancer which are related to heredity 
P C Koren 


VIRUSES AND DISEASE 


Clinical Virology 
By R H A Swain and T. C Dodds. Pp xu+318 
(Edinburgh and London E and § Livingstone, Ltd, 
1967) 758 net 


Waen so much virology is directed towards molecular 
biology, ıt ıs worth recalling that the first mmpetus 
m the study of viruses came from the investigation 
of disease Nor can ıt yet be said that problems associ- 
ated with virus infections no longer confront us 
Viruses which are capable of inducing disease in some 
can be isolated on occasion from others who are perfectly 
healthy Some viruses appear to have such growth require- 
ments that ıt has not yet been possible to find a suitable 
substrate other than the human or animal host As for 
the suppression of virus multiplication by drugs, only the 
fringe has been reached 

The appearance of this book, which sets out to correlate 
known facts on the aetiology, clinical manifestations, 
pathological effects and epidemiology of virus diseases 
affecting man, 1s timely It should be useful both to 
students seeking basic information and graduates facing 
problems of diagnosis and the general hardling of such 
diseases The information provided 1s clearly set out and 
easy to read. It 1s concise but on the whole adequate for 
1ts purpose Those who wish to read further are given 
guidance at the end ofeach chapter There 1s an impressive 
array of charts and photographs, many im colour, in 
support of the am to supplement mere words by illus- 
tration This adds to the attractiveness of the book 

There are four sections, the first two comprising the 
major part Respectively, these are concerned with (1) 
general considerations of viruses, their characters and 
properties, together with some of the standard procedures 
used in the study of newly isolated strains and for the 
related ummunological tests, (2) descriptions of virus 
diseases affecting different systems of the body, the virus 
groups concerned, and the methods by which they are 
identified The slowness of virus laboratories in reporting 
results of investigations 18 a worry to clinicians. The 
information given here may help towards a better under- 
standing of laboratory problems At the same time there 
is continual pressure for more rapid diagnostic tests and 
in a still developing subject a book does not contam all 
the latest information For example, in the diagnosis of 
rubella, important because of its association with con- 
genital deformity, there 1s no mention of the simple and 
rapid haemagglutination—-inhibition test 

Section three deals with infections caused by bedsoniae, 
the group which includes psittacosis, lymphogranuloma 
venereum, trachoma and inclusion conjunctivitis, and the 
rickettsiae Of the latter only Q fever ıs prevalent in 
Britain, but no reference to studies carned out here 1s 
quoted. In section four on the control of infections there 
is useful information on active immunization meluding 
schedule guides for babies and international travellers 
There 1s also an account of the state of chemotherapy in 
virus diseases 

No book is free from errors or omissions On page 176 
is the surprising statement that there are thirty-two Cox- 
sackie A serotypes Some of the references have careless 
spelling faults, and a reference to a British manual of 
virus methods would have been helpful. Despite such 
mild eriticism this should sbe a very useful book 

A D MACRAE 
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RESEARCH ON PROTOZOA 


Research ın Protozoology 

In four volumes Edited by Tze-Tuan Chen. Vol 1. 
Pp. vn + 428+ 16 plates. (Oxford, London and New York 
Pergamon Press, Ltd , 1967) 110s net 


In 1941 a collection of review articles edited by GQ. N 
Calkins and F. M Summers was published under the title 
Protozoa m Brological Research. It resulted from the 
co-operative endeavour of a number of protozoologists 
concerned about “the best means to stimulate further 
research on these unicellular animals” For twenty-five 
years “Calkins and Summers” has remamed an authorita- 
tive work of reference covermg a wide range of research 
studies on the protozoa In Research ın Protozoology the 
editor has set out to survey the progress of studies on 
protozoa in the quarter of a century since the earher book 
by presenting a series of review articles spread over four 
volumes and covermg the principal aspects of protozoan 
biology. This 1s a formidable undertakıng, for the 1941 
book comprised some twenty articles occupymg 1,150 
pages, and the spectacular advances in recent years in such 
fields as biochemistry and ultrastructure studies have had 
far-reaching effects on every aspect of protozoological 
research 

Reviews written for such a purpose might be expected to 
bring all aspects of a particular topic together, so that a 
biologist with only a general knowledge of protozoology 
may be able to gain a broad understanding of the subject; 
they might also be expected to extend up to the frontiers 
of current knowledge ın the subject so that a research 
worker, perhaps ın a closely alhed field, may be able to 
find his way around the recent hterature with confidence 
To do both of these in the same article 1s a difficult task, 
and becomes more difficult as the scope of the artacle 1s 
extended This 1s clear in the present volume where 
the articles with narrow subject mits can be compre- 
hensive works for reference as well as being useful for 
teaching, but there 1s a tendency for the wide-range 
subjects to become httle more than reference lists which 
mean hitle to anyone without a good knowledge of 
protozoology and an extensive reference library. There are 
periodicals which publish review papers whose function 
appears to be the provision of up to date reference lists, but 
the articles in a book such as this, 1f they are to stand the 
test of time, should be more or less comprehensible by 
themselves, and should therefore contam adequate 
explanations and illustrations. 

The first of the five articles in this volume 18 by Everett 
Anderson and deals with a restricted range of aspects of 
the fine structure of protozoa, namely, a miscellany of 
cytoplasmic inclusions and those cytoplasmic organelles 
that are of membranous construction Such structures as 
cell surface membranes and their modifications, cell walls, 
fibrous structures and nucle: will presumably be dealt with 
in later volumes. Dr Anderson gives the reader a fair 
impression of the formation available in this field up to 
1964, although he only quotes a small proportion of the 
relevant hterature on the subject The chapter mcludes 
twenty-four micrographs which illustrate more or less 
convineingly the structures described. 

The article on “Motile Behaviour of Protozoa” by 
Theodore Jahn and Eugene Bovee occupies 160 pages 
and lists more than 1,000 references—it 1s almost a book 
in itself The scope of the subject matter 1s so wide that 
even with this extensive treatment it was not possible to 
do justice to some aspects of protozoan motilty; many 
things are madequately explained and there are no 
Illustrations at all in most sections of the chapter There 
are clearly arguments in favour of attempting to integrate 
all information on the movement of protozoa within a single 
framework, but this materal would fit better mto the 
pattern of this sort of review if 1t had been broken up into 
several chapters covering such aspects as “Motor responses 
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of protozoa.” (comparable with the review by Mast ın the 
1941 volume), “Movement of protozoa by flagella, cha and 
other fibrous organelles” and ‘Movement of protozoa by 
cytoplasmic streaming” There is an immense amount of 
information in this chapter, and Jahn and Bovee have 
produced an excellent guide to the literature, although the 
omission of such structures as haptonemata and axostyles 
from their account of motile organelles 1s regretted 

In his review of “Respiratory Metabolism” Wulham 
Danforth has given an admurable general mtroduction and 
followed this by a systematic survey of our knowledge of 
respiration in protozoa It ıs admitted that evidence 1s 
mostly too scanty for generalizations, which makes 1t more 
difficult to convey the mformation coherently The 
author makes ıt plain that protozoa have exploited this 
aspect of their biology to an extent comparable with that 
known for more overt features, and his article 1s a valuable 
source of information about the common laboratory 
species Dr Danforth must be disappoimted that his 
article was delayed m publication, for his literature 
review was completed in mid-1963 

Problems of osmotic regulation, 10me regulation and 
excretion, with special reference to the functions of con- 
tractile vacuoles, are discussed in a comprehensive and 
authoritative, but commendably brief, chapter by J A 
Kitching The author has taken pains to illustrate hs 
article with well-chosen figures and micrographs, and the 
reader is led to feel that he can really understand what 1s 
known of the subject from this chapter alone 

Information on “Nutrition and Growth of Protozoa”, 
reviewed by R P Hallin the last artıcle, must necessarily 
overlap parts of the article on respiratory metabolism, but 
1b 1s valuable to see such information dealt with from 
different viewpomts in the two chapters Parts of Hall’s 
chapter make rather dull reading, with lists of species 
which have been shown to require various minerals or 
growth factors; surely this mformation could have been 
given adequately in tables, and the author could have 
spent more time discussing such aspects as the sources and 
uses of the required materials There 1s a great deal of 
useful information in this chapter, but 1t could have been 
presented ın a more palatable form 

This book clearly must be present m every proto- 
zoological hbrary, but ıt could have been made more 
widely useful in teaching as well as research 1f more 
thought had been given to the subject divisions and the 
method of presentation, 1t would then be a book that every 
protozoologist should have on his personal bookshelf The 
problem of keeping a hbrary provided with mformation 
about research in protozoology could be solved more 
adequately by annual or biennial volumes of shorter review 
articles which would allow topics to be reviewed as 
frequently as advances in that topic demand, and could 
provide a more rapid means of publication The present 
attempt to produce a comprehensive contemporary review 
of protozoological research appears from the first volume 
to be only partially successful; ıt is to be hoped that the 
future volumes will contain articles as good as the best 
in this first volume M A Simom 


EUGLENA AND ITS RELATIVES 


Euglenoid Flagellates 

By Gordon F Leedale (Prentice-Hall Biological Sciences 
Series) Pp xin+242 (Englewood Cliffs, NJ, and 
London - Prentice-Hall, 1967) 56s 


AFTER having been for a long tıme a type m elementary 
courses in both botany and zoology, Euglena still features 
im modern biological teaching At the same time, it con- 
tinues to be the subject of advanced research in a variety 
of fields, notably the biochemistry of vitamin B,,, the 
role of non-nuclear DNA, and photoreception Its position 
in biology must surely be unique, and this book, which 
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surveys Huglena and its relatives, therefore promises to 
be correspondingly useful 

About one third of the book 1s devoted to the con- 
sideration of the position of euglenoid flagellates ın the 
biological hierarchy and to matters of taxonomy. The 
system of classification presented 1s a revised one based, 
unfashionably but quite plausibly, on a phylogenetic 
scheme The characters of order and genera are described 
and illustrated by clear lme drawings Together with a 
dichotomous key given as an appendix, these provide an 
introduction to the taxonomy which can readily be 
extended by means of the references given. A valuable 
feature ıs the melusion of notes on individual species 
indicating, among other thmgs, which are available in 
culture 

The second part of the book deals with cytology and 
fine structure This 1s lavishly illustrated with original 
photomicrographs and electron micrographs which, as one 
would expect from an associate of Professor I Manton, 
are all of excellent quality The vurious cell components, 
including pellicle, flagella, Golg: bodies, mitochondria and 
chloroplasts, are described clearly and concisely, examples 
bemg taken from many different genera The inclusion 
of both hght photomicrographs and electron micrographs 
of these various structures should be particularly useful 
to the teacher Their function ıs touched on but not dealt 
with om extenso (physiological aspects were reviewed by 
J J Wolken m his book Buglena an Expervmenial 
Organism for Biochemical and Biophysical Studies, 1961) 

This book can be unreservedly recommended, both to 
the teacher wishing to refurbish his mage of a familiar 
type and to the research worker seeking background 
information about his experimental organism Both will 
be stimulated to find out more about ths fascinating 
group, among the members of which are a great variety 
of physiological types providing excellent material for the 
investigations of problems suited to tastes ranging from 
that of the ecologist to that of the molecular biologist 

G. E Foce 


JUNIOR ENGINEERING 


The Engineer in Wonderland 
ByE R Laithwaite Pp vin+172 (London The Enghsh 
Universities Press, Ltd , 1967) 27s 6d net 


Ir was a clever stroke to ask Professor Eric Laithwaite of 
Imperial College to give the 1966 Christmas Holiday 
Lectures for schoolchildren at the Royal Institution Here 
was an engmeer full of enthusiasm for his subject, yet 
able to make ıt comprehensible Publishmg the lectures 
as a book might have been a much worse idea, but ıt has 
come off splendidly well—the book has a pace and excite- 
ment which a collection of essays would find it hard to 
match It 1s also very well illustrated. 

For the first time, the 1966 lectures were televised by 
the BBC, and, as Professor Laithwaite pomts out, were 
seen by more people than had attended all the previous 
136 series of lectures The subject of the lectures, each of 
which had as a title a quotation from Alice in Wonderland, 
was electromagnetic mduction, still a fascinating sub- 
ject despite the ubiquity of its applications Professor 
Laithwaite described and demonstrated a vanety of 
electric motors of odd shapes and sizes, including the 
lnear motor It is mteresting, perhaps, that he does not 
clam that the lnear motor will be cheaper than other 
forms of power It will, he says, be more reliable, having 
no moving parts, and this will come to havea much greater 
economic mportance m the future Rehability will be the 
crucial factor in the twenty-first century, replacing effi- 
ciency and power factor as the quality engmeers strive for 

The most exciting moment in the series of lectures came 
when Professor Laithwaite antl his colleagues succeeded 
for the first tıme ın levitating a hollow alummium sphere 
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301n m diameter. Professor Laithwaite was determmed 
to accomplish this for the first tıme in the lecture theatre 
of the Royal Institution, to make up for a disappomtment 
five years earlier. Then, he writes, he had been asked to 
give a Friday evening discourse and had decided to try a 
new experment, levitating a flat rectangular plate 
Difficulties with winding the coils had finally persuaded 
him not to proceed, but when he returned to the labora- 
tory and carried out the experrment, he discovered that if 
he had gone on, the expermment would not only have 
succeeded but would have demonstrated a new pheno- 
menon for the first tıme This disappointment made hm 
determined to succeed with the large sphere, and how 1t 
was finally done makes an interesting chapter on 1ts own. 
He used two coils, one inside the other, with the outer 
coil raised shghtly above the level of the inner one 

As befits lectures mtended for schoolchildren, these 
contain little mathematics Particularly valuable for 
teachers are short appendices describing how the models 
can be made, and the book 1s likely to find a place m many 
school laboratories. Nicer Hawkes 


University News : London 


Proressor P. J B CLARRICOATS, professor of electronic 
engineering in the University of Leeds, has been appomted 
to the second chair of electiical engireering tenable at 
Queen Mary College 


Appointments 


Proresson M G P STOKER, at present professor of 
virology in the University of Glasgow and director of the 
Medical Research Council Experimental Virus Research 
Unit, has been appomted director of research of the 
Imperial Cancer Research Fund, in succession to Dr G F 
Marnrian 


Dr E M Txax has been appointed deputy director of 
the Tropical Products Institute 


Announcements 


THE Steacie Prize for 1967 has been awarded to Piofessor 
Myer Bloom of the Department of Physics, University 
of British Columbia, for his work m molecular physics 
The prize, which consists of a cash award of $1,500, 1s 
named after the late Dr E W R. Steacie, who was presi- 
dent of the National Research Council of Canada between 
1952 and 1962. 


Tue committee set up by the Secretary of State for 
Education, and Science, Mr Patiick Gordon Walker, to 
look into the organization of British national hbraries 
has now had its first meeting The committee, under the 
chairmanship of Dr F S Dainton, Vice-Chancellor of the 
University of Nottingham, 1s considering how best to 
develop a comprehensive library system for Britain Its 
first request has been to ask interested individuals or 
groups to submit evidence, in the first place in writing. 
The committee 1s particularly imterested in factual m- 
formation about the adequacy and utilization of existing 
hbrary facilities, and about the pattern of future demand 
for hbraries Evidence on these or related matters should 
be sent to Dr N B W Thompson, Secretary, The National 
Libraries Committee, Curzon Street House, Curzon Street, 
London, W1, not later than April 30, 1968 


THE trustees of the Lady Tata Memorial Trust mvite 
applications for fellowships and scholarships for research 
on leukaem:a in the academic year begining October 1, 
1968 In view of the affinity between leukaemia and other 
forms of neoplastic disease, candidates with programmes 
of research on any aspect of malignant disease which may 
throw hght on problems df leukaemia will be eligible for 
consideration The awards are open to suitably qualified 
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investigators of any nationality, working either in their 
own institutions or in othe: centres abroad Further 
details can be obtaimed from the Secretary of the 
(European) Scientific Advisory Committee, Lady Tata 
Memorial Trust, Chester Beatty Research Institute, 
Fulham Road, London, SW3) 


Meetings 


Newer Methods and Concepts of Polymerization, Feb- 
rusry 23-24, Univermty of Bradford (The Registrar, 
University of Bradford, Bradford 7) 


ANALYTICAL Chemistry and Apphed Spectroscopy, March 
3-8, Pittsburgh (Dr John O Frohliger, Department of 
Occupational Health, Graduate School of Public Health, 
University of Pittsburgh, Pittsburgh, Pennsylvania 
15213) 


SEMIMETALS and Narrow Gap Semiconductors, April 2-4, 
University of Durham (The Meetings Office:, The Institute 
of Physics and the Physical Society, 47 Belgrave Square, 
London, SW1) 


IsrazL Physical Society special meeting, April 14-15, 
Hebrew University of Jerusalem (Mrs R. Rahman, 
Faculty of Science, The Hebrew University of Jerusalem, 
Israel) 


STEREOCHEMISTRY, Aprl 28-May 4, Burgenstock (Pro- 
fessor J Sicher, Institute of Organic Chemistry and 
Biochemistry, Czechoslovak Academy of Science, Flemin- 
govon 2, Praha 6) 


PROTIDES of Biological Fluids, May 4-5, Bruges (XVIth 
Colloquium on Protides of Biological Fluids, PO Box 71, 
Brugge 1). 


Tuyrorp Cancer, May 8-10, Lausanne (Professor G 
Candardjis, Chairman of the Organizing Commuttee, 
Institut Universitaire de Radiologie Médicale, Hépital 
Cantonal, 1005 Lausanne) 


Continuous Cultivation of Micro-organisms, June 17—23, 
Prague (Dr Zdeněk Fencl, Head of the Department of 
Technical Microbiology, Institute of Microbiology, Budë- 
jovické 1083, Prague 4) 


MICROCIRCULATION, June 24-29, Gothenburg (Professor 
Lars-Erik Gelin, Surgical Department 1, Sahlgrenska 
Sjukhuset, Gothenburg SV) 





Erratum In the review of Sex Chromosomes and Sex- 
linked Genes by Dr Susumu Ohno (Nature, 216, 891, 
1967) the price of the book was misquoted at $95; ıt 
should be $9.50. 


Erratum In the article “Regulation of Cytochrome 
Oxidase in Human Cells in Culture” by N Hakam: and 
D A. Pious (Nature, 216, 1087; 1967) the position of the 
words “aerobic” and “anaerobic” in Fig 1 should be 
reversed 


Erratum In the communication ‘Cosmological Models 
contaiming both Radiation and Matter” by © B G 
MelIntosh (Nature, 216, 1297; 1967) equation (21) on 


2 
page 1298 should read ¢ = 3 a {e732 (1-92) + 64/3} 


(B=constant) Equation (24) should read pr, = 
6 8 x 10-34 gm/cm? and equation (25) should read xpres = 
9H 

Erratum In the communication ‘Radio Sources in 
Opposite Directions as a Cosmological Test” by Jan-Enk 
Solheim (Nature, 217, 41, 1968) the fourth sentence of 
the legend to Fig 1 should read ‘‘The two models shown 
are based on a Hubble parameter H,=100 km sec" 
Mparsec"1, gq, 1s the deceleration parameter and c, a 
density parameter, oo=4xGo,/3H,? where oy 1s the mean 
density of the universe ” 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, January 15 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5 30 pm —Discussion Meeting on “Project Problems” opened by Mr 
raper 


Tuesday, January 16 


SOCIETY oF CHEMICAL INDUSTRY, FOOD GROUP AND AGRICULTURE GROUP 
t 1 Belgrave Square, London, SW1), at 1030 a m —Sympomum on 
pples” 


INSTITUTION OF ELECTRICAL ENGINEERS (Joint meeting with the Electromics 
Group of the Institute of Physics and the Physical Society, at the Institution 
of Electrical Engineers, Savoy Place, London, WC2), at 230 p m —Collo- 
quum on “MOST Devices” 


UNIVERSITY OF ASTON IN BIRMINGHAM (at Gosta Green, Birmingham, 4), 
at 5 30 p m —Professor D Hinton “Master of Science or Mistress of Arts ?” 
(Inaugural Lecture) 


Society OF CHEMICAL INDUSTRY, HEAVY ORGANIC CHEMICALS GROUP, and 
the PLASTICS AND POLYMER GROUP (at 14 Belgrave Square, London, SW1), 
at6pm—MrcC E Hollis “Chloroprene and Polychloroprene” 


Wednesday, January 17 


INSTITUTION OF ELECTRICAL ENGINEERS (at the Royal Aeronautical 
Society, 4 Hamilton Place, London, W1)}—Collogmum on “Fault Analysis 
in the Design of Complex Systems” 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, SW1), at 2 15 p m —Dr W P Wilhams 
“Sub-Surface Navigation” 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, WC1), at 6 15 p m 
—Dr M G, Kendall “Cho Future of Statistics” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 530pm—MrB J Rogers “Colour Television Receiver Design” 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m — 
Discussion on ‘Mathematics for Management” 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engmeering 
Ponariment, Imperial College, London, SW7), at 6 pm—Mr M J B 
elton “Dust” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, WCQ), at 6 30pm——MrE M N Fitzgerald 
and MrS A Marshall “The Simulation and Control of Steam Turbines” 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (in the New 
Engmeering Block, University College, Gower Street, London, WC1), at 
630 pm—Mr T R Bullett and Dasgupta ‘Characterization of 
Blast Cleaned Surfaces and Its Relation to Paint Performance”. 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, EC4), at 6 30 p m —Duiscussion 
Meeting on “Pyrolysis” 


Wednesday, January !7—Thursday, January 18 


INSTITUTE OF PHYSICS and the PHYSICAL SOCIETY, MATERIALS AND TEST- 
ING GROUP, OPTICAL GROUP, and the Stress ANALYSIS GROUP (at the 
National Physical Laboratory, Teddington, Middlesex}—-Conference on 
“Holography—Recent Advances and Applications” 


Thursday, January 18 


CHEMICAL SOCIETY (in the Large Chemistry Lecture Theatre, University 
College, Gower Street, London, WC1), at 2 30 p m —Symposium on “Develop- 
ments in Transition Metal Chemistry” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 2 30 p m —Discussion Meeting on “Co-ordination of Therma] Ratings of 
Transmission Plant” 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W1), at 5 p m —-Scientific Papers 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
W1), at6pm—DrP E Brandham “Movement of Algae”, Dr Edward J 
Klekowski, jun “General Considerations of Fern Mating Systems” 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W1), at 
à 30 p m ee. T K Tylko “Possible Applications for the Plasma-Arc in the 
1i industry . 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIUD MECHANICS GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m —Duscussion on 
“Unusual Mecha nisms and Linkages” 


SOCIETY OF CHEMICAL INDUSTRY ROAD AND BUILDING MATERIALS GROUP 
{at 14 Belgrave Square, London, SW1), at 6pm —Dr T W Parker “The 
Ptulosophy of Assessment and Its Relation to Testing ın the Agrement 

cheme” 


PHARMACEUTICAL SOCIETY OF GREAT BRITAIN (at 17 Bloomsbury Square, 
London, WC1), at 7 pm —Mr L Wilson “Screntific and Technical Informa- 
tion—Miallstone or Keystone ?” 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W1) at 730 pm —Su John Boyd, OBE, FRS 
address on the occasion of the centenary of the birth of Sir Leonard Rogers, 
FRS DrD Morlev_ “Factors Influencing Growth and Nutritional Status of 
Infants and Young Children in a Nigerian Village” 


Friday, January 19 
SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 Belgrave 


8quare, London, SW1), at 6 30 pm—Dr J M Sprague (USA) “Recent 
Advances ın Diuretics” 
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Monday, January 22 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 10 am, Colloquium on “Microwave Integrated Circuits”, “Microwave 
Solid State Sources” 


INSTITUTE OF ACTUARIES (at Staple Inn Hall, High Holborn, London, 
WCl),at5pm—Mr H A R Barnett “A Theory of Mortality”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5 30 p m Discussion Meeting on “Microwave Electrostatic Wattmeter” 
opened by ProfessorH E M Barlow, FRS 


UNIVERSITY OF LONDON (in Lecture Theatre A, Mechanical Engineering 
Building, Imperial College of Science and Technology, Exhibition Road, 
London, SW7), at 530 Yea gest Bertil Matern (Royal School of 
Forestry, Stockholm) ‘Statistical Models of Two-Dimensional Variation” 
(further lectures on January 24 and 28) * 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), 
at6pm—MrW B Gosney “Modern Refrigeration” (First of three Cantor 
Lectures Further lectures on January 29 and February 5 ) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned 

PRINCIPAL LECTURER in the DEPARTMENT OF CHEMISTRY AND BIOLOGY 
—The Principal, Barking Regional Coliege of Technology, Longbridge Road, 
Dagenham, Essex (Januarv 20) 

LECTURER or JUNIOR LECTURER (preferably with a special Interest in soil 
mycology) IN MycoLogy—The Secretary, Trinity College, Dublin 2, Republic 
of Ireland (January 24) 

LECTURER (preferably with experience in non-numertcal computing) in the 
DEPARTMENT OF MATHEMATICS in the field of computational mathematics— 
The Registrar, The Universitv, Nottingham (January 29) 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF ZOOLOGY, 
University of Ibadan, Nigeria—The Inter-University Council, 33 Bedford 
Place, London, WCi (January 29) 

DIRECTOR OF THE HILL FARMING RESEARCH ORGANIZATION—Professor 
S J Watson, Edinburgh School of Agmculture, West Mains Road, Edin- 
burgh 9, Scotland (January $1) 

LECTURER IN PHYSICAL CHEMISTRY at the University of New South 
Wales—The Association of Commonwealth Universities (Branch Office), 
Mariborough House, Pall Mall, London, SW1 (Australa and London, 
January 31) 

LECTURER and a SENIOR DEMONSTRATOR in the DEPARTMENT OF ZOOLOGY 
—The fo ih and Secretary, University of Durham, Durham City 
(February 3) 

LECTURER IN EDUCATION at the University of Western Australia—The 
Association of Commonwealth Universities (Branch Office}, Marlborough 
House, Pall Mall, London, SW1 (Australia and London, February 3) 

LECTURER or ASSISTANT LEOTUREBR IN PHYSIOLOGY—The Registrar, The 
University, Sheffield (February 3) 

LECTURER or SENIOR LECTURER IN CHEMISTRY at the University of 
Tasmania—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW1 (Australia and London, 
February 5) 

ASSOCIATE PROFESSOR IN CLINICAL BACTERIOLOGY IN THE FACULTY OF 
MEDICINE, University of Sydney, Australia—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
SW1 (Australia and London, February 9) 

JUNIOR LECTURER IN MATHEMATICS (Pure or Applied)}—The Secretary of 
Faculties, University Registrv, Broad Street, Oxford (February 12) 

CHAIR OF CHEMIOAL TECHNOLOGY In the DEPARTMENT OF CHEMISTRY» 
University of Malaya—The_ Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (Kuala Lumpur 
and London, February 15) 

CHAIR OF PHARMACOLOGY at the MEDICAL FACULTY OF ROTTRRDAM— 
in B Lense, Wytemaweg 2, Rotterdam, The Netherlands (February 


DEPUTY LIBRARIAN (with academic and professional qualifications) at 
Victoria University of Wellington, New Zealand—The Association of Com- 
monwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1 (New Zealand and London, February 15) 

ASSISTANT LRECTURER/LECTURER (with postgraduate experience in the 
theory and use of microwaves or solid-state microwave devices) IN_ELEO- 
TRONICS—The Secretarv, University of Lancaster, University House, 
Bailrig, Lancaster, quoting Ref L 270/C (February 16) 

TURNER AND NEWALL RESEARCH FELLOWS IN CHEMISTRY, PHYSICS, 
GEOLOGY, MINERALOGY, METALLURGY, APPLIED MATHEMATICS, ENGINEER- 
ING, MEDICINE, or related technologies—The Academic Registrar, University 
of London, Senate House, London, WC1 (February 16) 

READER IN PAYSIOLOGY—The Registrar, University of Newcastle upon 
Tyne, 6 Kensington Terrace, Newcastle upon Tyne, 2 (February 19) 

LECTURER (preferably interested in the mechanical behaviour of materials) 
IN METALLURGY, Wollongong University College, University of New South 
Wales—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW1 (Australia and London, 
February 26) 

ASSOCIATE PROFESSOR (Reader), SENIOR LECTURER or LECTURER (two 
positions) in the ZOOLOGY DEPARTMENT, University of Otago, Dunedin, New 
Zealand—The Secretary-General, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (New Zealand 
and London, February 29) 

ASSOCIATE PROFESSOR (preferably anatomist, with teaching experience in 
both gross anatomy and neuro-anatomy) in the DEPARTMENT OF ANATOWY— 
Head, Department of Anatomy, Faculty of Medicine, University of Ottawa, 
275 Nicholas Street, Ottawa, Ontario, Canada 

CHEMIST (with an interest in gas chromatography) to Jom a team working 
on metabole disorders in children—The Chemical Patholomst, Hospital for 
Sick Children, Great Ormond Street, London, WOI 

MYCOLOGIST (graduate m botany or agricultural botany with experience in 

lant pathology or mycology) in the POTATO Brancu—The Acting Secretary, 
ational Institute of Agricultural Botany, Huntingdon Road, Cambridge 

SENIOR LECTURER or LECTURER IN,PHyYsics—The Secretary, Queen’s 
University, Belfast, Northern Ireland 


204 


REPORTS and other PUBLICATIONS 
(not encluded an the monthly Books Supplement) 


Great Britain and Ireland 


Report o* the Agricultural Research Council for the year 1966-67 Pp 
vur+110 (London HM Stationery Office, 1967) 9s 6d net [2710 

Proceedings of the University of Newcastle upon Tyne Philosophical 
Society Vol 1, No 9 (1966) The Contribution to Naval Architecture of 
W and R & Froude Bv W Muckle Pp 109-128 Vol 1, No 9 (1967) 
Soul Moisture Tension in Relation to Plant Colonization of Pit Heaps By 
J A Richardsonand E F Greenwood Pp 129-186 (Newcastle upon Tyne 
Vmvarsity of Newcastle upon Tyne Philosophical Society, 1066 ons 

The Sociology of Science and Technology By Professor S Cotgrove 
Qnaugural Lecture, October 25, 1967) Pp 30 (Bath University Tress, 


[ 
Freshwater Biological Association Thirty-fifth Annual Report for the 
year ended 31 March, 1967 Pp 133+2 plates (Ambleside, Westmorland 
Freshwater Biological Association, 1967 } 5s {8010 
Annual Report and Accounts of the British Broadcasting Corporation, 
1966-67 (Cmnd 3425) Pp 205+16 photographe (London HM 
Stationery Office, 1967 } 17 8d net [8010 
Queen Mary College University of London Annual Report 1965-1966 
Pp 141 (London Queen Mary College, 1967 ) [3010 
Proceedings of the Roval Society Series A Mathematical and Physical 
Sciences No 1465 Vol 301, 17 October (1967) A Discussion on Neutrinos 
Og mized by C F Powelland G D Rochester Pp 103-217 (London The 
Royal Society, 1967} 22s 6d , $335 3010 
Dep irtinent of Edneation and Science Statistics of Education 1966, Vol 
5 Fmance wd Awards Pp 40 (London HM Stationery Office, 1967 ) 
8s 6d net [3010 
Freedom of Action in a Mechanistic University By Professor Donald M. 
Mackiv (Twenty-first Arthur Stanley Eddington Memorial Lecture delivered 
at Cambindge University, 17 November, 1967) Pp 40 (London Cambridge 
University Press, 1967 ) 5s net , $0 95 [8130 
Natural Gis trom the North Sea Pp 23 (London The Gas Council, 
1967) Gratis [3110 
Nitional Central Library 51st Annual Report of the Executive Committee 
for the year ending 31 March 1967 Pp 23 (London National Central 
Inbruy 1907) [111 
Instuute of Personnel Management Annual Report, 1966-67 Pp 18 
(London Lustitute of Personnel Management, 1967 211 
University of Oxford Annual Report, 1965-1966 (Supplement No 12 
to tho University Gazette, Vol 97, August, 1967) (Oxford The University, 


1967) 5s {211 

Data Sheets on Moulding Materials Pp avin + 90 (Sheffield The 
Bustish Steel Castings Research Association, 1967) 20s 211 

Current Medical Research (A repiint of the articlesin the Medical Research 
Council’s Annual Report, April 1966-March 1967) Pp 1v+83+8 plates 
(London HM Stationery Office, 1967) 8s net {311 

Reseirch—for National Prestige or National Survival? Bv Professor 
F A Robinson (An Inaugurel Lecture delivered at University College, 
Cardiff, 2nd May, 1967) Pp 28 (Cardiff University of Wales Press, 
1967) 3s 6d (711 
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Glossary of Terms Frequently Used in Magnetism Pp 21 (New York 
American Institute of Physics, 1967 ) [8110 

Studia Forestalia Suecica Nr 50 Studier av Metoder for Plantering av 
gran och tall pa Akermark 1 Sodra och Mellersta Sverige (Studies of Methods 
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on Farm Land m Southern and Central Sweden) Av Ulf Barring Pp 332 
(Stockholm Skogshogskolan, Royal College of Forestry, 1967) 50kr [8110 
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Conference Papers Edited by John E Halver and Ian A Mitchell Pp 
vu+199+4 plates (Washington, DC Bureau of Sport Fisheries and 
Wiuldhfe, 1967 ) 3110 

United States National Museum Bulletin 82 A Monograph of the Existing 
Crinoids By Austin Hobart Clark and Ailsa McGown Clark Vol 1 The 
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APPOINTMENTS VACANT 


FISHERIES RESEARCH BOARD 
OF CANADA 
MATHEMATICAL STATISTICIAN 
$8,654 to $18,200 

Applications are invited for the position of 
Mathematical Statistician with the Freshwater In- 
stitute of the Fisheries Research Board of Canada, 
on the Campus of the University of Manitoba, 
Winnipeg, Canada 

The nearby University Computing Centre has 
an IBM _ System/360 Mode) 65 computer avail- 
able with 25K storage, four disc and four mag- 
neue tape drives A 400-million byte graphic 
display unit will be available shortly It is pos- 
sible that a remote terminal facihty im the Fresh- 
water Instutute could be available 
DUTIES 

1 To develop statistical technique and theory 
for the study of aquatic populations with special 
reference to fish, to devise sampling procedures 
for methods of estmating populations and popu- 
tanon changes 

2 To investigate the use of systems analysis 
and modern computer techniques as an approach 
to fisherres problems 

3 To guide the development of a data proces- 
sing service unit within the Institute and to act in 
haison between the Institute and the University 
of Manitoba Computing Centre 


4 To provide statistical consultation an connec- 
tion with the expermnental work of the Insutute 
QUALIFICATIONS 

A PhD or Masters degree in Mathematical 
Statistics from a unuversity of recognized stand- 


ing 
CLASSIFICATION AND SALARY 
The successful candidate will be appointed 
withm the range of Scientist 2 ($8,654 to $11,340), 
Scientist 3 ($11 752 to $14,560), or Scientist 4 
($15,340 to $18 200), at a salary commensurate 
wrth qualifications and experience Promotions to 
positions carrying higher classifications are open 
to all employees of the Fisheries Research Board 
of Canada 
Employees of the Fisheries Research Board en- 
Joy the privileges of the Canadian Public Service 
Superannuation and Surgical-Medical Plan, etc 
APPLICATIONS 
Applicants should submit a transcript of 
academic record a list of pubications a state- 
ment of expemence, training and personal history, 
accompaned by the names and addresses of three 
persons who may be consulted for letters of 
recommendation 
The appointment will be made as soon after 
February 15, 1968, as a suitable candidare can 
be located Applications should refer to Com- 
petition No WPG-25 and be addressed to 
The Director, 
Fisheries Research Board of Canada 
Freshwater Insutute, 
501 University Crescent, 
Winnipeg 19, Manitoba (93) 


THE MEDICAL RESEARCH COUNCIL 
have a vacancy for a biologist to work with a 
group concerned with the causation of tumours in 
man The work of the laboratory depends on 
the close integration of the clinical genetic and 
virological approaches to this problem The suc- 
cessful applicant will work in collaboration with 
other members of the staff but will also be ex- 
pected to develop origina] ideas within the general 
area of research Experience in cytogenetics 
would be an advantage but other candidates who 
are prepared to tram in cytogenetics will be con- 
sidered Apphcants should have a firsti- or 
second-class honours degree m a biological sub- 
sect —Applicauons giving details of age, qual- 
fications and experience should be sent to the 
Administrative Officer, MRC. Chnical and 
Population Cytogenetics Research Unit, Western 
General Hospial, Edinburgh 771) 
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ROYAL DUTCH/SHELL LABORATORY, AMSTERDAM 


TECHNICAL 
EDITOR 


The Royal Dutch/Shell Group require, at their Research Centre m 
Amsterdam, a Technical Editor for scientific and technical reports and 
publications 


We expect the post to be filled by a science graduate with a good 
command of English, but candidates with other, equivalent, qualifica- 
tions will be considered if they have had expenence of editing 


ik and technical publications The preferred age range 1s 25 to 
years 


Starting salary will be in hne with qualifications and experience There 
1s an attractive pension scheme We will give financial assistance with 
the removal of household effects to Holland 


Travelling and other reasonable expenses will be paid for interviews 
in London and Amsterdam 


Applications, giving full details of qualifications and experience, should 
be sent to 


SHELL INTERNATIONAL PETROLEUM 
COMPANY LIMITED 


Recruitment Division N (PNEL’1) 
Shell Centre, London, S E I 








The Central Laboratories of the Bovril Group to be situated at Alperton W 5, 
offer opportunities to experienced graduates for objective basic and applied 
research 
The Unit will form a link with academic and research orgamsations and our 
own production research in the following fields 

MICROBIOLOGY 

FOOD ANALYSIS 

BIOCHEMISTRY 

FOOD SCIENCE AND NUTRITION 


Facilities for research and conditions of employment are attractive 


Apply in writing to 


Group Technologist, 
Bovril Limited, 
148/166 Old Street, 
LONDON EC.1 
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GRADUATE IN AGRICULTURAL SCIENCE 
OR VETERINARY MEDICINE 


required by AN FORAS TALUNTAIS (The Agricultural Institute) for its Pig Husbandry 
Department at Moorepark Research Centre Fermoy Co Cork for research into environ- 
mental factors in celanon to performance and health of pigs Starung salary up to 
£2465 depending on qualifications and experience Marriage and childrens allowances 
payable m addition Non-contributory Pensions Scheme Special arrangements can be 
made for FSS U members Working conditions are excellent ESSENTIAL Enher 
(a) an Honours University Degree or equivalent in Agricultural Science, or (b) a Univer- 
sity Degree or equivalent, in Veterinary Medicine 

Application forms and further particulirs from the Director, An Foras Taluutais, 


33 Merrion Road, Dublin, 4 (telephone 693222), (Quote Ref N) Latest date for rectipt 
of completed forms iy February 14, 1968 (154) 
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$ The Research Division of Pfizer Limited 1s broadly based tn the major sctentific disciplines and 
sX bas a staff in excess of 400 Internal promotions together with a widening spectrum of research 
Sn interes s have created a need for new senior members of the scientific staff 

a Those appomted will work in modern well-equipped laboratories located in Sandwich on the 
BB, Kent coast A wide choice of residential areas 1s available, and property 1s reasonably priced 

i To enable us to fill these important appointments we are looking for 

51 Ph.D. Chemists Information Officer 

ae who preferably have some post-doctoral ex- who has at least an HNC and experience in 
iS perience in the pharmaceutical industry or in synthetic organic chemistry A knowledge of 
He a university who are good organic chemists ımormauon rerieval methods woud be 
fy and who are abe to direct the work of especially suitable, but u 1s not essential 

9 others They, should also have, or be miter 

on ested in developing, the abilny to understan 

sts the work of their biological and biochemical Ph.D. P harmacologists 

A colleagues with or without post-doctoral experience who 
a are interested In the laboratory assessment of 

is new compounds 

3B Se., G.R.I.G. or H.N.C. Chemists » 

ie who have experience in the synthesis of 
pet -asame compounds Ph.D. Brochemists 

a who have 1 or 2 years post-doctoral experi- 
y : ence, preferably ın enzymology intermediary 
ce B Sc. Pharmacologists metabolism or nucleic acid biochemistry 

ee who have several years postgraduate research 

iw, experience 


=| INFORMAL INTERVIEWS 


ES Senor members of the scientific staff will be available, without appomtment, on 


R to discuss these opportunities If zou are not able to calt please write to the Personnel Manager, 
A Research Division, Pfizer Limited, Ramsgate Road Sandwick Kent (200) 
vay 
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BIOLOGISTS 


G K Bureau has been commissioned by 
Universities, Medical Schools, Research 
Centres and Industry to find 


Blochemists ; Electron Microscopists , 
Microbiologists, Pharmacologlsts, Physio- 
logists, Psychologists. Botanists; Ento- 
mologists , Parasitologists, Immunolo- 
gists and Virologists, 


also 


TECHNICIANS OF ALL KINDS 


Miss J SKINNER, B Se., 
G K. Bureau Ltd, 196 Oxford St, W.1 
01-636 6858 
(6) 


UNIVERSITY OF 
WESTERN ONTARIO 
LONDON CANADA 
DEPARTMENT OF 
CHEMISTRY 


Applications are invited for admission to 
programmes leading to the degree of M Sc 
or PhD in the principal fields of chemical 
research The department, housed in a 
modern building, has a comprehensive 
range of modern instrumental equipment 
and the use of advanced computing 
facilities 

Prospectrve graduate students should 
have or expect to receive, an honours de- 
gree (or equivalent) m chemistry All 
students accepted will receive annual sup- 
port of at least $3 300 

A booklet containing further details will 
be sent to all imquirers, who should write, 
stating their major field of interest, to Dr 
W C HOWELL (149) 





ae THURSDAY, JANUARY 18, 1968, at ST ERMINE’S HOTEL, CAXTON 
5 STREET, LONDON, S.W 1, 10 a.m.-9 p.m., 


FELLOW IN MEDICAL 
INSTRUMENTATION 


The Cambridge Instrument Company 
seeks a Physician to assist the growth of 
the Company in the fields of medical elec- 
tromics and biomedica) instrumentation He 
will effectively be the sole fuiJ-tume medical 
adviser, with responsibilities for surveying 
the entire field of measuring mstruments for 
use in medicine and for submitting recom- 
mendations for new products in the light 
of the Company’s manufacturing and 
marketing capabilities 


This important, full-trme post ıs open to 
doctors from any of the Commonwealth or 
Enghsh-speaking countries, and preference 
will be given to those who already com- 
mand the respect and confidence of leading 
consultants and specialists :m hospitals and 
universiues throughout the world 


The appiontment ts for a maximum of 
three years only, s.nce it is expected that 
the successful candidate wall return to full- 
tme medical practice with a view to quali- 
fying for consukant status 


Candidates should be under 30 years of 
age and have first-class postgraduate hos- 
pital or research experience and an appreci- 
ation of general medical practice A keen 
interest. in medical instrumentation 1s 
essential 


The successful applicant will be resident 
in the UK during the term of his appoint- 
ment and will be expected to travel exten- 
sively 


SALARY Negouable around £3,500 


Please write in the first instance to The 
Chairman, Cambridge Instrument Company 
Timited, 13 Grosvenor Place, London, 

1 


Interviews will be arranged m The 
United Kingdom and Australa {134} 
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UNIVERSITY OF LIVERPOOL 


Apphcations are mvited for the post of 
Senior Lecturer (1) or Lecturer (1D in the 
Department of Histology The mual salary 
will be within the range £2,835 to £3,180 
per annum (I) or £1470 to £2855 per 
annum (11) depending upon qualifications 
and experience 

The Department ıs housed in modernised 
quarters and has good facilities for electron 
microscopy, cytochemistry, tissue culture, 
ete There are separate undergraduate 
courses for medical, dental and science 
students and a short advanced course for 
students reading in the Physiology Honours 
school It 1s hoped to instutute a full-tume 
advanced course in the near future 

Applications, stating age, qualifications 
and experience together with the names of 
three referees, should be received not later 
than February 7, 1968 by the Registrar, 
The University, Liverpool, 3, from whom 
further particulars may be obtained Piease 
quote Ref RV/305/N (29) 


CANADA 
QUEEN'S UNIVERSITY OF KINGSTON 


DEPARTMENT OF GEOLOGICAL 
SCIENCES 


SENIOR TECHNICIAN 
REQUIRED 


To be responsible for operation of a 
section-preparation laboratory in a large, 
well-equipped department He and an 


assistant would prepare thin, polished and 
polished-thin sections of rocks and ores 


Qualifications accepted mdustrial or 
technical diploma or several years’ experi- 
ence in a simular capacity in industry or a 
university 

Salary commensurate with qualifications 

Apply, giving detatls of age experience 
and the names of two referecs to Professor 
J W Ambrose Head Department of Geo- 
logical Sciences, Queen’s University, King- 
aton, Ontario, Canada (a05) 
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THE IMPERIAL TOBACCO COMPANY 


invites applications for the following vacancies in its 
Research Department at Bristol: 


BOTANIST 


To undertake studies on the tobacco plant with particular 
reference to the enzymology and biochemistry of maturation 
and curing Experience in enzymology or general plant 
biochemistry together with an interest in plant anatomy and 
microbiology would be valuable but not essential 


BIOCHEMIST 


To join a team working on the study of the metabolism of 
the tobacco plant with particular reference to the curing 
process and pigment forming reactions. 


Applicants should have a good honours degree and preferably 
some research experience. 


Starting Salary not less than £1,200 per annum. 


Application forms from 
STAFF SECRETARY, 
IMPERIAL TOBACCO CO., BRISTOL 3. 





Pharmacologist 


Mayor Pharmaceutical Company with research facilities located in Montreal, 
Canada, has an attractwe career opportunity in Pharmacology 


THE JOB 


To imtate and/or develop screening and follow-up procedures in animals, in order to 
discover new types of drugs for treatment of functonal and degenerative respiratory 
dro das in man The abiiy to provide leadership to a supporting staff of 3-4 ıs 
Ess 


THE MAN 


Young man with training in Pharmacology to the Doctorate level Some experience in 
industry or work under a Post-Doctoral Fellowship in the area of respiratory disorders a 
real advantage 


BENEFITS 


Top Canadian salary and growth potential Comprehensive health, life insurance and 
reurement plan as well as paid passage to Canada 


You are Invited to explore this opportunity in complete confidence Applications should 
be made promptly by air mail te 
The Director of Research, Merck Frosst Laboratories, 
P.O. Box 1005, Montreal 3, Quebec, Canada. 





CONTROL 
ENGINEERING 


Current research problems at Capenhurst 
—such as electrical machines, arcs and 
plasmas, distribution systems and equip- 
ment, human environment—present a range 
of control engineering problems and we 
wish to strengthen the team working in 
these areas by the appointment of a young 
ENGINEER (or MATHEMATICIAN) who 
will work on the design and analysis of 
control systems Ref N/90 


NEW MATERIALS 


We wish to extend the work on novel 
electrical motors by a thorough tnvestiga- 
tion of the design of new materials for 
such machines These materials will prob- 
ably have composite properties and an ideal 
background for this work would combine 
training and experience in METALLURGY, 
MATERIALS generally and SEMI-CON- 
DUCTOR work with particular reference 
to their mechanical and electrical proper- 
ues Ref N/91 

For all of the above posts tual salary 
depending on ability, experience and age, 
wil be within one of the following salary 
bands £980-€1 675, £1,605-£2 045, £1,825- 
£2 470 £2 430-£3 025 

Please apply, or write for further 
information, to 
D C. Page, Head of Personnel Services, 
THE ELECTRICITY COUNCIL 
RESEARCH CENTRE, 

Capenhurst, near Chester, 
quoting appropriate reference (2) 





UNIVERSITY OF WALES 


THE WELSH NATIONAL SCHOOL OF 
MEDICINE 


TENOVUS INSTITUTE FOR CANCER 
RESEARCH 


Graduate or post-doctoral 


BIOCHEMIST 
or 
BIOLOGIST 


for group investigating the teratogenic and 
carcinogenic properties of aso dyes Ex- 
cellent facilities available in newly estab- 
ished research institute Experience in 
tissue fractionation and of organ culture 
techniques desirable but not essential 
Salary within the range £800 to £1 400 
Applications, with names of two referees, 
to The Academic Registrar 34 Newport 
Road, Cardiff (175) 


UNIVERSITY OF VICTORIA 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the following posi- 
tions 
(a) Two full o: associate professorships one in 
Inorgamc Chemistry the other in Organic 
Chemistry to date from July 1, 1968 Ap- 
plications together with the names of three 
referees should arrive not later than Febru- 
ary 1, 1968 
(5) Post-doctoral fellowships 
(c)} Graduate research  studentshins/teaching 
assistantships leading to the degrees of M Sc 
and PhD 
Applications under (b) and fc) will be con- 
sidered at any ume 
Further details of the appointment, and of this 
rapidly expanding university, may be obtained 


from 
Dr A C Ridditoid 
Head Department of Chemistry 
University of Victoria 
Victoria, BC < 
Canada (143 


McMASTER UNIVERSITY 
HAMILTON ONTARIO CANADA 


Applications are invited for several accredited 
Pathology residency traimng appointments in the 
University group of hospitals 

Intending apphcants are asked to write for 
details and application forms to the Chairman 
Committee on Hospital Training, Department of 
Pathology, McMaster University, Hatmulton On- 
taro Canada (100) 
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What is Gulliver Doing? 


Tue OECD review of science policy in the United 
States 1s an unexpected document quite out of charac- 
ter with earlier attempts at the definition of national 
policies and even a little at odds with the supposed 
objectives of these delicate exercises ın supra-national 
inquisitiveness Certamly the four exammers have 
been more concerned with Europe than with the United 
States They have been lookmg across the Atlantic 
for help and advice about a host of problems—the 
conditions of the universities, the technology gap and 
the bram drain One thmg which comes out clearly 
from their report 1s the strength of what may be 
described as the European feeling which they share, and 
what they have to say about European problems 1s at 
once perceptive and courageous By contrast, their 
judgments on the United States are sometimes naive, 
sometimes superficial and sometimes both It 1s almost 
as if the examiners shrank at the begmning of ther 
inquiry from a serious attempt to understand the 
machinery of science policy in the United States 
and from a clear identification of the serious strains 
which are now begmning to emerge, and there are many 
who will forgive them choosing not to rise to this 
great and time-consuming challenge Unfortunately, 
1t 18 less easy to forgive the examiners for not producmg 
a coherent summary of their jomt conclusions As ıb 
turns out, them separate reflections on the condition 
of the modern world are mteresting enough and some- 
times stimulating, but they are shot through with 
idiosyncrasies and even prejudice Is ıt perhaps poss- 
ible that the examiners did not have the time to put 
their busy heads together for long enough to produce 
a common report? Or did they calculate that 1f they 
shot four separate arrows at the colossus, the chance 
of strikmg some vital target would be mereased ° 
Whatever the reason, the OECD would be well advised, 
with future teams of exammers, to spend more time 
knockmg heads together and less time producmg 
background reports which are almost too big to be 
useful 

The quality of what the exammers have to say about 
the administration of science in the United States 1s 
well illustrated by what 1t says—or does not say— 
about the function of the National Science Foundation 
The general view 1s that the NSF 1s mtended to have a 
marginal existence, seekmg to provide support for 
projects which the mussion-oriented agencies neglect 
The examimers seem, however, to have overlooked the 
serious dangers of this state of affairs The present 
trouble ıs that when funds are scarce in Congress, the 
mussion-oriented agencies shed their responsibilities 
for research when the NSF is unable to take up the 
slack In the long run, it ıs unthmkable that funda- 


mental science in the United States can contmue to 
prosper if the National Science Foundation remains 
the Cinderella that 1t 1s m comparison with the mission- 
oriented agencies or even the National Institutes of 
Health M Lefèvre comes closest to this view m 
saying that if there were an equivalent of the NSF m 
Europe, he would like to see 1t act more boldly One 
of the disappomtments of the huge report which the 
examiners have produced 1s 1ts failure to suggest ways 
mn which the NSF might evolve into the more effective 
organization which circumstances require 

The OECD exammers do, however, agree on the 
importance in the United States of the system by means 
of which universities depend on what are called project 
grants for the support of scientific research, and there 
is, of course, some truth in this Unanimity does not, 
however, imply accuracy, and there 1s at least room 
for doubt about the reasons which the different 
examimers give for believing that project grants give 
science m the United States some of its special quali- 
ties Professor Waddington, for example, considers 
the practice of awarding research grants to mdrviduals 
m American universities for the carrymg out of specific 
projects as the maimsprmg of competitiveness—good 
and bad—among scientists m the United States But 
18 this really the way the system works? There 1s at 
least a chance that the details of the machmery of 
how grants are awarded are symptoms and not causes 
of the character of academic science in the United 
States In any case, of course, research grants are 
awarded ın large numbers for the support of individual 
research workers at British universities, m aggregate 
they account for roughly two-thirds of what 1s spent on 
academic research in science and technology and the 
terms of grant are frequently drawn im the finest 
detail It ıs true that research grants m the United 
States usually enable scientists to staff ther labora- 
tories in a condition which 1s considered to suit their 
status and that British research grants less frequently 
include an element of salary, but this 1s a question of 
degree and not of prmeiple In reality, 1t 1s hard to see 
what would prevent the Science Research Council m 
Britain distributing what funds it has to spare with the 
precision, the ruthlessness and the darmg which 
characterize the grant-givmg agencies m the United 
States If British research councils pursue a different 
kind of policy, the blame must be levelled not at their 
constitutions but at the advisory committees which 
flourish ın Britam as ın the United States As with 
government, so with research councils—people get 
what they deserve 

In the United States, competition between different 
agencies for the privilege of spending money m new 
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and rapidly developmg fields 1s probably a moe 
important mfluence on the character of academic 
science than the details of the machinery for spending 
money as such, which 1s why 1t 1s perceptive of M 
Lefévre to emphasize the implications of the American 
attachment to the federalist way of domg pubhe 
business There 18 a splendid illustration of this m the 
contrast between the way im which American agencies 
compete with each other on common ground and the 
way in which British research councils deal with 
borderline territory either by mplicit treaties of non- 
intervention or by collaboration with each other 
They may be mght m choosing to blunt competition, 
but they are certainly responsible for domg so 

In matters lke these, the OECD report makes 
depressmg readmg The exammers have seen Gulliver 
but their view 1s of parts and not the whole Butif they 
have learned only a httle about the giant m the 
round, the shock of their encounter has taught them 
a great deal about themselves This is where ther 
report 18 best 

The first and most obvious lesson which the Euro- 
peans (or two of them, at least) confess to havmg 
learned 1s that European institutions are mflexible m 
comparison with the American Both M Lefèvre 
and Professor Waddington protest vigorously at the 
way mm which Europe keeps young men waiting for old 
men to retire They are, of course, nght M Lefèvre 
has a perceptive passage about the way ım which 
industrial change 1s frequently frustrated by the force 
of habit, and 1t 1s, of course, absurd that in the middle 
of the most severe economic crisis for more than thirty 
years, the British Government should still be able to 
entertain proposals for keepmg industries m bemg 
whose contmued existence 1s not merely a public 
expense but an impediment to change elsewhere It 
is the same m the universities, and this 1s the tub 
which Professor Waddington has chosen to thump 
Movement, if ever perceptible, tends to be so ponderous 
that ıt 18 an active discouragement Although en- 
hghtened professors now accept that the old hierarchical 
concept of the university department is an anachron- 
ism, heads of departments are still kings—particu- 
larly on the mamland One way and another, OECD 
examiners are probably correct in their suggestions 
that Europe would profit 1f European mstitutions were 
more ready to accept change, and some of their 
eloquence on this theme may even help to foster change 
The difficulty, which the European examiners appear 
to recognize implicitly, ıs how to foster change m 
Europe without losing the pecuhar qualities of hfe 
m the Old World of which they are plamly fond 
That would be a report worth writing 

In separate ways, the exammers have also tumbled 
on what may be called the European solution—the 
view that the only sure remedy for the technology 
gap, the brain dram and the other symptoms of the 
imbalance of economic power between the two sides 
of the Atlantic 1s more effective European umty 
M Lefévre and Professor Waddington have arguments 
on this perennial subject Although M Lefèvre 
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clearly reflects the Belgian view thatthe abolition of 
customs barriers 1s not the end but only the begmnmg 
of the European Economic Community, his warnmg 
that there has so far been very little progress with the 
integration of science policy m Europe is at once force- 
ful and timely For what senso can there be, for 
example, m arrangements which have persuaded three 
of the sıx nations m the EEC to support mdependent 
programmes of development in fast reactors, to say 
nothing of the quite separate programme being followed 
m the United Kingdom ? However bright the future 
may be for breeder reactors, there 1s nothing to suggest 
to people of discernment that the European market 
will be able to sustam four quite separate designs for 
reactors like these And exactly the same is true, of 
course, of the way m which there 1s no co-ordinated 
policy in Europe on the support of research m high 
energy physics CERN may be the most powerful of 
all proofs that collaboration can be made to work, 
but its success has not yet persuaded member nations 
to smk their national plans ın the common pool 
Elsewhere, the machmery of the administration of 
funds for research will tend towards duphcation and 
not complementarity, which 1s why there 1s great merit 
ın Professor Waddington’s proposal that decisions 
about the allocation of funds for research ın Europe 
should be organized on an international basis even 
though—to begm with, at any rate—money never 
crossed national borders This 1s an entirely sound 
and practical suggestion, and much more likely to lead 
to something useful than the other suggestion of 
Professor Waddington’s that a European analogue of 
the American Committee on Science and Public Poley 
should be established by agreement among the Euro- 
pean academies There 1s every reason why the grant- 
giving agencies should pursue this matter urgently 
Of the lessons which the European examimers have 
learned about themselves, ın the long run the most 
important may be the undertone of disaffection from 
the United States which runs through a good deal of 
what the separate exammers have to say Even 
though the most useful suggestions m the report are 
European issues, Americans would be wise to pay 
close attention to what the examiners have to say 
about the relationship between the two sides of the 
Atlantic, for, ın their separate and different ways, the 
four exammers accurately represent opimions and 
arguments which are growing in strength m the Old 
World And who, anyway, can fail to sympathize 
with M Lefèvre ın his complaint that mdustry ın the 
United States seems always to brmg superior resources 
to bear ın competition with whatever mnovations 
seem about to flourish ın Europe? That may be what 
competition means, but it seems hard and 1t stamulates 
not merely the will to compete but resentment as well 
Professor Waddington’s complamt that American 
scientists are less able to engage m contemplative studies 
but are at the same time inconsiderate of European 
achievements 1s necessarily more subjective This 
case would be hard to prove, and may well be un- 
founded But im a sense what matters ıs not the truth 
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but the appearance of t In the quite short space of 
three years, there has been a marked change in the 
relationship between Europe and the United States 
There have been great political and economic strains, 
and 1t 18 not surprismg that these are now begmning to 
have a perceptible mfluence on the character of the 
relationships among scientists and between scientific 
stitutions Ifthis should mean that European nations 


Mr Wilson Trims his Sails 


Mr Wrrson, it 1s often said, 1s not a good hatchet 
man But there need now be no doubt that he 1s a 
dab hand with the scissors For the cuts in Govern- 
ment expenditure which he announced to the House 
of Commons on January 16 are a masterpiece of 
scrimping rather than saving, chopping rather than 
changing, putting off rather than cancelling altogether 
With two important exceptions—defence policy and 
the postponement of raising of the school leaving age 
to 16—1t looks as if every sacred cow m sight has had 
its horns neatly trimmed 

The most fundamental changes occur m defence 
policy, or—putting ıt more grandly (as the Opposition 
will)—1n Britam’s world role The order for fifty United 
States F 111 aircraft has been cancelled, some aircraft 
carriers are to be phased out sooner, British forces 
will leave the Far East and the Persian Gulf by 1971 
Cancellation of the F111 will save a total of £400 
million by 1977-78—a figure which takes into account 
the hkely cancellation charges The defence budget 
for 1969-70, which was to have been £1,970 million, 
will be £1,860 milhon (all at 1964 prices) By 1972-73, 
Mr Wilson said, the budget would be down to between 
£1,600 and £1,650 million at 1964 prices Civil Defence 
will be reduced to a “care and maintenance” basis, 
which will mvolve the disbandment of the Civil 
Defence Corps, the Auxiliary Fire Service and the 
Territorial Army Volunteer Reserve 

None of these 1s a sacred cow But the decision to 
postpone the raising of the school leaving age to 16, 
and the imposition of prescription charges—at the 
rate of 2s 6d for each prescription—undoubtedly are 
Outsiders find 1t umpossible to describe, or to under- 
stand, the horror with which the left wing of the 
Labour Party will greet the second of these decisions 
Tt ıs best simply to say that it 1s an emotional reaction 
springing from the best motives in the world, but 
hardened by now into a near-neurosis The re-1mposi- 
tion of the charges will bring in an extra £25 milhon a 
year, although there are to be exceptions—the old, 
the young, the chronic sick, and expectant and nursmg 
mothers 

The postponement of the raismg of the school 
leaving age 1s potentially far more serious This 
1s killing the goose with a vengeance—before 1t has 
even had time to give evidence of its capacity to lay 
eggs—but again it 1s only a deferment, to 1973, rather 
than an absolute cut It1s a programme which Britam 
could neither afford to have nor to do without—an 
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will seek to brmg a halt to phenomena such as the brain 
drain by makmg Europe a more interesting and reward- 
mg place, no harm will have been done But there 1s 
also a danger that the events of the past three years 
will permanently sour relationships between Europe 
and the United States from which everybody has 
profited enormously in the past half century That is 
something to worry about 


agonizing decision which has prompted the resignation 
of Lord Longford from the Government 

Compared with this, the other cuts which education 
has suffered will feel like flea bites Secondary school 
children, for example, will no longer get free milk at 
school, capital expenditure m further education build- 
ing, the youth services and public libraries will be cut 
by something lke £20 million this year, £60 millon 
next Universities will also feel the draught—their 
capital building programmes this year will be reduced 
to one-sixth of the planned level, a saving of £0-75 
million—which will provide the University Grants 
Committee with a tricky problem For next year, 
1969-70, the universities will have to make do with 
£2 5 million less for capital expenditure, at a time when 
vice-chancellors are already pining for more 

Direct grant grammar schools will also be losers 
The grant which 1s paid to them, based on the number 
of pupils m the school, will be cut by £20 per pupil 
per year, an overall saving of £1 8 milhon And students 
will have to face the most extraordinary cut of all At 
the moment a committee 1s at work, deciding the 
amount by which student grants will be mcreased to 
keep up with the rise ın the cost of hving What- 
ever the committee decides will be cut by half, presum- 
ably on the prmeiple that student lhvimg standards are 
only half expected to stay up with those of the rest of 
the community The grand total for savings on educa- 
tion amounts to £40 million ın 1968-69 and to £59 
million m 1969-70 

The Mmuistry of Technology has been less harshly 
treated, and the Atomic Energy Authority, the greatest 
escapologist of them all, seems to have done 1t agam 
The total savmgs in the ministry will be only £13 
millon ın 1968-69 and £15 mullion the year after, 
and none of this will come from the programmes by 
which the mmistry supports industries such as ship- 
buildmg and computers The National Research 
Development Corporation will also come through un- 
scathed The economies will come by mamtaming 
the level of mdustrial research and development m 
Government establishments rather than by mereasing 1t 
The Atomic Energy Authority and the defence re- 
search establishments will, ın contrast, actually suffer 
cuts in the scale of support, although details of the 
figures are not yet available The mmustry explains 
that this order of priorities has been decided on the 
principle that the support work for mdustry must not 
be allowed to suffer, so that long-term gains are agam 
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likely to be sacrificed m the interests of short-term 
economies 

Other cuts m the package prompt the same feelmgs 
If the achievement of the present Government in house 
buildmg had been better, ıt might have been easier to 
accept the need to reduce the number of houses built in 
1969 by 15,000 And the bwldmg of roads has an 
economic mmportance far beyond its face value, despite 
this, expenditure on the roads 1s to be cut by £53 million 


Honesty is the Best Policy 


THe poor beleaguered British Government may yet 
derive some comfort, in the weeks that he immediately 
ahead, from the way m which the Department of 
Education and Science has at last made public the 
documents on which it formed a view, some months 
ago, of the proposal to build a 300 GeV proton accelera- 
tor under the administrative umbrella of CERN It 
is true, of course, that the Government would have 
done better still to make a clean breast of thmgs nght 
at the begmning, when people were still on tenterhooks 
wondermg which way the cat would jump That was 
the time to have made real friends But even if, as 
events have turned out, the cat has not jumped at all, 
it is more than a historical courtesy to know just what 
Professor Michael Swann’s workmg group told its 
masters, the Council for Scientific Policy—and to know 
who is prepared openly to vote against the proposal 
(see page 221) The whole issue has thus been endowed 
with a greater sense of reality than could otherwise 
have been attamed This will be a useful standby 
later this year, for, even if the issue of the 300 GeV 
machme ıs now quietly buried, ıt is plamly far from 
being dead 

That said, there are three important issues raised 
by the publication of these documents which deserve 
close study m Britain and in other countries which 
belong to CERN The most immediate question 1s 
domestic, and concerns the relationship between. bodies 
such as the Council for Scientific Policy and the Science 
Research Council and their jomt masters—the British 
Government on the one hand and the professional 
community on the other Constitutionally, of course, 
there 1s no problem to be solved Membership of the 
two councils 1s 1n the gift of the Secretary of State for 
Education and Science, who 1s well placed to lay down 
conditions of membership People mvited to belong 
can say no, but it is not realistically withm their 
competence to say that they will only serve if the 
councils conduct their busmess m some specified man- 
ner In the hirmg and firmg of advisory committees, 
1t 18 usually well understood that the mmuster has first 
call on whatever advice there 1s to be given, and that 
if he chooses he can keep this to himself Unfor- 
tunately, however, there are a number of good reasons 
why this system functions badly m the provision of 
advice about the management of science and tech- 
nology, not the least of which 1s that the advice which 
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this year and £69 million next Happily there are 
to be no similar reductions m the building of 
hospitals. 

It all makes a depressing catalogue Only ın the 
Stock Exchange was there enthusiasm for the pro- 
gramme There was a surge of buying, reflecting a 
hope that this would be the last crisis measure for a 
httle while at least Elsewhere there was little but 
gloom 


the scientific advisory councils provide 1s only worth 
having if the councils and their mmister know that 16 
credibly represents the opmions or the aspirations of 
the professional community In some quite real sense, 
the members of these committees are not just wise 
birds ın their own right but representatives of scientists 
elsewhere In the circumstances, they are entitled to 
and should be given a greater degree of autonomy 
than most other kinds of advisory committees 

The nght to publish is an important part of the 
respect the British Government owes the Council for 
Scientific Poley The documents im the case of the 
300 GeV accelerator are a perfect illustration of how 
everybody would benefit from the straightforward 
recognition of this principle So much can be mferred 
by asking what would have happened 1f the advice of 
the two councils on the 300 GeV machine had been 
published last October, before the need to make some 
kind of response to the proposals of CERN had become 
urgent 

The Government would certamly not have been the 
loser It has not been much of a believer m synchrotron 
escalation, even atits most enthusiastic Ifthe Govern- 
ment makes any clear impression at all on this issue, 
if 1s that of a sceptical but mdulgent and cautious 
uncle, ready to give the physicists what they want if 
they have really set their hearts on a project and 
especially if there ıs afterwards some hope that they 
will have no further demands for money There 1s no 
disgrace m this, for 1t 1s hard to see how responsible 
governments could act differently But does it not 
therefore follow that the Government would have 
gained a more sensitive impression of what the scientific 
community 1s after if the sensible reports of the two 
councils had been pubhshed ? Indeed, the physicists 
would also have gamed, for, smce the final version of 
the report was prepared four months ago, 1t has become 
plam that the origmal design produced at CERN m 
June can be substantially umproved on The case for 
the 300 GeV mache would have been stronger if 1t 
had been seen to be more flexible Even the chemists 
would have profited from publication, for then there 
would have been more than rumour to suggest how 
vigorously they are opposed to the project But if 
publication 1s beneficial for the 300 GeV proposals, 
surely the same rule should apply to a great many 
of the issues now having to be settled. The advisory 
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councils should not merely be allowed but compelled 
to publish their arguments. If doing this should run 
counter to what the constitution says, then somebody 
should rechristen the committees. 

The second issue is the course which the British 
Government should pursue towards the CERN pro- 
posals. The hiatus which has now arisen stems from 
devaluation and from the need for a further examina- 
tion of plans at CERN. It is a welcome respite, but 
it will not last for ever. The chief conclusion of the 
documents which have now been published in Britain 
will most probably still be valid for most of the year 
ahead. In other words, it will probably be sensible 
that the British Government should participate. But 
there are grounds for asking that plans for the new 
machine should be more open-ended. 


Hovercraft at Bay 


PrewrrL Bay, in Kent, is to be the site of a British 
hoverport. After a year’s delay and a second session 
of public inquiry the Minister of Housing, Mr Anthony 
Greenwood, has granted planning permission for Hover- 
lloyd to build their hoverport, which is likely to cost 
nearly £1 million. Detailed plans of the scheme have 
‘also to be passed by the minister, as he is anxious to 
preserve as much as possible of the wild life of the bay. 
Tt has also been stipulated that no development can 
occur within 20 feet of the upper edge of the cliff, so 
that the geological features of the cliff will remain 
accessible. A fixed flight path has been approved for 
the hovercraft so that disturbance to bird life will be 
kept to a minimum. Dr Peter Gay, regional officer of 
the Nature Conservancy, thinks that about a quarter 
of the bay will be taken over from the birds, which 
include waders and wildfowl. The bay is an important 
feeding and resting ground for migrants, and a breeding 
ground for little terns which are becoming less common 
elsewhere. The flight path is to pass at least half a mile 
north of the breeding grounds at Shell Ness. 
Hoverlloyd’s first SR.N4 is due to be completed in 
the spring. Extensive sea trials will be required before 
a licence for operations can be granted by the Board of 
Trade, but it is hoped that the craft will be ready for 
service by the end of the year. A second craft should be 
ready in time for a full cross-Channel service to be 
operated in the spring of 1969. 
Hoverlloyd originally suggested using Ramsgate 
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Whatever arrangements may now be made, however, 
they are likely only to be temporary. It is not too 
soon for governments to be thinking of the next 
machine. There is no assurance at this stage that 
reason will persuade all nations with an interest in 
high energy physics that a thoroughly international 
version of CERN would be the best solution. If there 
is a chance that super-conducting magnets or some 
other technical innovation could contain the cost of 
building more powerful machines, the United States 
and the Soviet Union might well elect to go ahead 
independently. In the circumstances, the greatest 
need is to ensure the closest co-operation within the 
members of CERN not merely on the building of big 
machines but in the less spectacular parts of high 
energy physics as well. 


harbour for their depot, but the entrance was thought 
to be too narrow for safe manoeuvring, particularly in 
rough weather. Pegwell Bay was then suggested, as 
having the best conditions for a hoverport. Planning 
permission was requested and a public inquiry was 
opened in January a year ago. The inspector’s resulting 
report recommended that the application be granted, 
although it was thought the whole question of hover- 
craft travel should be examined within the context of 
a national transport policy. Following the announce- 
ment that British Rail was planning to run a hovercraft 
service from inside Dover harbour, the minister decided 
to reopen the public inquiry, to hear the relative merits 
of Dover against those of Pegwell Bay. It was found 
that in bad weather British Rail would be able to use 
their boats as an alternative service. Hoverlloyd, on 
the other hand, will operate hovercraft only. They will 
not be able to make a switch, and will therefore require 
an open site for their operations. The second inspector’s 
report reinforced the view of the first, and, taking into 
account the effect of hovercraft on the national economy 
with particular reference to export potential, the 
minister has finally granted the required permission. 

The new planning Bill, which is at present before 
Parliament, should prevent delays like this occurring 
again, as a preliminary inquiry should consider any 
possible sites. Further alternatives will therefore’ not 
arise after the public inquiry has taken place, as-has 
been the case with the hoverport. 


Pegwell Bay in Kent; future arrivals will be made by hovercraft. 
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No Reprieve for Stansted 


Mopurications have now been made tc the plans to 
develop Stansted as London’s third airport. But they 
bring little comfort to those who believe that the air- 
port should not be built at all; the changes provide for 
a re-alignment of the runways which it is hoped will 
reduce the noise suffered by those who live near the 
airport. One result will be that the existing runway 
at Stansted will not be usable in the long term, and will 
go out of use in the late seventies. Because of this, and 
because the new plans need an extra 500 acres of 
land, the cost of the airport will rise by between £8 and 
£10 million. Costs are now put at £45 to £50 million 
in the immediate future, rising to £80 to £90 million by 
the end of the seventies. 

The changes have shifted the direction of the run- 
ways rather more towards the north. They will no 
longer lie in the south-west/north-east direction which 
makes the best of weather conditions in the area, but 
the change is said to make only a trivial difference to 
the problem of crosswinds. As a result of the changes, 
the Ministry of Housing and Local Government says 
that the number of people affected seriously by noise 
has been reduced from 28,600 to 10,500, although the 
number of houses which fall within the perimeter of 
the airfield increases slightly under the new plan. It is 
not yet clear how many runways are to be built at 
Stansted; while the first one is being built, the existing 
one will be used. But when the second runway is com- 
pleted the first will be phased out, and it is possible that 
another two will be built. Much will Gepend on the 
imponderables of air transport—very large aircraft, 
for example, could have the effect of redacing the need 
for four runways at Stansted. Vertical take-off trans- 
port aircraft are also a distinct possibility in the long 
term, although it is unreasonable to expect them to 
influence the first part of the Stansted plan. 

Most opponents of the Stansted decision will conclude 
that this is the end of the struggle. But a group in the 
City of London has in the last week come forward with 
an ambitious plan to build an airport at Foulness, in 
the Thames Estuary. The plan, for which no details 
have so far been released, originated with a firm of 
consulting engineers, Bernard L. Clark and Partners. 
Mr Clark, in collaboration with Sir John Howard, of the 
construction company John Howard, has put forward 
the idea. It would provide a combined airport and 
deep water docks on reclaimed land in the Thames 

“Estuary. If the airport alone were developed, it would 

cost £45 to £50 million—with the docks, the total cost 
would be £250 million. So far, nobody is taking the 
plan very seriously—partly because Sir John Howard 
is away in Kenya on a business trip, and nobody else 
at his company is willing to comment—but also because 
of the great costs involved. Airports are not con- 
:¿ Spicuous money makers, and it is hard to see how the 
money could be raised. With the Government com- 
mitted to Stansted, it is unlikely that it would provide 
either approval or financial support for the scheme. 


New Computer Company 


COMPUTER Technology is a new British computer 
company whose first machine will come off the produc- 
tion line in May. Modular 1, as the company’s only 
model is called, will fill a niche only partly exploited 
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by the large manufacturers and even then, its makers 
believe, will compete in both price and capability. 

Based at Hemel Hempstead and at present employ- 
ing thirty-five people, Computer Technology was 
founded two years ago by Mr Ian Barron, who had 
previously worked with Elliott-Automation. The com- 
pany says that its machine can be made up from any 
desired number of compatible modules, each specific 
for such functions as processing, sorting and trans- 
mitting information. Modular 1 is a digital computer 
with integrated circuitry; its price depends on the 
number of modules required and can range from 
£10,000 to £1 million. 

The company is financed by both British and inter- 
national capital. The flexibility of the machine is 
claimed to be an assurance of a life of at least ten years 
without further research and development costs. It 
will be interesting to see how it fares among the 
Goliaths of the computer industry. 


How to Make Engineers 


A REPORT on the methods used to introduce secondary 
school students to engineering in Japan and America 
has recently been prepared for the Goldsmiths’ Com- 
pany by Mr G. C. Sneed. Mr Sneed’s findings are of 
particular interest because, although in Britain uni- 
versity places in engineering may be too few, they are 
too many, it would seem, for British students. Accord- 
ing to the 1966 report of the University Central Council 
for Admissions, there were 500 places left vacant in 
technology and 1,100 in pure science. The lack of 
interest among students may derive partly from the 
low social status of the engineer and partly from the 
lack of suitable instruction in schools. 

An attempt to remedy this situation has been made 
by Mr Sneed of Ealing Grammar School, whose 
introductory engineering course, attended voluntarily 
by three-quarters of the science sixth form, has already 
been successful in encouraging highly able students to 
take degrees in engineering. Mr Sneed has now visited 
Japan and the United States to study the methods 
used there to encourage students towards the study 
of engineering at university. 

Tn Japan, there is no lack of applicants for university 
engineering places. The value and national importance 
of engineers are publicly recognized. Japanese pupils 
in secondary schools are said also to be exposed for 
three hours a week to a subject called “industrial 
arts”. The aim is to cover recent developments in 
Japanese science and technology, to impart some basic 
technical knowledge and to help children form a mental 
attitude towards modern life in which technology plays 
a major part. 

Entrance to state universities in Japan is highly 
competitive, but it at least avoids the degree of special- 
ization demanded by English universities, All students 
must pass examinations in mathematics, a scientific 
subject of choice, Japanese language and English 
language. For students attempting to enter a faculty 
of engineering, physics and chemistry are compulsory 
scientific subjects. 

The training of science teachers is an important 
feature of Japanese education. There are now forty 
centres throughout Japan which are devoted to the 
training of science teachers. Mr Sneed reports that the 
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centres are well equipped and staffed, and have met 
with undoubted success since their inception m 1960. 

Mr Sneed says that the scale of Japanese education 
should not be underestimated In 1966 there were 346 
four-year universities, of which 111 were operated by 
the state More than 70 per cent of Japanese children 
stay on at school until or past the age of 18, and 11 
per cent recerve a university education. In England, 
73 per cent of boys and 3:2 per cent of girls go to 
university, these figures, however, are not of course 
strictly comparable 

In the United States Mr Sneed says he has mvesti- 
gated the Engineermg Concepts Curriculum Project 
(ECCP), a scheme which calls for the development of 
an mtroductory course m engmeermg and the traming 
of teachers to conduct ıt The arm 1s not specifically 
to attract students to a career m engineermg but, hke 
the industrial arts course m Japan, to provide an 
understanding of the technical background of modern 
life There are signs that the popularity of engimeermg 
as a career m the United States 1s decreasmg and, 
although ıt 1s too early yet to evaluate the course 
developed by the ECCP, its progress will be watched 
with interest 


Education for Engineers 


Prans to brng the United States Commission on 
Engineermg Education mto the structure of the 
National Academy of Engmeermg were announced in 
Washington DC last week The commission was 
founded by the National Science Foundation m 1962 to 
meet the needs for improving undergraduate education 
m engmeering It 1s supported by the NSF and by 
private means Smee 1962, the work has covered 
areas such as the educational aspects of computers, 
manpower requirements for engmeers in specific fields, 
the development of an Engmeermg Concepts Curricu- 
lum Project for high schools and the development of 
undergraduate engmeermg laboratories 

The reason for the proposed association 1s that the 
commission recognized a need to establsh “a more 
substantial basis of operation than that provided by :ts 
mdependent status” According to Dr Eric A Walker, 
president of the National Academy of Engineermg, 
1t 18 hoped that this relationship will encourage new 
ideas and new programmes as well as estabhshmg 
co-operation with other orgamzations dealmg with 
engmeermg education Formal dissolution of the 
commission as a corporation will take place no later 
than March 1, 1969 Meanwhile, the commission will 
contmue to admmuster existing programmes, and new 
projects will be handled by the Committee on Engmeer- 
mg Education within the academy 


Some Steam Ahead 


Tur award to a Bntish company of a contract for a 
large turbme generator for Consolidated Edison im 
New York is a considerable coup at any time To 
beat General Electric and Westimghouse, and the 
highly effectrve Swiss company Brown Boven, adds 
savour to the trumph But there must be some long 
faces in Associated Electrical Industries yust the same 
If the order had come only two months ago, 1t might 
have been decisive in turning away the bid with which 
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Mr Arnold Weinstock of the General Electric Company 
took over AEI Naturally AEI is trying very hard to 
play down the issue, despite its yubilation at winning 
the order Mr Wemstock, for his part, must be gratified 
that the turbme division of his new empire is already 
giving evidence of it8 competitiveness—it could 
mean one less problem for him, and keep alive hopes 
of maintaining the division through a difficult period 
The Central Electricity Generatmg Board ıs now 
cutting back so hard on new orders—despite the recent 
cold spell, 1¢ still had substantial spare capacity—that 
there ıs little hope of sellmg generating capacity im 
Britain for the next two years or so Export orders 
are therefore more than just an encouragement—they 
are a lifesaver 

The contract which AET has won 1s for one turbine 
generator with auxillary equipment, worth £10 millon, 
but ıt 1s more than likely that an order for another 
similar unt will be forthcommg Placmg contracts m 
this way ıs a common practice m the United States, 
and AEI 1s confident of wmning the option. The 
generator 18 of unprecedented size for a British com- 
pany—1,100 MW from a smgle shaft, agamst the 
660 MW umts which the CEGB has reached The 
umt will be run from a boiling hght water reactor, 
and will be a relatively low pressure, low temperature 
unit, running at 1,800 rpm These umts are different 
from the ones the CEGB uses, which use a higher grade 
steam 

Because the steam from the reactor will be saturated 
with water, and partially decomposed into hydrogen 
and oxygen, there are particular corrosion and erosion 
problems on the turbine blades The amount of 
erosion depends on the tip speed of the turbine blades, 
so 1b pays to keep this as low as possible AEI has 
managed to do this by usmg a device developed by 
one of its engmeers—the Baumann multi-exhaust 
Although the other tenders for the Con Ed contract 
specified a blade size of 52 mches for the final set of 
blades, AEI says that its blades are much smaller 
The generator will use a combination of cooling 
techniques The stator will be water cooled, by a 
design which AEI itself developed But, although 
there had been speculation that the rotor would also 
have to be water cooled on a unit this size, AET have 
provided hydrogen cooling This ıs not because 1b 1s 
technically 1mpossible to cool the rotor with water— 
AKI ıs convinced that 1t knows how to do it—but 
merely because 1t might provide a weak Imk in the 
design Cooling by hydrogen gas 1s well proved, so 
AEI has decided to use it 

The set will also be provided with a series of water 
separators, designed to remove as much water as 
possible from the steam In the design of these, AET 
will be callmg on the experience gamed im the contract 
for the turbines for the steam generating heavy water 
reactor at Winfrith Heath m Dorset Although the 
SGHWR is very much smaller than the Con Ed 
contract, 1t shares some of the problems 


The Lunar Society 
from D G King-Hele 


Tur mformal but mfluential meetmgs of the Lunar 
Society of Bumingham began about the year 1766, 
and its 200th anniversary was commemorated in 
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October 1966 (see Nature, 212, 229, 1966) At Birming- 
ham the bicentenary was celebrated with a fine exhibition 
at the City Museum and Art Gallery, seen by 90,000 
people, and with a series of lectures, which has now 
been pubbshed m the Unwersity of Birmingham 
Historical Journal (Vol XI, No 1, pp 1-111; 1967) 
The texts of the seven lectures are prefaced by the 
address at the opening of the exhibition, given by the 
President of the Royal Society Professor Blackett 
stresses the ımportant role of the Lunar Society m 
helpmg to bring about the Industrial Revolution, 
particularly through the work of Boulton, Watt, Keir 
and Wedgwood He also draws attention to the “all- 
importance of the marriage between science, tech- 
nology and mdustrial management”, so well exemph- 
fied by the members of the Lunar Society, and subse- 
quently so sadly neglected m Britam until very 
recently. 

The first of the lectures, on “The Origms and Life- 
span of the Lunar Society”, was given by Eric Robinson, 
who also wrote the greater part of the excellent catalogue 
of the exhibition The Lunar Society origmated m the 
meetings of Erasmus Darwin, Wilham Small and 
Matthew Boulton which, Mr Robinson concludes, were 
certainly taking place by 1766, often m Darwin’s 
house at Lichfield. The end of the society, like its 
begmuing, was ill-defined Mr Robmson shows that 
1t survived until about 1807 

The next two contributions are devoted to dividual 
members of the society Lord Cohen of Birkenhead 
gives an interesting account of the hfe and work of 
Erasmus Darwin, well Ulustrated and with a useful 
bibliography of Darwm’s published works This 1s 
followed by an appreciation of William Withermg by 
Sir John McMichael, who shows that Withermg’s use 
of digitalis ın the treatment of dropsy was subtle and 
far-sighted The next three lecturers discuss the mflu- 
ence of the Lunar Society on the development of 
chemistry, education and Brmmgham Chemistry 
brings in Prestley, Ker, Watt and Wedgwood im 
education the chief contributors were Edgeworth and 
Darwm, and in Birmingham ıt 1s Boulton who reigns 
supreme In the final lecture, “The Lunar Society 
and the Industrial Revolution”, R E Schofield skil- 
fully sums up the contributions of the Lunar Society 
members in each branch of “mdustry’’, meluding 
medicine and agriculture, as well as technology in the 
narrow sense 


More Trade 


Durme this week, Academician V A Kuirllin, charr- 
man of the State Committee for Science and Technology 
of the USSR, has been visiting Britain The principal 
reason for his visit 1s to sign the technological agree- 
ment between the UK and the USSR, which has been 
negotiated over recent months (see Nature, 216, 1060, 
1967) From the British side the agreement will be 
signed by Mr Anthony Wedgwood Benn, Mimister of 
Technology, and Mr Frederick Mulley, Minister of 
State at the Foreign Office 

Meanwhile, the day before Mr Karillin’s arrival, 
another agreement between the UK and the USSR 
was bemg signed It 1s called the Anglo-Soviet trade 
agreement, and covers the ımport and export of con- 
sumer goods The agreement has been m force smce 
1959, and the most recent signing takes ıt forward to 
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December 31, 1968 The agreement sets up quotas 
for the trade of consumer goods—the quotas now stand 
at £74 milhon for the mmport of Russian goods mto 
the UK, and £6-7 millon for the export of UK goods 
to the USSR These figures, the Board of Trade says, 
are 60 per cent larger than those agreed for the previous 
year They are still remarkably small, but fortunately 
do not represent the full amount of UK-USSR trade 
Although all trade 1s carried on withm the agreement, 
the Board of Trade explams that over 90 per cent of 1t 
takes place outside the quotas 

The USSR seems to be getting shghtly the better of 
the balance of trade at the moment During 1966, UK 
imports from the USSR amounted to £1256 millon, 
while exports were just over £50 mhon Up to the 
end of November 1967, the balance was slightly more 
favourable In the 11 months, UK exports to the 
USSR were £61 7 milhon, while imports were down to 
£107 6 million 

The new quotas agreed should offer mstrument 
manufacturers a new chance The USSR authorities 
have agreed to import from Britain scientific mstru- 
ments to the value of £11 mlhon They are also 
prepared to import £1:08 millon worth of chemicals 
and £820,000 worth of man-made yarns and fibres 
But ıt 1s clear that the vast majority of UK-USSR 
trade will continue to take place outside the quotas 


Cost of Accidents 


AT a measurable cost to Britain of £246 milhon for 
1965 alone, road accidents are expensive Mr R F F 
Dawson, of the Road Research Laboratory, has been 
making detailed investigations mto the costs and has 
now produced figures which he believes to be more 
accurate than previous estimates made m 1938 and 
1952 For the first time a value has been placed on 
human hfe and the prevention of suffermg, and these 
subjective costs have been added to the measurable 
costs to give a figure which represents the total cost 
of accidents The figure of £1,020 is put forward 
by Mr Dawson, for use m economic calculations, 
as the average cost per accident for all areas This 
and other conclusions can be found m a report, 
The Cost of Road Accidents in Great Britain, which was 
published last week (RRL Report L R 79) 

Costs of accidents are considered to arise from three 
sources jury to people, damage to property and from 
incidental expenses such as police and insurance 
admimuistration Costs of msurance premiums are not 
included as these would not decrease even 1f the number 
of accidents was reduced Damage to property and 
meidental expenses are paid for by a diversion of 
current resources, and are comparatively easy to 
measure Insurance payments durmg 1963 put the 
cost of damage to vehicles and other property at £128 
milion Estimates of police man-hours spent m 
coping with accidents were made and the cost to the 
police for 1963 came out at £4 milhon Insurance 
administration costs were set at £20 million Injuries 
to people are the most difficult factor to evaluate 
Current costs of medical treatment and long term effects 
of loss of output can be estimated with a fair degree of 
certainty, but the additional cost to mdividuals of 
serious injury or fatal accidents 1s a matter for specu- 
lation Loss of output ın 1963 was set at £34 milhon, 
£20 milhon of which resulted from fatal accidents 
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Medical treatment involving hospitals, doctors and 
< ambulances was estimated to cost £10 million. There 
-are no figures available for the costs incurred when 
vehicles are delayed by accidents and no estimate 
was included in the final accident costings. Mr 
“Dawson suggested, however, that half an hour’s 
delay per vehicle per year would cost the community 

= £6 million. 

The total measurable cost of accidents in 1963 came 
to £196 million. By 1965 this total had risen to £246 
million, and the average measurable cost per accident 
had risen to £820 from the 1963 figure of £710 for all 
areas. This particular average is obtained by dividing 
the total cost of all accidents by the number of acci- 
dents in which personal injury occurred. Although 
this is not necessarily the perfect figure, it makes the 
best use of the available information. When road 
improvement schemes are evaluated, for example, 
public safety is of prime importance, and statistics are 
-eompiled with this in mind. 

Subjective costs of fatal and serious injuries, which 
Mr Dawson has introduced for the first time, have been 
seb at £5,000 for a fatality and £200 for a serious 
injury. In some cases, when a person is supported by 
- the state, their death might result in financial gain to 
the community. The minimum value that can be put 
on people’s lives is thus the amount of money the 
_ community pays to support them. It is on this premise 

= that Mr Dawson made his calculation. When subjec- 
tive costs are included in the total cost of accidents, the 
figure for 1965 rises to £306 million, £60 million above 
the measurable figure. This higher total produces the 
average cost per accident of £1,020 for all areas. When 
broken down into categories of road conditions, the 
estimates put urban accidents at £880, those in rural 
areas at £1,510, and those on motorways, where 
higher speeds cause greater damage, at £2,610. 


















Star Prizes 
Tur Royal Astronomical Society announced on 
January 12 the award of its Gold Medal to Pro- 
fessor Fred Hoyle for his contributions to theoretical 
astrophysics, especially the theory of stellar structure, 
nucleosynthesis and cosmology. 

















Professor Fred Hoyle. 
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Dr W. H. Munk has also received a Gold Medal for 
his contributions to oceanography and to the study of 
the variation of the rotation of the Earth. 

The Eddington Medal has gone to Drs R. Hanbury- 
Brown and R. Q. Twiss for their invention and theo- 
retical study of the intensity interferometer. This 
instrument has now led to accurate measurements of 
the angular diameters of a series of stars. 

The Jackson-Gwilt Medal and Gift has been awarded 
to Dr J. G. Porter in recognition of his work on the 
orbits of comets and meteors and of his activities. in 
the promotion of public interest in astronomy, 


Fewer Fellows 


Tax decision reached in November 1967 to reduce 
the number of Harkness fellowships from sixty-five to 
twenty has been received in Britain without joy. These 
fellowships, named after Mr Edward S. Harkness, have 
enabled deserving young men and women from 
the countries of Western Europe and from New 
Zealand and Australia to continue their studies in the 
United States. The influence of the fellowships has 
furthermore extended to the growing number of depart- 
ments in European universities concerned with 
American studies, where the staff are mainly former 
fellows. 

The value of the fellowship varies, and the Common- 
wealth Fund in London says that it was difficult to 
quote an average figure. Despite the fact that the 
total value of the fellowships amounts to only or 
$7,059, 19 
1967—the directora of the fund in New York want 








channel more money into medical research, which 


already receives the lion’s share. At least Britain will. 
not suffer quite as much as the other countries and 
from 1969 onwards will, in fact, be the only country to 
receive fellowships, with a reduction in the number 
from thirty to twenty. 

There remains the question of where the axe will 
fall next. The number of fellowships awarded by the 
National Institutes of Health to United States post- 
graduates for research in Britain may be the next to 
be reduced or cut completely. 


Sharing out Teachers 


ACOORDING to an announcement made by Mr Patrick i 
Gordon Walker on January 18, an improvement iso 
expected in the total supply of school teachers andin- 
their distribution in shortage areas. This week, a 
circular has been sent by the Department of Education 
to local education authorities, informing them what 
their allocation of certain kinds of teachers will be for 
next autumn. One thing which the circular points out 
is that some local authorities have been recruiting 
more than their share of teachers, so that some areas 
have gone short: authorities are therefore urged. to 
exercise ‘‘closer control”. The circular also stresses the 
importance of part-time teachers and of married women 
returning to teaching.. 

The fact that definite steps needed to be taken to 
improve the distribution of teachers was realized in 
1956. This led to the introduction of a quota which 
laid down the total number of teachers to be employed 
by a local education authority. This quota scheme is 
confined to schools which are maintained by local 
education authorities and is a voluntary rationing 
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scheme, It covers the majority of full-time teachers, 
but not married women returning to teaching after a 
break in service, and further excludes married women 
graduates from entering teaching for the first time some 
years after taking their degree. The purpose of the 
scheme is to ensure that each local education authority 
secures a fair share of the total number of teachers 
available, and the efficacy of the system depends very 
much on the accuracy of forecasts and the extent to 
which authorities observe the quota. 

The policy of caution adopted in January 1967 was 
so successful that it is again being adopted for 1968-69. 
Because of the anticipated increase of 8,000 quota 
teachers, however, the total number of allocated 
teachers will naturally be bigger this year. In all, an 
increase of 10,000 teachers is expected, which will 
improve the ratio of teachers to pupils over the next 
few years. The date of operation of the cuota is now 
being fixed for October instead of January, to improve 
the accuracy of the system. 


Medicine Man 


Tue University of Newcastle has appointed as its next 
vice-chancellor Dr Henry Miller, who is dean of 
medicine and professor of neurology at the university. 
There will be widespread pleasure at the appointment 
of Professor Miller, a cheerful extrovert, to the post. 
‘He succeeds Dr C. I. C. Bosanquet, who has been 
vice-chancellor since the university was constituted 
in 1963. Dr Bosanquet is retiring because he has 
reached the age limit for vice-chancellors (65) and 
_ Professor Miller, who is 55 this year, will be taking 
over on October 1. 

=< Professor Miller is best known outside Newcastle 


for his trenchant criticisms of the National Health 


~ Service. He has frequently urged improvements in the 
“standard of hospital care, and is chairman of the British 
: Medical Association Planning Unit. He has held visiting 
posts in the United States and Canada, and his research 
work in recent years has been concerned principally 
-with the demyelinating diseases. He is likely to prove 
<an outspoken vice-chancellor, not one of the shy, 
retiring kind. 





Professor Henry Miller. 
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Controlled Death for Plants 


Tar patient horticulturists who remove the side 
buds from ornamental plants so that single prize 
winning blooms will grow may soon find themselves 
replaced by a man with a chemical spray. This was 
the impression left by Dr H. M. Cathey of the US 
Department of Agriculture Research Division, Belts- 
ville, Maryland, when he spoke about what he calls 
chemical growth assassins to the Society of Chemical 
Industry at its symposium on plant growth regulators 
on January 9. 

Chemical growth assassins can kill meristems, flowers, 
anthers or pistils without damaging the rest of the 
plant. There are three modes of action: hormonal 
chemicals such as auxin upset the endogenous growth 
substances; mechanically active chemicals, such as 
liquid plastic, cover parts of the plant and prevent 
pollination; and caustic chemicals, which include many 
aliphatic and aromatic compounds, penetrate and kill 
restricted parts of plants. 

It was on these caustic chemicals that Dr Cathey 
concentrated. He described how the chrysanthemum 
cultivar ‘Fred Shoesmith’, which has between ten and 
twenty-four lateral buds to be removed for each flower 
which is allowed to develop, can be chemically disbud- 
ded by petroleum fractions containing a large per- 
centage of naphthalenes, indenes, indanes and alkyl- 
benzenes. These are sprayed on to the leaves together 
with a surfactant, after the plant has been exposed to 
fourteen eight-hour days. The lateral flower buds die, 
but the terminal buds are unaffected and flower at the 
same time as when the lateral buds are removed 
manually. Other chrysanthemums and other species 
are less responsive to this treatment than ‘Fred 
Shoesmith’. The lower alkyl esters of the C8 to C12 
fatty acids and the C8 to C10 fatty alcohols, however, 
can be used in aqueous emulsions to kill selectively the 
terminal meristems without damaging axillary meri- 
stems, foliage or stem tissue. Privet is one plant which 
can be pruned in this way, which, Dr Cathey remarked, 
will release a great deal of British labour for other 
tasks when privet hedges no longer have to be pruned 
by hand. 

The selective action of the caustic chemicals depends 
on the use of a suitable surfactant to act as emulsifier, 
wetting agent and detergent and to make soluble the 
epidermal layer. They regulate the penetration of the 
organic compounds into the plant so that they can 
exercise their selective effects. 


British Surveyors at Work 


Tue Directorate of Overseas Surveys (part of the 
Ministry of Overseas Development), with headquarters 
at Tolworth, Surrey, gives aid to developing countries 
in land survey, air photography, basic mapping and 
land resource investigation. Some of the day-to-day 
work and some of the more unusual projects done by 
British surveyors are described in the annual report of 
the directorate, just published (HMSO, 10s.). The 
surveyors worked in sixteen countries during the year 
in conditions ranging from the Kalahari Desert in 
Botswana to a primary swamp jungle in Sarawak. 
Hazards encountered included cyclones in the Solomon 
Islands, a landslide in Dominica and inquisitive hippos 
in Tanzania. 
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The directorate’s first task is basic survey and 
mapping, and since 1t was established in 1946 it has 
mapped over 1,654,000 square miles of territory, over 
220,000 square mules of this have already been re- 
mapped This surveying and mappimmg is a contmuing 
process, first, accurate maps are needed for planning 
development schemes, then as the plans become reality 
new and more detailed maps are required durmg the 
different stages of development The change from 
tribal to mdividual land tenure, together with the 
rapid urban development ın overseas countries, has also 
led to more demands for large scale mappmg, and an 
mereasing proportion of the directorates mapping 
activity has been spent on this type of work. 

Durmg the year, assistance was given to forty-six 
countries In 1966-67, 532 new maps were published, 
compared with 514 m 1965-66 180 of the new maps 
are at a scale of 1 5,000 or larger In addition, re- 
production material of 96 new maps was supplied to 
overseas governments for local publication The maps 
are plotted at the headquarters at Tolworth from 
air photography and the surveyors’ work The plots 
are then sent to the country concerned for comple- 
tion m the field by the survey department of detail not 
visible on the photographs and for the addition of 
names The final maps are then scribed or fair-drawn 
and most are sent to the Ordnance Survey for prmting 

An mmportant feature of the year, says the report, 
has been the contmued expansion of the Land Re- 
sources Division to enable the directorate to meet the 
requests for scientific investigations to aid development 
planning overseas The division worked for sixteen 
countries and carried out field investigations in six 
Training attachments for officers from overseas tech- 
nical departments form an important part of the 
directorate’s aid to developmg countries Senior 
members of the staff are also seconded to overseas 
governments At headquarters, research mto new tech- 
niques, equipment and materials for mappmg continued. 
to be carried out, and exhaustive field tests were made 
on the MRA 3 and MRA 101 tellurometers ın southern 
Nigeria 


Safety in School 


A NEWLY revised version of the pamphlet Safety at 
School has just been published by the Department of 
Education and Science (HMSO, 9s) It replaces a 
sumilar pamphlet first published m 1948 and refers m 
particular to fire precautions and electrical safety The 
pamphlet says that there are positive and negative 
sides to safety, the aim of safety precautions should 
not be to elmmate every possibility of accident but 
to avoid unnecessary risks so that children can face 
up confidently and sensibly to those which cannot, or 
should not, be avoided 

Improvements m design have helped to make schools 
safer and more efficient Serious accidents are, fortun- 
ately, comparatively rare Figures for the total number 
of serious accidents do not appear to be available, 
though no doubt mdividual local authorities retain 
records The chapter on road safety 1s the most dıs- 
turbmg Road accidents are responsible for half the 
total of accidental deaths ın childhood Between 
1961 and 1965, fatal and serious casualties in the 5-19 
age group mereased by 29 per cent, compared with a 
rise of 15 per cent for the population as a whole 
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Schoolchildren seem to be taking to the air m 
sufficient numbers for the pamphlet to include a new 
chapter on that subject There 1s also a new appendix 
on precautions in the use of electricity, and the chapters 
dealing with safety ın science laboratories and work- 
shops and with safety afloat have been re-written and 
brought up to date The chapters on safety in science 
laboratories and workshops could be profitably read 
by practismg scientists and technologists outside 
schools 


How Eskimos Adapt 


How have Eskimos become adapted to extremes of 
chmate? This 1s a question which an mternational 
study undertaken by the United States, Canada, 
France and Denmark may help to answer The idea 
for the study arose at a recent conference on circum- 
polar peoples held at Pomt Barrow, Alaska, under 
the sponsorship of the International Biological Pro- 
gramme (IBP) Eskimos are particularly mteresting 
because over the centuries they have migrated consider- 
able distances and have been exposed to extremely 
hostile conditions ‘The purpose of the study, which 
will be conducted under the auspices of the IBP, 
18 to measure the way m which genetically similar 
groups of Eskimos have adapted to the varymg en- 
vironments along the routes of migration to do this, 
research sites have been situated at pomts_ along 
these routes 

Damsh and French mvestigators will mvestigate 
Eskimo adaptation at Upernavik ın north-eastern 
Greenland—one of the most distant pomts im the 
Eskimo migratory pattern, the US research will be 
directed m the vemity of Wamwright, Alaska, while 
the Canadians will work at Iglook in the North-west 
Territories—the centre of the circumscribed migration 
route 

The US study was developed by the Human Adapta- 
bihty Sub-committee of the US National Committee 
for the IBP and 1s under the direction of Dr Frederick 
A Milan of the University of Wisconsm According to 
Dr Milan, 1t 1s hoped that their study at Wainwright 
will determine the way m which “an Eskimo commun- 
ity on the Arctic coast of Alaska has successfully 
perpetuated itself under severe climatic conditions 
with relatively meagre resources” In addition, 
by studymg the patterns and habits of Eskimo hie, 
an insight might be provided mto human adaptability 
and evolution m general Scientists from the Universi- 
ties of Wisconsin, Chicago, Indiana, Oregon, California 
at Los Angeles, the State University of New York at 
Buffalo and the Wisconsin State Laboratory of Hygiene 
will all participate in the US effort Among the aspects 
of research will be behaviour, psychology and mental 
illness, ecology, environmental studies, genetic markers, 
growth and development, local chmate and geography, 
and population history By co-ordmating the data 
from each of the four countries, an overall picture of 
Eskimo migration can be built up 

According to the IBP headquarters m London, 
similar studies are bemg carried out by the Russians 
and Scandmavians as part of the large-scale mvestiga- 
tion of crreumpolar peoples The Finns have already 
completed some work near the Russian border on the 
distribution and habits of Lapps and are hopmg to 
extend this work 


216 


Scientific Libraries Examined 


NATURE, VOL 217, JANUARY 20, 1968 


A recent report from the Library Association urges changes in the 
organization of libraries in Britain. 


LIBRARI®S in Brita have attracted considerable 
attention m recent weeks—the problems of the British 
Museum have made sure of that The report of a 
committee of the Library Association on scientific 
hbraries (Scventefic Labrary Services, Library Associa- 
tion, 16s ) 1s unhkely to stir up public mterest in quite 
the same way but 1t 1s none the less important for that 

To quote the report, “Government departments, 
universities, colleges, research establishments and 
mdustries which have readily recogmzed the need for 
rapid expansion of their scientific or technological 
branches have often failed to appreciate the need for 
the same dynamic policy ın their hbraries Even where 
library development of this kmd 1s acknowledged to be 
necessary, 1t 1s hampered by the very great shortage 
of librarians tramed in one or other of the sciences” 
The report 1s apparently the first comprehensive 
attempt to review the problem of British scientific 
library services as a whole It ıs a result of a study 
made by a special independent committee set up by the 
Library Association in 1964, under the chairmanship of 
Major-General C Lloyd The committee set out to 
review the provision of specialist library services not 
merely for scientists and technologists but for other 
specialist workers ın government departments, public 
authorities, unrversities, colleges, research establish- 
ments and industry 

At the local level, the report says, “there exists 
among scientists and technologists a large degree of 
ignorance of the availability of brary and information 
services Many are not even familar with the services 
and journals available withm ther own particular 
field ” The committee 1s disturbed about this lack 
of exploitation of the lhterature which 1s, or could be, 
available at local level and at the apathy towards local 
hbrary and literature mformation services It com- 
plains that people rely too much on specialist services 
provided by research associations and learned societies 
which are usually available from only one national 
centre which ıs “geographically remote from the 
majority of members”. To correct this situation the 
committee urges that more specialist library and infor- 
mation workers should be provided at the local level 
and that the local library authority be given a statutory 
responsibility for developing suitable services 

Wherever possible, university hbraries should be 
incorporated into the national scientific and technical 
library services One recommendation which should be 
relatively easy to put into practice 1s that which would 
allow members of one hbrary free use of related 
hbraries on a reciprocal basis which would do away 
with delaying procedures such as written applications 
and letters of mtroduction Many public hbraries, 
after all, have mtroduced inter-availabilty of 
tickets 

On a national level, the committee makes a com- 
parison of the services provided by the National 
Lendmg Library, the Patent Office Library, the new 
Reference Library for Science and Invention and the 


National Central Library on the one hand with the 
services of the large state hbraries of the Soviet Union 
and the All-Union Institute of Scientific and Technical 
Information (VINITI) on the other The committee 
adds its plea to all the others made in the past few years, 
that there should be no more delay ın the full operation 
of the National Reference Library It also recommends 
that this hbrary should be given the task of developmg 
a National Co-ordinating and Referral Centre to “back 
up” and co-ordinate the specialized and local centres 
Ashb’s national referral organization, operating through 
the Ashb Information Department and the Ashb 
Dırectory of sources of information, could possibly 
provide the referral services for this centre This would 
mean finding room for Ashb on the same site as the 
National Reference Jibrary—a thought for the 
Damton committee 

The committee has drawn up a table with its recom- 
mendations on the structure of scientific and technical 
library and mformation services at local, regional and 
national levels It beheves the aim should be that any 
organization needing scientific and technical documents 
and information should be able to satisfy at least half 
of 1ts needs withm its locality (half an hour’s travelling 
each way), eighty per cent within the region (two hours 
each way), and virtually all its needs within Great 
Britam Central finance should be made available to 
enable libraries to provide a more efficient service, and 
the Department of Education and Science should “‘treat 
the co-ordinated development of mformation services 
as of national ımportance and urgency”, now that 1t has 
wide powers m hbrary matters 

It goes without saying that specialist library staff are 
a necessary adyunct to the provision of efficient scien- 
tific and technical library services The committee 
makes several recommendations, some of which are m 
fact already receiving attention Soon after rts estab- 
lishment the committee asked the Library Association 
to devise some means for the formal education and 
admission to the register of scientists of a “mature” 
age It was pointed out that of approximately 1,000 
scientists engaged in library and mformation work, 
only 3 per cent were on the register of chartered 
librarians, and that it was impossible for most of them 
to study full-time and so obtain formal qualification 
Accordingly, the association devised a scheme for 
mature graduate entrants 

One way and another, the report covers a lot of 
ground, it uncovers many inadequacies of the present 
situation, although it 1s doubtful when any of the 
recommendatiéns will be put mto practice Major 
changes are of course affected by the economic situa- 
tion, hke everything else, and there 1s also uncertainty 
about what the Dainton committee will say It 1s to be 
noted that the views expressed ın the report are those 
of the Scientific Libraries Committee and not necessarily 
those of the Library Association The association 
itself 1s m the middle of detailmg a lengthy memoran- 
dum to the Dainton committee 
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stimulating hormones has 
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NEWS AND VIEWS 


Keepers and Readers 


THe report of the Library Association on scientific 
hbrary services (see previous page) 1s sensible enough 
m what it has to say about the organization of a 
national hbrary network and the training of hbrarians, 
but what 1t has to say about the defects of the scientific 
literature 1s at once pedestrian and dangerous ‘To 
readers of Nature at least, the committee has given 
the show away with its assertion that among “advance 
announcement publications Nature is performing a 
useful function but ıt seems that, because of the 
overwhelming amount of material, lengthy delays are 
occurrmg in the announcement of even the briefest 
outlme details’ The association agrees that this 1s 
erroneous and has kindly undertaken so to inform the 
readers of 1ts official journal In fact, the time lag in 
publication 1s now only a few weeks and may be even 
less before the year 1s out A part of the trouble seems 
to have arisen because the association’s report has been 
in draft since 1965, which suggests that the commuittee’s 
concern about delays in publication should be extended 
to its own operations 

What the committee implies about the character 
and quality of the scientific literature 1s, however, even 
more alarmmg What, for example, 1s an “advance 
announcement journal” and what 1s its function ? 
The committee says there 1s a need for some means of 
bridgmg the gap between “the completion of a report on 
a scientific task and the ultimate pubheation of the 
report”, pomts to the danger that this system may be 
used as a means of “claiming priority by people who 
have no serious mtention to follow up” and urges that 
more should be done to “‘gain speedy publication of 
full papers’’—which 1s “not to say that there is no 
place whatever” for “advance announcement publica- 
tions”, among which are singled out Physical Review 
Letters and Nature This 1s a curiously mistaken view 
of what rapid journals are for To begin with, a great 
many communications m them are complete ın them- 
selves, and ıt would be folly to ask that they should 
eventually be published somewhere else at even greater 
length In practice, the rapid journals have to be as 
discrimmating as the more ponderous journals, if 
only to avoid bemg swamped by the demand for space 
In the nature of things, referees play an essential part 
The difference 1s that the rapid journals apply or 
should apply as rigorously as they can the test of 
whether an article sent for publication really deserves 
to be published rapidly Nature, by tradition and 
melmation, 1s also keen to publish material which does 
not fall easily into accepted classifications When the 
committee of the Labrary Association writes that public 
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funds should be used to help societies start more 
rapid pubheations, ıt begs more questions than ıt 
knows 

The committee also shakes 1ts head ın sorrow about 
the delays which are supposed to occur “because 
scientists sometimes have to search for journals ın 
which to publish” and goes on to say that 1f this behef 
1s justifiable “then it appears that the state will have 
to intervene’”’ If this ıs more than mere bluster, 1t 
can only imply passive acceptance of the Parkinsoman 
law that the volume of the literature will always 
grow so as to accommodate what authors choose to 
write ‘This in turn amounts to a denial of the central 
problem in the management of the literature—the 
devising of techniques by which authors can be helped 
or even persuaded to write what potential readers are 
willing and able to digest 

In the circumstances, the committee’s proposals for 
the better management of journals cut very little ice 
Tt ıs not true to say, as the report does, that nothing 
can be done to accelerate the refereemg of articles 
With many journals, referees are asked not merely to 
make decisions about the content but to polish manu- 
seripts for publication Journals could and should 
employ professional assistance mstead The com- 
mittee also raises the wrong hares ın what 1t has to say 
about the mechanical problems of producing journals It 
1s hard, for example, to beheve that “speed 1s sacrificed 
for the sake of a high standard of typographical appear- 
ance and the sake of retention of advertisers” In 
practice, electron muicroscopists are more demanding 
than any advertisers In any case, there 1s no necessary 
conflict between speed and typographical appearance 
In the same way the committee’s fondness for “‘type- 
writer composition” in the interests of speed can only 
stem from mnocence of the printing trade Most 
journals would be slower and also more expensive if 
they were set in type with typewriters 

The committee of the Library Association 1s entirely 
within its rights to raise these questions, for they are 
interesting and umportant It 1s a pity 1t has not done 
a more thorough job 


Protein Group 


THE maugural meeting of the Protem Group of the 
Chemical Society was held at Burlmgton House on 
Friday, January 12 Protems and nucleic acids are 
the twin pillars of molecular biology and a forum for 
the discussion of the chemical aspects of protem struc- 
ture and its relation to biological activity, a field which 
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draws on disciplmes rangmg from physics to biology, 1s 
greatly needed The proposal to form such a group 
originated with Dr G T Young, and protem chemists 
and biochemists are much m his debt for his efforts m 
launching this new venture The attendance, well 
over a hundred, at this maugural meeting, augurs well 
for the success of the group, which seems likely to do 
much to speed progress ın an important field of research 

The six papers read and discussed at this maugural 
meeting covered a wide range of topics, X-ray crystallo- 
graphic studies being the only aspect of current work 
on protems not represented The study of conforma- 
tions in solution by physical methods was represented 
by a paper, by Dr Haylock and Professor H N Rydon 
(Exeter University), on the conformation of poly-t- 
methionme as revealed by nmr spectroscopy at up 
to 220 MHz, m chloroform—trifluoroacetic acid mx- 
tures the helix breaks down, after protonation of about 
one peptide group m four, to the unprotonated random 
col The tactics and strategy of peptide synthesis were 
wlustrated by Dr Morley (ICI Pharmaceuticals) by 
reference to the synthesis of a number of physiologically 
active polypeptides and of a sequence in the neighbour- 
hood of the active centre (the “cleft”) of lysozyme 
The Liverpool group (Dr Agarwal, Professor Kenner, 
Dr Millington and Dr Sheppard) described a synthesis 
of canine gastrin and the use of N-methylation to 
render peptides more volatile and so more amenable 
to study by mass spectrometry Sequence studies were 
represented by two papers one, by Dr Butler (MRC 
Laboratory for Molecular Biology, Cambridge), dealt 
with the use of maleic anhydride as a lysme blocking 
agent in degradations with trypsm, the other, by Dr 
Press (Oxford University), with sequence studies on 
immunoglobulins, with particular reference to those 
parts of the molecule concerned ın immunological 
activity Dr Doonan (University College, London) 
described several mterconvertible sub-forms of glut- 
amic~aspartic transaminase and suggested that these 
were conformational isomerides with identical se- 
quences 

It was generally agreed that more inter-disciphnary 
meetings of this kind were desirable, and a resolution 
was passed asking the council of the Chemical Society 
to approve the formation of the group The followmg 
were elected to the group committee Professor H N 
Rydon (Exeter) (chairman), Dr G T Young (Oxford) 
(secretary and treasurer), Dr M J Crumpton (Mill 
Hill), Dr R C Sheppard (Liverpool), Professor C A 
Vernon (London) It ıs proposed to hold meetings 
twice a year, the next bemg at Keele University 
during the autumn meeting of the Chemical Society 
in September Membership of the group 1s not re- 
stricted to fellows of the Chemical Society and there 
18 no subscription, those interested ın joming should 
write to Dr G T Young at the Dyson Perrms Labora- 
tory, South Parks Road, Oxford 


Phospholipids and Electron Transfer 
from a Biochemistry Correspondent 


THERE has been a great deal of progress m the study 
of the structure and mode of action of enzymes which 
can be obtamed m solution, but enzymes which are 
bound to membrane systems are at present much less 
well characterized The’ membranes are usually com- 
plex combmations of protein, hpid and sometimes 
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carbohydrate, and 1t has proved difficult to disrupt the 
membrane without losmg the activity The phospho- 
hpids would seem to be ideal compounds for biological 
membranes, as they have both lupid-soluble and water- 
soluble groups ın the same molecule Surface active 
molecules of this type can form structures called 
micelles m which the lipid groups form a hpid phase 
separated from the surroundmg aqueous medium 
by the water-soluble groups Recent work on the 
electron transport systems of microsomes (particles 
produced by breaking up the endoplasmic reticulum) 
indicates that some of the enzymes m the microsome 
depend on the presence of phospholipid micelles of a 
particular form 

The oxidoreductase ın microsomes which transfers 
electrons from reduced nicotmamide adenme dinucleo- 
tide (NAD) to cytochrome c was discovered by Stritt- 
matter, who showed that the flavm group and cyto- 
chrome 6, act as imtermediate electron carriers 
MacLennan, Tzagaloff and McConnell (Biochem Bro- 
phys Acta, 181, 59, 1967) recently described a prepara- 
tion which was 10 to 15 times more active than the 
origmal microsomes which contamed much phospho- 
lipid as well as flavin, cytochrome b; and non-haem 
won P.D JonesandS K Wakil (J Biol Chem ,242, 
5267; 1967) have now shown that the reactions trans- 
ferrmg electrons from the flavm to cytochrome ¢ will 
only take place m the presence of very asymmetrical 
micelles of phospholipid Extraction of the microsomes 
with acetone removed 80 per cent of the hpid and 
reduced the NAD-cytochrome c reductase activity to 
20 per cent of the origmal The NADP-cytochrome c 
reductase (which does not use cytochrome b;) and 
NAD-ferricyamide reductase activities were not 
affected The extracted lipids were fractionated, and 
attempts were made to restore activity by adding the 
separated lipids to the mactrve microsomes Activity 
was completely restored only when the lecithins and 
lysolecithins together were made soluble by sonic oscilla- 
tions. This preparation mereased the activity of mtact 
microsomes and, if the lecithm lysolecithin ratio was 
adjusted, extracted microsomes were restored to much 
more than the original actavity 

It has been shown previously that sonic treatment of 
combinations of lecithin and lysolecithm forms a sol 
contaming mixed micelles which are long helical struc- 
tures contaming much aqueous solvent The synthetic 
phosphohpid y-oleyl-f-butyryl phosphatidyl choline 
forms similar micelles and also restores enzyme 
activity to the extracted microsomes In a note added 
in proof the authors state that mixed micelles of leci- 
thm and free fatty acids gave the extracted particles 
twice the enzyme activity of mtact microsomes It 
seems that electron transport from the flavin to cyto- 
chrome ¢ m this system depends on the presence of lipid 
material, but the physical form 1s more important than 
the chemical constitution 


Titrating Proteins 
from our Molecular Biology Correspondent 


Ir 1s nowadays seldom possible to open a journal and 
not find at least one potentiometric titration curve of a 
protem, and indeed the behaviour of the 1on1zmg groups 
and their mteractions are matters of considerable 
interest to the protem chemist and the enzymologist 
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But it is difficult to disentangle the many mdividual 
lonizations which make up the titration curve, and 
consequently mterest has recently focused on spectro- 
scopic methods, whether infrared, ultraviolet or nuclear 
magnetic resonance, which may be sensitive to the 
1onization of one type of residue Perlmann, Oplatka 
and Katchalsky, however (J Biol Chem , 242, 5163, 
1967), have now made a new examination of just how 
much information can be garnered from simple poten- 
tiometric acid-base titration curves 

They have applied to the data for the protem pep- 
smogen the analytical procedures previously devised 
by Katchalsky and his associates for polyampholytes 
It 1s known from mdependent measurements of optical 
rotation that there 1s a pH-region m which the protem 
undergoes a change m conformation [If the titration 
curves are plotted in terms of a function known as the 
buffer-capacity, defined as the pH merement for an 
meremental addition of hydroxyl ions (in effect the 
slope of the conventional titration curve), one will 
expect the conformational transition to manifest itself 
The reason 1s obvious enough if the protein 1s pushed 
into a state favoured by high concentrations of hydroxyl 
1ons, 1t will respond by ejecting such ions, that 1s to 
say there will be a downward shift of certain pKs For 
a sharp transition, the buffer capacity will then be 
very high at the transition pH, and mdeed sharp, 
relatively spiky maxima are observed The pH of the 
transition—which decreases as the temperature 1s 
mcreased—is given by the position of the maximum, 
and the area under the curve gives the number of 
ionizing groups involved The three histidme residues 
of the protem are evidently implicated m the present 
case The conformational transition so measured 
corresponds with that observed m the pH-dependence 
of the optical rotation It 1s demonstrated further that 
the temperature dependence of the buffer-capacity 
curves leads to a value for the enthalpy of the transi- 
tion, which can here be equated with the heat of 
denaturation It has, of course, long been clear that 
titration curves contam such mformation, but the 
directness and economy of the methods by which ıt has 
been extracted are to be admired 

An interesting pH effect m protems has been de- 
seribed by Shimtzky and Goldman (Hurop J Biochem , 
8, 139, 1967) Earher work by Shimitzky, Katchalski 
and others has shown that charge-transfer complexes 
are formed in aqueous solution between tryptophan 
and the protonated umidazole rmg of histidme One 
consequence of this association 1s the quenching of the 
ultraviolet fluorescence of the tryptophan When the 
imidazole ring 1s titrated, the capacity for charge- 
transfer mteraction is lost and the tryptophan fluores- 
cence 1s restored Shimitzky and Goldman have now 
shown that the existence of these associations 1s sur- 
prismgly widespread It occurs m small peptides of 
histidine and tryptophan, but also m a large number 
of protems, as judged by mcreasmg fluorescence with 
rising pH m the neutral range In nearly all cases the 
fluorometric titration gives an apparent pK between 
6 and 7, which renders the involvement of histidine 
highly likely—though other charged groups can also 
quench Given this measure of uncertainty, the method 
offers the possibility of determmmg ionization states 
of strategic histidines Whether these charge-transfer 
complexes are functionally significant remams an 
unanswered question 
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Nitrogen Fixation 
from our Microbiology Correspondent 


In 1966 ıt was found that the nitrogen fixmg com- 
plex could reduce acetylene to ethylene, a process that: 
might prove important as an index of nitrogen fixation. 
At the University of Wisconsm, R H Burris (one of 
the discoverers of acetylene reduction by nitrogenase) 
and his colleagues have applied the method to the estim- 
ation of nitrogen fixation m the field (Stewart, Fitz- 
gerald and Burris, Proc US Nat Acad Scr , 58, 2071, 
1967) Thei success 1s a great stimulus to ecological 
studies of nitrogen fixation smce the existing analytical 
procedures, based on changes in total nitrogen or 
nitrogen-15 assimilation, lack sensitivity or are expen- 
sive ın time and equipment Although studies with 
cell-free extracts have shown that acetylene reduction 
is catalysed by the nitrogen fixmg complex, 1t 18 per- 
haps unwise to rely entirely on this secondary standard; 
the authors urge that critical studies be verified by the 
nitrogen-15 fixing method The acetylene reduction 
assay has overridmg advantages, however relative 
cheapness of materials and measuring equipment, 
and a sensitivity that makes possible short mcubation 
times and assay of short term changes in the ecosystem. 
Another technological benefit here 1s the fact that the 
nitrogen fixing system has a higher affinity for acetylene 
than for nitrogen at comparable partial pressures 
This means that air contamination 1s not as serious 
in the acetylene assay as in the mitrogen-15 method 
and consequently rather simpler apparatus can be 
used. 

Stewart ef al have used the acetylene reduction 
method to determme nitrogen fixmg capacities of lake 
waters, soils and nodulated plants Thus, diurnal 
fluctuations ın the acetylene reduction of lake waters 
were followed convemently and shown to be related 
directly to the abundance of the blue-green alga 
Gloeotrichna Simularly, day to day variations reflecting 
the development and disperal of algal blooms could be 
determined by the acetylene assay The relative ease 
of the assay also made possible stratigraphical analyses 
m the lake bemg studied Reduction rates again were 
related directly to the abundance of blue-greens of 
which Gloeotrichia dominated the upper 2 metre layer 
while Anabaena appeared to be restricted to deeper 
water Acetylene reduction by Alnus, Comptoma and 
soybean was restricted to their root nodules The data 
relating to Comptona demonstrated the dependence of 
not only nitrogen fixation but also acetylene reduction 
on the availability of photosynthetic products from 
the Ingher plant, ethylene production by afternoon 
sampled nodules was about twice as high as that of 
nodules sampled m the morning 

The correlation between nitrogen fixation and acety- 
lene reduction rates has not been studied extensively 
so far, but such mformation is essential if the acetylene 
reducing assay 1s to be used to estimate mitrogen 
fixation ın situ On the basis of the electron require- 
ments for the reduction of acetylene and nitrogen 16 
might be predicted that the formation of ethylene 
should proceed three times more quickly than that of 
ammonia Ratios of 1-59 to 1 25 for the production 
rates of ethylene to ammonia have been reported for 
free-hving, nitrogen fixmg, soil bacteria, but clearly 
more data are needed to define the variability of this 
ratio. 
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Valence and Reactivity 
from a Correspondent 


AN mternational symposium on valence and reac- 
tivity was held m Oxford under the auspices of the 
Chemical Society on January 9-11 It was attended 
by nearly 200 members from more than 20 different 
countries 

Valence problems ın the second half of the periodic 
table (Groups IV-VII) are bound up essentially with 
the role of d electrons As early as 1931, Pauling had 
proposed sp*d? hybridization to account for the octa- 
hedral shape of SF, Further, the existence of complex 
ions such as CIO, and the non-existence of FO, are 
argued as evidence that the lower-lying 3d orbitals of 
Cl can be used more readily than the less accessible 
3d orbitals of F Simular situations occur when reac- 
tivity 1s considered Thus, as Professor R F Hudson 
of the University of Kent showed, some substitution 
reactions can occur around a silicon atom by a form of 
ring-closure which does not occur m corresponding 
carbon compounds, an explanation ıs possible m 
terms of d-orbital participation 1n Si 

But the really important question 1s are we forced 
to invoke d orbitals in these situations, or are there 
alternative explanations? A careful study of several 
types of microwave experiments by Dr E A C Lucken 
of Geneva showed that m many cases alternative 
explanations were possible 

Some situations, however, did seem to be fairly 
certam Thus Professor E H Wiebenga of Gronmgen 
showed that a complete account of the polyhalogen 
molecules and 1ons (such as BrF,, I,-) can be provided 
without any use of d orbitals, all that 1s needed 1s the 
concept of three-centre bonds and p electrons This 
definite situation has to be balanced by the equally 
convinemg arguments of Professor N L Paddock of 
British Columbia, whose account of the phosphonitrilic 
ring systems such as the chlorides (PC],N), mvokes d 
orbitals m no fewer than two planes 

A reconciliation of these views ıs possible, as was 
shown by Professor C A Coulson of Oxford, 1f we say 
that de bonding ıs seldom important in ground states 
of molecules, but dz 1s much more likely to be umpor- 
tant Nevertheless ın certain excited states, as 
Professor H H Jaffé of Cmcinnat: pointed out, a study 
of ultraviolet spectra shows do and dx orbitals to be 
necessary 

But the size of these d orbitals 1s critical They must 
not be too large, as they are calculated to be for an 
isolated atom, or their overlap will be small and their 
contribution to the bondmg negligible Professors 
D W J Crwekshank of Manchester and C Zaul of 
Bologna have calculated that both the presence of 
hgand groups around a central atom, and the mutual 
spin coupling arrangements of the valence electrons, 
can provide a mechanism for contracting the size of a 
d orbital So also can the presence of a formal positive 
charge on the central nucleus In this way there is a 
nice explanation for the greater hkelihood of large 
valence numbers when highly electronegative ligands 
such as fluorme are used 

An important feature of this symposium was the 
all-round character of the discussion Topics of this 
kmd require a comprehensive view. In this case 1t was 
abundantly justified 
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Discussing Nucleotides 
from a Correspondent 


ALTHOUGH bad weather cut down the attendance at 
the maugural meeting of the nucleotide discussion 
group of the Chemical Society held on January 9 
m the Chemistry Department of the University of 
Brmmgham, the programme was followed mamly 
as planned Professor M Stacey formally opened the 
meeting by welcommg the visitors and Dr A § Jones 
took the chair 

The first proceedings took the form of a busimess 
meeting to constitute formally the nucleotide group 
Dr Jones reported that more than seventy people 
had expressed an mterest m the formation of the 
group and that a provisional committee had met 
to make proposals about rules and the constitution 
The object 1s “to encourage the discussion of the 
chemistry mcluding the biological chemistry of nucleo- 
sides, nucleotides and nucleic acids” The committee 
will consist of a chairman, secretary-treasurer and 
four members who would normally serve for three 
years The followmg were elected chairman, Dr A S 
Jones (Birmingham), secretary-treasurer, Dr D W 
Hutchmson (Warwick), committee members, Dr 
M G Blackburn (Sheffield), Dr D. M Brown (Cam- 
bridge), Professor K Burton (Newcastle) and Dr 
R T Walker (Birmmgham) The committee 1s to 
arrange a meeting at some convenient time durmg 
the early summer 

The maugural lecture at Birmmgham was delivered 
by Professor Lord Todd, who drew attention to the 
large amount of work carried out on the synthesis 
of nucleotide analogues and suggested reasons for ther 
relatively poor chemotherapeutic properties He mdi- 
cated that more information 1s needed about the role 
of rare bases m nucleic acids and that better methods 
of forming phospho-diester lmkages in oligonucleotides 
are also required Among the methods used to determ- 
me nucleotide sequence, he suggested that procedures 
by which one base might be rendered visible in electron 
micrographs by the use of a specific chemical marker 
would be worth developmg On the biochemical side 
he suggested that further work 1s necessary m order to 
establish more about the nature of the infectivity of 
viruses m particular to decide why some RNAs are 
infective while others are not 

There were also four contributed papers Professor 
K Burton (Newcastle upon Tyne) gave some results 
on the effect of specific chemical reagents on the 
acceptor activity of transfer RNA and pomted to the 
need for a method of determing the tertiary structure 
of transfer RNA Dr T L V Ulbnicht (Twyford 
Laboratories) discussed the use of optical rotatory 
dispersion in the determimation of the conformation of 
nucleosides and its application ın the determination of 
the conformation of nucleic ands Dr G Shaw (Brad- 
ford) discussed investigations of the chemical reactions 
mvolved in the biosynthesis of purme nucleosides, m 
particular the carboxylation and decarboxylation of 
some substituted imidazoles Dr A S Jones (Birming- 
ham) described the synthesis of polymenic analogues of 
polynucleotides, mecludmg polyacrylate derivatives 
with purme and pyrimidme side chains, and poly- 
carboxymethylthymidie These polymers mteract m 
solution with polynucleotides 
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The British View on the Big Machine 


Should Britain support the plan to build a 300 GeV proton accel- 
erator somewhere in Europe? A document just published shows 
that not everybody thinks it should 


Tum Department of Education and Science has now 
published the documents which have helped to form the 
policy of the British Government on the construction 
of the 300 GeV proton accelerator (HMSO, 7s 9d) 
At the last Council meeting of CERN on December 
13, 1967, a final decision about the machine was post- 
poned at least until March and probably until the end of 
1968, partly so as to allow Britain and Spain to assess the 
umplications of devaluation for their membership of 
CERN, but chiefly because there 1s a feeling—fostered 
by the Government of the Federal German Republic— 
that there may be profit ın reconsidermg the technical 
design of the 300 GeV machine put forward last year 
by the European Committee for Future Accelerators 
The publication of British documents, the chief 1tems of 
which are opinions of the sub-committee of the Council 
for Scientific Policy under Professor Michael Swann, 
and of the Science Research Council, 1s of some importance 
because the Department of Education and Science was 
at first inclined to keep this material to itself 


Devaluation 


In his introduction to the report, Mi Patrick Gordon 
Walker, Secretary of State at the Department of Educa- 
tion and Science, says that the decision about the 300 
GeV machine “cannot be considered by itself”, but must 
rather be “part of the plan for all high energy physics, 
both national and international’? Mr Gordon Walker 
also points out that the opimons which have guided the 
formation of policy on the 300 GeV machine were given 
before the devaluation of sterlmg The reduction of the 
external value of the pound will increase the direct cost 
of participation but not necessarily by the full amount of 
the devaluation because, “if the United Kingdom were 
to participate, 1ts share of the cost of the project would 
in due course be re-assessed” Devaluation may also 
change earlier views about the advantages of siting the 
project mm Britain, and has already made necessary a 
reconsideration of the British Government’s involvement 
in projects overseas “The Government will announce 
its decision in due course ” 

Listed in the report are the members of the working 
group appointed by the Council for Scientific Policy 
Chaired by Professor Swann and working ın close collabo- 
ration with the Science Research Council and its Nuclear 
Physics Board, the group was formed to examine the 
implications of the proposed accelerator and to assess 
the wider effects of implementing ıt The group includes 
Dr J B Adams, UKAHA, Dr F S Damton, vice- 
chancellor of the University of Nottingham, Professor 
B H Floweis, chairman of the Science Research Council, 
Dr J C Kendrew, deputy chairman of the Medical 
Research Council Laboratory for Molecular Biology, 


Cambridge, and Professor A B Pippard, professor 
of physics at the University of Cambridge 

In a letter to Mr Patrick Gordon Walker which 1s 
included in the report, Sir H S W Massey, chairman 
of the Council for Sctentific Policy, states that he and his 
council members share the view of the SRC “on the 
scientific value of the 300 GeV project and on the mpor- 
tance for European basic science” It should be possible, 
he adds, to accommodate the project within a budget for 
nuclear physics rising at seven per cent a year for the next 
decade, but that ıt would be more than this in the early 
1970s Should costs rise, however, he suggests that they 
should be met by savings from the budget for nuclear 
physics Sir Harrie also points out that the benefits to 
Britain of having the machine in Brita would be great 
despite the diversion of resources which would be necessary 
to establish and maintain it 


Escalation 


The council takes the line that an escalation of cost in 
building and operatmg the 300 GeV machime could 
seriously divert resources from the rest of science and that 
the project should not be undertaken without assurances 
that this will not happen (Lord Jackson, one of the 
fourteen members of the committee, 1s described as 
“having reservations about the practicability of achieving 
such safeguards”) The council also emphasizes that 
long-term planning on behalf of nuclear physics will put 
the rest of science at a disadvantage unless there are 
long-term plans to foster developments elsewhere 

According to the working group, it ıs essential for 
Britain to participate m the project if 1t 18 to continue 
with a high energy nuclear physics programme Reference 
1s made to the possibility of a substitute for the 300 GeV 
machine, such as obtaining access to the 200 GeV machine 
in the United States Workers from the US would m 
return have access to the Intersecting Storage Rings 
(ISR) facihty at CERN Such a scheme would obviously 
depend on assurance of access to a substantial proportion 
of the machme time—which 1s unlikely Another 
hazard which the group visualizes 1s that the cost of 
mounting experiments at such a great distance would 
be excessive There 3s also the danger of generating a 
further brain drain For these reasons, such a substitute 
would therefore be a poor one 

Work at this level is of course expensive and there 1s 
no guarantee that 1t would have commercial applications 
If Britam were to participate, ıt would have to be 
recognized that the country would be committed for the 
next thirty years The group therefore considers that 
even on present price estimates, the project could only 
be financed if science resources‘rose at an annual average 
of about nine per cent for the next decade 
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Cost 


The actual cost of the project falls ito several parts 
the cost of constructmg the machme together with 
ancillary costs which must be met by the host country, 
operational and experimental costs, the cost of necessary 
national facilities, and the necessary supporting costs for 
research staff ın British universities to enable them to use 
the machine Assuming that Britain would contribute 
25 per cent of the cost, 1ts annual contribution would 
be as shown in Table 1 The host country would be 
responsible for providing houses, roads, hospitals and 
schools, while the machine construction, operation and 
experimental costs would be shared among nations 
according to their gross national product 


Table 1. BRITISH CONTRIBUTION TO THE 300 GeV ACCELERATOR 
(£m=12 m Swiss francs) 


Opera- Experi- 


General tion of mental 
laboratory Prepara- accele- equip- 
facilities ton = ratorand ment Total 
Machine and for experl- and m 
proper services research ments facilities (rounded) 
Construc- 
tion phase 
1967 0073 0021 — — — 94 
1968 0156 0 042 — — _ 3 198 
1969 0 364 0104 — — — 0 469 
1970 1 260 0573 0 104 — — 1 938 
1971 3 573 0 958 0 354 — as 4 885 
1972 3 833 1115 0 521 — — 5 469 
1973 3 698 1 083 0 833 — — 5615 
1974 2 969 1 635 1 510 = — 6115 
1975 1 938 1 750 2 408 — — 6 094 
1976 1 532 1 708 2 885 — — 6 125 


The group acknowledges that the need to insure against 
the possibility of cost escalation 1s very real and therefore 
recommends that Britain should enter the project, but 
with some reservations First, there should be an assur- 
ance that science resources would be allowed to rise at a 
rate sufficient to allow the rest of science to develop 
properly Second, there should be a limitation of the 
construction and operation costs of the machine and 
ancillary equipment by previous international agreement 
Third, commitment on operation and equipment costs 
should be deferred until construction costs are clearly 
defined Fimally, any mcrease ın costs durmg the con- 
struction phase should be met by corresponding econo- 
mies in the nuclear physics budget. Even if these safe- 
guards were observed, the group suggests that Britain 
could only just afford to participate in the project and 
maintains that, 1f ever another machine were proposed, 
16 would have to be built on a wider basis than that of 
collaboration within Europe 

The working group’s report also refers to the SRC’s 
Forward Look for 1968-69 to 1972-73, in which the SRC 
demonstrates how the costs of the project could be main- 
tained within the amount provisionally allocated to 1t by 
the CSP for 1968-69 and 1969-70, provided that the SRC 
received some of the CSP unallocated reserve Already, 
Britain’s expenditure on nuclear physics research 1s more 
than £17 mullion a year, and if participation were agreed 
to, this would rise to £34 2 milhon by 1977—78—an annual 
rate of increase of seven per cent from beginning to end of 
the period The ECFA, which made a detailed design of the 
machine and an estimate of cost, did, however, state 
that the proposed equipment for the machine 1s at a 
level “entirely appropriate to the general scale and 
importance of the proposed accelerator” and that 1t 1s 
“far from extravagant” 

If the figure of seven per cent were to be insufficient to 
support operation and growth of the 300 GeV accelerator 
and the CERN facilities, respectively, the group empha- 
sizes that ıt might be necessary for Britain to withdraw 
from CERN (Meyrin) 

Manpower requirements for the machme should be 
met without great difficulty, although 1t mght not be 
possible to accommodate all the extra postgraduate 
staff required in university posts For this reason, the 
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group states that the SRC should award essentially 
temporary postdoctoral fellowships at the universities 
so as to transfer acquired skills into industry As for the 
benefits, the group recognizes that although the project 
would be of extreme scientific terest and the results 
would be important, there are, on the other hand, many 
scientific activities of comparable interest which cost 
only a fraction of the amount required to finance the 
300 GeV accelerator The project would, it 1s argued, 
introduce new dimensions into teaching physics and it 
would also encourage the flow of techmical skills into 
industry as well as set a challenge to industry as new 
products and techniques will have to be developed 
There are also the general political benefits of participating 
m a European project 


Economics 


On the economie benefits of participation, Professor 
Wolfe and Professor Youngson of Edmbuigh University 
maintam that there would be no overall benefit ın having 
the machine sited ın Britaan The group therefore con- 
siders that, on balance, ıb ig not worth offering an extra 
subscription so as to secure a site in Britam Indeed, 
there might be a loss incurred if the accelerator were 
sited ın Britam, as the site which has been proposed— 
Mundford m Norfolk—is one m which there 1s full employ- 
ment Drs Wolfe and Youngson furthermore have estim- 
ated that if the project were to absorb unemployed re- 
sources so that the project would lead to a total net 
addition to the national product, this would have an 
adverse effect on the Government stabihzation poley, 
causmg wages and prices to mse Overall, their view 1s 
pessimistic 

This gloomy economic assessment will come as a surprise 
not merely to those m Brita who have taken 1t as axio- 
matic that local construction could not fail to be profitable 
but also to nations elsewhere ın Europe which have been 
angling for an invitation to buld To begin with, Pro- 
fessors Wolfe and Youngson say that they do not beleve 
construction would be completed for £148 mulhon even 
though they have used this figure in their calculations 
They also pomt out that the proposed British site at 
Mundford does not qualify, under the British legislation 
on the encouragement of projects ın development areas, 
for subsidies which would amount to something like 
£6 milhon spread over the period of construction 

The calculation ın the report suggests that the external 
balance of payments of the United Kmgdom would 
benefit to the tune of between £84 and £136 million during 
the 80 years which are hkely to be occupied in construc- 
tion and operation of the accelerator These compara- 
tively modest sums are the figures obtamed by setting off 
against the recerpts of non-British currency to be expected 
the costs of mported equipment, remittances by foreign 
staffs and British tax refunds The direct cost of having 
the accelerator on a British site turns out to be substan- 
tially greater than this According to the calculations 
implicit in the report, the total cost of providing the land- 
access and service roads and utility supplies would work 
out at between £186 milhon and £336 milhon according to 
the extent to which resources would have to be diverted 
from other projects One way and another, the authors 
of this study conclude, there would be no significant 
advantage ın buildmg the 300 GeV accelerator in the 
United Kingdom Professors Wolfe and Youngson suggest 
that there 1s no reason to expect that the siting of the 
machine in Britain would substantially merease the effec- 
taveness with which British companies tender for contracts 
with CERN 

The charman of the SRC at the time, Sir Harry 
Melville, also comments on the case for participation m 
the proposed 300 GeV accelerator Generally, the 
SRC supports the scientific case for building the 
accelerator and beheves that the estimates of con- 
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struction and running costs are reasonable The council 
recommended participation 1f certain safeguards are 
observed It thus supports previous views that, despite 
the importance of the project, ıt should not be allowed 
to umperil the development of other disciphnes Another 
safeguard is that other countries should agree to partici- 
pate on a sufficient scale, and finally that the CERN 
Convention which is now being negotiated should be 
revised to ensure adequate safeguards of the nghts of par- 
ticipants in the 300 GeV laboratory 

In considering the resources which would be required 
m the five years 1973-74 to 1977-78, the council has 
estumated that all the expenditure on nuclear physics m 
the second five years could be accommodated withm a 
growth rate of some five per cent per annum this, how- 
ever, makes no provision for unforeseen major projects It 
makes clear the fact that ıt would not be prepared to 
meet any deficits in the nuclear physics budget amsing 
from escalation on this project, by re-allocation from other 
disciplines In the event of any such escalation, the council 
maintains that additional resources would have to be 
sought or else the nuclear physics programme would have 
to be reduced during the construction period with serious 
detriment to the whole programme Furthermore, during 
the operational period, total or partial withdrawal from 
CERN (Meyrin) would be necessary 

Concerning the proposed UK site at Mundford, Sir 
Harry describes 1t ım the report as consisting of flat sandy 
soil overlying chalk, ıt belongs mostly to the Forestry 
Commission British experts are at present conducting 
elaborate loading tests to determme the stability of the 
strata and these should be finished by August The 
SRC 1s also concerned with the cost to Britain of 
locating the project there, and maintained that this 
could be greater than assumed It does, however, suggest 
that some of the additional costs which would be involved 
might be offset by the “balance of payments advantage 
flowing to the host nation” 

Sir Harry discusses the possibility of collaboration with 
the US and the USSR where big machines are already 
built, or are planned A meeting was, in fact, arranged 
m Vienna in 1964 of the Americans, the Russians and a 
party of CERN representatives They examined the 
possibility of a tripartite provision of a single world 
facilhty at the 200-300 GeV level As the report makes 
clear, however, nothing came of this 


Dissent 


The SRC view emphasizes that, for the project to be 
successful, 1t 1s essential that the four countries, France, 
Germany, Italy and the UK, which account for 76 per cent 
of the CERN budget, should participate Although two 
members of the council—Professor Sir Ewart Jones and 
Professor Sir Ronald Nyholm—dissented, the council as 
a whole supports the proposal and 1s in favour of an early 
decision 

The dissenting case 1s brief 

“We recognize that a good case, on purely scientific 
grounds, has been made for proceeding with this project 
But we are also acutely aware that there are other scien- 
tific fields which, cultrvated and nurtured as nuclear 
physics has been ın recent years, would yield still richer 
harvests Some of these are of no less scientific wnterest 
and have much greater potentialities for benefiting man- 
kind. In several of these fields we are leading the world, 
we should be able to offer generous support where such 
ability is demonstrated, but this we cannot afford to do 

“Our participation i this project means that for the 
next ten years the Science Research Council expenditure 
on a single branch of physics will continue to consume 
more than 40 per cent of the funds which seem likely to be 
available Thus the council’s intention gradually to reduce 
the proportion of 1ts resources going to nuclear physics will 
be completely frustrated We are convinced that to con- 


223 


tinue to spend such substantial sums in this direction 18 not 
m the national mterest and that many scientists m this 
country, 1f they are properly appraised of the situation, 
will view the prospect with dismay Can we expect them 
calmly to accept a slowing down of their activities whilst 
we go ahead with a huge project which will directly benefit 
only two or three hundred academic physicists ? 

“We cannot reconcile embarkmg upon this massive new 
commitment with our present unsatisfactory and worsen- 
ing situation Can high energy nuclear physics justly 
claim to be of such overwhelming merit and importance ? 
We should urgently be seeking opportunities of investing 
comparable, and if possible larger, sums in projects which 
offer some prospect of material advantage to the com- 
munity and which at the same time serve to train useful 
scientists and technologists (E R H Jones and R 8 
Nyholm )” 

The conclusions and recommendations of the Nuclear 
Physics Board of the Science Research Council are pre- 
sented in the final pages of the report. In an mtroduction 
the board refers to nuclear or particle physics as one of 
the main growing pots of science, and emphasizes the 
“outstanding and pressmg case for constructing in 
Europe a 300 GeV proton accelerator” It estimates that 
the machine would take mne years to build and would 
serve the needs of European physicists for the next 25 

ears 

ý The second section of the board’s report deals with the 
present world situation m particle physics and lists the 
present proton and electron accelerators now in use and 
the way ın which they operate The present position of 
Britain in the field of particle physics 1s, 1b suggests, 
a favourable one and the scientific and techmical skills 
available indicate that Britam more than any other 
European country 1s able to exploit fully a machine such 
as the proposed 300 GeV accelerator If Britain 1s to 
remain an important contributor to this field of research 
on a world scale, the board argues that participation 1s 
essential 

A bnef description of the machine emphasizes its 
flexibility It has been designed to produce 10** protons 
per second and will produce 10-20 GeV beams up to 1,000 
times more intense than are at present available Using 
this machine, not only will the energy range of neutrinos 
be greatly increased but the tıme required for a particular 
experiment will be cut from weeks to days Following 
the 70 GeV machine in the USSR and the 200 GeV 
machine in the US, the 300 GeV accelerator would take a 
natural place in the development of high energy accelera- 
tors 

Of the 22 sites orgmally proposed, nme in different 
countries are still bemg considered The board refers 
to the stringent geotechnical requirements of any site, 
this 1s because very accurate alignment of the large 
magnet rmg and beam lines ıs essential and must be 
maintained in the presence of movable massive radia- 
tion shieldmg and experimental equipment The board 
holds a more optumistie view of the benefits to any nation 
of having the machine ın ıts territory Among the benefits 
the board mentions are easier travelling to and from 
the site and therefore easier combmation of research at 
the centre with university activities In terms of economic 
benefits. the host nation would have a near-monopoly of 
construction contracts, and a proportion of salaries and 
wages would be spent in that country, to the value of 
£12 millon per annum 

One suggestion which has been made concerning 
organization 1s that CERN and a new 300 GeV laboratory 
should both be under a smgle council, responsible for a 
single European programme The board recognizes the 
importance of securmg a convention which safeguards 
the mghts and interests of those states participating in 
the project, and of ensuring that a state could withdraw 
from CERN (Meyrm) while, remaiming in the 300 GeV 
laboratory and in the general CERN Council 
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Confrontation in Paris 


from our Special Correspondent 


A vouicy for science 1s an elusive thing, not to be pursued 
by those who hope for quick and easy answers But this 
seems not to have deterred the members of the Committee 
for Science Policy of the Orgamzation for Economic 
Co-operation and Development, who met ın Paris last week 
The commuttee gathered to hear the last stage in the 
examination which the OECD has made of the science 
policy of the Umted States The meeting was a con- 
frontation between the examiners who have been respon- 
sible for the report, and delegates from the United States 
who know at first hand how science 1s organized in the 
United States 

The party from the Umted States was led by Dr 
Donald Hormg, President Johnson’s Special Assistant 
for Science and Technology He was accompanied by 
Dr Ivan Bennet, Deputy Director of the Office of Science 
and Technology, Mr Herman Pollack, Durector of 
International Scientific and Technological Affairs, Depart- 
ment of State, Dr Phihp Handler, Chairman of the 
National Science Board, Congressman George P Miller, 
Chairman of the Committee of Science and Astronautics 
of the US Congress, Mr William Carey, Assistant Director, 
Bureau of the Budget, and Mı James A Shannon, 
Director of the National Institutes of Health 

The report itself falls ito two sections The first, 
prepared by the examiners, consists of four essays written 
from an individual pomt of view ‘The second section, 
prepared by the secretariat, backs up these rather sub- 
jective views with some statistical data This 1s necessary 
because of the way in which the examiners carried out 
their survey—a ten day visit to the United States, 
packed with mterviews at every turn, may capture the 
flavour, but cannot include all the facts The examiers’ 
reports should not therefore be expected be to correct mn 
every particular, nor to agree on every pomt 

The confrontation meeting at the Chateau de la Mouette 
ın Paris covered four broad areas The first, science policy 
proper, was concerned with the institutions, the problems 
of defining priorities, the role of Congress, the dangers 
of the “‘military-industrial complex”, and the integration 
of science into foreign policy The second area of discussion 
covered the impact of science policy on academic research 
One question asked, for example, was whether the efforts 
being made to produce more qualified manpower could 
ever be successful Was there not a danger that creasing 
the output of qualified people would itself have a multi- 
plying effect which would create a demand for more 
people than could possibly be supphed ? In the third and 
fourth areas of discussion, science policy and industry, 
problems such as the distribution of federal expenditure 
between firms, and the extent to which prosperity m 
some areas of industrial life relies on federal support. were 
discussed Professor Casimir raised the problem of the 
amount of spin-off which derrves from large research 
projects Did one have to have a space programme to get 
the mndustrial benefits ? In the US, he said, companies 
tended to say that the effect of spin-off was negligble, 
while federal agencies said that the importance of spin-off 
could not be over-estimated Dr Hornig said that 1t was 
hard to reach the truth by polling industry, which tended 
to oppose large scale federal research and development 
The identifiable direct spin-off was small, he said, but the 
indirect effects were considerable 

M Pierre Massé went on to discuss the ways in which 
federally supported science could be brought to bear on 
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social problems Dr Hornig started his reply by saying that 
there was no problem in finding places for social scientists 
-—lawyers already filled Congress, and economists had an 
important place inthe US And large scale social problems 
were not as new to the United States as Europeans some- 
times imphed—there was Social Security and the New 
Deal in the thirties, forexample But one of the difficulties 
was deciding what should be done—in the cities, for 
example, half the social scientists thought that the 
problems could be solved by increasing population density, 
while the other half thought that 1t was too high already 
Technology alone could not solve problems as complicated 
as this, though it could help Mr Carey added that they 
were relying heavily on faith and hope in turning to the 
social scientists—it was not yet clear how they could 
help, although they were eager to 

M Pierre Massé brought the discussion round to the 
problem of the technology gap The rapid advance of 
technology had introduced a de-stabiizing effect imto 
international trade relations, and there was a danger that 
if the US economy became too dominating, 1t would 
invite repercussions from Europe Did the United States 
feel that ıt was part of its duty to make sure that this did 
not happen? In the short term, would ıb not be in the 
United States interest to support schemes of industrial 
good-neighbourliness, to enable Europe to catch up? 
Dr Hornig thought that schemes of this sort were not 
really necessary—‘‘the process of catching up 1s always 
easier than the process of getting away” Japan was a 
living example of this Not only were the differences of 
wage rates a stabilizing influence, but the rapid flow of 
technological information also tended to even things up 
Dr Hornig’s recrpe was that international relations should 
be stimulated by competition, mitigated by the effects 
of the transfer of information and by co-operation on some 
projects 

All this was useful discussion, if at times rather ım- 
precisely articulated What did emerge was at least some 
reassurance to the Europeans—the United States has 
not achieved its pre-eminence in science and technology 
by organizing ıt ın a fundamentally more efficient way 
There are, of course, occasional felicities of organization. 
which could be transplanted with advantage to Europe, 
although a number of them would require a more united 
Europe if they were to be applied with any hope of 
success Butif the fact that the United States admunistra- 
tion has not hit upon some uniquely happy form of 
organization 1s a reassurance to some European govern- 
ments, 1t also means that American experience 1s unlikely 
to supply any short cuts to success 

The short lesson, although the United States witnesses 
were far too tactful to put 1t this way, was that Europe 
should concentrate ın putting 1ts own house in order 
United States success should be seen as a spur to European. 
success, not as a daunting reminder of failure And 
observers were left with several clear impressions of the 
way in which Europe could set about the task The 
principal need, 1t is probably fair to say, 1s for far 
more genuine collaboration in Europe—the formation of 
European. learned societies would be a worthwhile start 
On the industrial front, the Economic Community should 
make sure that its organization provides for effective 
industrial mergers within Europe, mstead of making ıt 
easy for United States companies to pick off European 
companies by lightning sorties with cheque book in hand 
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Does the United States have a Science Policy? 


In Paris last Friday the OECD organized a confrontation between — 
the authors of the review of United States science policy which it 
is to publish a month from now and a number of distinguished 
American officials. What follows is a summary of the review. i 


<THE underlying tone of the document which the OECD 
has prepared is one of wonder at the scale on which science 
and technology are supported in the United States. In 
many places, this leads quite simply to suggestions—or 
hints—that the experience of the United States is not 
directly relevant to the problems of most nations in 
: pe. The four examiners appointed by the OECD 
are also somewhat preoccupied by the constitutional 
differences between the United States and most European 
“nations. The result is that the published review will 
probably be more valuable to those outside the United 
States who seek a sensitive explanation of the relationship 
‘between the Administration, Congress and the external 
organizations such as the American universities than by 
those in the United States who may have been looking 
-to the report for solutions to some of the problems which 
are now becoming prominent. 

_. The tone of the review is set by the passage in the intro- 
duction which says that “by the magnitude of the re- 
“sources which it deploys, the United States scientific and 
chnical effort is today the most important in the world, 
is immense effort, far from taking the form of a 
unified policy, displays an astounding plurality of methods, 
institutions and means. We could not begin to think 
of reviewing all the questions involved or even of going 
deeply into every aspect of each question. ...” The four 
examiners go on to explain that their reports must be 
regarded as the “opinions of four European experts of 
very diverse background and culture...” and that they 
have decided that it would be “preferable that each of 
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them should recount certain of his immediate and personal 
impressions” than that they should attempt to produce 
“a single comprehensive report”. The result is that the 
review begins with a statement prepared separately by 
each of the examiners. What then follows is a more 
detailed survey of institutions and problems which has- 
been prepared by the scientific secretariat of the OECD, » 


The Belgian View 


M. Théo Lefévre, the Belgian examiner, begins with 
the flat statement that it is “impossible to speak of a 
science policy—in the singular—in the United States”, 
He explains that research and development activities 
have developed “to meet challenges as and when they 
impinged on the American consciousness”, but that 
programmes in fields such as atomic energy and space 
exploration have usually been so broadly conceived as to 
cover the “whole spectrum of the natural sciences”. 
In this process, however, social science and the humanities 
have been neglected, and M. Lefèvre points out that it 
was only in 1965 that the Arts and Humanities Founda- 
tion was established “as a sort of puny offspring of the 
National Science Foundation”. 

In the United States, M. Lefèvre continues, “an ethies 
has been successfully created of research and development 
in the service of progress”, with the result that research 
takes on the appearance of a duty. The response of the 
Federal authorities to a new challenge is to create a new 
agency which is usually responsible directly to the 
President. The creation of a centralized ministry of 
research would run counter to federalist principles, with 
the result that there is “no question of centralization as- 
we understand it in our European states of Napoleonic 
mould”. Indeed, M. Lefévre continues, the same 
“Federalist reflex’? leads some agencies to reserve. for 
themselves only responsibility for programming and 
planning. leaving the execution of policy to industry 
and the universities. Although the United States has 
been able to steer clear of the obvious danger of an 
oligarchy of technocrats, the vertical organization. of 
research and development has led to the emergence of 
“feudal fiefs which escape the demands of policy”. 
Because these agencies have been able to interpret their 
mandates widely, M. Lefévre considers that scientists in 
the United States have found them to be beneficial. 
One consequence is that scientists have been able to 
approach several agencies for support, with the result 
that there is only a small risk that valuable projects will 
be negleeted for lack of support. From the outside, M. 
Lefévre continues, this system has drawbacks such as 
duplication and its cost sometimes seems ‘“‘very high”. 

Of the President’s Special Assistant for Science and 
Technology (now Dr Donald Hornig), M. Lefévre says 
that the lack of power of decision does not prevent this 
official from being the only person to have an overall 
view of Federal activities in, scieuce. As the Special 
Assistant's personal team has been strengthened over the 
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years, his influence has inereascd, particularly in the 
fixing cf the budgets of the various agencies. 

M. Lefévre is also impressed with the recent increase 
of congressional influence on science policy, and he 
singles out for special attention the setting up within 
the Library of Congress of a group of congressional 
advisers. The result has been to “loosen the strangle- 
hold” of the Administration. One happy consequence 
has been that there may now be a more equitable distribu- 
tion of federal funds. On the other side of the coin, the 
way in which pressures on Congress may subordinate 
national to parochial considerations may lead to a waste 
of resources. 

M. Lefévre is more perceptive than his fellow examiners 
about the National Science Foundation. He defines the 
foundation’s function as that of taking over from the 
military agencies in the field of fundamental research and 
of balancing the needs of different sectors. “It is no 
doubt regrettable that the National Science Foundation 
does not seem to have succeeded fully in all its tasks. 
A newcomer, with less power than other agencies and no 
doubt because its directors have not sought to make it 
assert more power, its support has more often been com- 
plementary than propulsive. . In the event of the 
European countries pooling their efforts, they should 
equip themselves from the outset with a similar in- 
strument but be prepared to display greater boldness.” 

In M. Lefévre’s view, although federalist principles and 
the policy of creating agencies have so far yielded good 
results, this is more by accident than design. Defects 
which are tolerable in a society of plenty would be un- 
acceptable in a European society with limited resources. 
M. Lefévre points out that Americans are beginning to 
recognize the importance of cost~benefit analysis of 
research programmes, and have accepted that science 
must in future be contained within fixed budgets. “The 
cost of the Viet Nam war can only bring nearer the moment. 
of decision.” The difference between the United States 
and Europe, according to M. Lefévre, is that American 
resources are greater, the United States finds it easier to 
mobilize resources because of political unity (comparcd 
with Europe as a whole) and that the United States is 
able to set national goals for itself and then set out to 
achieve them. In science policy, European unity is a 
precondition of success. 

On the issue of technological spin-off, M. Lefévre con- 
siders that the electronics, chemical and instrument 
industries have benefited directly from the scientific 
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and technical. programmes supported by the Federal 
government, but that the chief influence of the large 
government programmes on the economie life of the 
United States has been indirect. For one thing, large 
projects have helped to create a climate in which research 
is regarded as an economic duty, in which industrialists 
are “research minded” and willing to take risks. Another 
indirect spin-off is the development of the multiversity, 
the growth of the larger universities and the promotion 
of smaller institutions into the category of the large. 
M. Lefévre considers that research contracts have been 
chiefly responsible for these developments in higher 
education. A part of the same trend has been the appear- 
ance of large numbers of highly qualified executives in 
American industry, which has served to reinforce the 
economic prowess of the United States. 

M. Lefévre’s view of the United States is not entirely 
cheerful, however. “Research sectors are neglected which 
are or seem to be irrelevant to the challenges which are 
felt-—those who devote their lives to such research are 
stigmatized as “egg-heads”. Regions are undeveloped in 
which there are no universities or industries which fall 
under the authority of the agencies. Those who cannot 
stand the pace are destitute, sometimes to an extent 
which 1s unimaginable in Europe. They are left to the 
paternalism of the churches and the charitable institu- 
tions, pending the arrival of the ‘Great Society’, the 
resources for which are lacking because they are swallowed 
up by the war in Viet Nam.” 

This line of argument leads M. Lefévre to the conclusion 
that the growth of science and technology is likely to 
have an important influence on United States politics. 
The Federal Government’s concern for the supply of 
scientists and technologists has already persuaded the 
Federal Government to intervene directly (in 1965) in 
the administration of education, previously the preserve 
of the states. He considers that problems of air and water 
pollution, surface transport and even public health 
campaigns will increase the tendency for the Federal 
government to intervene in matters which have tradition- 
ally been the prerogative of the states. To be sure, the 
Federal Government will hang back as far as it can. “But 
is there still room for such a concept in the web of con- 
tractual relationships which the Federal Government has 
spun around itself... . Will not the new forms of federal- 
ism which are tending to emerge quite simply be forms of 
transition towards a more centralized state ? The future 
will teach us whether science and technology do not 
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determine an irreversible movement of centralization and 
unification.” 

M. Lefévre also sees as a portent the omnipresence 
of scientific advisers at all levels of the Federal Govern- 
ment. There are, he says, hierarchies of scientific com- 
mittees which duplicate in their inter-relationships the 
hierarchical relationships between the agencies themselves. 
But the scientists on the advisory committees also 
retain their links with the universities or industry. This 
system may well be the best way of circulating new ideas, 
but there is also the danger that the scientific committees 
will acquire more than their democratic share of influence. 
“In the extreme case, is there not a danger that a de facto 
power may become gradually and imperceptibly estab- 
lished at the cost of the de jure power and that, in the 
long run, political democracy may be no more than a 
front ?” 

M. Lefèvre is one of those who believes in the tech- 
nology gap. Indeed, he considers that it can be traced 
back to the two world wars in the twentieth century, to 
the “decolonization operations” which have followed the 
second of them and which have given European nations a 
more realistic appreciation of the balance of power in the 
world. But Europeans have the feeling that the United 
States is now preoccupied with problems elsewhere, as is 
the Soviet Union. Europe in the larger sense exists, “in 
a larval state’, with no common economic policy as yet 
and no policy for research and development. “Many 
people prefer to shine in their canton without troubling 
thernselves about the whole. In any event, how can the 
whole be grasped so long as walls are erected between 
research, the management of the economy and the admini- 
stration of the estate ?’’ All this can be seen in the univer- 
sities, which are “ivory towers, First Empire style”. In 
the same way, in European industry and commerce, 
men. arrive “at the seats of power and at the age of retire- 
ment about the same date’. There is an undeniable 
gap, but it is a “managerial gap’. And “whereas the 
American concentrates on the future, on risk and on 
progress, the European seems to opt for safety first and 
sometimes even for stagnation”. Europeans seem not 
to have heard of what the Americans know from practice, 
that “in the sphere of research and development, it is 
the young people who have the experience”. 

It is plain that M. Lefévre envies on behalf of Europe 
the plasticity of American industry. European nations 
are tempted to keep dying textile and coal industries 
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alive, but the United States is willing to “Jet the dead bury 
the dead”. He suggests that there should be a more 
deliberate development of growth industries in which 
European countries may have an advantage, a combined 
European policy on research and development, and the 
judicious exploitation of “American know-how” under 
licence. But Europe will not be able to make these 
policies succeed without political unity—-indeed, there 
is a danger that “if the Common Market does not move 
towards political unity, we would have created circum- 
stances even more convenient for invasion by large 
American firms”. 

This view of the reasons for the disequilibrium between 
Europe and the United States finishes with the declaration 
that the United States profits from the brain drain, but 
that there is nothing to be done about it until Europe can 
offer scientists and technologists conditions for work 
comparable with those they find in the United States... 
that United States tariff policy widens the gap, as does 
the tendency of American industry “to launch into 
production lines where Europe is beginning to give proof 
of competence” and when “it divides us by favoured. 
partner policy or by offers of technological co-operation 
to NATO”. In the long run, for M. Lefévre, there is 
only one way of dealing with the technology gap as he 
has defined it—‘‘we must unite by means of common 
policies on both the scientific and the economic planes. 
This cannot be done without new trans-national institu- 
tions”, 


The British View 


Professor C. H. Waddington echoes the opinion that 
the structure of the mission oriented agencies in the 
United States is an important determinant of science 
policy, and emphasizes the way in which the distinction 
between operational and research agencies is minimized. 
The fact that the National Institutes of Health are 
responsible to the Public Health Service, which is also 
charged with executive responsibilities for public health, 
contrasts with the way in which, in Britain. the Medical 
Research Council is responsible to the Department of 
Education and Science and not to the Ministry of Health. 
One result is an “extreme plurality” of administrative 
organizations which “has enormous merits and also 
a few disadvantages”. 
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Professor Waddington says that “American: scientific 
leadership” is at present somewhat concerned about 
the functions, which should be. performed by research 
institutes operated directly or indirectly by the Federal 
Government (and which appear to cost $4,800 million 
a year). The difficulty is that most of these laboratories 
belong in some sense or another to mission oriented 
agencies, but that many of them have been in existence 
for such a long time that the “system of priorities in 
force at the time of their foundation” has been materially 
altered. The system of mission oriented planning would 
tend to force unwanted laboratories into decline, while 
encouraging the creation of others intended to meet new 
needs. Professor Waddington says that discussions are 
now taking place of ways by means of which a laboratory 
belonging to one agency may be enabled to put its 
resources at the service of some other agency, and he 
suggests that the vital factor is not the administrative 
arrangements which may be made but the “entrepre- 
neurship of the laboratory director”. 

Like his fellow examiners, Professor Waddington has 
clearly been impressed by the importance cf what is 
called. the project grant system as a determinant of 

“science policy in the United States. He also considers 
it to be the origin of several palpable disadvantages, 
mostly recognizable in the quality of scientific life in the 
United States. 

The essence of the system is that attention is focused 
on individual items of scientific work rather than on 
general progress within a broad area—a system which is 
“in rather sharp distinction to the traditional practice 
in European universities in which in general the entity 
on which a judgment of value is passed has been a 
department covering a considerable field”. Professor 
Waddington says that the American system has the 
advantage of making it possible rapidly to “encourage 
excellence wherever it may appear”. Young men can 
obtain support directly, and do not have to apply through 
the heads of their university departments who, “for a 
variety of reasons, may not respond as readily as outside 
bodies would do”. Professor Waddington says that this 
feature of the American system of awarding grants for 
research is “one of the main features which has enabled 
American science to advance so rapidly in the last 20 
years”. 

The: machinery for awarding project grants is held 

to be important. Professor Waddington points out that 
the National Science Foundation uses some 27 advisory 
committees, each with about 10 people appointed for 
comparatively short terms of office. The result is a rapid 
turnover of committee members and the “almost com- 
plete prevention of gerontocracy”. Because there is 
direct contact between committee members and scientists 
seeking grants, it is “less easy for the professor, however 
wedded to the old ways, to stand in the light of a young 
man proposing a new idea”. By the same test, the system 
effectively avoids the danger “of activities in particular 
fields being dominated by a self-perpetuating clique”. 
Professor Waddington says that these dangers have 
acted and to some extent still act as a “brake on the 
rapid advance of European science”. Even when European 
nations rely on committees for advice, the numbers of 
people involved are too small for the advantages of 
American practice to be replicated, and Professor Wad- 
dington goes on to suggest that it would be worthwhile 
if the panels which are appointed to review project 
applications in Europe were organized internationally 
even though their funds would never cross national fron- 
tiers. 

_ «Professor. Waddington is clearly less enamoured of the 
effects of the American system on individual researchers. 

Although grant recipients are stimulated to work hard, 

this is paid for in unpleasant ways. “One hears of many 
scientists speaking of American science as a rat race and 
of the summer courses at Woods Hole or the Federation 
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meetings as the slave markets.” He adds the qualifica- 
tion that those who lose in these competitions are not 
bereft of all support, for “‘in the last few years, at any rate, 
any reasonably competent worker could be assured of 
support which would seem quite lavish in European 
eyes. The battle which rages so fiercely is for high status 
and extensive opportunities within a scientific com- 
munity which is genuinely affluent”. 

This judgment begets a jaundiced view of the tensions 
within the scientific community in the United States. 
Professor Waddington says that it is not uncommon to 
find scientists who are unwilling to disclose at private 
seminars the results of work they have done until this 
has “been safely rushed into print”. Because careers 
depend on recognition, priority of publication may 
have an “unfortunate importance”. Although American 
scientists are scrupulous among themselves in awarding 
recognition for accomplishments, “this rule does not 
apply so strongly to non-American scientists’ and this 
has had “a certain bearing on the picture which the 
world in general, and Europe in particular, has formed 
of American science”. Because of publicity and the 
grant system, “American science, largely inadvertently, 
comes to present itself as even more dominant in the 
world than it really is. It might do no harm for Europe, 
with its less spontaneously outgoing methods, to take 
some consciously planned steps to present its image in a 
more just balance”. 

The truth is, in any case, that “project grant support 
makes it more difficult for Americans to find oppor- 
tunities for the contemplative imaginative thought 
which is the seed bed for the most radical innovatory 
concepts”. At the highest levels, Professor Waddington 
says, this may not be easily apparent, although even 
among Nobel prizewinners, “it may be remarked that 
quite a number of American Nobel prizewinners have 
received their awards for discoveries depending on large 
machines or the organization of large teams of research 
associates. There are not many of the major scientific 
institutions which have, in Kuhn’s phrase, ‘changed 
the scientific paradigms’ . . .” This difference between 
the United States and Europe is, according to Professor 
Waddington, more apparent lower down the scientific 
hierarchy, for young scientists “and those in middle 
years who are doing quite well but have not yet hit the 
jackpot find it rather difficult to spend time mulling 
over a field of science”. Professor Waddington considers 
that the greater opportunities for contemplative science 
in Europe arise either from the attainment of a stable 
university position at an early age, the lack of pressure 
in the system or even the sheer shortage of the equip- 
ment necessary for experimental work. He considers 
that a more constructive method of attaining the same 
ends would be to increase the opportunities for post- 
doctoral research. 

On the machinery for the formulation of science 
policy, Professor Waddington says that in the United 
States the apparatus is outstandingly effective and far- 
sighted in producing programmes for the development of 
particular broad fields of science, but there has not yet 
been developed a means by which “scientists can partici- 
pate fully in directing the progress of science as a whole”. 
Although no country has been successful in the second 
task, there are—according to Professor Waddington— 
special problems in the United States. 

The machinery for making middle range strategy— 
the interlocking network of institutions which includes 
the President’s Science Advisory Committee, the Office 
of Science and Technology (under Dr Donald Hornig), 
the committees of the National Science Foundation, the 
National Academy of Sciences and particularly its influen- 
tial Committee on Science and Public Policy (“far from 
being a rubber stamp”)}—all command Professor Wad- 
dington’s respect. Private organizations such as RAND 
and the Brookings Institute have a recognized influence, 
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as have the private foundation, but Professor Wadding- 
ton is a little worried that the foundations, ‘“‘once wide 
open to novel suggestions so long as they were good 
enough”, have more recently adopted policies determmed 
by their senior staff and have become ‘‘as mission oriented. 
as the governmental agencies” Of all these sources of 
policy on science and technology, pride of place goes to 
PSAC and COSPUP, but these are said to depend not 
only on the energy, judgment and imagination shown by 
the leaders on the main committees, but “would be impos- 
sible without the sohd backmg from an adequate support- 
ing staff and the participation of a number of scientists 
and engmeers throughout the country?” By comparison, 
the scale of activities in Europe 1s “pitiful”, and Professor 
Waddington considers once again that 1t would be sensible 
if Europe as a whole were to take a leaf out of the American 
book and try to establish a European analogue of the 
National Academy of Sciences—National Research 
Joune, presumably by co-operation between European 
academies 

If the machinery for middle range strategy works well, 
however, Professor Waddington 1s less happy about the 
machmery for making decisions on the overall direction 
of sclence—questions such as the balance between research 
and development on the one hand and teaching on the 
other and the distribution of support between alternative 
fields of research, both applied and academic He says 
these problems are ultimately political and that the 
directions m which a nation emphasizes its support 
of science must be expressions of political desires and 
aspirations It follows that Congress must play an 
important part in the United States It 1s understandable 
that the beginnings of science policy in the United States 
can be traced to the establishment of land grant colleges 
and the development of agricultural research towards 
the end of the nineteenth century brought about by the 
recognition of the need for agricultural development 
In the same way, the scientific needs of the Second 
World War have set the scale for Federal expenditure on 
research and development, which now amounts to 
$17,000 million a year Since the war, Professor Wadding- 
ton considers that American society has reacted quickly 
to the “challenge of ill-health’ by the merease of expen- 
diture on medical research, which amounted to $1,900 
milhon in 1965, 64 per cent of ıt from Federal sources 
But all these developments are examples of what Professor 
Waddington calls ‘‘subjective programmuing’’—the process 
of projecting present trends and possibilities into the 
future He would lke there to be more “anticrpatory 
programming’, m which people set out first of all to 
decide what objectives they would like to attain and then 
seek the means of doing so 

Professor Waddington also argues strongly for a greater 
involvement of scientists ın the United States in the 
social problems thrown up by what he calls “great society 
science? Simply adding sociologists to existing com- 
muttees will not help The fact that the social sciences 
inevitably raise political, ethical and religious questions 
when they are applied to practical problems mmpedes the 
integration of the social sciences into the machinery 
for making grand strategy Professor Waddington 
acknowledges that the amount of money spent on social 
sciences in the United States 1s quite large compared 
with what 1s spent ın Europe but he considers there 1s 
something to be said for setting up a social science founda- 
tion with “‘a massive Federal grant of capital” and allowmg 
the foundation thereafter “to employ the interest on its 
capital without further governmental tutelage’ Only 
by such a means will there be any real prospect of apply- 
ing the techniques of social anthropology within the 
United States—and even then there ıs the possibility 
that “ıt could not be undertaken satusfactonly by native 
American scientists, committed by their own. upbringing 
to one of the very systems of social values which would 
have to be examined” 
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In education, Professor Waddington 1s impressed with 
the success of the Federal Government in bringing about 
a reform of the curriculum at the high school level He 
admires the flexibility of undergraduate courses im 
American universities, and the attempts now being made 
to improve the “matching of instruction to imdividual 
requirements’ The emphasis on elective subjects con- 
trasts, Professor Waddington says, with most European 
systems of university education Those in the Napoleonic 
tradition are rigidly and centrally prescribed in detail 
The traditional English system, exemplified by Oxford, 
requires that a student should follow only one course 
of studies Among professors at Scottish universities, 
Professor Waddington must be alone in admitting that 
the Scottish university system has a few defects, he says 
that the elective system in the Scottish universities which 
has been followed for several centuries resembles the 
American system but that the range of election 1s much 
narrower than in the Umted States 

At the undergraduate level, Professor Waddington 
considers that Europeans have much to learn from the 
American system For one thing, ıt 1s much more able to 
accommodate advances in knowledge and to find places 
for mterdıscıphnary topics But Professor Waddington 
also considers that the American system provides a more 
valuable education ‘“‘as opposed to mere specialist tram- 
mg” 

Professor Waddington would also like to see European 
countries adopting some of the ways of handling graduate 
instruction now common m American universities 
Instruction courses for PhD students provide students 
with help in finding a “way through the mass of relevant 
information which 1s so rapidly imcreasing’” Summer 
schools are in ns view splendid mnovations and there 
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should be encouragement for the attempts being made ın 
several European countries to organize advanced level 
teaching on a co-operative basis Organizations such 
as the European Molecular Biology Orgamzatıon (EMBO), 
organized unofficially, show that a need exists and this 
could probably best be met by an international system 
within Europe which elicited the co-operation of rmport- 
ant universities 

On the financing of university research, Professor 
Waddington emphasizes that the project grant system 
provides Jexibility ın that ıt enables new opportunities 
to be exploited quickly By contrast, “in most European. 
universifies, adaptation to a science which is changing 
radically withm small fractions of a working lifetime 
can only be done 1f, at the time of the retirement or death 
of some high-status figure, a professor or head of depart- 
ment, there happens to be a consensus among his surviving 
colleagues to strike out m a new direction” Apart, 
however, from 1ts effect on personal relationships between 
scientists, the project grant system brings administrative 
headaches in American universities For one thing, 1t 
has meant the request by Federal agencies that academie 
research workers should account ın detail for the time 
spent on various activities The way in which staff mem- 
bers are ai liberty to supplement their income by accepting 
research grants or contracts during the summer 18 dis- 
criminatory against people working in the humanities 
and the arts, and m any case places the scientists them- 
selves under considerable pressure There 1s also the 
problem that the system favours the stronger in his 
competition with the weaker Professor Waddington 
discerns the beginmngs of a system m which American 
agencies will award large research grants on an institu- 
tional, not a personal, basis The lesson for Europe, he 
considers, 1s that there should be a deliberate attempt to 

get the best of both worlds” by buildmg up centres of 
excellence which are closely lmked with universities 

Like his fellow-examimers, Professor Waddington 1s 
umpressed with the concentrated power of the very large 
universities Mass education, he says, 1s quite out of 
keeping with the structure and traditions of established 
Euopean universities One of the problems is how to 
give young people, while still undergraduates, a sense of 
contact with experienced men of stature Attempts m 
the United States to create institutions with a high grade 
faculty and small numbers of highly selected students, of 
which “the most extreme example 1s the Rockefeller 
University in New York”, have found ıt difficult to mam- 
tain excellence in a body which 1s stationary ın size when 
other institutions are expanding rapidly For the most 
part, American universities have accepted wholeheartedly 
the need to become agencies for mass education, and there 
are those like Dr Clark Kerr who have urged that, unde 
the pressure of public desires for Imgher education. 
universities must develop mto multiversities More 
than this, universities are not merely places at which 
higher education ıs carried out but social institutions 
with such a great mmpact on society at large that “what 
the railroads did to the second half of the last century, 
and the automobile to the first half of this century, may 
be done for the second half of this century by the know- 
ledge ndustry” 

Professor Waddington points out that European umiver- 
sities may be more embarrassed than stimulated by being 
endowed with such an important part to play For one 
thing, at present they do not have the money But it 
does seem to him necessary that some European universi- 
ties should develop along American Imes, both in seale 
and in influence, and “that Europe should also develop 
a social system as profoundly influenced by higher educa- 
tion as the American” Indeed, the European need if 
anything 1s greater Professor Waddington ıs particu- 
larly concerned that universities should help to predict 
the ways m which society can change and guide society 
in moving im these directions He shakes his head a httle 


NATURE, VOL 217, JANUARY 20, 1968 


TABLE 1 EDUCATIONAL EXPENDITURE AND GROWTH (1964) 


Growth of 
Education education 
expenditure expenditure 
as percentage as percentage 
of GN. of GNP 
Germany 3 23 14 
France 428 50 
Italy 486 73 
Netherlands 5 66 69 
United Kingdom 449 57 
United States 618 50 


Expenditure at current prices from OECD sources Private expenditure 
on education not included 


over the price which the American university system has 
in his view been required to pay—a lack of unity—and he 
recommends that there should be attempts to create 
complexes of universities able to co-ordinate activities 
Professor Waddington points out that university systems 
such as the University of Calforma have already gone 
some way ın this direction and that European universities 
could profitably follow suit 

On the contribution of American universities to the 
strength of the American economy, Professor Waddington 
has very little more to say than that American universi- 
ties are usually much more closely related to mdustrial 
companies than ther European counterparts For the 
most part, ın his view, these links are usually beneficial 
Sometimes industry stimulates interest ın pure science 
More often, academic science gains from the involvement 
ın pubhc affairs The climate m which an interaction 
like this is possible ıs also one of which universities and 
industry have a mutual appreciation for each other’s 
potential contribution One way and another, Professor 
Waddington concludes, 1t would not be possible for 
universities in Europe acting alone to close the ‘‘tech- 
nological gap” by their own efforts, 1f only because so 
much change would be required elsewhere in European 
society and industry. 

On the brain drain, he takes the lme that nobody has 
yet done the kind of cost-benefit analysis on which 1t 
would be possible to calculate precisely how much Euro- 
pean nations lose by the emigration of PhDs On the 
other hand, there are equally intangible gains to be 
counted in the equations The pattern he would hke to 
see ıs one in which European countries encourage young 
scientists to spend periods of postdoctoral work in other 
countries but take energetic steps to persuade them to 
come back again He goes on to say that those concerned 
with science policy in Europe should take 1t on themselves 
to counter-attack the attractions of emigration to the 
United States by more collaboration between academies 
ım Europe, by collaborative plans between grant-giving 
research councils and, most promising of all, more collabor- 
ation between European scientists as m CERN and EMBO 


The Dutch View 


Dr H B G Casimir has produced the shortest of all 
the four examiners’ reports and 1s principally concerned 
with industrial matters He pomts, for example, to the 
scale on which American compames operate and argues 
that, if European firms are to be able to look their Ameri- 
can competitors in the face, they “‘must operate on an 
international market” 

He points out that at present there ıs in the United 
States a ‘‘definite tendency against fundamental research” 
There has been some disappointment with expectations 
of the benefits of fundamental research which is, m any 
ease, no longer cheap Then putting men on the moon 
has drained funds away from fundamental science This 
view, however, ıs partly offset by the way in which 
organizations such as the Bell Telephone Laboratories 
attach great importance to fundamental research carried 
out in an industrial setting where an ‘“‘unexpected windfall’’ 
is not the chief am Yet the contribution of industrial 
research laboratories other than the enlightened handful 
to the progress of fundamental research has been small 
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In the progressive industries, on the other hand, companies 
im the United States appear to do more than their Euro- 
pean counterparts to apply scientific methods to the 
development of existing products and methods. 

Dr Casimir is impressed with the way in which it is 

possible for quite small companies to have access to a large 
market in the United States without having to equip 
themselves with an elaborate sales organization. Staff 
ig more mobile, between companies, between universities 
and industry and between industry and government. 
Government contracts have also helped to foster tech- 
‘nology in the United States even though “we in Europe 
are inclined to overestimate this influence”. Although 
military contracts have been particularly influential in 
fostering the development of electronic components of 
various kinds, it is clear that the influence of the Federal 
Government has been negligible in the development of 
motor cars, small in power engineering except for atomic 
energy and only slight in industries concerned with 
chemicals, metals and plastics. 
-o To Dr Casimir, the term “technology gap” is inadequate 
and misleading. As far as industry is concerned “no 
fundamental science gap can exist. There is, however, a 
difference in the “seale of operation at the level of tech- 
nological diffusion”. Dr Casimir is all for better manage- 
ment, less complacent industry in Europe and more 
training in modern business techniques. 


The French View 

© M. Pierre Massé has a more philosophical view of the 
contrast between the United States and Europe than his 
‘three fellow examiners. The starting point for his argu- 
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xe failure of bursaless chickens to respond to certain 
antigenic stimuli (most recently reviewed by Warner’) 
has led to the concept of the “dissociation of immuno- 
` logical responsiveness” * which predicates the existence 
of two populations of immunologically competent: cells: 
‘one thymus dependent, mediating delayed hypersen- 
sitivity reactions and homograft rejection; the other 
bursa dependent, responsible for specific antibody forma- 
tion and immunoglobulin synthesis. 
The results of experiments showing the absence of 
muinoglobulins and of specific antibody in bursectom- 
chickens, however, are not at all straightforward. An 
ublished study of ours involving the sera of fifty 
monally bursectomized (HBX) birds and a similar 
er of controls showed that only half of the treated 
had significantly reduced contents of gamma globulin 
is, ranging from one-third to one-tenth of the 
al content) and that of these all had readily detect- 
gamma globulin, that is, more than 0-1 mg/ml. Large 
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ment is that the American economy is a dominant force 
in the world but that science policy is not the prime 
cause of this state of affairs. In the same way, the 
“technological gap” is only one aspect of “a whole com- 
plex of gaps”. 

M. Massé shares the view of his colleagues that the way 
in which the Federal Government contributes two-thirds 
of the cost of research and development carried out in 
the United Stats but spends only one-sixth of the total 
sum available within its own establishments is a source of 
flexibility. Whether this great expenditure of federal 
money does really lead to tangible and valuable “spin-off” — 
is, in M. Massé’s view, a controversial point. On the 


whole, he has the feeling that the economic importance of a 


the big federal programmes is more important than 
industrialists are usually prepared to admit, One of 
M. Massé’s points is that the techniques of budget control 
introduced within the Department of Defense and now 
within the Bureau of the Budget have served as a powerful « 
means of undermining the old assumption that public 
expenditure is bound to be less efficient than private 
expenditure so that in the future the American proclivity 
to decentralize may be diminished. However that may 
be, M. Massé follows Galbraith (without mentioning 
him) by pointing out that the growth of large American 
corporations may have introduced an element of instabil- 
ity into national and international economic equilibrium 
by eroding “the concealed stabilizer of economic life— 
the law of diminishing returns”. This leads M. Massé 
to the conclusion, which all his colleagues share, that 
European unity is the only long-term answer to the 
technology gap. 


Hormonal bursectomy—inhibition of the development of the bursa 
by testosterone—has been more effective than surgical bursectomy 
coupled with irradiation in depressing the primary response to soluble 
antigens. None of the treated birds was agammaglobulinaemic, an 
all formed some antibody. 


variations in the immunoglobulin contents of HBX birds 
have been found before**. In our HBX birds, natural 
agglutinins to sheep red cells were found 3 weeks later 
than in the normal controls, but then increased to similar 
concentrations. Similar results had already been obtained 
with natural agglutinins to rabbit red cells in surgically 
bursectomized (SBX) birds’. 

There are recent reports of antibody production by 
bursaless chickens, either as a result of more than one 
antigenie stimulus® or by detection with a very sensitive 
test’. The presence of antigen in the circulation of BX 
birds several days after its clearance by normal eontrols— 
the best criterion of unresponsiveness—has only been 
demonstrated in HBX birds after primary stimulation 
with BSA‘, 

Investigation of the secondary responses of BX chickens 
is hindered by the following factors. (1) The low and 
variable responses of chicks less than 6 weeks old, and the 
long interval that is required between the first and second 
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Fig. 1. 


Reactions in agar (8 per cent sodium chloride) of secondary 
anti-BSA sera from HBX and contro! birds against 0-01 per cent BSA. 


injections of antigen to elicit a secondary response’. 
(2) Hormonal bursectomy, which is generally considered 
more effective because it occurs earlier, produces high 
mortality during the first weeks of life; the survivors 
may therefore be suspected of having bursal remnants 
unless these are shown to be absent at examination post 
mortem. (3) These examinations must be made before 
the bursae of the normal control birds are involuted; the 
age at which this occurs varies with breed, but bursal 
regression begins between 3 and 7 weeks and is complete 
at around 20 weeks!®11, 

Total body irradiation of 2 day old chicks, SBX on the 
day of hatching, has produced unresponsiveness to repeated 
injections of BSA, haemocyanin and Brucella abortus". 
These birds were also reported to lack immunoglobulins. 

We have studied the primary and secondary responses 
to soluble antigens injected, either intravenously or sub- 
cutaneously in Freund’s complete adjuvant, into HBX and 

SBX chickens—some of which had also been irradiated— 
and into suitable controls. Primary responses to sheep 
red cells, tuberculin reactions, immunoglobulin concentra- 
tions and changes in peripheral lymphocytes were also 
examined. The antibody responses of thymectomized 
(TX) and TX irradiated birds which were included in the 
study were indistinguishable from those of the normal 
controls and not reported. 

Pure line Light Sussex (LS) or Rhode Island Red (RIR) 
chicks were used in the experiments involving hormonal 
bursectomy, and RIR chicks were used in all the others. 
For hormonal bursectomy, 7 day embryos were injected 
with 2 mg of testosterone propionate. Surgical bursee- 
tomy? was performed by Dr B. M. Freeman at hatching 
or on the following day and thymectomy™ was performed 
on the day of hatching. Irradiation with 600 or 700 r. 
was done by Mr E. A. King, Department of Radiothera- 
peutics, the conditions being 119 r./min, 220 kV, 15 mamp 
with a 1 mm aluminium filter. 

White blood cell counts!® were made at approximately 
weekly intervals for up to 4-5 weeks after hatching. The 
effectiveness of bursectomy or thymectomy was checked 
after death and, in some cases, also by histological 
examination of tissues fixed in formol saline and stained 
with haematoxylin and eosin. To test for hypersensitivity 
reactions of the delayed type, chicks were injected intra- 
muscularly with 1 mg of heat-killed M ycobacterium avium 
suspended in liquid paraffin at 4 or 5 weeks of age. At 
8 or 9 weeks 0-1 ml. of avian PPD was injected into the 
wattles and the reactions were noted 24 and 48 h later. 

Human serum albumin (HSA) (fraction V, Calbiochem), 
bovine serum albumin (BSA) (Armour), 2,4-dinitrophenyl 
bovine gamma globulin (DNP-BGG) prepared according to 
Hisen'® and sheep red cells (SRC) were used as antigens; 
injections were either subcutaneous or intravenous. For 
subcutaneous injection (BSA, HSA or DNP-BGG), 10 mg 
of antigen in Freund’s complete adjuvant (FCA, Difeo) 
were given twice with an interval of 5 weeks and blood 
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was taken 3 weeks after each injection. For intravenous 
immunization 30-40 mg/kg body weight of HSA was 
injected twice with a 7 weeks interval. For the first 
injeetion, SRC were suspended in the HSA so that each 
bird received 1 ml. of a 15 per cent suspension of SRC/kg 
body weight. Blood was taken 8 days after each intra. 
venous injection. 

Tests for precipitating antibodies were made in agar 
containing 8 per cent or 0-85 per cent sodium chloride to 
provide a rough guide to the type of antibody formed. 
Wells 6-0 mm in diameter and 12 mm (centre to centre) 
apart were used. In passive haemagglutination tests", 
fowl red cells treated with tannic acid and a diluent 
containing 1-5 per cent heated normal fowl serum were 
used. Antibodies to SRC were detected by direct and 
indirect agglutination’. 


Responses of Hormonally Bursectomized Birds given 
Antigen in Adjuvant 


Ten birds (six HBX and four controls) received BSA 
when 6 and 10 weeks old. Twelve birds (six HBX and six 
controls) were given DNP-BGG at 12 and 17 weeks of age. 
The serg obtained 3 weeks after each injection were tested 
against BSA or BGG and DNP-ovalbumin in Ouchterlony 
plates. The results obtained in 8 per cent sodium chloride 
after the second injections are shown in Figs. 1 and 2. 

Of the primary anti-BSA sera only two, one HBX and 
one normal, reacted with antigen. All the secondary sera 
gave reactions, all but one of which (HBX 1708) were 
strong. 

When primary sera were tested against BGG, 5/6 
normal and 3/5 HBX sera formed precipitates. When 
tested against DNP-ovalbumin none of the control sera 
and 2/5 of HBX sera gave reactions. All the secondary 
sera as seen in Fig. 2 had antibodies to DNP, but 2/6 
normals and 4/5 HBX sera failed to react with BGG... 





Responses of Hormonally Bursectomized and Irradiated 
Birds given Antigens Intravenously 


Approximately half the chicks in this experiment which 
included thymectomized (TX) birds were irradiated with 
600 r. when 2 days old. Mortality was much higher (68, 
50 and 75 per cent, respectively) in the TX irradiated, 
HBX and HBX irradiated groups than in the normal, 
irradiated or TX groups. At 12 weeks of age, the chickens 
received an intravenous injection of SRC suspended in 
HSA and were bled 8 days later. The results of antibody 
estimations on these sera are shown in Table 1. At 18 
weeks the surviving birds were killed and the cloacal 
region was examined for bursal tissue; the results are 
included in Table 1. $ 

Immunoelectrophoresis of the sera showed reductions 
in the gamma globulin bands formed by the sera of 6/9 of 
the HBX and HBX irradiated birds, and of 2/5 of the 





Fig. 2. Reactions In agar (8 per cent sodium chloride) of secondary 
anti-DNP-BGG sera against 0-01 per cent DNP-ovalbumin,. 
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Fig, 8. Immuanoelectrophoretic analysis of some representative chicken 
antisera described in Table 1. Rabbit anti-sera to whole fowl serum 
aad. to chiefly fowl gamma globulin in alternate troughs. Note varying 
amounts of gamma globulin detected in HBX and HBX irradiated birds. 


irradiated group. Even in these the gamma globulin band 

could be seen (Fig. 3). ; 
"The results in Table I show that the response to HSA 
ip the HBX and HBX irradiated groups was much more 

seriously impaired than that to SRC. Two of these birds 
» {1604 and 1507) had very high titres of anti-HSA by 
passive haemagglutination but still lacked precipitins. 


Table 1. 
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Irradiation alone also seamed: to reduce 


the response 
to HSA. 


Responses of Surgically Bursectomized and Irradiated 
Birds 


The chicks used in this experiment were operated upon 
on the day of hatching, irradiated on the next day and 
given their first injection, either of HSA and SRC (intra- 
venous) or of HSA in Freund's adjuvant, when 8 weeks old. 
Because the primary responses to SRC were identical in 
all groups (Table 1) the secondary response to SRC was 
not studied. The second intravenous injection of HSA 
was given at 15 weeks, and the second adjuvant in jection 
at 13 weeks. Results of antibody estimations for secondary 
sera are shown in Table 2. After two injections of HSA all 
twenty-two normal and irradiated birds had formed pre- 
cipitins compared with 13/22 in SBK+SBX irradiated 
groups. Of the seven sera which did not precipitate with 
antigen, two (789 and 792) also had very low passive 
haemagglutination titres. These two birds were given a 
single intravenous injection of 1 ml. of 15 per cent SRC 
to which they responded normally. 

Primary responses to HSA in adjuvant were equally 
low in operated and control birds. Primary responses 
after intravenous HSA again showed that many more birds 
were without precipitating antibody in the operated than 
in the control groups. Mean anti-HSA titres of the SBX 
and SBX irradiated groups did not differ significantly 
from those of the control groups, although a few individuals 
had lower titres than any found in the controls. 

No reductions in gamma globulin concentrations, such as 
those found in some of the HBX sera, were seen even in 
the sera of the least responsive SBX or SBX irradiated 
birds. 





Effect of Irradiation, Bursectomy and Thymectomy on 
Peripheral Lymphocytes and Body Weights 


The results in Table 3 show that irradiation of normal 
chicks with 700 r. instead of 600 r. produced a much 
greater and longer lasting reduction in lymphocytes and 
substantially lower body weights at 15 weeks. This dif- 
ference was also found in operated irradiated birds. 

Lymphocyte numbers after thymectomy alone had not 
returned to normal by 25 or 31 days. Neither hormonal 
nor surgical bursectomy alone had a lasting effect. 
Thymectomized birds were on the whole more seriously 
affected with both doses of radiation than their normal 
controls. 

The greatly enhanced susceptibility of the TX birds to 
irradiation as shown by the depletion of peripheral 


ANTIBODY RESPONSES OF NORMAL, IRRADIATED, HBX AND HBX IRRADIATED BIRDS AFTER ONE INTRAVENOUS INJECTION OF SRC AND HSA 
Anti-HSA Anti-SRC Post-mortem. findings 
Precipitation Passive . ; ; 
a ird ? or cent hsemag- Direct Indirect Gamma Mean bursa weights 
race ee : Raae” giutination agglutinstion agglutination globulin levels + ie) 
Ni 72 + 320 2,560 Normal 
on is +4 840 > 5,000 Normal i 
479 ++ 5,000 2,560 Normal 4-0 
548 ++ 2,560 5,000 Normal 
1449 _ 160 840 Normal 
1450 + 320 > §,000 Normal 
Xi ali iate 78 (+) 80 5,000 Normal 
Normal irradiated : 7 : i H ) A selon cater 
480 -~ 646 8&0 Reduced acd 
484 ~ 80 2,560 Normal f 
545 320 640 Silghtly reduced 
£ - 5,000 100,000 Normal 
28 e 160 Š Slightly i Se 
1525 = Zio 320 3,200 Reduced t Bursa not visible 
1827 = <10 2,580 8.400 Normal 
1585 ~- <19 180 6,400 Reduced 
A ia 7 = 200,000 Normal } 
E rnat Hen ~ bet A BN 1,600 Slightly reduced » Bursa not visible 
1528 = <16 20 1,800 Very low Í 





oo All sera were also tested in 0-85 per cent sodium chloride and found negative. 
+ Batimated from tromuncelectrophoretic pattern such as shown in Fig. 3. 
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Table 2. PRIMARY AND SECONDARY ANTIBODY RESPONSES OF NORMAL, 
IN ADJUVANT INJECTIONS OF HSA; 
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IRRADIATED, SBX-AND SBX IRRADIATED BIRDS AFTAR INTRAVENOTS OR SUBCUTANEOUS 
ANTI-SRO AGGLUTINATION TITRES AFTER A SINGLE INTRAVENOUS INJECTION 


Intravenous injection Subcutaneous injection with adjuvant 
Primary response Secondary response Primary response Secondary response 
Anti-HSA Anti-SRC Anti-HSA : Anti-HSA Anti-HSA 
Group Bird  Precipi- Precipitation i Bird Precipita- R Precipitation 
No. tation Passive Agglutina~ Sper O-R85 per Passive No, tion Passive 8 per 0-85 per Passive 
Spercent haemag- tion cent cent haemag- S percent haemag- cent cent haemag- 
NaCl* — glutination Nai NaCl glutination NaCl*  glutination NaCl NaCl  glutination 
Normal 209 ++ 640 2,560 ++ ++ 2 10,000 203 ~ 40 + (+) 5,000 
216 (+) 160 320 + (+) 1,280 213 - 10 + (+) 2.660 
224 (+) 640 10,000 Dead 214 ++ 1,280 +++ +++ > 10,000 
225 ~ 80 320 ++ + 1.280 219 - 80 t+ ++ 5,000 
281 ~- 80 160 + (+) 1,280 220 - 20 i+) 2 640 
239 + 640 1,280 ++ ++ 10,000 229 ~ 10 ++ + 5,000 
241 ++ 25,000 640 Dead 236 (+) 160 +++ tHe 5,000 
Normal 202 ~ 80 1,280 ++ + 10,009 
irradiated 207 320 2,560 + (+) 1,280 204 - 40 +e + +++ 10,000 
212 ++ 1,280 640 + (+) 2,560 211 - 20 +++ ++ 10,000 
222 (+) 320 320 ++ F+ 10,000 227 Ea 640 + + 2,560 
223 ++ 1,280 1,280 ++ + 10,000 228 - 320 ++ + 6,000. 
232 Not done Not done ++ + +++ 10,000 
SBX 460 + 1,280 1,280 +++ ++ 5,000 464 ~ 80 -~ = 10,000 
571 ~ 2,560 2,560 ++ t+ 10,000 554 - 160 + + (+) 5,000: 
572 - > 5,000 840 ++ ++ 210,000 565 ~- <10 (+) = 640 
573 - 20 > 5,000 ++ ++ 10,060 789t - 10 - - 16 
575 - 640 2,560 ++ ++ 10,000 793 -= 20 - - 1,280 
576 - <10 1,280 (+) (+) 2,560 794 = 320 ++ ++ 10,000 
595 - <10 2,560 - 4 640 
SBX 457 - 160 2,560 +++ ++ 10,000 558 + 640 ++ + 10,000 
irradiated 57! - 840 640 +++ ++ 10,000 581 ~ 320 + ~ 1,280 
574 ~- 320 2,560 - - 2,560 589 ~ 10 De d 
582 - 2,560 5,000 +++ ++ 210,000 597 ~ 1,280 = 2,560 
799 ~ 40 1,280 + (+) 2,560 792+ ~ 10 ~ Me 16 


* These sera were also tested in 0-85 per cent sodium chloride and all were found negative. 


t These two birds, having no anti-HSA after two injections, were given a single (primary) injection of 


titres of 1,280 and 160, 


Table 3, EFFECT OF IRRADIATION (600 OR 700 R.) ON THE MEAN LYMPHOCYTE 
COUNTS AND BODY WEIGHTS OF NORMAL, BURSEOTOMIZED AND THYMECTOMIZED 


CHICKENS 
Days i RES we 
attor Normal Irradiated HBX HBX 800r. TX FX 600 r. 
irradi- r, 
ation No, of lymphocytes x 102/mm* 

5 7+ 9 26412 55 +12 17 3 94+10 1041 
i 81+ 3 74+ 5 110427 68415 111223 BL41 
19 200425 184422 110+ 8 109 + 26 85418 7847 
25 152 148 182 118 9i 87 

Mean body weights (g) at 12 weeks 
1,220 £84 1,1860470 1,120484 1,000 + 106 1,220 +79 770 + 65 
(11 birds) (5 birds) (6 birds) (3 birds) (5 birds) (14 birds) 
Normal Irradiated SBX SBX 700r. TX TX 700r. 
700r. 
No. of lymphocytes x 107/mm? 

5 90+ 8 84 1 88 +16 9+ 2 62415 5+ 2 
il 250 + 40 66415 217441 88 +12 80+ 6 37+11 
23 136+ 8 O7+14 122+ 8 106422 79414 62417 
31 390434 228445 310445 182481 160428 135413 

Mean body weights (g) at 15 weeks 
1,660 +865 1,1900+55 1,700+84 1,300+45 1,950+90 1,290+73 


(19 birds) (16 birds) (13 birds) (9 birds) (17 birds) (18 birds) 
lymphocytes and reduced body weights (Table 3) occurred 
despite the presence of residual thymus tissue in most of 
the birds. It is also surprising that the TX irradiated 
(600 r.) birds produced similar amounts of antibody to 
HSA and SRC as the normal and TX control groups. This 
is in contrast to the findings of Cooper et al.°. 

No fewer than six birds from each of the six groups in 
the two experiments which included irradiation with 600 
or 700 r. were tested for delayed hypersensitivity. Only 
two failed to react; both were in the TX irradiated 
(700 r.) group and they also lacked detectable thymus 
tissue when examined at 22 weeks. There were, however, 
five additional birds, also devoid of detectable thymus 
tissue, which gave positive reactions. This differs from 
the results of Cooper et al.1*, who obtained delayed hyper- 
sensitivity wattle reactions to diphtheria toxoid in only 
two out of fourteen TX irradiated birds. 

In both experiments, surgical thymectomy combined 
with irradiation provided more birds (11/32) without 
detectable thymus tissue at 20 or 22 weeks than surgical 
thymectomy alone (3/28). The mean weights of the 
residual thymus tissue were 0-17 g in the TX group given 
700 r. and 0-54 g in the corresponding TX group; mean 
values of the thymus weights of the normal and irradiated 
control groups were 6-9 g and 4-4 g, respectively. 


SRC to which they responded with agglutination 


The results indicate that the inhibition of bursal 
development with testosterone in ovo was more effective 
than surgical bursectomy combined with irradiation in 
depressing the primary responses to HSA and SRC. Both 
procedures suppressed the formation of anti-HSA pre- 
cipitin, but in addition in the HBX birds only very low 
concentrations of antibodies to HSA could be detected 
by tanned cell agglutination; they had reduced anti- 
SRC titres and 6/9 of them had reduced gamma globulin 
concentrations, whereas SBX and SBX irradiated birds 
were normal in these respects. 

Inability to form precipitating antibody to BSA after 
one injection of antigen has been demonstrated in birds 
bursectomized up to the tenth day after hatching and im- 
munized as late as 22 weeks*. In our experiments, the 
formation of normal amounts of precipitating anti-BSA 
by 13 week old HBX birds (Fig. 1) after two injections of 
antigen must therefore be attributed to the mode of 
immunization. The effect was not a result of the use of 
adjuvant, because, as Table 2 shows, a second intravenous 
injection of HSA 7 weeks after the first also produced a 
normal response. 

The presence of natural antibodies to erythrocytes in 
normal fowl sera is probably caused by unidentified but 
repeated antigenic stimuli. The response to a first injec- 
tion of red cells can therefore be considered not to be a 
true primary response and this may account for the 
formation of antibody to SRC by our bursaless birds. 
Janković and Isaković, however, obtained no haemag- 
glutinins after one injection of human O cells? although 
anti-O agglutinins are usually present in fowl sera. 

Experiments on antibody production by bursaless 
chickens involve so many variables (for example, breed, 
mode of bursectomy, age of immunization, nature of 

antigen and method of detecting antibody) that they are 
not strictly comparable. It seems, however, that anti body 
formation to viruses**-*!, resistance to coccidiosis?! and 
the clearance of fowl red cells* labelled with chromium-51 
and of goat red cells** were completely unaffected by bursec- 
tomy. The formation of agglutinating antibody to Lepto- 
spira icterohaemorrhagiae®*, Salmonella typhimurium and 
Spirochaeta gallinarum*® after infection or multiple injec- 
tions was impaired and possibly delayed but not abolished. 
The complete absence of detectable antibody after a single 
antigenic stimulus has been reported for a variety of 
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protem and bacterial antigens! The only report of a 
secondary response to BSA ın SBX birds®* shows that, 
while primary peak antibody concentrations (at 22 weeks) 
were 7 per cent of those of the normal controls, this 
proportion rose to 43 per cent after a second injection at 
34 weeks 

In our experiments, bursaless birds had seriously 1m- 
paired primary responses, especially to soluble protein 
antigen They cannot, however, be considered unrespon- 
sive, for they all formed some antibody erther to SRC 
or to soluble protein after a second injection, and they were 
not agammaglobulinaemic It is apparent that only 
hormonal (as opposed to surgical, even combined with 
uradiation) buisectomy early m mcubation can produce 
a marked effect on gamma globulin concentrations and 
antibody production and that only a small proportion of 
HBX animals ıs permanently affected Dr N L Warner 
(personal communication), starting with thirty-four HBX 
chicks, had nine still alive at 9 months, only two of which 
were considered to be agammaglobulinaemic although five 
did not respond to a fourth injection of Brucella organisms 

The massive, rapid and transitory antibody response of 
the fowl to a single mtravenous injection of a soluble 
protein antigen 1s unhke that of any other species It 
differs also from subsequent responses of the fowl m the 
type of immunoglobulins formed?” It 1s this unusual type 
of primary response that seems to be affected by bursec- 
tomy 

We thank P L Long for providing the testosteronized 
buds, helping with the thymectomies and for advice 
on lymphocyte counts, and Dr B M Freeman for carry- 
ing out bursectomy E A King, Department of Radio- 
therapeutics, University of Cambridge, wradiated the 
birds We thank Miss Jill Saunders and members of the 
Parasitology Department at Houghton for technical assist- 
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Genetic Influence on Alimentary Lipaemia in Rats 


by 

MEYER FRIEDMAN 
SANFORD O. BYERS 
Harold Brunn Institute, 


Mount Zion Hospital and Medical Center, 
San Francisco 


WHEN studying alimentary lpaemia in the ratt? we noted 
a few individuals showing very high postprandial plasma 
triglyceride (PPTG) and a few others showing only a 
minimal PPTG response When retested, these rats 
consistently exhibited the same responses, although then 
fasting or preprandial plasma triglyceride values were 
unexceptional 

We were curious as to whether these opposite responses 
to o1l feeding might be genetically determined, and there- 
fore bred both types through two generations The results 
of this study are described here 

Twenty mabure male rats and thirty mature female 
rats (Long-Evans strain) were each given 3 ml of cotton- 
seed oil by stomach tube once each week for 3 successive 
weeks The concentrations of plasma triglycemde (TG) 
before the administration of o1l and 6 h after were obtained 
each week by the method of Van Handel and Zilversmit? 
During these 6 h the rats were housed in the central area 
of the laboratory to ensure maximal hpaema? The 
individual TG values of males and females were averaged 
separately The pre-feeding plasma TG averaged 22 and 


The response of the concentration of postprandial plasma triglyceride 
to ingested o!l is exaggerated in certain rats. This characteristic 
can be passed on to the offspring for at least two generations 


24 mg/100 ml and the 6 h PPTG, 98 and 88 mg/100 ml, 
respectively, ın the two groups 

Five rats of this male group which exhibited an average 
concentration of PPTG (143 mg/100 ml ) greater than the 
mean of the total male group by four standard errors were 
selected and bred with five rats of the female group which 
exhibited an average PPTG (155 mg/100 ml ) greater than 
the mean of the total female group by four standard 
eriors Jive male and five female rats with average 
PPTG less than the respective means of their groups by 
four standard errors (average PPTG of each group of five 
rats 76 and 48 mg/100 ml, respectively) were bred 
similarly 

From these breedings, five litters of rats (forty-eight 
surviving) were obtained from the ‘“hyperlhpaemic” 
parent rats and a similar number of litters (fifty-two 
surviving) from the “hypolipaemic” parent rats These 
offspring will be designated as first generation (F,) From 
95 to 115 days after birth, the F, rats were fed oil and their 
pre- and postprandial plasma TG values were measured 
each week for 3 weeks For control purposes, rats routinely 
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obtained for general laboratory use were treated in the 
same way Then, as already described, the eight male rats 
with the highest concentration of PPTG (average PPTG 

339 mg/100 ml ) were bred to the eight female rats also 
with the highest PPTG (average PPTG 205 mg/100 ml ) 

The six F', males with the lowest PPTG (average PPTG 

31 mg/100 ml) were bred to the six females with the 
lowest PPTG (average PPTG 55 mg/100 ml ) 

From this breeding of F, rats, eight litters (sixty-seven 
surviving) were obtained from the hyperlipaemic parents 
and six litters (fifty-six surviving) from the hypolipaemic 
parents These second generation offspring (Fa) were 
allowed to mature and then the three weekly studies of 
thear PPTG values before admunistration of ol and 6 h 
after were carried out as already descmbed Again control 
studies were carried out on rats routinely obtained for 
general laboratory purposes 

When it became apparent that the F, rats born of hyper- 
lipaemic parents also showed postprandial hyperlipaemia 
and those of hypohpaemic parent rats a postprandial 
relative hypolipaemia, various other investigations were 
carried out First, ten male F, rats born of hyperlipaemic 
parent rats and nine male F, rats born of hypolipaemic 
parent rats were grven 200 mg of tyloxapol (‘Triton WR 
1339’) by intravenous injection to determine whether the 
observed plasma TG responses of each group to oil were 
a result of differences in their respective rates of hepatic 
discharge of TG Blood samples obtained before and then 
6, 12 and 24 h after injection of tyloxapol were analysed for 
TG and the pre-administration of 12 and 24h samples also 
were analysed for cholesterol‘ 

We observed earlier? that the environment markedly 
influences the response of the rat’s plasma TG to ingested 
oul, twenty-four F, rats (twelve born of hyperlipaemic 
and twelve of hypolipaemic parents) were housed in an 
isolated sound-proof room? and again the pre-admunistra- 
tion and 6 h PPTG concentrations were measured 

To determine whether the observed differences in the 
PPTG values between offspring of hyperlipaemic and 
hypolipaemic parents could be the result of differences m 
TG absorption, fifteen F, rats (eight born of hyper- 
lipaemic and the rest of hypolipaemic parents) and 
eighteen F, rats (ten born of hyperlipaemic and the rest 
of hypolipaemic parents) were given 3 ml. of cottonseed 
oul which had been labelled by mixing with glyceryl-tri- 
1-4C-palmitate, containmg a total of 300,000-600,000 
dpm The rats were bled and killed 6 h after the adminis- 
tration of the labelled oil The entire gastromtestinal tract 
and liver were removed from all rats (an epididymal fat 
pad also was removed from the F, rats) The amount of fat 
absorbed from the intestine and the amount of this 
absorbed fat present as fatty acids in the blood, liver and 
epididymal fat were calculated as described before*. In 
brief, this consisted of hydrolysıng the tissue or plasma 
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sample with 30 per cent KOH 95 per cent ethanol! in a 
1 lratio by volume, extracting the acidified hydrolysate 
with petroleum ether, evaporating a portion of the 
petroleum ether extract, dissolving this residue mm sem- 
tillator solution and counting ın a Packard model 3003 
scintillation counter 

Finally, the blood pressure of twenty-two F, rats (ten 
born of hyperlipaemic and twelve of hypolrpaemic parents) 
and twenty-four F, rats (twelve born of hyperlypaemic and 
twelve of hypolipaemic parents) was measured 


Pre- and Postprandial Plasma Triglyceride Values in the 
Offspring 


It was apparent (see Table 1) that the male offspring of 
hyperlipaemic parents exhibited a far greater average 6 h 
concentration of PPTG (183 mg/100 ml ) than the F, male 
offspring of hypolipaemic parent rats (78 mg/100 ml ) and 
also a significantly greater concentration of PPTG 
(P <0 001) than the ordinary stock control rats (90 mg/100 
ml). The average fasting plasma TG of these male rats 
was, however, no greater than that of the male offspring of 
the hypolipaemie parent rats or of the control rats This 
hyperlipaemic response of the F, rats, however, was not 
further intensified (Table 1) ın the rats of the second 
generation 

The F, male offspring of hypolipaemuc parent rats, while 
exhibiting a much lower 6 h PPTG (78 mg/100 ml ) than 
the offspring of hyperlipaemic parents, did not show 
(Table 1) a significantly lower value than did the controls 
(90 mg/100 ml) The F, male offsprmg of hypohpaemie 
parent rats sumilarly failed to exhibit a 6 h PPTG sigmifi- 
cantly lower than that of the control rats No differences 
were found in the fasting plasma TG values of F, and stock 
rats. 

The F, female offsprmg of hyperlipaemuc parent rats, 
while not exhibiting (Table 1) as dramatic a rise m PPTG 
as did ther male counterparts, nevertheless showed an 
average value (115 mg/100 ml) significantly higher 
(P <0 001) than that (59 mg/100 ml ) of the F, female 
offsprmg of hypolipaemic parent rats or than that 
(78 mg/100 ml ) of the female stock control rats. Again, 
the F, female offspring, like the F, male offspring, of 
hyperlipaemic parent rats failed to exhibit (Table 1) a 6h 
PPTG any greater than that shown by thew F, counter- 
parts The fasting plasma TG values were essentially the 
same ın all groups of rats 

The F, female offsprmg of hypolipaemic parents 
exhibited a 6 h concentration of PPTG (59 mg/100 ml ) 
much less (Table 1) than that shown by F, offspring of 
hyperlipaemic parents and significantly (P<0 001) less 
than that observed in the female contro! stock rats. The 
6 h concentration of PPTG ın the F, female offsprmg of 
hypolipaemic parents was even lower (41 mg/100 ml ). 


Table 1, ALIMENTARY LIPAEMIA OF OFFSPRING OF HYPERLIPAEMIC AND HYPOLIPAEMIO RATS 


Offspring of hyperhpaemic rats* 
First generation 


Control stock rats 


Offspring of hypollpaemic rats t 


Second generation First generation Second generation 


Male Female Male Female Male Female Male Female Male Female 
No of hitters — — 5 5 8 8 5 5 6 @ 
No of rats 40 48 23 25 30 37 25 27 81 26 
Average weight 310 225 314 210 350 214 304 212 368 220 
Average serum cholesterol({mg/100 ml) 95 88 78 81 88 96 72 86 69 81 
Range (68-94) (58-88) (71-88) (50-84) (74-100) (75-132) (64-100) (61-92) (53-91) (58-141) 
SE of mean , +18 £21 +17 £41 +18 £31 +21 £36 +22 £48 
Average plasma TG ¢ (mg/100 ml 
ae eRe Ay ally ok ely alle oly eh of 
~ = z ~ ~ 4 
h after ott Sete ery ery £23 +24 +221 +31 +27 +24 CSP 
6h after o 


90 78 
(69-177) (84-98) 
+466 ° 444 


183 115 197 112 78 59 73 41 
(78-382) (26-277) (53-352) (35-301) (28-198) (31-258) (29-114) (23-83) 
+161 +136 £122 +921 +50 +31 +41 £29 


* The average 6 h concentration of PPTG was 143 and 155 mg/100 ml , respectively, in the male and female hyperlipaemic parents of the rats of the first 
generation The average 6 h concentration of PPTG was 839 and 205 mg/100 ml , respectively, in the male and female hyperlipaemic parents of the rats of the 


second generation 


t Tho average 6 h concentration of PPTG was 76 and 48 mg/100 ml , respectively, in the male and female hypoltpaemie parents of the rats of the first 
generation The average 6 h concentration of PPTG was 31 and 55 mg/100 ml , respectively, in the male and female hypol:paemic parents of the rats of the 


` 


second generation» * 


Three separate determinatiohs of plasma 'TG concentrations were made on 3 successive weeks for each rat, these values were then averaged 


t 
to obtain the values shown 
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The serum cholesterol values were approximately the 
same in the stock control rats, and ın both generations of 
offspring of either type of parent rat 


Response of Plasma Triglyceride and Cholesterol of 
First Generation Offspring to Tyloxapol 


Essentially no significant differences were found between. 
the response to tyloxapol of the nine F, offspring of hyper- 
lipaemie parents and those of the nine F, offspring of 
hypolipaemic parents Although the former group had 
previously shown an average 6 h concentration of PPTG of 
260 mg/100 ml after oil ingestion and the latter group had 
shown 68 mg/100 ml, their plasma TG values 6 h after 
injection of tyloxapol were 981 and 959 mg/100 ml, 
respectively After 12 h, the respective values were 
2,008 and 1,783 mg/100 ml. Sumilarly, the average serum 
concentration of cholesterol m these two groups was 342 and 
335 mg/100 ml twelve hours after injection of ‘Triton’, 
and 483 and 514 mg/100 ml twenty-four hours after 
injection These results indicate that the rate of hepatic 
discharge of triglyceride mto blood was approximately 
the same ım the two types of offspring® 


Effect of Sound-proof Room on Postprandial Responses 
of First Generation Offspring 


Whereas housing twelve F, rats of hypolipaemic parents 
1n the isolated sound-proof room did not alter ther PPTG 
response, such housing markedly lowered the PPTG 
response of twelve F rats of hyperlipaemic parents. Thus 
the average 6 h concentration of PPTG of the descendants 
of hypolipaemic parents housed ın the central area of the 
laboratory was 33 mg/100 ml (range 22-57) and was 
34 mg/100 ml (range 14-123) when tested ın the sound- 
proofroom On the other hand, the average 6 h PPTG of 
the twelve rats born of hyperlipaemic parent rats was 
169 mg/100 ml (range 96-382) in the central area of the 
laboratory and only 62 mg/100 ml (range 24~121) m the 
sound-proof room ‘In short, the plasma TG responses of 
these two groups which were so different (P< 0 001) 
when they were tested ın the central area became far 
less so (P < 0 05) when outside environmental strmul: were 
eluminated as far as possible 


Intestinal Absorption and Tissue Distribution of Exo- 
genous Fat 


As Table 2 shows, intestinal absorption of fat was not 
significantly different m first and second generation off- 
spring of hyperlpaemic parent rats and first and second 
generation offsprmg of hypolpsaemic parent rats The 
marked difference that was found in their plasma TG 
response to ingested oil could not therefore be ascribed to 
the faster or greater absorption of dietary fat in one of the 
two groups 


Table 2 ABSORPTION AND DISPOSITION OF FED FAT IN OFFSPRING OF HYPER- 
LIPAEMIC AND HYPOLIPAEMIC RATS 


Absorbed dietarv triglyceride 





No Aver- TG fatty acid/6 h 
of age 6hPPTG absorbed* Totalplas- Total 
rats weight (mg/100 (mg/6 h) ma volume lver Fat pad 
mi) (mg) (mg) (mg/g of pad) 
A, Offspring of hyperlpaemic rats 
(1) First generation 
S 403 233 1,135 29 88 — 
(2) Second generation 
10 405 439 798 60 97 154 
18 Av 404 347 948 41 93 154 
(108-894) (440-1,623) (10-103) (48-1380) (0 57-3 24) 
+58 +70 +69 +66 +02 
B, Offspring of hypolipaemic rats 
eb) First generation 
7 376 57 1,206 56 — 
(2) Second generation 
8 438 51 660 6 56 112 
15 Av 408 


64 914 6 56 112 
(82-79)  (360-1,650) (4-9) (80-100) (0 43-2 26) 
£37 +105 +06 +50 £02 


* For method of measurement see text 
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Table 2 also illustrates that the plasma of the offspring 
of the hyperlipaemic parent rats contamed more than six 
times as much exogenously demved fatty acids as the 
plasma, of the offspring of the hypolipaemie parent rats 
despite the approximate equivalence of fat absorption mm 
these two groups Also the content of exogenously derived 
fatty acids m the liver was significantly greater m the first 
than in the second group, although the epididymal fat 
pads of each group contamed approximately the same 
amount of fed fatty acids 


Blood Pressure in the Two Generations 


This measurement was taken because the offspring of 
the hypeilipaemic parent rats usually appeared to be 
considerably more excitable than the offspring of the 
hypolipaemic parentrats The average blood pressure of the 
twenty-two male offspring rats of hyperlipaemic parent rats 
(ten were of the first and the rest of the second generation) 
was 136 mm of mercury (range. 126-162) and that of 
twenty-four male offsprmg of hypolipaemue parents (half 
of the first and half of the second generation) was 118 mm 
of mercury (range 98-140) This difference was significant 
(P <0 001). 

Our observations indicate that an exaggerated PPTG 
response, which 1s found in certam rats, can be passed on 
for at least two generations to their offspring (particularly 
the male members) These observations also suggest that a 
dummuished PPTG response of rats may also be transmitted 
to their progeny 

This seemingly inherited abnormal response to mgestion 
of exogenous fat does not, however, seem to be the result 
of any change in the metabolism of endogenous fat, 
for not only 1s the fasting plasma TG unaltered in both the 
hyperlipaemic and hypolipaemic reactors but also the 
hepatic discharge of endogenously produced fat as deter- 
muned by the tyloxapol technique® 1s normal 

These observations also make 1t clear that the intestinal 
absorption of fat ın the hyperlpaemic rat 1s the same as 
that in the hypohpaemic rat although the plasma and 
hver of the former contain far more fat derived from a 
single ingestion of oil than the comparable tissues of the 
latter type of rat Seemingly, the hyperhpaemic rat fails 
to metabolize the same quantity of absorbed fat as rapidly 
as the hypolipaemic animal ; 

We have already reported? that external environmental 
factors are very important in the rat’s ability to handle a 
given amount of fat—an imdication that the central 
nervous system 1s capable of playing ‘a very significant 
part ın an animal’s handhng of exogenously derived fat 
This ıs emphasized here because we suspect that the 
offspring of the original hyperlpaemic and hypolipaemic 
parent rats have not mherited any fixed or permanent 
defect ether in their metabolism of endogenous fat or m 
their disposition of exogenously derived fat, but rather a 
neurogenic or psychogenic propensity to over-react or 
under-react to aspects of the external environment which 
influence the concentration of plasma liprd We believe 
this to be the possıble mechanism because there was no 
indication of any wntrinsic derangement of fat metabolism 
and especially because the exaggerated concentration of 
PPTG in the hyperhpaemic offsprmg almost disappeared 
when they were isolated ın the sound-proof room Then, 
too, these same rats seemed ın general to be more excitable 
and to have a higher blood pressure than the hypolipaemic 
offspring 

This work was supported by grants from the US 
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RNA Changes in Goldfish Brain during Learning 


by 
V E. SHASHOUA 


Massachusetts Institute of Technology, 
Cambridge, 
Massachusetts, USA 


SEVERAL studies!- have correlated RNA and protem 
synthesis m the brain with the acquisition and retention 
of learned behaviour. Hyden and Egyhazi'-* were the 
first to show synthesis of an RNA with a unique base 
composition during learnmg Flexner, Flexner and 
Stellar’, ın studies of learning in mice, noted that mhibitors 
of protein synthesis could prevent the fixation of learned 
behaviour. Simular effects have been observed by Agranoff, 
Davis and Brink'? in studies of learmmg ın goldfish 
Impheit in these experiments was the hypothesis that 
the establishment of memory 1s at least a two step process 
the first 1s the acquisition phase which does not seem to 
require protein synthesis ın mice" and goldfish’, and the 
second 1s a consolidation step which can be mhibited by 
drugs which prevent protein synthesis 

The results of these studies imply that RNA 1s involved 
during learmng In particular, ıt 1s mportant to find 
out whether the RNA base ratio changes which can be 
observed are biochemical correlates of learning or if 
they are caused by some non-specific factors such as 
stress or use This article attempts to correlate the 
acquisition and storage of a new swimming skill with 
the composition of newly synthesized RNA im goldfish 
brain 

By usmg orotic acid labelled with tritium as the pre- 
cursor of uridine and cytidine, the RNA which was formed 
during learning was isolated and its base composition was 
determined ın order to give the ratios of uridine to cytidine 
The task for this study was chosen so that 1t gave a large 
challenge to the goldfish bram to produce maximal 
changes in RNA synthesis, thus any umque base com- 
position could be detected in analyses of whole brain 
extracts 

Goldfish (‘Comet’ variety) measuring 7-8 cm in length 
and weighing 7-8 g were used throughout this study 
The animals were fed 24 h before each experiment 
Groups of seven expermental and seven control fish were 
placed in separate 5 gallon tanks each of which was 
filled with 3 gallons of water Orotic acid (10 uc , specific 
activity 250 me /mmole) dissolved ın 10 ul of 0 15 normal 
sodium chloride was injected into the ventricle below the 
region of the optie tectum After injection of the label 
the goldfish were trained to swim in a new pattern by 
attaching a foamed polystyrene float to a suture at the 
ventral surface of the fish, 1 mm caudal to the base of the 
first paw of lateral fins A 07 em cube was used for a 
7 g fish. The sequence of adaptation of a goldfish to the 
challenge which was produced by the float 1s shown in 
Eig 1 The anımal acquned new swimming skills during 
the challenge In stage I the ammal is pulled up to the 
surface in either of two configurations, one with the head 
out of the water and the other in an upside down position 
This 1s a very noxious stimulus and the fish try to escape 


Acquisition of new swimming skills by goldfish during learning 
experiments ıs accompanied by changes in the base ratio of RNA 
Several hypotheses are put forward to explain these changes 


to the bottom of the tank, but the float pulls them up 
Thus stage I 1s characterized by considerable struggling 
Stage IT 1s usually attained within 1h Here the animals 
assume a 45° angle and swim constantly to avoid being 
turned upside down by the float At stage III, the goldfish 
have become sufficiently skilful to swim horizontally 
with the float ın a ventral position Frequently, the 
tails are bent to one side to compensate for the lateral 
torque imposed by the float The fish constantly swim 
in this position One can readily observe that the pattern 
of motion of the lateral fins 1s quite different from that of 
controls In each experiment, the controls received a 
suture at the same position as the experimental groups 
but no float In considermg the various aspects of the 
adaptation of the fish to the task, one can postulate 
influences on many parts of the brain, cluding motor 
areas, cerebellum, optic tectum, vestibular regions (Mauth- 
ner cell) and certainly controls of visceral functions 
especially the modulation of the air content of the swim 
bladder 

The use of orotic acid m these experiments resulted ın 
the formation of labelled UTP and CTP as the precursors 
for RNA synthesis'* In the conditions of the expen- 
ment only about 10,000 c pm of the label became associ- 
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Fig 1 Stagesin the adaptation of a goldfish to the float 
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ated with each animal brain Of this, on an average, 
1,000 c pm of label was incorporated into phenol extract- 
able RNA After completion of a 4 h trammmg period the 
anmals were decapitated, the brains were washed with 
distuled water and homogemzed with a ‘Dounce’ homo- 
genizer m 0 02 molar phosphate buffer (pH 7 2) containing 
05 per cent sodium lauryl sulphate The pooled brain 
homogenates from seven animals were extracted with 
hot phenol (60° C) in order to isolate the nuclear RNA 
according to the methods of Scherrer and Darnell! and 
Perry’* The product was purified by alcohol precipita- 
tion to give an RNA with a sucrose density gradient 
pattern which was characteristic of nuclear RNA? 
The purified RNA was analysed for total radioactivity 
as trichloroacetic acid precipitable counts, for total 
quantity of RNA as absorption at 260 my and for base 
composition after alkaline hydrolysis (0 3 molar potassium 
hydroxide for 17 h at 37° C) using paper electrophoresis!” 

Fig 2A shows that the task used in this paper has a 
learning component which 1s remembered by the goldfish 
after 22h The results for experiment A were obtained 
for a group of ten anımals each with a different coloured 
float and suture so that each animal could be identified 
and rechallenged with the same float on the second trial 
The animals were observed at fixed tres durmg the 4 h 
training period and those at stage I, stage IT and stage 
III (Fig 1) were arbitrarily scored at 0 per cent, 50 per 
cent and 100 per cent trained At each test time the 
group score was obtaimed and plotted to give the learmng 
curve for tmal I m Fig 24 After 4 h the floats were 
removed from the fish, and 22 h later the fish were tested 
again with the same floats to give curve II in Fig 24 
The faster rate of learning on the second trial clearly 
shows retention, that ıs, the mean time for trial II was 
21+4 min as compared with 156+ 13 min in trial I (P< 
0 01 in aż test) 

Fig 2B 1s a repeat of these training and testing experi- 
ments using a separate group of animals each of which 
received a dose of 120 ug of puromycin 1 5 h before trial I 
The results show that the 1ate of acquisition of the task 
18 not significantly altered from that of the group in tral 
I (Fig 2A) and that there ıs no significant evidence of 
iemembering the task 22 h later, that ıs, a score in tral 
II of 100+ 20 mun 1s not statistically different (P > 0 05) 
fiom the score ın trial I of 136413 mın The dose of 
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Fig 2 Learning (trial I) and retention (trial II) curves for the goldfish 

Each curve was obtained on a group of ten animals Trial H was 22 h 

after trial I (see text) 4, Expenment 4 with no drugs, B experi- 

ment B group received 120 ug of puromycin (ntracramial) 1 5 h before 
the beginning of trial F 
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puromycin in this experment has been previously 
reported by Brink, Davis and Agranoff!* to mhb 80 
per cent of the protem synthesis ın goldfish brain within 
15h Thus inhibition of protein synthesis m the behavi- 
oural task of this experiment resulted in no significant 
retention of the tramıng after 22 h 

Table 1 summarizes the RNA base ratio measurements 
for seventy animals, thirty-five experimental and thirty- 
five control The results show a consistent pattern of 
merease in the uridme cytidime (U/C)y values for the 
experimental group over the (U/C)c control group values 
The average values for (U/C)g minus (U/C)g are 3 3 with 
a corresponding mean increase of 96 per cent These 
base ratio changes, however, do not occur when the 
animals are first injected with puromycin (see Table 2) 
The data suggest that the new RNA synthesis accompany- 
ing the task has an increased uridine (by about a factor 
of 3) over its cytidine content 


Table 1 SUMMARY BASE RATIO MEASUREMENTS 
cpm (UjC)s— 

No Up Cp DIC (U/C) % Change 

336 44 76 
1¢ 415 112 37 39 +108 

446 69 62 
26 116 36 32 30 + 04 
83E 501 93 54 
3C 726 308 24 30 +128 
4E 560 72 78 
4C 618 135 46 32 + 70 
5E 490 65 76 
50 286 67 43 34 + 78 


Average values 
No of animals (U/C)z (U/C)o (U/C)z-(U/C)o % Change 
70 69+0 47 86+0 20 3340 29 +96 
The animals were last fed 24 h before each experiment E and C values 
represent data from seven pooled brains for each experimental and control 
group, respectivelv 


‘Table 2 EFFECT OF PUROMYCIN ON RNA BASE RATIOS 


No (U/C)x-(U/C)c* % Change 

6 0 25 +10 

7 0 06 +2 

8 041 + 8 
Average 0 24 +7 


Puromyem dose=170 ug (intercranial) 15 h before training Fourteen 
animals were used for each datum point 


* (U/C)s-(U/C)o represents the difference between the uridine to c} tidine 
ratios ın expermmental and control groups 


In this behavioural experiment, the expermental 
group of goldfish was under constant stress They also 
performed much work m addition to learnmg a new 
swimming skill Thus each of the variables—stress, work, 
learning or all three—could be responsible for promot- 
ing the RNA base ratio changes which were observed 
Because the animals which were under the influence of 
puromycin seemed to acquire the swimming skill at about 
the same rate as those without the drug, they must 
necessarily have been exposed to approximately the same 
level of stress and work Moreover, when tested 22 h 
later, these anımals showed no significant evidence of 
remembering the task In addition the puromycin group 
showed no significant base ratio changes (Table 2) after 
the acquisition of the new swimming skill It follows 
therefore that the changes m RNA base ratio are probably 
the result of the learning component of this behavioural 
experiment and not caused by general factors such as 
work or stress 

These data suggest that RNA base ratio changes accom- 
pany the acquisition stage of learning and ımply that 
protein synthesis 1s required for the establishment of 
these changes Recent observations’, however, that 
puromyem produces hippocampal seizures m rat brain, 
im addition to inhibition of protem synthesis, indicate 
caution on this pomt The RNA results are similar to 
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the biochemical findings of Hyden and Egyhazi® concern- 
ing the expermment on transfer of handedness in rat 
brain 

There are a number of possibilities for explaining the 
RNA base ratio changes which are observed as the con- 
comitant biochemical change with the acquisition of new 
swimming skills by the goldfish For example, the 
behavioural task could merely lead to changes in the 
metabolic pools of CTP and UTP to produce the base 
ratio changes in the RNA This, however, 1s ruled out by 
direct measurements of the UTP and CTP contents of 
the metabolic pools (my unpublished work) 

Another possibility is that learnmg causes specific 
instructional changes in the newly syntheswed RNA 
A more attractive hypothesis 1s that the brain operates 
in many functional states such as sleep, wakefulness, 
learning, and so on, each of which 1s biochemically distinct 
Thus the biochemical consequences of learning could 
result in an induction at the genome level of a special 
RNA which 1s required for promoting such processes as 
neuronal growth which could occur durmg the consolida- 
tion step of learning Only further expermmental evidence 
can distinguish which of these mechanisms or alternative 
processes are the correct biochemical correlates of learning 

This work was carried out durmg an appomtment as 
resident scientist in the Massachusetts Institute of Tech- 
nology Neurosciences Research Program 


Evolution of the MG 


by 
ROBERT ROWLAND 


Department of Geology, 
University of California, Davis 


Tus article aims to examine the development of the MG 
sportscar in the light of modern evolutionary thought Itis 
obvious that the application of biological principles to a 
man-made, profit-oriented item will require a degree of 
extrapolation It seems worthwhile, however, to stretch a 
principle to a seemingly inapplicable situation 1f it allows us 
to examine more clearly the principle itself 

The name MG derives from the imtials cf the Morris 
Garages, where the first cars were fabricated ın 1923, based 
on parts from Morris automobiles. The company contmues 
this semi-independent role, combming parts of its own 
manufacture with those available from other producers 

At various times, the company has produced small 
sedans in addition to the sportscars Their production 1s 
not the chief endeavour of the company, but rather these 
sedans represent the attachment of the MG name with 
connotations of sporting flavour to cars similar to others 
being produced concurrently This sttuation 1s analogous 
to a perverted form of Batestan mimicry where a relatively 
distasteful form, the sedan, seeks to umitate a more tasteful 
form, the sportscar, to merease predation—that 1s, buying 
pressure—on itself 

Basic to our discussion 1s the estabhshment of the breed 
of MGs relative to some taxonomic level Although 
obviously asexual, their phylogenetic pattern and pro- 
gressive development prompt their consideration as & 
sexual organism The development of a working hypothesis 
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Evolutionary principles can be applied to the development of the 
sportscar of the genus MG after Its migration to the United States 


treating the entire MG lineage as a genus with each model 
representing a species may allow us the flexibility to 
develop meaningful analogies 

The phylogenetic tree (ref 1, Fig 1), reproduced here 
with recent additions, will be useful ın reviewing the 
history of production As with the palaeontological record, 
however, recent forms provide the most information about 
competition, habitats and development Consequently, the 
succeeding illustrations will involve the models produced 
since the Second World Wai—the MG-TC (Fig 2a)— 
and its derivations 

The first MG-TC migrated to the United States in the 
hands of private owners, these founders survived in this 
large, competition-free habitat These cars were followed 
by others imported through an embryonic dealership 
system Priced at less than $2,000 m the period 1947 to 
1949, they sold readily, particularly in the eastern and 
southwestern parts of the country This model was not 
perfectly pre-adapted to the new and prosperous habitat 
1t found in America All MG-TCs were produced for home 
use only and consequently were equipped with nght-hand 
drive (Fig 2a) In the United States there must have been 
strong selection against this factor To pass another car, the 
driver had to swing far left ın order to have a full view of 
the oncoming traffic Information regarding the head-on 
collisions which frequently resulted was relayed to the 
factory 
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The company, to increase its profits, would have to adapt 
itself to extend the product to the limits of 1ts mehe This 
exploitation 1s analogous to the tendency of any group of 
animals to spread themselves throughout the resource 
area 

The factory which contains the component parts for 
production of species 1s analogous to a gene pool Theinfiux 
of profits from American sales took the form of information 
which was combined with the efforts of the engineers 
(egg-heads) at the factory to produce a new species 
This species—the MG-TD—was more streamlmed and 
would Gi offered to American buyers with left-hand drive 
(Fig 2b) 

These events are comparable with the Baldwin effect, in 
which an organism is able to stay in a favourable environ- 
ment until genetic fixation achieves suitable modification 
of the phenotype 

During the last years of TD production the TD Mark IT 
model with increased horsepower was offered as well as the 
standard model This increase with additional stream- 
lining and more comfort for the passenger was incorporated 
into the model TF (Fig 2c) This speciation was not 
based on geographic factors as in the TC-TD situation, but 
was adaptive in nature The TF model continued until 
1955 when the effects of the American horsepower race 
and increased competition from Triumph sportscars 
indicated that adaptation would be necessary if the breed 
was to survive 

Although the T-series cars had undergone progressive 
inereases in power and slight changes of streamlining and 
styling, the overall body shape of clamshell fenders, running 
boards and the absence of luggage space was strongly 
characteristic of pre-war automobiles The modern 
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Fig 2 MG models, a, MG-TC, 6, MG-TD, c, MG-IF, d, MGA, 
e, MGB-GT 


envelope body style had been experimented with as 
early as 1951 Test data indicated that continued use of 
TF engmes and chassis with simple substitution of a 
streamlined body would allow a 12 mule/h gain in top speed 
(Fig 8, from Thornley, ref 1) with an appropriate gam in 
acceleration times This model which consisted of a new 
body shell over unchanged mechanical components was 
designated as the MGA (Fig 2d) This speciation can 
be compared with a problem in palaeontology where a 
shght difference ın total genetic make-up produced an 
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entirely changed shell which, 1f found without the internal 
organs, would show little affinity to 1ts predecessors 

The basic MGA body design remained in production for 
more than 8 yr During the production, slight changes mm 
the genetic make-up were enacted The power of the engine 
‘was increased and there were small phenotypic changes 
in the design of the grille and the placement of the tail-hght 
The duration of this body style suggests that shere was a 
selective premmum for the maintenance of the phenotype 
and that the variations that developed durmg the 8 yr 
period are analogous to sibling species 

The MGA Twin-Cam, essentially an MGA with a highly 
developed twin-overhead camshaft engine and racing-type 
suspension, was produced from 1958 to 1961 The price of 
these cars was in excess of $4,000, nearly twice the price 
of the standard model MGs, since ther mtroduction, had 
been the basis of the low-priced sportscar market, although 
the MGA was at this time costing $600-$800 more than 
the first TC models The MGA-TC was not in the low- 
priced category and found itself in direct competition with 
the Jaguar models with which ıt had sympatrically 
existed since the early 1950s The direct competition with 
another genus highly adapted to its niche resulted in 
extinction of this species The gene pool did not continue 
to produce a model obviously incapable of surviving the 
selection pressures Finding that the high-priced niches 
could not be mvaded, the factory turned to lower-priced. 
niches for additional exploitation 

In 1962 the MG Midget was introduced The MGA was 
not referred to as a midget series car, possibly because the 
price, in dollars, and the weight, in pounds, both exceeded 
2,000, unlike the earlier TC-TD-TF models The reintro- 
duction of the Midget, the price and weight of which were 
less than 2,000, met with less competition and flourished 
Some of this success is in part analogous to the Batesian- 
type mimicry presented earlier in the discuss‘on of sedan 
production 

Production of MGAs continued until 1963 During the 
8 yr of 1ts production both the quantity and quality of 
competition mproved These factors brought about the 
necessity for more adaptation if the marque was to 
survive The economic pressure to maintain a mid- $2,000 
price was relieved slightly by the concurrently pioauced 
Midget model, consequently, the new species could 
represent a departure from the standard price category 
The species developed was the MGB (Fig 2e), produced 
according to styling trends established by Jaguar’s success- 
ful XK-E model, offered with a slight mcrease of horse- 
power over the MGA and with roll-up wmdows The 
current price of this car 1s about $3,000, well below 
Jaguar’s niche and there 1s no direct competitaon between 
these two genera 
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Fig 4 Lifespan chart of models produced (after Thornley, ref 1) 


In 1966 an additional form of the MGB was introduced, 
the MGB-GT with non-removable steel top (Fig 2e) It 
remains to be seen if this more protected model, an 
ecological polymorph, gains popularity ın areas where the 
chmate is not compatible with the soft-top varieties 

This topic is an obvious stretching of scientific investiga- 
tion The basic weakness in this proposed analogy 1s the 
lack of concrete, supportable data Thornley’s book did 
provide some data and graphs which are included here, but 
it did not contain the actual production figures which 
would have allowed insight into population characteristics 
of the breed 

Individual instances analogous to Batesian mimicry, 
palaeospecies, genetic structure, the Founder principle, 
pre-adaptation, gene pools, the Baldwin effect, sibling 
species, species extinction and ecological polymorphism 
were recognized 

The overall structure of the various species 1s presented 
(Fig 4). A curve approximating the centre points of the 
lfe span of each species mdicates that the more recently 
produced species have had longer life spans and that the 
rate of evolution before the Second World War ıs not 
necessary for the genus to survive Aslong as the output of 
the gene pool 1s successful ın finding and holding a niche the 
stability continues The sale of automobiles to the publicis 
the stabilizing factor and the rate at which each car pro- 
duced 1s sold relates information to the gene pool Informa- 
tion flow back to the gene pool in the form of money 
indicates a successful product If the breeding rate 
decreases, the gene pool attempts to reorganize itself to 
produce a new species which, 1f successful, will carry on the 
lneage 

Evolution ıs a real process and, as can be seen from this 
article, similar processes can be shown to exist in man- 
made products To what degree does this simulated 
evolution affect the thinking of evolutionary workers who 
knowingly or unknowingly live in an environment where 
evolution is fallaciously applled ? 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Metals on the Lunar Surface 


In a recent paper! written before the flight of Surveyor V, 
I suggested that metallic non, aluminium and magnesium 
may exist on the lunar surface as a result of the chemical 
reduction of the surface by atomic hydrogen accumulated 
from long bombardment by solar wind protons The 
large number of hydrogen atoms available and the con- 
tinuous turnover of the lunar surface layer throughout 
the ages led me to suggest that there 1s a layer a fow feet 
thick which contams metals 

Assuming an arbitrarily chosen lunar composition of 
5FeO 2A1,0, 5MgO 20810., I estimated the range of 
l to 2 keV protons in this material to be about 150 A 
The total number of oxygen atoms, which 1s rather 
insensitive to composition, 1s about 7 x 1018 cm- Assum- 
ing a solar wind flux of 3x 108 protons cm- sec-1, the 
number of hydrogen atoms available in a layer of 150 A 
material during a period of 15 yr will be twice the number 
of the combined oxygen atoms 

Thermodynamuically, the reduction of oxides by atomic 
hydrogen to form metals or elements and water vapour 
is energetically favourable For example, the values of 
free energy for the reduction (by atomic hydrogen) of the 
oxides, magnesium oxide, calcium oxide, ferrous oxide, 
aluminium oxide and silicon dioxide are —149, —6 3, 
—91:3, —743 and —964 kcal/mole, respectively, at 
400° K The free energy values for silicates or combined 
oxides at 400° K as well as 100° K and 298° K are not 
materially different from those of single oxides Atomic 
hydrogen 1s known to be very active chemically and there 
were indications in the laboratory that ron oxides can be 
reduced to lower oxidation states or to metal by protons 
of a few keV energy? It 1s therefore reasonable to suggest 
that the oxides or silicates on the lunar surface are 
reduced to elements by hydrogen from the Sun, and that 
the water produced diffuses out to the surface through a 
layer less than 150 A thick and escapes to the vacuum 
above The reverse reaction of water on alummum and 
magnesium to form molecular hydrogen ıs thermo- 
dynamically favourable Because, however, atomic 
hydiogen 1s continuously supphed and water, under 
vacuum, escapes easily and continuously, the formation 
of metallic elements should be favoured in the long bom- 
bardment It may be noted that the proton bombard- 
ment also causes sputtermg This effect, however, 1s 
relatively insignificant 

If we arbitrarily quintuple the tıme of reduction or the 
amount of hydrogen atoms required for reduction and 
also assume that the Moon has been bombarded by solar 
wind for 45x 10° yr, the madent flux of hydrogen is 
capable of reducing a layer of silicates as thick as 1 m 
If the lunar surface layer is stagnant, the reduction 
reaction cannot occur much deeper than the range of 
protons Most selenologists, however, believe that there 
is & continuous flow or turnover of the surface material 
because of meteorite bombardment or volcanic action 
The thickness of lunar “dust” 1s not known, but the best 
estimate by Newell? 1s about 1m _ If 1b 1s assumed that 
a layer 1 m thick was turned over once completely 
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and uniformly durmg the life of the Moon, it 1s likely 
that a fraction of the material exists ın an elemental or 
metallic form, or m some kind of reduced state 

Magnesium and alummmum, if present, are valuable 
because of their high energy content and structural value 
These metals, after collection, could be heated with the 
readily available sihcates on the Moon ‘The silicon 
dioxide component im the silicates could serve as an 
oxidizing agent and when the reactions occur a large 
amount of energy would be hberated In addition to 
metallic magnesium and aluminium, metallic iron would 
certainly be present This mon powder can easily be 
separated magnetically and may be used as structural 
maternal Whether elemental silicon is present is a 
difficult matter to determme because silicon may form 
volatile silanes when reacting with hydrogen 

Another aspect of the possible presence of these reduced 
materials concerns the safety of the astronauts The 
metals, if present, must be quite loose in structure and 
have large surface area If astronauts should carry some 
of these loose materials into a space cabin, these materials 
may burn spontaneously in an oxygen atmosphere 

The recent results of Surveyor V (ref 4) seem to sub- 
stantiate ın part this hypothesis From the magnet 
experiment, Wyst estimated that lunar surface materal 
may contam 1 per cent by volume of metallic on If 
the lunar surface material has a chemical composition 
similar to that of terrestrial basalts, this ıs equivalent to 
more than 3 per cent by weight and the metallic form 
constitutes more than 30 per cent of the total sxron—a 
surprisingly high percentage Because some meteorites 
are known to contain metallic iron, its high content ın 
the lunar surface could not be attributed entirely to the 
hydrogen reduction suggestion Furthermore, the mag- 
netic material present on the lunar surface may be also 
attributed to magnetite mstead of metallic iron An 
examination of the analysis of the lunar surface by 
Turkevich e¢ al 4, however, also seems to give evidence 
that the lunar surface material is deficient in oxygen or 
rich in metal 

Turkevich et al^ gave the chemical composition, in 
atomic per cent, of the lunar surface at the Surveyor V 
site as follows carbon, <3, sodium, <2, magnesium, 
3+3, aluminium, 6 5+2, silicon, 185+3, 28 <A <65, 
13+3, A >65, <05, and O, 58+5, where A represents 
any element with 1ts mass number as indicated The 
composition compares favourably with that of terrestrial 
basalts, and Gault et alt stated that this findmg “is 
consistent with a widely accepted hypothesis that exten- 
sive volcanic flows have been responsible for flooding and 
filing of the mare basins”’ 

Although the errors of the chemical composition are 
large, some confidence may be placed on the experi- 
mentally assigned values because they seem to match 
well with that of basalts If these figures are taken as 
close to the true values, the amount of oxygen required 
to satisfy the valency of the electropositive elements in 
the lunar analysis can be estimated In such an estima- 
tion, I conservatively assume that carbon does not take 
up any combined oxygen because ıt may form carbides 
instead of carbonates On the other hand, because the 
terrestrial basalts contain about 2 per cent of sodium, 
we allocate 1 per cent oxygen for sodium ın our estimate 
A study of the terrestrial basalts indicates that for all 
elements with mass number above 28, the average oxygen 
requirement is more than unity This 1s particularly true 
because basalt contains some ferric oxide and very little 
sulphur and potassrum We conservatively assign one 
oxygen atom to each atom of elements above mass 28 
The total oxygen required to balance all the electro- 
positive elements was calculated to be 643 “atomic per 
cent’? as compared with the expermmentally measured 
value of 58 The Surveyor V experiment could not 
measure the hydrogen content and the terrestrial basalts 
do contain about 4 atomic per cent of hydrogen equivalent 


244 


to 2 atomic per cent of oxygen Because there 1s indication 
that the lunar surface 1s voleanie m omgmn, it 1s reasonable 
to assume that the lunar surface material contains httle 
or no hydrogen 

If the electropositive elements are partially reduced, 
the extent of the reduction can be estimated by matchmng 
the oxygen required to the expermmentally measured 
oxygen content A simple calculation indicates that 
10 per cent to 20 per cent of the elements are in an 
elemental form, depending on whether one assumes that 
silicon 1s also reduced to elemental form or escapes mto 
space as silanes While 1b ıs not certam that aluminium 
and magnesium may exist as metals, this argument 1s 
certainly not meonsistent with the information at present 
available 

K H Sun 

Westinghouse Research Laboratories, 
Pittsburgh, Pennsylvania 
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General Relationship between 
Suspended Sediment Concentration 
and Water Discharge in the 
Alpenrhein and some other Rivers 


In order to make a long-term prediction of sedimentation 
in Lake Constance (Central Europe), about five hundred 
measurements of the suspended load m the Rhine 
(“‘Alpenrhein”) at Lustenau, Austria (Fig 1), have been 
carried out}? at different water levels 

The Alpenrhem drains a total area of 6,122 km?, a 
chiefly mountamous region in the Northern Alps of 
Switzerland and Austria According to Waibel’, between 
1931 and 1960 the average water flow was 223 6 m/sec 
and the average suspended sediment load was 454 1 mg/l 
Thus the mver supphed an average annual suspended 
sediment load of 3 334x 10° tons, the bulk of which 1s 
deposited in the Obersee of Lake Constance‘ As in 
most other rivers in humid climates, the bed load carned 
mto the lake can be ignored because ıb only amounts to 
about 1 per cent of the total sediment load 

The concentration of suspended sediment load, Os 
(mg/l ), ın the Alpenrhein 1s strongly related to the water 
discharge, Q (m/sec) with increasing water discharge, 
and increasing flow velocity, the suspended sediment 
load increases rapidly (Fig 2) 

On a double logarithmic scale this relation can be 
expressed by a straight line Its equation 1s 


OC; (Alpenrhem at Lustenau) = 0004 Q?? 


The Seerhein-is the natural effluent of the Alpenrhein 
(and of other smaller rivers flowing mto the Obersee), 
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Fig 2 Suspended sediment concentration versus flow velocity and 
water discharge in the Alpenrhein at Lustenau (Austria) @, This 
communication, ©, Muller, 1965 


1t connects the Obersee with the Untersee of Lake Con- 
stance (Fig 1). Because all sand and silt mzed matenal 
as well as most of the clay sized material has been de- 
posited ın the Obersee, the concentration of sediment 
load in the Seerhein is extremely low About three 
hundred measurements of the suspended sediment load 
in the Seerhem! resulted m the equation 


C; (Seerhein at Konstanz) = 020 Q° 


Data for other rivers were collected from the litera- 
ture’-* and evaluated similarly (Fig 3, Table 1) In all 
eases where sufficient measurements had been made over 
a long period of time, simular relations could be obtained 
They can all be covered by a general empimcal equation 


Cs =a Qe 


In the rivers concerned, the factor a ranges 
between 0004 in the Alpenrhein at Lustenau 
and 80,000 ın the Rio Puerco at Bernardo The 
exponent b varies between 11 m the Seerhein 
at Konstanz to 2 5 in the White River in the Mt 
Rainier area, 

Because the water discharge of a river at a 
defined cross-section is a function of its flow 
velocity (Manning equation), a relationship also 
exists between the suspended sediment load and 
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Fig 1 


Lake Constance with Alpenrhein and Seerhein Sampling stations 
Lustenau (Austria) and Konstanz (Germanv) 


the flow velocity, V (m/sec), 
Cs =r Vy 
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Fig 3 Suspended sediment concentration versus water discharge of 
different rivers at single localitres 


In this equation, the rivers shown m Table 1 are in the 
range 5 to 80,000 for x and 0 to 8 for y 

In Table 1 the rivers are arranged ın ordor of increasmg 
exponents b and y, respectively, which are measures of 
the slope of the curves ın Fig. 2 Usually these exponents 
seem to express the intensity of the erosional forces which 
are determined chiefly by the gradient and the cross- 
section of a river channel In the Seerhem at Konstanz, 
no erosion at all is effective (b and y= 0), while Rapaalven, 
the Alpenrhein and the White River are typical mountain 
rivers with high rehef energy (b = 22 to 25, y= 45 
to 8) 


Table 1 NUMERICAL VALUES FOR a, b, t AND y FOR DIFFERENT RIVERS 
AT SINGLE LOCALITIES 
Cr:=a Qè Cs=a Vu 
River a b T Y References 
Seerhein 1 
(Konstanz) 20 00 20 00 
Rio Puerco 5 
(Bernardo, N Mex) 80,000 02 80,000 08 
Rio Grande 6 
(Bernalillo) 100 07 2,000 10 
Rio Grande 6 
(Cochiti N Mex ) 10 15 200 40 
Mississipp1 7 
(St Louis) 001 416 300 40 
paalven 8 
(Laitaure-Deita) 004 22 700 45 
Aipenrhan 1 and unpublished. 
(Lustenau) 0004 22 5 60 workofG Muller 
and U Forstner 
White River 
(Mt Rammer, Wash ) 40 25 40 30 9 


Factor a (or x) 1s large ın rivers which dram areas with 
a high intensity of weathering or a lngh erodibility of the 
outcropping rocks or rapid changes in the channel geo- 
metry or any combination of these three An extreme 
case in which all these factors comede 1s the Rio Puerco 
at Bernardo, an ephemeral stream in which rainstorms 
cause large mudflows after long dry periods In the 
Iinterland of the Alpenrhem and the White River, 
weathering caused by the alpine climate and vegetation 
is low, channel changes do not occur and rock erodibility 
is generally low , 

It ıs to be expected that relationships between sus- 
pended sediment load and water discharge are easy to 
obtain from any river at any cross-section Ifthe relation- 
ships are such that they can be expressed by a simple 
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function, prediction of a long-term sediment transport 
can be readily established 
G MULLER 
U. FÖRSTNER 
Laboratorium fur Sedimentforschung, 
Mineralogisch-Petrographisches Institut, 
Universitat, Heidelberg, 
Germany 
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Depth Habitats of Pelagic Foraminifera 
during the Pleistocene 


PLANKTONIC foraminifera, numbering about thirty modern 
species, have been found alive not only near the surface 
but as deep as 2,000 m (ref 1) Emuhani® analysed the 
018/018 composition of the shells of several species and 
concluded that different species occupy different depth 
habitats, with Globsgerinowes ruber and G  sacculefera 
living very close to the ocean surface, Globyerina spp 
living somewhat deeper and Globorotala spp occupying 
the deepest habitats down to about 200 m for population 
averages Whereas 018/0! analysis of the carbonate 
shells can only establish the depth at which average 
shell deposition takes place, not only for mdrvidual shells 
but for entire populations, recent work by Jones’, using 
opening and closing plankton nets, hag shown that the 
conclusions reached by Emuhani? are essentially correct. 
It therefore seems that the average depths of shell 
deposition are also the average depths at which the 
different species live 

In the present study, the work imtiated by Emihanı? 
has been extended through different glacial and mter- 
glacial intervals as shown by the deep-sea core P6304—8 
from the central Caribbean (14° 59’ N , 69° 20’ W , 3,927 m 
deep, 1,054 em long) This core has been analysed both 
isotopically* and micropalaeontologically® and shown to 
represent a continuous and undisturbed section, of pelagic 
sediments extending ın time back to 275,000 yr ago. 
Four complete temperature cycles, plus the post-glacial, 
are represented in this core All planktonic fotammnrferal 
species present in sufficient abundance were separated 
from each one of the warm (10, 300, 550, 800 and 1,010 
em below top) and cold (70, 370, 690 and 890 cm below 
top) stages of the core as indicated by the oxygen isotopic 
analysis of Emiliani* In addition, a sample showing 
intermediate temperatures (150 em below top) was also 
studied A total of fourteen species was separated from 
the samples 

The monospecific samples were crushed, washed in dis- 
tilled water and directly reacted with 100 per cent 
HPO, acid (compare ref 4) The carbon dioxide gas thus 
obtained was analysed with a high-precision Nier—-Urey 
mass spectrometer The results are shown ın Tables 1 
and 2 The different species have been arranged m order 
of decreasing temperatures for both the 10 cm level (post- 
glacial) (Table 3) and for the averages of all warm and 
cold stages (Table 4) The sequence 1s usually the same. 
Corresponding water depths have been calculated usmg 
the Atlas pubhshed by Fuglister® 

The followmg conclusions can be drawn from Table 3 
the four species and subspecies of Globigerinowdes occupy 
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Table 1 OXYGEN ISOTOPIC RATIOS (6/3 WITH RESPECT TO THE OHICAGO 

WwW Cc I Ww 
Species 10 70 150 300 

Globygerinoides ruber -176 +003 +016 —0 99 
G trilobus sacculifera —169 +0 43 +005 -132 
@ conglobatus —145 +071 +089 —0 45 
G trilobus trlobus —143 +0 32 +072 -120 
Orbulina unwersa -104 +123 +041 -043 
Pullenatina obliquiloculata —0 99 — +071 +005 
Hashgerina pelagica —0 94 +109 ~0 22 —0 57 
Sphaeroidinella dehiscens —0 85 — — —0 86 
Globoquadrina dutertrer —0 37 +0 94 +069 -033 
Globorotalia menardn tumda —0 14 — — —0 07 
G menard menardu 0 00 — — —0 56 
G menardi flexuosa +041 _ — —=0 13 
G truncatulinowes +125 +188 +176 +129 
G crassaforms — +235 — +057 


W, Warm, I, intermediate, C, cold 


NATURE, VOL 217, JANUARY 20, 1968 


STANDARD PDB-1) FROM SELECTED LEVELS OF CARIBBEAN CORE P6304-8 


Table 2 OXYGEN ISOTOPIO TEMPERATURES (°C) BASED ON DATA FROM TABLE 1 


Species w Cc I W 

10 70 150 300 
Globigerwnoides ruber 291 20 4 199 252 
G trilobus sacculhfera 28 7 187 204 269 
G conglobatus 275 174 167 226 
G trilobus trilobus 274 191 174 26 3 
Orbulina urwersa 255 152 188 226 
Pullematiına oblquiloculata 25 2 — 174 204 
Hastyerina pelaga 25 0 158 215 23 2 
Sphaerordinella dehiscens 23 6 — — 23 6 
Globoquadrina dutertrer 22 2 165 175 221 
Globorotalia menardu tumida 212 —_ — 209 
G menardu menardm 20 6 — — 23 2 
G menard flexuosa 188 = — 212 
G truncatulinoides 18 0 124 130 150 
G crassaformis — 106 — 181 


Correction for the isotopic composition of sea water 0 92 °/oo 


Table 3 ISOTOPIC TEMPERATURES AND CALCULATED DEPTH HABITATS 


OBTAINED FROM THE RECENT SAMPLE 10 OM BELOW TOP 


Isotopic Depth of water 

Species temperature (°C) column (m) 
Globigersnoides ruber 291 20 
Q trilobus sacculfera 287 20 
@ conglobatus 275 16-30 
G trilobus trilobus 274 8—40 
Orbulna unwersa 255 81 
Pullenatina obhguiloculata 25 2 85 
Hastigerwna pelaga 250 88 
Sphaerordinella dehiscens 23 6 106 
Globoquadrina dutertrer 22 2 121 
Globorotaha menardu tumida 212 132 
@ menard menardn 20 6 139 
Q menardu flexuosa 188 166 
@ truncatulinoules 18 0 181 
G crassaforms No value 


Table 4 ISOTOPIC TEMPERATURES AND INFERRED DEPTH HABITATS OBTAINED 
FROM THE AVERAGE OF ALL WARM SAMPLES, WITH MEAN ISOTOPIO TEMPERA- 
TURES OF THE COLD STAGES 


Mean warm Calculated Mean cold 








water depth water 
Species isotopic In water isotopic 
oo column temperature 

°C) (m) CO) 
Gloingerinordes trilobus sacculifera 260 74 183 
Q ruber 259 76 206 
Orbulina unwwersa 244 $6 169 
Globwerinovdes trilobus trilobus 243 97 178 
G conglobatus 23 8 104 174 
Hastigervna pelagica 23 8 104 16 4 
Globoquadrina dutertrer 223 121 162 
Pullenatina obquiloculata 22 2 122 — 
Sphaerordinella dehiscens 213 132 — 
Globorotala menardu menard 21 2 134 144 
G menardu flexuosa 204 144 —_—— 
G menardn tumda 202 147 163 
G truncatulnordes 159 228 114 
G crassaforms 146 265 106 


the shallowest habitats (top 40 m), the six species and 
subspecies of Globorotalia occupy the deeper habitats (120 
to about 200 m), and Orbulina unwersa, Pullenatina 
obliquiloculata, Hastigervna pelagica and Sphaerordnella 
dehiscens occupy intermediate depths (80 to 110 m) 

The temperature-depth distribution obtamed from the 
sample at 10 cm in core P6304-8 1s compared with the 
observed temperature and depth distribution obtained by 
Jones? for a station in the equatorial Atlantic (0° 2 5'8, 
7° 55° W) This comparison (Table 5) shows general 
agreement, except for Hastigerina pelagica Jones noted, 
however, that the depth distribution of H pelagica was 
unexpected and contrary to most previously reported 


Cc wW Cc w c w 

370 550 690 806 890 1,010 
+004 —0 69 —0 03 —1 25 -012 —0 93 
+073 —0 76 +047 —0 98 +040 -100 
+0 53 ~012 +090 —0 92 +069 —0 57 
+0 86 —0 07 +083 —0 66 +0 48 —0 68 
+049 —0 98 +0 86 —0 65 +070 —0 96 

— —0 10 — —0 43 — —0 22 
+100 —0 59 +075 — +096 —071 

— +042 — +005 — -001 
+122 —0 30 +087 —0 08 +096 —0 80 

— +030 +114 +011 +082 +020 
— —0 70 — +037 +142 +016 
— +002 — —0 11 — +001 

+215 +094 +2 38 +144 +218 = 
+3 23 +2 04 +148 +201 — +086 
Depth below top of core (cm) 

Cc WwW Cc Ww Cc w 
370 550 690 800 880 1,010 
20 4 238 207 26 5 211 24 9 
17 4 241 185 251 18 8 258 
183 211 166 249 175 23 2 
168 209 169 23 6 185 237 
184 252 168 23 6 175 251 
—_ 210 — 226 — 215 
16 2 23 3 17 3 _ 164 23 9 
— 187 — 20 4 — 20 6 
158 219 168 210 164 243 
— 192 156 201 170 197 
_ 238 — 189 144 199 
as 205 = 211 = 205 
114 165 105 143 113 — 
73 118 141 119 — 168 


occurrences, which usually indicate a warm, upper 
water habitat 

Emilani‘? stated that a portion of the amplitude of 
the isotopic ratios ın pelagic foraminiferal shells from warm 
and cold stages of Pleistocene cores 1s a result of variations 
in the oxygen isotopic composition of the sea water He 
estimated this portion to be about 30 per cent‘. Olausson® 
and Shackleton®, on the other hand, claim that the entire 
measured amplitude 1s caused by variations in the isotopic 
composition of the sea water In Fig 118 a plot of the 
warm/cold amplitude of the isotopic variations for the 
different species against mean warm stage isotopic com- 
position A gross relationship 1s shown, with the deeper 
species (Globorotaha tumida, G truncatulonovdes and G 
crassaformes) exhibiting the smallest amplitude This 
amplitude 1s about 50 per cent of that given by the 
shallower species, and so we conclude that variations m 
the isotopic composition of the sea water cannot account 
for more than half of the isotopic variations measured in 
the foramınıferal shells 
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O74/0'* ratios in monospecific samples from warm stages 1, Globorotalia 
crassaformes, 2, G truncatulinovdes, 3 G menardu tumda, 4, Globo- 
quadrina dutertiet, 5, Globorotaha menardu menardu, 6, Globwerinoules 
eonglobatus, 7, Hastigerina pelagica, 8, Oibulina unwersa, 9, Globiger- 
enoides trilobus saceulifera, 10, G trilobus trilobus, 11, G ruber 
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Table 5 COMPARISON OF THE ISOTOPIC TEMPERATURES AND DEPTH HABITATS 
OBTAINED FROM OORE P6304-8 (10 CM LEVEL) WITH THE TEMPERATURES 
AND DEPTH HABITATS OBSERVED BY JONES (1967) IN THE EQUATORIAL 


ATLANTIC 
Depth in water 
Temperature (°C) column (m) 
Species Isotopic Observed Calculated Observed 

P6304-8 Atlantic P86304-8 Atlantic 

(10 cm) (10 em) 
Globigerinordes ruber 291 14-29 20 0-100 
@ trilobus trilobus 274 25-29 8-40 0-75 
Orbulina unwersa 255 25-27 81 25-75 
Pullenratina obliquiloculata 25 2 25 85 25-50 
Hastigerina pelaga 250 7-10 88 3800-400 
Globoquadrina dutertrer 222 24-27 121 25-50 
Globorotalia truncatulinoides 180 14-17 181 100-200 
G crassaformis — 14-17 — 75-200 
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MOLECULAR STRUCTURE 


Further X-ray Evidence of Regularly 
Distributed Lysine in «-Keratin 


It has recently been shown that in mohair fibres the 
fifth order of the 198 A pseudo repeat (39 A reflexion) 1s 
intensified when the e-amimo groups of lysine residues 
are acylated with 3,4,5-truodobenzoic acid p-nitrophenyl- 
ester! Particularly high yields of acylated c-amino 
groups were obtained when dimethylsulphoxide was used 
as reaction medium A sample of mohair which had been 
treated for 24 h at 40° C in this solvent, however, showed 
a somewhat diffuse X-ray pattern We therefore looked 
for a reaction medium which did not cause structural 
distortion of the «-keratin and which gave high yields 
of acylated c-amino groups 

Because dimethylformamide (DMF) ıs a suitable 
solvent for couphng reactions ın peptide chemistry, 
mohair was treated with 3,4,5-trnodobenzoic acid p- 
nitrophenylester in DMF for 120 h at 50° © In these 
conditions, 80 per cent of the c-amino groups were acylated 
(DNP analysis) The meridional photometer curve of 
the X-ray pattern of this sample ıs shown m Fig 16 
There ıs a relatively strong mtensification of the 39 A 
reflexion in comparison with the unstained sample 
(Fig la) 

In addition to the ester which was labelled with 10dine 
we also used one which was labelled with mercury, as 
mercury has a smaller absorption factor and a higher 
atomic scattermg power than iodine -(carboxymethyl- 
thiomercury)benzoic acid p-mtrophenylester was synthe- 
sized according to Matyash and Stepanov? When the 
€-amino groups were acylated with the mercury compound 
a partial decomposition of the mercury organic compound 
occurred 

The best method of acylation which we have found 
consists of treating mohair with p-(carboxymethylthio- 
mercury)benzoic acid p-nitrophenylester m DMF for 
24 h at 60° C In these conditions only 65 per cent 
of the e-amino groups are acylated (DNP analysis) but 
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Fig 1 Meridional photometer curves of the low angle X-ray diffraction 

patterns taken at room temperature with nickel-filtered CuKa radiation 

a, Unstained mohair CSFH, b, mohair CSFH stained with 3,4,5-truodo- 

benzoic 7eid p-nitrophenylester ın DMF for 120 h at 50° O, c, mohair 

CSFH stained with p-(carboxymethylthiomercury)benzoic acid p-nitro- 
phenylester ın DMF for 24 h at 60° C 


no decomposition 1s observed In the X-ray pattern of 
such a sample (meridional photometer curve in Fig le) 
there 1s also an intensification of the 39 A reflexion, but 
the representation of this pattern in other reflexions 1s 
more comparable with that of the unstained sample 
Molybdenum disulphide powder was used as an mternal 
standard (6 16 A reflexion) 

We wish to thank Professor H Zahn for his interest, 
Dr H Beyer and Mrs U Schenk for DNP analysis, Miss 
A Augenadel and Mrs K Neumann for technical assist- 
ance This research was supported by a grant from the 
US Department of Agriculture The mohair was provided 
by the Mohair Board of South Africa 
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CHEMISTRY 


Novel Facilitation of Peptide Synthesis 


THE ‘solid phase’? method of synthesizing peptides’, in 
which the carbon-terminal residue 18 first esterified to a 
hydroxymethylpolystyrene resin, has been used success- 
fully for the rapid synthesis in igh yield of peptides 
which can be purified after removal from the resm? If 
such a procedure, which omits the purification of inter- 
mediates, 13 to yield a homogeneous product without 
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further purification, every stage must proceed to com- 
pletion For example, 1f 0 5 per cent of the amino-groups 
remain unacylated after each coupling, then after one 
hundred stages the product will contain only 61 per cent 
of the required peptide, the remainder being peptides 
with closely sumilar but defectrve sequences It 1s a serious 
disadvantage of the solid phase method that one of the 
reactants 1s polymeric, making ıt difficult to force reactions 
to completion 

We are examining a fundamentally different procedure 
in which reactions are carried out in solution and the 
protected peptide 1s then adsorbed on an 10n-exchanger 
while the excess of acylating agent and the co-products 
are washed away For this purpose, a weakly basic group 
has been incorporated ın the carbon-terminal residue by 
using its 4-picolyl ester (prepared from the reaction of the 
benzyloxycarbonylamino-acid triethylammonium salt with 
4-picolyl chloride in dimethylformamide), these esters 
are stable to hydrogen bromide in acetic acid at room 
temperature but are cleaved by catalytic hydrogenation 
The method? 1s 1llustrated by the synthesis of L-leucyl-L- 
alanyl-glycyl-t-vahne, as outhned ın Fig 1 In the 
coupling reactions, 25 molar proportions of benzyloxy- 
earbonylamino-acid and of dicyclohexylearbodi-1mide 
(relative to the amino-component) were used in tetra- 
hydrofuran solution After filtration to remove dicyclo- 
hexylurea, the coupling product was taken up on moist 
sulphoethyl ‘Sephadex’ (C-25, H+ form), which was then 
washed thoroughly with tetrahydrofuran. The benzyl- 
oxycarbonylpeptide 4-picolyl ester was next eluted with 
2 per cent triethylamine ım aqueous tetrahydrofuran, and 
after evaporation of the solvent the benzyloxycarbonyl 
group was removed by treatment of the residue with 3 5 
normal hydrogen bromide in acetic acid. The peptide 
ester dihydrobromide was precipitated with ether, and 
again from ethanol by ether, and the cycle was repeated 
After the final hydrogenation ın 80 per cent acetic acid, 
the solution was evaporated and the residue was dissolved 
in ethanol and precipitated by ether Without further 
purification, the crude tetrapeptide monohydrate (60 per 
cent yield overall, from u-valine 4-picolyl ester dihydro- 
bromide) was analytically and chromatographically pure, 
no alanylglycylvaline or glycylvaline could be detected 
by thin-layer chromatography which (in control experi- 
ments) could detect 02 per cent of these mmpurities 
Amino-acid analysis of an acid hydrolysate gave the 
ratios: Leu, 096, Ala, 097; Gly, 100; Val, 100 A 
more sensitive test of the completion of each coupling 
stage was obtained by thin-layer chromatography of the 
intermediate benzyloxycarbonylpeptide 4-picolyl esters (a 
check not available in the solid-phase procedure), ın 
every case, in conditions which will detect 01 per cent 
of the corresponding amino-component, none was found 
The same tetrapeptide was obtamed using p-nitrophenyl 
esters (4 molar proportions) for couplmg (65 per cent 
overall-yzeld of protected tetrapeptide) The specific 
rotations of the final products, [a]p +22 5° (c 1-2 m 
ethanal) (dicyclohexylearbodi-umide method), +23 7° 


(p-nitrophenyl ester method), are higher than those 
reported previously}, [«]j +17 5°, +18 0°, but the tetra- 
peptide (dicyclohexylcarbodi-imide method) was com- 
pletely hydrolysed by leucmeaminopeptidase (Leu, 1 00, 
Ala, 088, Gly, 098, Val, 104), and hydrogenation of 
the intermediate benzyloxycarbonylglycyl-L-valine 4- 
picolyl ester gave fully active glycyl-t-valine <A trace 
of a nmhydrin-positive contammant, apparently arismg 
from the 4-picolyl residues, always appeared ın the 
products of hydrogenation of the picolyl esters, 16 1s 
soluble in organic solvents and 1s therefore readily removed 
from normal peptides This tetrapeptide 1s, however, 
unusually soluble m these solvents, and the contaminant 
was removed during drying at 100° C and 1 mm mercury 
The protected tetrapeptide 4-picolyl ester was converted 
into the crystalhne hydrazide by means of hydrazine 
hydrate, and this route should enable components which 
have been synthesized independently to be umted through 
the acid azide As a further variant, picolyl esters may 
be converted into amides in the usual way, and this 
should provide convenient syntheses of peptides having 
a carbon-terminal amide group Such possibilities are 
now being examined 
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Ultraviolet Photolysis of Sodium Nitrate 
Solutions in the Laboratory and by 
Sunlight 


CHEMICAL processes, induced by ultraviolet light in 
some aqueous morganic nitrates, are of substantial 
interest in the chemustry of atmospheric aerosols Nitrates 
form a large fraction of the inorganic natural aerosol! and, 
although they mught be expected to decompose under 
sunlight’, no systematic work on such photolysis has, as 
yet, been reported. 

Earher work on ultraviolet reduction of nitrate to nitrite 
was done by Villars? and Cultrera and Ferrari‘-* The effect 
was confirmed by others’~¥° and also in this laboratory, 
where 1t was found to be accompanied by the formation of 
highly oxidizing intermediates!!, and ıt was also found 
that the formation of nitrite 1s caused by primary steps 
m which higher oxides of nitrogen are mvolved*-!5 The 
process of nitrite formation during photolysis of mtrates 
1s reproducible as long as the solution 1s properly stirred™, 
because stirring ensures the removal of gaseous reaction’ 
products from the zone below the mterphase where 
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penetration by ultraviolet light is possible. Our quartz 
cell (Fig 1) had an overall capacity of 140 ml and was 
rigidly supported on a rack which oscillated mechanically 
thirteen times per mm about its horizontal position 
Because the cell initially contamed 110-0 ml of nitrate 
solution, a bubble of air helped to mx the solution and 
remove the gas The rack supported another identical 
parallel tube filled with 1100 ml of an actmometric 
solution, with 190 g/l and 1124 g/l of oxahe acid and 
uranyl oxalate, respectively?®, which, m our conditions, 
absorbs in the near ultraviolet in a similar way to nitrates”? 
Equal samples (5 00 ml) were periodically taken from 
both tubes and analysed for mtrte usmg the Griess 
reagenti! and, by titrating with permanganate, the 
samples were analysed for the amounts of near ultra- 
violet light absorbed, using a quantum efficiency of 
056 and assuming full absorption of hght!* Merck’s 
reagent, very pure chemicals and distilled water were 
used, the results are expressed ım terms of original 
volumes of solutions photolysed 

A method was developed for studymg the photolysis 
by sunlight of some aqueous compounds known to exist 
as natural aerosols Preliminary work mvolved testing 
the system sodium mitrate-sodium chloride, on irradia- 
tion with a 550 W = stabilized high-pressure mercury 
Hanovia ultraviolet lamp (No 673-4) At constant 
radiation doses of about 23x 102! UV quanta per h, 
the rates of nitrite formation, a, were mdependent of 
nitrate concentration m the 1ange of 0 6 to 7 1 mole per | 
and at pH values higher than 5 (ref 18) Nitrite formation 
mereased according to a competitive process 


- aR 

NO, = i+ fe (1) 
where R 1s the radiation absorbed up to time ż, and « and B 
are constant of the experimental run. The term B was 
found to be dependent on pH and stirrmg and thus on 
the release of nitrous anhydride from solutions 

We have also found (results to be published) that the 
formation of nitrite 1s enhanced by the chlomde 1on, 
probably because of a stabilization of the nitrogen oxides 
evolved, by NOCI intermediates In order to test the 
possibility of occurrence in nature of such photolytic pro- 
cesses, experiments were carried out last summer at differ- 
ent altitudes and on cloudless days Table 1 shows the 
locations, Fig 2 shows the averaged results Each point 
represents an average of about eight and five expermmental 
values for nitrate and mtrate + chloride systems, respec- 
tively, taken between 8am and4pm Linear correlation 


R 
coefficients between NO- and ¢ (equation (1)), based on 
2 


about five daily readings and ten and six kinetic experi- 

ments spread over different altitudes, yielded root mean 

square averages of 0 99+001 and 097+0 03 for sodium 
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Fig 1 Ventilated quartz cell for photolysis by sunlight 
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Fig 2 Photolysis of 30 per cent sodium nitrate solutions with 18 per 
cent (below) and without sodium chloride additive (above) Solid lines 
were drawn according to equation (2) and constants given in Table 2 


Table 1 LOCATIONS FOR EXPERIMENTATION DURING PERIODS OF TINE 
INDIOATED TEMPERATURES WERE TAKEN IN SHADOW, AT 8 AM LST 


Area, Location Altitude Weekandmonth Temperature 
Naples Bay Faito Ridge 1,040m 2-May 168°C 
Sea shore Fregene Om 4-May, 1—June 20 0° © 
near Rome 
Matterhorn Cervinia 2,040m 4-June 130°C 
Matterhorn Plan Maison 2,660m 4—June, 1-July 70°C 
Matterhorn Plateau Rosa 3,500m 2-July 05°C 


Table 2 CONSTANTS, OBTAINED BY LEAST SQUARES ACOORDING TO EQUATION 
(2), OF CURVES GIVEN IN FIG 2 ` 
, 


a B 
Solution Molel -! cal -1 Cal ~ 
NaNO, 2 70 10+ 6 27 
NaNO, + 
Naci 41010 347 


mitrate and sodium nitrate-sodium chloride solutions, 
respectively Because parallel measurements also indicated 
a good linear approximation between R and ¢ (root mean 
square correlation coefficient from sixteen values, r = 
0998 + 0002), the mght hand side of equation (1) was 
expressed ın terms of parameter R alone 


= a’ R 
as shown in Fig 2 Values of «’ and §’, corresponding 
to the plots illustrated, are given in Table 2, ‘‘errors” 
are largely caused by systematic changes of «’ and B’ with 
temperature (results to be published) Blank tests failed 
to reveal detectable absorption of NOx from the air 
E. G Gort 
G L. PETRICONI 
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Centro Nucleazione Aerosoli, 
Consigho Nazionale delle Ricerche, 
Rome, Italy 
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Sites of Inhibition of DNA Synthesis 
by Kethoxal bis(Thiosemicarbazone) 


THE growth of several neoplastic cell lines 1s inhibited by 
2-keto-3-ethoxybutyraldehyde bzs(thiosemicarbazone) 
[kethoxal 62s(thiosemicarbazone), KTSP”, an agent 
which forms tetradentate chelates with metals of the 
first, second and third transition series In the presence 
of either copper or zinc ions the antineoplastic potency of 
KTS 1s markedly increased, particularly with the cupric 
chelate [Cu(1I)KTS]§-1? 

KTS and its cupric chelate primarily mhibit the biosyn- 
thesis of DNA The rate of formation of RNA and protein 
is also depressed by these agents, but mhibition of these 
latter processes 1s less pronounced?!3-15 Although both 
KTS and Cu(II)KTS decrease the rate of incorporation of 
several isotopic precursors into DNA, the patterns of 
mhibition produced by these agents are distinctly differ- 
ent! The effects which are induced by Cu(II)KTS in 
sarcoma 180 aseites cells are characterized by a pronounced 
decrease in the rate of incorporation of *H-thymuidine 
into the thymme of DNA and lesser mhibitions of the 
utilization of “C-formate, *H-deoxycytidine and *H-5,6- 
uridine for the formation of the pymmuidine nucleotides of 
DNA The site which 1s most sensitive to the mhibitory 
activity of Cu(II)KTS seems to be the enzyme thymidine 
kinase In contrast, the ligand KTS does not decrease 
the rate of incorporation of *H-thymuidine into the DNA 
of sarcoma 180, but causes marked mhibition of the 
utilzation of radioactive formate, deoxycytidine and 
uridine for the formation of DNA The cellular toxicity 
of Cu(II)KTS 1s essentially caused by copper The 
relatively lpid-soluble Cu(II)KTS complex effectively 
serves to transport and deposit copper at sensitive sites 
within cells Thus dissociation of the Cu(II)KTS occurs 
within neoplastic cells treated with the cupric chelate, 
this phenomenon 1s followed by the cellular elimmation 
of the hgand portion of the molecule and the much slower 
expulsion of copper’, Because only small doses of Cu(II) 
KTS can be admunistered to anımals with tumours, only 
relatively small amounts of KTS released by dissociation 
of the cupric chelate are present, thus differences are 
observed in the biochemical lesions which are induced 
by Cu(I1)KTS and KTS in whole cells The data in this 
communication describe the mhibition of several enzyme 
reactions which could account for the mhrbition of the 
synthesis of DNA induced by KTS 

Experiments were performed on 9-11 week old female 
CD-1 mice which had been inoculated intraperitoneally 
5-6 days previously with 4 x 10° sarcoma 180 ascites cells 
The activities of dihydrofolate reductase!*, 10-formyl- 
tetrahydrofolate synthetase!’, 5,10-methylenetetrahydro- 
folate dehydrogenase® and thymidylate synthetase’ 
were measured as previously described Protein was 
determined by the biuret method Enzyme extracts were 
prepared from sarcoma 180 ascites cells which were col- 
lected through an incision in the peritoneal wall All 
subsequent procedures were performed at 4° C unless 
otherwise stated The suspensions were centrifuged at 
1,600g and the ascitic fluid was discarded The cell pack 
was washed with five volumes of isotonic salme and was 
collected by centrifugation at 1,600g, contaminating 
erythrocytes were lysed by the addition of five volumes 
of 0 2 per cent saline and mixing for 30 see Five volumes 
of 16 per cent saline were added to restore isotonicity 
and the suspension was centrifuged at 1,600g for 2 min 
The cell-free extract which was used for the preparation 
of dihydrofolate reductase was prepared by washing 
each cell pack with isotonic saline and suspending each 
in five volumes of 05 molar tres buffer (pH 75), cells 
were lysed by three cycles of alternate freezing and 
thawing The supernatant solution which was obtained 
after centrifugation of the lysate at 10,000g for 10 mmn 
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was dialysed for 20 h against two hundred volumes of 
distilled water 10-Formyltetrahydrofolate synthetase and 
5,10-methylenetetrahydrofolate dehydrogenase were pre- 
pared from the cell pack which had been freed from 
contaminating erythrocytes by washing the cell pack) 
once with four volumes of 0 05 molar tris buffer (pH 7 5- 
contaming 005 molar EDTA The cell pack was sus 
pended in four volumes of the é#18-EDTA buffer and was 
subjected to three cyles of alternate freezing and thawing, 
the supernatant solution obtained after centrifugation 
of the lysate at 12,000g was further fractionated by the 
addition of ammonium sulphate The fraction which 
precipitated between 30 and 45 per cent saturation with 
ammonium sulphate was passed through a column 
of ‘Sephadex G-25’ to remove the EDTA, using water 
as the eluant Thymidylate synthetase was prepared 
from the erythrocyte-freed ascites cells by washing 
the cell pack once with five volumes of isotonic saline, 
the resulting cell pack was suspended ın two volumes of 
005 molar potassium phosphate buffer (pH 67) Cells 
were lysed by sonication with a Branson sonifier using , 
two 30 sec bursts at an energy setting of 8 amp with a 
20 sec period between each burst The someate was 
centrifuged for 1 h at 104,000g and the clear supernatant 
was filtered through glass wool 

The incorporation of 4C-formate mto the thymine of 
DNA, a process which 1s inhibited by KTS, requires the 
participation of a series of enzyme reactions (Fig 1). 
The effects of KTS on several of the enzymes which are 
involved ın this pathway are shown in Table 1 Thymuidy- 
late synthetase seemed to ke the enzyme most sensitive 
to this agent, a concentration of 002 mmolar of KTS 
caused 66 per cent inhibition, employing the substrate 
deoxyuridine 5’-phosphate, tetrahydrofolate and formalde- 
hyde at concentrations of 50 mmolar, 0 2 mmolar and 
5 mmolar, respectively 5,10-Methylenetetrahydrofolate 
dehydrogenase was also inhibited by KTS With 10 
mmolar tetrahydrofolate and 5 mmolar formaldehyde, 
0 04 mmolar KTS caused 68 per cent inhibition Dihydro- 
folate reductase was also sensitive to this agent and a 
comparable degree of mhibition was attained using 0 05 
to 0 06 mmolar KTS in the presence of 0 05 mmolar dihy- 
drofolate and 004 mmolar NADPH  Preincubation of 
the cell-free extract with KTS for periods of up to 20 
mın did not increase the degree of inhibition of dihydro- 
folate reductase Dialysis against water of the enzyme 
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Fig 1 FH Dihydrofolate, FH,, 5,6,7,8-tetrahydrofolate, 10-formyl 
FH., 10-formyltetrahydrofolate, 5,10-methenyl FH., 5,10-methenyl- 
tetrahydrofolate, 5,10-methylene FH,, 5,10-methylenetetrahydro- 
folate, NADP, nicotinamide adenine dinucleotide phosphate, NADPH, 
reduced nicotinamide adenine dinucleotide phosphate, ATP, adenosine 
5’-triphosphate, ADP, adenosine 5’-diphosphate, dUMP, deoxyuridine 
5’-phosphate, dTMP, deoxythymidine 5’-phosphate, dTDP, deoxy- 
thymidine 5’-diphosphate, dTTP, deoxythymidine 5’-triphosphate, 
dGTP, deoxyguanosine 5’-triphosphate, dATP, deoxyadenosine 5’-tr- 
phosphate, dCTP, deoxycytosine 5’-triphosphate, DNA, deoxyribo- 
nucleic acid The enzyme reactions are depicted (1) dihydrofolate 
reductase, (2) 10-formyltetrahydrofolate synthetase, (3) 5,10-methenyl- 
tetrahydrofolate cyclohydrolase, (4) 5,10-methylene tetrahydrofolate 
dehvdrogenase, (5) thymidylate synthetase, (6) deoxythymidine mono- 
phosphate kimase, (7) deoxythymidme diphosphate kmase, (8) DNA 
nucleotidyitransferase 
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Table 1 EFFECT OF KRTHOXAL b18(THIOSEMICARBAZONE) ON DIHYDROFOLATE 

REDUCTASE, 10-FORMYLTETRAHYDROFOLATE SYNTHETASE, 5,10-METHYLENE- 

TETRAHYDROFOLATE DEHYDROGENASE AND THYMIDYLATE SYNTHETASE OF 
SARCOMA 1 


% Inhibition 


Conc of 10-Formyltetra- 5,10-Methylene- 

KTS Dihydrofolate hydrofolate tetrahydrofolate Thymidylate 
(mmolar) reductase* synthetase f dehydrogenase? synthetase § 

001 0 —j — 21 

0 02 IL _ 34 68 

004 37 — 68 70 

0 05 48 — 85 — 

006 70 — — =. 

010 86 32 — — 


KTS was dissolved with the aid of ethanol the final concentration of 
ethanol in the enzyme assays was 1 per cent which was not mhibitory to the 
activities of these enzymes 

* The complete system contained, ın a volume of 10 ml 100 „moles of 
tris buffer (pH 75), 0 04 umoles of NADPH, 01 ml ofenzyme, 05 mg of 
protein, 150 «moles of potassium chloride, and 0 05 umole of dihydrofolate, 
containing 10 moles of 2-mercaptoethanol ‘The dihydrofolate was added 
last to initiate the reaction The decrease in absorbancy at 340 my caused 
by the oxidation of NADPH and the reduction of dihydrofolate was followed 


as ida of 15 sec Control activity, expressed as 4340 mu/4 min, was 


+ The complete system contamed, in a volume of 10 ml 100 moles of 
ine buffer (pH 7 5), 10 zmolesof ATP, 01m! of enzyme (1 0 mg of protein), 
20 moles of magnesium chloride, 1 0 umole of tetrahydrofolate contaiming 
10 moles of 2-mercaptoethanol and 50 zmoles of ammonium formate The 
ammonium formate was added last to initiate the reaction The components 
were incubated at 37° C for 3 min, the reaction was terminated by the addi- 
tion of perchloric acid and the increase in absorbancy at 355 mz caused by 
the formation of 5,10-methylenetetrahydrofolate was determined by com- 
paring the complete system with a reaction mixture without ammonium 
formate Control activity, expressed as 4355 myu/3 min, was 0 79 

} The complete system contained, in a volume of 10 m! 100 zmoles of 
tris buffer (pH 7 0), 1 0 mole of tetrahydrofolate conta:ning 10 moles of 
2-mercaptoethanol, 5 moles of formaldehyde, 01 ml of enzyme (1 mg of 
protein), and04ymoleofNADP The NADP was added last to initiate the 
reaction The increase in absorbancy at 340 my caused by the formation of 
KADE was followed Control activity, expressed as 4340 mau/10 min, was 

The complete system contained, ın a volume of 10 m} 500 «moles of 
potassium phosphate buffer (pH 67}, 50 moles of deoxyuridine 5’-phos- 
phate (@UMP), 5 moles of formaldehyde, 5 pmoles of magnesium chloride, 
0 2 umole of tetrahydrofolate, 30 «moles of 2-mercaptoethanol, and 03 ml 
of enzyme (3 9 mg of protein) The complete mixture minus dUMP was 
premcubated at 37° C for 5 min, UMP was added last to initiate the 
reaction and the increase ın absorbancy at 340 mu was measured Control 
activity, expressed as 4340 myz/10 min, was 0 05 

ii Not determined at indicated concentrations 


which had been treated with KTS completely reversed 
the drug-imposed mhibition, but neither dihydrofolate 
nor NADPH afforded protection In contrast to these 
enzymes, 10-formyltetrahydrofolate synthetase was only 
slightly inhibited by a concentration of KTS of 0 1 mmolar, 
when the substrates tetrahydrofolate, formate and ATP 
were used at levels of 10 mmolar, 50 mmolar and 10 
mmolar, respectively The findings that the enzymes 
deoxythymidine mono- and di-phosphate kinases and 
DNA nucleotidyltransferase were not mhibited by KTS 
suggest that the blockade of the meorporation of MC- 
formate mto the thymine of DNA induced by KTS ın 
intact sarcoma, 180 ascites cells!5 can be accounted for by 
inhibition of thymidylate synthetase, 5,10-methylene- 
tetrahydrofolate dehydrogenase and/or dihydrofolate 
1eductase 

To determine whether intracellular concentrations of 
KTS were large enough to inhibit these enzyme reac- 
tions, sarcoma 180 tumour-bearing mice were exposed 
to “C-KTS (36 6x10? cpm /pmole) at a level of 200 
mg/kg body weight The cellular concentrations of KTS 
were determined by measuring the radioactivity which 
was associated with cells exposed to “C-KTS, the radio- 
active carbon was present in the thiosemicarbazide 
portions of the molecule KTS-4C was suspended by 
homogenization in ethanolic sodium chlomde containing 
‘Tween 80° (ref 15) and was administered to each animal 
by intraperitoneal injection At selected imtervals of 
time thereafter, ascites fluid was removed from each 
mouse and the cells were collected by centrifugation for 
2 min (1,600g) The flud was decanted and the packed 
cells were diluted with four volumes of distilled water, 
1 ml of this suspension was solubilized by the addition 
of a concentrated solution of sodium hydroxide (final 
concentration, 02 normal) A sample was taken for 
measurement of radioactivity ın a Packard “Tri-carb’ 
liquid semtillation spectrometer using a phosphor solution 
of p-brs-[2-(5-phenyloxazolyl)] benzene and 2,5-diphenyl- 
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oxazole dissolved ın toluene and ethanol® Radhoactivity 
equivalent to approximately 2 0 ymoles of KTS was present 
in each g of cells 2 h after administration of the drug 
Relatively rapid loss of KTS occurred in these experi- 
ments, thus, by 12 h after exposure of the cells to radio- 
active KTS, about 058 umole of KTS/g remained, and 
by 24 h each g of cells contained only 0 16 umole of KTS 
If 1t 1s assumed that the radioactivity present in the cells 
represents unaltered KTS, that the drug distributes 1tself 
umformly throughout the cell, and that water comprises 
75 per cent of the cell volume, the cellular concentration 
of KTS would be about 2 5 mmolar, 0 7 mmolar and 0 2 
mmolar at 2, 12 and 24 h, respectively, after the jection 
of KTS Thus mtracellular concentrations of KTS seem 
to be achieved which are inhibitory to thymidylate synthe- 
tase, 5,10-methylenetetrahydrofolate dehydrogenase, and 
dihydrofolate reductase The blockade of these enzyme 
reactions requires the mhrbition of the incorporation of 
both deoxycytidine°H and *H-uridine into DNA m 
cells which were exposed to KTS That such mhibition 
does indeed occur was shown im an earlier report from this 
laboratory*® 
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Differences in isozyme Patterns of 
Nucleic and Cytoplasmic Lactate 
Dehydrogenase of Rat Liver Cells 


Tue resistance of lactate dehydrogenase (LDH) activity 
to the denaturating action of 4 molar urea in the nucle 
of rat liver cells is considerably greater than that ın the 
cytoplasm! To mvestigate these differences we have 
examined the resistance of LDH to high temperatures 
and the relationshrp of temperature to substrate (pyruvate) 
concentration We have also determined LDH isozymes 
in starch gel after electrophoresis 
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Fig 1 Effects of heating on LDH activities of nuclear extract and 


soluble cytoplasmic fraction of rat liver cells ‘The abscissa grves the 
temperature (° C), the ordinate gives the per cent of inhibition of LDH 
activities 1, Nuclear extract, 2, soluble cytoplasmic fraction 


We used rats weighing between 80 and 140 g Nuclei 
and cytoplasm were isolated from perfused rat livers 
by differential centrifugation in medium containmg 
0 25 molar sucrose and 0:003 molar calcium chleride The 
nucle: were isolated by the technique of Stirpe and 
Aldridge® with a shght modification? 

Tho hvers from three rats were perfused wm situ with 
about 150 ml of ice cold 0 85 per cent sodium chloride 
solution, minced finely with scissors and homogenized 
ın a mixture of 0 25 molar sucrose and 1 8 mmolar calerum 
chloride (one part liver, three parts medium) ın a Potter- 
Elvehjem type homogenizer at a speed of 1,800 rpm 
The resulting homogenate was diluted to a volume in ml 
equal to ten times the weight of the liver in grams with 
the homogenizing medium and then filtered through 
two layers of flannelette The filtered homogenate was 
then centrifuged for 10 min at 600g. The supernatant was 
pipetted from the sedimented material and suspended 
in a mixture of 0-25 molar sucrose and 1 8 mmolar calec1um 
chloride. A portion (10 ml ) of the suspension was care- 
fully layered over 20 ml of a mixture of 034 molar 
sucrose and 1 8 mmolar calcrum chloride and centrifuged 
for 10 min at 600g The supernatant was removed and 
the sedimented material was resuspended in 5 ml of 0 25 
molar sucrose and 18 mmolar calcium chloride Then 
10 ml of a mixture of 0 34 molar sucrose and 1 8 mmolar 
ealerum chloride was layered under this suspension and 
centrifuged as before The final sediment was resuspended 
ın 0 25 molar sucrose and 3 mmolar calcium chloride All 
stages were carried out at 4° C 

We did not use 22 molar sucrose, although in this 
medium the nucle: were free from cytoplasmic contamina- 
tion, because they lost much of the activity of the 
enzymes associated with the soluble fraction of the nucle: 

In every preparation the nucle: were examined micro- 
scopically as smears stained by fast green-aceto-orcein 
The nuclei resembled those in the living cells The 
preparations were contaminated by a few unbroken cells 
and nuclear fragments The nucle: formed quickly into 
a transparent viscous gel when the pH was brought to 9 

The contammation of the nuclear fraction by cyto- 
plasm and whole liver cells was slight not more than 
10 per cent of glucose-6-phosphatase activity of the 
homogenate was found in the nucle: The nuclei do not 
contain glucose-6-phosphatase dehydrogenase as one of 
the cytoplasmic enzyme markers 

To compare LDH activity in the nucleus and cyto- 
plasm we used a nucleic extract and a soluble cytoplasmic 
fraction The nucleic extract was prepared by homo- 
genizing the nucle: in 025 molar ¢res-buffer while the 
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soluble cytoplasmic fraction was obtained by centrifugmg 
the remaining supernatant fluid, after the precipitation 
of nuclei, at 30,000g for 40 mm Assays of LDH activity 
in enzyme preparations were made in an ‘SF-#' spectro- 
photometer usmg pyruvate as substrate by decreasing 
the NADH concentration in solution (340 my) The 
buffer solution used was KH.PO, and K,HPO,, 005 
molar at pH 75 The assay mixture contained 3 1 x 10-4 
molar sodium pyruvate, made up in 2 7 ml. of the buffer 
NADH, (8 x 10) molar was made up m 05 ml of 1 per 
cent sodium bicarbonate and 0 1 ml of extract and placed 
in the spectrophotometer cuvette The change in ab- 
sorbancy was read after exactly 2 and 4 min at room tem- 
perature To test the effect of substrate concentration 
on LDH activity the same reaction medium was used 
except that the substrate concentration was varied 
within the range 2 5 x 10-*—2 5 x 10-2 molar The extracts 
were subjected to temperatures of 30°, 40°, 50°, 60°, 70° 
and 75° C for 15 mim. 

The technique of vertical electrophoresis in starch gel 
developed by Smuithies® was used to resolve the isozymes 
of LDH A sample (0:07 ml ) of the extract (30 to 50 mg 
protem/ml ) was placed on the gel Electrophoresis was 
carried out for 15-17 h at 4° C with a voltage gradient of 
10-15 V/em Usually a borate buffer at pH 8 6 and 0 006 
ionic strength was used. After electrophoresis the location 
of LDH activity on the starch gel was visualized by 
formazan formation® 

The nuclear LDH activity was more resistant to 
heating than the enzyme from the cytoplasm This 
difference was seen very clearly using the livers of young 
rats weighing about 100 g There was a 50 per cent 
inactivation of the cytoplasmic LDH at a temperature 
of 70° C, while the activity of the nucleic enzyme remained. 
unchanged at 75° C (Fig 1). The data on the mhibition 
of LDH activity by heat and also by the action of urea 
show that the LDH of the nucleus has a greater resistance 
than the LDH of the cytoplasm One of the possible 
reasons for this 1s a different isozyme content ın the nucleus 
and cytoplasm It has been shown that there 1s a difference 
in the sensitivity of LDH isozyme to the deleterious 
effects of low and high temperatures’-"° The LDH 
sensitivity to some factors increases from the first to the 
fifth isozyme To support this suggestion about the 
different LDH isozyme content of the nucleus and cyto- 
plasm the relationship between the enzyme activity and 
the substrate (pyruvate) concentration was studied 
Kaplan eż al have shown that LDH isozymes have 
different substrate optima, and that LDH-1 is more 
sensitive to large pyruvate concentrations than 1s LDH-5. 
Fig 2 shows that the nubition of LDH activity in the 
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Fig 2 Effects of different concentrations of sodium pyruvate on LDH 

actrvities of nucleic extract and cytoplasmic soluble fraction of rat liver 

cells The abscissa gives the sodium pyruvate concentration, the 

ordinate gives the activity in units. 1, Nuclear extract, 2, cytoplasmic 
soluble fraction 
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Fig 3 Separation of LDH isozymes in starch gel I, Homogenate of 

rat heart, II, nuclear extract from rat liver, ILI, cytoplasmic soluble 

fraction from rat liver, 1-5, LDH 18ozymes The arrow indicates the 
starting line 


cytoplasm starts at a higher pyruvate concentration 
(1 x 10-* molar) than in the nucle: (1 x 10-* molar). This 
is indirect evidence that there 1s more LDH-5 in the 
cytoplasm than in the nucleus 

Direct evidence of this difference was obtamed by 
subjecting the solutions to electrophoresis in starch gel 
As the LDH zymograms show (Fig 3), both the nucleus 
and cytoplasm of the rat liver cells are represented by 
isozymes 3, 4 and 5, with distinct, though quantitative, 
differences between the nucleus and cytoplasm These 
differences mostly concern LDH-5 which can be found 
in larger amounts ın the cytoplasm than ın the nucleus. 
A quantitative evaluation of these differences was obtamed 
by spectrophotometric measurements of LDH activities 
ın corresponding sites of the electropherogram after 
freezmg and thawmg It has been established that the 
activity of LDH-5 expressed in units of the enzymes 18 
4 to 5 times greater in the cytoplasm than in the nucleus 
As for LDH-3 and 4, there are only traces of them in the 
cytoplasm, while their activity ın the nucleus 1s about 
50 per cent of the activity of LDH-5. 

It should be pomted out that the differences in the 
LDH activity of the nucleus and cytoplasm can only 
be shown by using electrophoresis in starch gel When 
electrophoresis was carried out using paper the LDH 
activity ın the nucleus and cytoplasm of rat liver cells 
had only one corresponding band”. 

Thus LDH of the nucleus and cytoplasm of rat hver 
cells show different isozyme contents This agrees with 
the suggestion that glycolytic enzymes in the cell are 
bound to structures and are not capable of moving freely 
from one part of the cell to another#8-!5 Recently it has 
been suggested that LDH ıs synthesized in both the 
nucleus and the cytoplasm’® These data may explamn 
differences ın. the isozyme content of LDH of the cell 
There may be evidence for the isozymes playıng a physio- 
logical part ın the regulatory processes of the cell The 
LDH isozymes that show different kinetic properties may 
regulate the ratio of NADH, to NAD in the transforma- 
tion of pyruvate into lactate which 1s mmportant for 
controlling many reaction rates in the cell Furthermore, 
the suggestion that LDH isozymes show allosteric regula- 
tory ability offers a method for regulating thew relative 
contribution to the total LDH activity According to 
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Kaplan", whose hypothesis 1s based on the fact that LDH-1 
1s inhibited by pyruvate concentrations to which LDH-5 
is resistant, LDH-1 must prevail ın tissues with aerobic 
metabolism, while LDH-5 prevails ın tissues with anaero- 
bic metabolism In this connexion, an increased amount 
of LDH m the cytoplasm compared with the nucleus 
seems to mdicate that the soluble fraction of the cyto- 
plasm plays a principal part in the anaerobic method of 
energy supply in the cell 

V. L NEMOCHINSKAYA 

L Su GANELINA 

A D. BRAUN 


Laboratory of Cell Biochemistry, 
Institute of Cytology, 
Academy of Sciences, Leningrad 


Received October 9, revised November 24, 1967. 


t Nemchinskaya, V L ,Ganelina, L Sh ,and Braun, A D , Cytol USSR), 
9, 307 (1987) Sa pace l 


? Stirpe, F , and Aldridge, W N , Biochem J , 80, 481 (1961) 


3 Ganelina, L Sh , Nemchinskaya, V, L ,and Braun, A D , Cytol USSR), 
8, 526 (1968) 7 i Topo : 


‘Hardy, 8 M , Nature, 206, 933 (1965) 
5 Smithies, O , Biochem J , 61, 629 (1955) 
*Markert,C L,and Ursprung, H , Devel Biol , 5, 363 (1962) 


, sir: Th P G, Gregory, K , and Wroblewski, F , Biochem Z , 884, 37 


* Plumer, D T , Wilkinson, J H,and Withycombe, W, A , Buochem J , 89, 
48 P (1983) 


* Zondag, H , Scrence, 142, 965 (1963) 
10 Konttinen, A , and Lindy, S , Nature, 208, 782 (1965) 


ay Conn R D , Kaplan, N O , Levine, L , and Zwilling, E , Science, 186, 962 


48 Siebert, G , and Hannover, R , Biochem Z , 339, 162 (1963) 
13 Amberson, W R , Roisen, F J ,and Bauer, A , J Oell Comp Phystol , 66, 


71 (1965) 
“Green, D E, Murer, E, Hulton, H O, Richardson, H, Salmon, B, 


8 
Brierleg,G P , and Baum, H , Arch Biochem Biophys , 112, 365 (1965) 
18 Ganelina, L Sh , Nemchinskaya, V L ,and Braun, A D , Cytology (USSR), 
8, 526 (1966) 
16 Le Roy Kuehl, Fed Proc ,26, 821 (1967) 
“Fritz, P F , Scrence, 150, 364 (1965) 
Kaplan, N O , and Goodfriend, T L , Adv Enzyme Reg ,2, 203 (1964) 


Urokinase Inhibitor in Human Placenta 


Frerinotytic activity in the blood markedly decreases 
im the later months of pregnancy and in labour, but 
rapidly returns to normal after delivery!? Brakman 
and Astrup! observed a significant increase in the selective 
inhibition of fibrinolysis induced by urokinase in plasma 
and serum of pregnant women, and their findings sug- 
gested that an mbubitory mechanism was involved in 
depressing fibrmolysis during pregnancy The same 
characteristics of fibrinolytic inhibition in saline extract 
of human placenta have been reported by one of us‘, 
that ıs placental extract ınhıbıted only urokinase but 
not streptokinase or glycerol-activated plasmin Because 
the placental extract contained blood components, 
however, ıt was uncertain whether the inhibition was 
derived from pregnancy blood or from placenta rtself 

The purpose of this communication. 1s to report that 
the selective inhibition of placental extract by urokmase 
is chiefly derived from the placenta itself Two hundred 
human placentae, frozen immediately after parturttion, 
were minced, mixed with 2001 of 09 per cent saline 
and stirred for 30 min Placental extract was obtamed 
as the supernatant after centmfugation The protein 
concentration was about 20 per cent, of which haemo- 
globin constituted 50 to 70 per cent The concentration 
of the other proteins (chiefly plasma protems) was there- 
fore 0 6-1 0 per cent 

Usually 1,200 ml of saline extract was obtained from 
one placenta Samples of blood were obtained from 
‘women in the third trimester of pregnancy and allowed 
to clot by storing in a refrigerator overmght Serum 
was then separated by centrifugation The normal serum 
used here was prepared from citrated, pooled plasma 
from 100 donors by adding 2 NIH units/ml of human 
thrombin and removing any clots after retraction 
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Inhibitory activity against urokmase was determined 
on normal fibrin plates, which were prepared by the method 
of Astrup and Mullertz’, as modified by Alkjaersig, 
Fletcher and Sherry? Human fibrinogen and human 
thrombin were used instead of bovine products as in the 
original papers 

Urokmase solution was prepared by dissolving a 
urokmase preparation (Green Cross Corp , Osaka) in 0 9 
per cent saline to give a concentration of 30 Ploug units 
(ref 8) of urokinase/ml and this was mixed with an 
equal volume of sahne The mixture was then diluted 
two-fold with saline The former mxture was taken as 
100 per cent activity and the latter as the control at 50 
per cent activity 

Samples were diluted with saline in two-fold dilution 
series and each 05 ml of the diluted samples was mixed 
with 05 ml of the urokinase solution A sample of each 
mixture (0 02 ml ) was put on a fibrin plate in duplicate 
After mncubation at 37° C for 20 h, the lysis areas were 
measured and plotted against sample concentrations 
on log-log paper 

A sample concentration giving 50 per cent mhibition 
was determined from the lysis area equivalent to the 
50 per cent activity described One inhibitory unit was 
defined as the activity necessary to inhibit 1 Ploug unit 
of urokmase, and so the number of inhibitory units/ml 
im an orginal sample was calculated by multiplying 
the dilution factor of the sample giving 50 per cent 
inhibition by 15 

Inhibitory activity against trypsm was determined 
on heated fibrin plates? as for urokinase Trypsin solution 
was prepared by dissolving twice crystallized trypsin 
to give 23 4 y/ml of 0 025 molar calcium chlonde solution 
One inhibitory umt was defined as the activity which 
inhibited ly of trypsin and therefore the number of 
inhibitory units/ml in an origmal sample was calculated 
by multiplying the dilution factor of the sample giving 
50 per cent mhibrtion by 11 7 

Results are shown in Table 1 Pregnancy sera showed 
stronger inhibition of both urokmase and trypsin than 
did normal sera The merease of urokmase mhibitor* 
and trypsin inhibitor? in pregnancy blood was confirmed 
The values for ininbitory activity against trypsin ın both 
pregnancy serum and normal serum were greater in our 
results than ın those of Faarvang and Lauritsen), but 
the reason for the difference was not clear 

Compared with pregnancy sera, placental extracts 
showed a much stronger inhibition of urokinase and much 
weaker imbibition of trypsin The concentration of 
plasma proteins in placental extracts was calculated to 
be about one tenth of the sera and the average ratio of 
trypsin inhibition by placental extracts to trypsin 
inhibition by pregnancy sera corresponded to this value, 
so that the trypsin inhibitor ın placental extract 1s probably 
derived from pregnancy blood alone On the other hand, 
there was on average 8 4 times as much urokinase inhibi- 
tor in placental extract as ım pregnancy serum The 
selective urokinase mhıbıtor, which has been found m 
placental extract®, must therefore be chiefly derrved from 
the placenta itself 


Table 1. INHIBITORY UNITS/ML OF PLACENTAL EXTRACT, PREGNANOY 


SERUM AND NORMAL SERUM 
Against urokinase Against trypsin 


Placental eatract 1,420 378 
1,970 337 
1,810 359 
(Average) (1,730) (358) 
Pregnancy serum 109 3,630 
180 2,755 
297 4,970 
218 4,310 
237 3,000 
220 4,870 
175 3355 
(Average) (205) (8,818) 
Normal serum 48 1,855 
30 2,350 
30 1,470 
32 1,585 
(Average) (35) (1,815) 
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As much as about 2x 10° units of urokinase inhibitor 
can be extracted from a placenta This 1s comparable 
with 10 1. of pregnancy serum, and this fact suggests a 
reason for the abrupt return to normal of the time of 
euglobulin lysis after placental separation? 
TAKEHIKO Kawano 
Kazvo Morimoto 
YAHIRO UEMURA 

Plasma Fractionation Department, 

Green Cross Corporation, 

1/3 Gamau-cho, Joto-ku, Osaka, Japan 
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Evidence for a Genetic Relationship 
between Avidins and Lysozymes 


PROTEINS which bind biotin do not seem to be widely 
distributed im nature, possibly because their function 
seems to be restricted to that of a somewhat mefficient 
antibacterial agent Until recently, avidin had been 
detected only in the egg-white of birds and in the homo- 
logous egg jelly of frogs! In 1963 an avidin-like protein 
was discovered as part of an antibiotic system im culture 
filtrates of several species of Streptomyces’. ‘This protein, 
called streptavidin, was purified, crystallized and character- 
ized by Chaiet and Wolf*, who found that ıt resembled 
egg-white avidin both ın possessing four biotin binding 
sites (one/15,000g) with great affinity for biotm and in 
some aspects of its amino-acid composition (high trypto- 
phan and threonine, low methionine, proline and histidine) 
Many of the characteristics of the biotin binding mechan- 
ism were also sumilar There was a red-shift of the 
tryptophan absorption band accompanying the binding of 
biotin, and at the same time the biotin protected four 
tryptophan residues in each sub-unit against oxidation by 
N-bromosuccinmide (ref 4 and my unpublished work) 
Like avidin, streptavidin also bound the dye 4-hydroxy- 
azobenzene-2’-carboxyle acid giving a new absorption 
band at 500 mp which disappeared when the dye was 
displaced by biotin' Some of the physico-chemical 
characteristics of these two proteins and of hen egg-white 
lysozyme are summarized in Table 1 


Table 1 PHYSICO-CHEMICAL CHARACTERISTICS OF AVIDINS AND LYSOZYME 
Avidin Streptavidin Lysozyme 


Molecular weight? * 10 70,000 60,000 14,300 
Chain length of subunit 48 ~185 129 
ORD’ per cent helix from [M Jess 0 >0 ~ 25 
OD? 1113% Amax 275 275 288 
Bmax (degrees/em*/decimole) 350 870 100 
Binding characteristics of 
Biotin 
Difference spectrum dea554 200 2,300* 1,300* 
Dissociation constant (/)* ~ 107% — x10-2* 
Heat of binding (kcal/mole)! 21 23 — 
N-Acetyl glucosamine? *5 16 
Difference spectrum Ae sss o* = 1,300 
Dissociation constant (M) — — 4x10 
4-Hydroxyazobenzene-2’-carboxylate® 
£500 Of bound dye 4,000 17,000* o* 
Dissociation constant (32) 6x10 5x 10-5 — 


* Results published here for the first time using methods described m 
refs 4and 5 

Although the probable biological roles of avidin and 
lysozyme are similar, the biochemical bases of their per- 
formance are quite unrelated While lysozyme acts as a 
muramidase on many types of bacterial cell wall, avidin 
holds biotin in a firm non-covalent grasp and exerts no 
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Fig 1 Effect of increasing biotin concentration on the spectrum of 
lysozyme A series of difference spectra were run of lysozyme (Beso = 2 2) 
+biotin agamst lysozyme, ın cuvettes of path length 01, 05, 10 and 
40cm The solvent was 005 molar sodium acetate buffer, pH 6 0 at 
25°C The difference spectrum showed a double maximum (286, 294 mz) 
typical of a red-shifted tryptophan sporirum Both the spectrum and its 
concentration dependence resembled that given by N-acetyl glucosamine 
with lysozyme?’ ** The change in absorbance at 294 mu was corrected 
for the small contribution from free biotin The contimuous curve was 
calculated from the law of mass action for binding of a single biotin 
molecule with K=0 04 molar 


apparent catalytic action Moreover, lysozyme has no 
sub-units, while avidin has four’ The only functional 
similarities are the red-shifts of the tryptophan spectra, 
observed when both proteins combine with their respective 
substrates or analogues, and the loss of activity when one 
or two of the tryptophan residues are oxidized by N- 
bromo-succinimide!:® 

It was therefore with some surprise that I noted a few 
years ago a marked resemblance in the amino-acid com- 
positions of these two protems?14 Unsuccessful attempts 
were made to show inhibition by biotin of the action of 
lysozyme on the cell walls of B subtilis No effects were 
detectable, even with biotin concentrations of 0 1 molar 
Recently, however, the formation of a biotin-lysozyme 
complex has been detected in the absence of substrate, 
using the red-shift of the tryptophan spectrum to measure 
complex formation From the effect of biotin concentra- 
tion on the difference spectrum (Fig 1) the dissociation 
constant was found to be 004 molar It ıs difficult to 
evaluate the significance of such a weak interaction, 
although ıb ıs no weaker than that between lysozyme and 
N-acetyl glucosamine! It was not merely caused by 
hydrogen bonding of the urardo ring of biotin, for hydro- 
lysis of this rmg to give a diamine had little effect on the 
binding Although one cannot give much weight to this 
evidence in isolation, 1b 18 of some significance ın the 
context of the other similarities discussed here The 
reciprocal system of avidin with N-acetyl glucosamine 
(0 15 molar) showed no spectral shifts 

It ıs now interesting to ask whether there 18 any com- 
parable relation between streptavidin and lysozymes of 
Streptomyces Fortunately, Ward and Perkins have 
recently purified two similar lysozymes from S griseus, 
which they showed to be muramidases?’, and have deter- 
mined their ammo-acid composition?! The analysis for 
the better characterized lysozyme 2 1s shown in Fig 2 
It provides further support for the avidin-lysozyme 
relationship 

Before discussing these amimo-acid analyses ın more 
detail, I would like to introduce one further member of the 
lysozyme family Thisis the protem «-lactalbumin, whose 
amino-acid sequence was recently determined”, after the 
observation of a resemblance between its molecular 
weight and composition and that of lysozyme? After 
allowing for a few small deletions 1t was found that forty 
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out of the 123 amino-acid residues were identically placed 
and a further twenty-seven showed conservative changes 
The composition of bovine «-lactalbumin ıs therefore 
meluded ın Fig 2 for comparative purposes 

In spite of the strikingly homologous sequence, the 
composition of lactalbumin is no closer to that of lysozyme 
than is that of avidm Each avidin resembles its corre- 
sponding lysozyme in its content of about ten of the 
erghteen amino-acids. The totals of basic amino-acids and 
of acidic amino-acids are also sumilar The resemblance in 
composition 1s closer than that between trypsimogen and 
chymotrypsinogen* or haemoglobin and myoglobin”, 
where the genetic relationships are firmly based on sequence 
identities By analogy with these established cases, 1t 1s 
likely that the simularities of composition imply that 
avidins and lysozymes have an appreciable proportion of 
their sequences ın common. and that they have origmated 
by differentiation from a common ancestral protem 
Although argument from composition is not the best way 
of establishing relationship between protems, it 1s here 
particularly convineing because of the unusual composition 
and low molecular weight of lysozyme 

There are also some considerable differences in com- 
position between avidins and lysozymes, as would be 
expected for such functionally different proteins The most 
interesting of these differences are common to both pairs of 
proteins (from hen egg-white and from Streptomyces) The 
avidins have a much higher content of threonine—it 18 
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Fig 2 a, The analytic results for the Streptomyces proteins lack figures 
for cystine and amide groups The numbers of residues given were caleu- 
lated on the basis of a molecular weight of 14,000 for the lysozyme and. 
15,000 for streptavidin All figures are given to the nearest residue or, if 
there are fewer than ten residues, the nearest halfresidue No corrections 
were applied for losses of serine and threonine during the 24 h hydrolysis 

b, The streptavidin analysis was carried out on a sample hydrolysed for 
24 hin 6 molar HCl at 110° Cin vacuo The results agreed well with those 
of Chaiet and Wolf*, except that they found only traces of arginine and 
made no mention of proline They also found six residues of tsoleucine 
and some “‘a-aminobutyric acid” c, Spectrophotometric determination 

d, There are no free sulphydry] groups on avidin, and so there are 
probably four cystines per sub-unit, or perhaps two sub-units with three 

and two with four cystines 
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higher than that of any other protein for which figures are 
available—and they contain more glutamic and less 
aspartic acid than do the lysozymes In both cases, the 
avidin has a higher molecular weight, accounted for by an 
extra ten to twenty amino-acid residues, about half of 
which appear to be threonine There are also individual 
differences, such as the presence of mannose and N-acetyl 
glucosamine‘ and the low content of alanine m avidin 

One may next enquire whether the similarities of com- 
position and probably of sequence give rise to any common 
pattern of tertiary structure Both the egg-white proteins 
(and lactalbumin) have four disulphide bonds and are 
stable over a wide range of pH and temperature The 
Streptomyces protems are also rather stable, although 
there 1s no information concerning their disulphide bonds 
Both avidin and streptavidin retam their activity m 
3-4 molar guanidinium chloride**? The ORD and CD 
spectra (Table 1) of both egg-white proteins show positive 
Cotton effects at 280 my arising from the absorption of the 
aromatic amino-acids There 1s, however, no evidence 
from the shorter wavelength region for any «-helix m 
avidin, while lysozyme contains about 20-30 per cent of 
its residues ın this conformation It 1s impossible to say 
how big a difference m sequence ıs necessary to produce 
this transformation of tertiary structure It need not 
necessarily be large, for a few strategically placed charged 
residues could disrupt a considerable length of «-helix 
Admittedly, the haemoglobm-myoglobm family has 
maintained an almost invariant tertiary structure in the 
face of considerable variation in sequence It should be 
remembered, however, that these proteins have been 
selected for a common haem and oxygen binding function, 
whereas avidin and lysozyme have been selected with 
different ends in view. 

It 1s implicit m current ideas about the origin of life that 
the enormous diversity of enzymes and protems now 
existing have descended from a much more restricted 
number of parent protems The common ancestry of 
many functionally unrelated proteins should eventually 
become clear when more amino-acid sequences are known 
So far, sequence work has been centred on functionally 
related protems™‘, the cytochromes, haemoglobins and 
myoglobins, and on the active centres of proteases? and 
dehydrogenases** The first clear example of two more 
distantly related proteins with a common basic sequence 1s 
that of lysozyme and «-lactalbumin mentioned above It 
now seems that we can add avidin and streptavidin to 
this family, whose further relatives may be recogmzable by 
their somewhat unusual amino-acid composition 

So far lysozyme and avidin have been compared within 
aspecies Ifthe two hen egg-white proteins are compared 
with their homologues from Streptomyces some further 
interesting correlations can be made It will be seen that 
glycine. alanine, isoleucine, tyrosine, methionine, arginine 
and lysine all change in parallel on going from one species 
to the other Similar parallels have been observed when 
the haemoglobins and myoglobins of primates were 
compared with those of fishes*® If these changes are 
significant, they could be explained, either by postulating a 
primutive gene, say for lysozyme, which has been duphcated 
on at least two separate occasions, followed by parallel 
differentiation of the duplicates to give biotin binding 
proteins, or by postulating a single early duplication 
followed by parallel changes ın both lysozyme and avidin 
genes during the evolution of birds from the precursors of 
actinomycetes Both interpretations seem to require 
improbable comeidences and ıb is profitless to argue the 
balance of improbabilities until more mformation is 
available If the avidins diverged from the lysozymes 
after a single early duplication, the avidin structural 
gene and possibly avidin itself would be expected to be 
present in many species more primitive than birds and 
amphibia_ If both avidin and lysozyme perform an anti- 
bacterial function, ıt 1s possible that both proteins will be 
produced together ın situations where the organism 
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requires such protection A search conducted with this in 
mind might show avidin to be more widespread than has 
hitherto seemed likely 

It 1s interesting to recall that ın 1942 Moyer?” proposed 
that avidin and lysozyme were related, basing his sugges- 
tion largely on the difficulty of separating the two proteins 
from each other Further expersments failed to sub- 
stantiate this claim, but ıt now seems that Meyer’s 
original suggestion may not have been so wide of the mark 
as ıt seemed to be at that tıme It 1s to be hoped that the 
present proposals are more firmly based and that finger- 
printing and sequence studies will eventually confirm 
them 

Ithank Dr F J Wolf for streptavidin, Dr H R Perkins 
for allowing me to use his analytical results in advance 
of publication, Dr § Jacobs for the amino-acid analysis of 
streptavidin and Mr E J Toms for techmal assistance 
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Electrophoretic Study of Glutathione 
Reductase in Human Erythrocytes 
and Leucocytes 


THE question of whether the activities of NADPH—or 
NADH—glutathione reductase are caused by a single 
enzyme or by two different enzymes has never been 
satisfactorily resolved’-* We have devised a new method 
for detecting glutathione reductase (GSSGR) activity 
after starch gel electrophoresis The study of subjects with 
an electrophoretically fast mutant glutathione reductase 
has enabled us to present findings which strongly favour 
the suggestion that glutathione reductase activities with 
respect to both pyridine nucleotide coenzymes reside m 
the same molecule Some observations have also been 
made ın glutathione reductase deficient and NADH- 
diaphorase (NADH methaemoglobin ox:ido-reductase) 
deficient subjects 
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NADPH~ 
Diaphorase 


ORIGIN — 


1 2 3 4 5 6 7 8 
Fig 1, Gel stamed for NADPH-glutathione reductase (1-4) and NADH-glutathione 


reductase (5-8) 


NADH as substrates (see text) 


Glutathione reductase catalyses the reaction 


GSSG+NADPH (or NADH)+H+-2 GSH + NADP 
(or NAD) 


Our method for detecting glutathione reductase activity 
is based on the fact that reduced glutathione (GSH), a 
product of the reaction, rapidly reduces 2,6-dichlorophenol 
indophenol (DCIP) The reduced DCIP reacts with a 
tetrazolium salt (3 (4,5-dimethylthiazolyl-2)-2,5-diphenyl 
tetrazolium) (MTT)>—a reaction which 1s not catalysed by 
enzymes—and the resulting dark blue formazan pre- 
cipitate permits the localization of glutathione reductase 
activity on the gel This method differs from the only 
other techmque®, not only m a more rapid stainmg of 
the gel, but in the capacity to clearly detect the NADH 
activity as well as the NADPH activity in a positive stain 

Haemolysates were prepared by adding two volumes of 
cold distilled water to the washed red cells and freezing 
and thawing three times The stroma was discarded after 
centrifugation at 31,000g for 30 mın Leucolysates were 
prepared by adding one volume of cold distilled water to 
one volume of packed leucocytes which had been sub- 
stantially freed of erythrocytes by osmotic shock lysis The 
suspension was frozen and thawed three times and centri- 
fuged at 1,600g for 15 mın Homzontal starch gel electro- 
phoresis was carried out with an average gradient of 
20 to 25 V/em for 4hat4°C A 0-1 molar tris-hydrochloric 
acid buffer, pH 96 (4° C), contaimng 45 mmolar ethy- 
lenediamine tetra-acetic acid (EDTA) was used for the 
electrode compartments,adilution1 10 of this buffer was 
used for the starch gel The sliced gel was stained in the 
dark for 2 h, at room temperature, with a freshly prepared 
developing mixture of 34 mmolar oxidized glutathione 
(GSSG), 13 mmolar NADPH, 12 mmolar MTT, and 
0 04 mmolar DCIP in a 0 25 molar trzs-hydrochloric acid 
buffer pH 84 To detect NADH-glutathione reductase 
activity, 1 3 mmolar NADH was substituted for NADPH 

This reagent mixture detects the actrvity of diaphorase 
as well as glutathione reductase, because the diaphorase 
will transfer an electron directly from the reduced pyridine 
nucleotide to DCIP, and thus reduce MTT?’ One side of 
the gel was therefore always stained with a reaction 
mixture from which GSSG had been omitted, m order to 
identify clearly the position of the diaphorase bands 

Using NADPH, a distinct pattern of glutathione reduc- 
tase activity was obtained, consisting of a single band 
located between Hb A and Hb A, in the haemolysates In 
the leucolysates a band with an identical mobility was 
observed There was no interference from the NADPH- 
diaphorase because this enzyme migrates far ahead of 
haemoglobin® 

Accurate locahzation of erythrocyte glutathione reduc- 
tase activity usmg NADH as an electron donor poses 





1 and 5, Haemolysate from a normal subject No 1, 2 and 6, haemo- 
lysate from normal subject No 2, 3 and 7, haemolysate from patient No 1 with partial 
deficiency in glutathione reductase (activity, 30 per cent of normal), 4 and 8, haemolysate 
from patient No 2 with partial deficiency in glutathione reductase (activity adjusted to 
normal) 1-4, With GSSG and NADPH as substrates (see text), 5-8, with GSSG and 
Hb designates the red haemoglobin band 


257 


technical problems because the NADH- 
diaphorase, which 1s visualized at the same 
time, has almost the same mobility, bemg 
only slightly slower Because of this, and 
because of the relatively low activity of the 
NADH-glutathione reductase, clear cut 
patterns are not seen in haemolysates 
(Fig 1). In leucolysates, however, there 18 
no such mterference because leucocyte 
NADH-diaphorase ıs usually not released 
into the supernatant without special 
treatment (our unpublished data) The 
NADH -glutathione reductase can thus 
be seen clearly in leucocyte extracts 
(Fig 2). Its mobility was found to 
be identical to the NADPH-glutathione 
reductase of erythrocytes and _ leuco- 
cytes 

An electrophoretically fast varant of 
NADPH-glutathione reductase, probably 
identical to the type described recently by 
Long*, has been found among normal 
Negroes Some subjects, apparently homozygotes, have a 
single fast band, others, apparently heterozygotes, have a 
wide band representing the juxtaposition of the normal 
and the variant band This was observed ın both erythro- 
cytes and leucocytes, and this finding ıs consistent with 
the assumption that the enzyme 1s under the same genetic 
control in both cell types In a subject homozygous for 
the fast variant of glutathione reductase, the fast band 
observed with NADPH was also obtained with NADH 
at the same position This was seen most clearly in leuco- 
lysates (Fig 2), but was also evident in haemolysates 

Haemolysates from two subjects with partaal glutathione 
deficiency have been studied Their glutathione reductase 
had a mobility identical to the common normal glutathione 
reductase, both with NADPH and NADH 

Subjects with congenital methaemoglobmaema with 
erythrocyte NADH-diaphorase deficiency have been found 
to show a decrease in glutathione reductase activity of 
about 20 per cent? The possibility that these two enzymes 
share a common sub-unit seemed to warrant considera- 
tion Accordingly we have studied three subjects homo- 
zygous for NADH-diaphorase deficiency, one of whom 
had an electrophoretic abnormality of the enzyme (the 
Cahforma variant)’ Although they had a moderate 
decrease of erythrocyte glutathione reductase activity, no 
electrophoretic abnormality was found Furthermore, in 
haemolysates from these subjects, a well defined band of 
NADH-glutathione reductase activity could be obtained, 
without interference from the completely or almost 
completely missing NADH-diaphorase band The position 


NADH— 
Diaphorase 


i 


= as 
a) 





Ongm> ` - 


Fig 2 land 4, Leucolysate from a normal control, 2 and 8, leucolysate 
from s homozygous subject for the fast variant of glutathione reductase 
Gel stamed for NADPH- (1-2) and NADH-glutathione reductase (3-4) 
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of NADH-glutathione reductase band canfirmed the 
identical mobility of NADH- and NADPH-glutathione 
reductase band in erythrocytes 

We find that glutathione reductase activity of normal 
leucolysates and haemolysates moves wih identical 
electrophoretic mobility regardless of whether NADH or 
NADPH ıs employed as hydrogen donor This, and the 
further findmg that identical mobilities are also observed 
when haemolysates and leucolysates are examined from 
subjects with an electrophoretically detectable mutant 
enzyme, strongly supports the idea that actrv:ties with the 
two hydrogen donors are the properties of the same 
enzyme molecule The less likely possibility, however, that 
there are two different enzymes sharing a common sub-unit 
which 1s affected by the electrophoretic mutation cannot 
be altogether elmunated by the studies reported The 
glutathione reductase from two subjects with quantitative 
diminution of glutathione reductase activity has been 
found to be electrophoretically normal The technique 
which we have reported for identifymg the position of 
glutathione reductase in starch gel should make ıt possible 
to study other families already reported‘ *°, m order 
to determine whether further electrophoretic polymorph- 
isms involving the enzyme exist 

This work was made possible by a supporting fund 
established ın the name of the Barry T Leithead Research 
Fellowship, and was supported, m part, by a US Public 
Health Service grant from the National Heart Institute, 
National Institutes of Health 
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Electrophoresis of Ferritins 


ELEOTROPHOREYIC studies of ferritins—iron contamıng 
proteins—from horse, man and HeLa cells have already 
been recorded? This communication describes the 
electrophoretic patterns of a plant ferritin known as 
phytoferritin’ and of ferritins from pig, ox anc guinea-pig, 
compared with human and horse ferritin 

The ferritins other than guinea-pig and phytoferntm 
were extracted by the method of Granick which, briefly, 
consists of homogenizing the tissue (liver o> spleen) m 
distilled water and heating to 80° C, after which the 
supernatant is half saturated with ammomumn sulphate, 
and. the precipitate 1s dissolved in distilled water The 
ferritin present ın the solution is crystallized with cad- 
mum sulphate, and finally purified by recrystallization 
When processed in this way bovine and porcine ferritins 
fail to crystallize 

To provide an adequate ferritin yield old stock guimea- 
pigs were given three intraperitoneal injections of 2 ml 
of 1 per cent 1ron ammonium citrate every other day and 
the animals were killed on the day after the last mjection 
Extraction of the liver and spleen was carried out using 
Friedberg’s modification of Granick’s method? 
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Phytoferritin was extracted? from the primary and 
secondary leaves of the French bean, Phaseolus vulgaris, 
grown in an iron enriched soil 

Human ferritin was extracted from the liver and 
spleen of a patient with myeloid metaplasia Horse 
ferritin, the easiest of all ferritins to prepare, was extracted 
from the spleen of an old animal 

The pattern of bands shown by the ferritins was 
compared in polyacrylamide gel electrophoresis using 
5 per cent acrylamide gel, pH 72, run for 75 min at 5 
mamp/tube The six ferritins examined differed m their 
mobility (Fig 1), the slowest moving being bovine, with 
poreme, human, horse, gumea-pig and the phytoferritm 
forming a series of increasing speed of mobility 

Polyacrylamude gel acts hke a molecular sieve, and so 
16 1s reasonable to suppose that the rate of movement of 
the ferritin 1s a function of their size Unfortunately 
electron mucroscopy, using the phosphotungstic acid 
negative contrast techmque, and ultracentrifuge studies 
failed to demonstrate any appreciable difference m size 
between the human and horse ferrrtins, although in the 
polyacrylamide gel electrophoresis the former moved more 
slowly 


— 


+ 


Bovine Guinea- 


pig 


Fig 1 Patterns shown by fermtiıns from various species when examined 
in standard conditions by polyacrylamide dise electrophoresis 


Pig Human Horse Phyto- 


ferritin 


The number of bands formed by the ferritins in standard 
conditions of 500 ug/tube varied, human ferritin formed 
five bands, guinea-pig, horse and porcime three bands, 
bovine two and phytoferritin remaimed as one broad band 

Hyde’ reported that the electron microscopic, centri- 
fugal and spectrophotometric properties of phytoferritin 
were very sumilar to those of animal ferritins In the 
samples we examined, phytoferriti did not show band 
formation This may be a consequence of the low con- 
centration of the material in the plant, or in the extract, 
for ın other ferritis the minor bands are not demonstrable 
when the concentration of ferritin 1s very low. 

It 1s believed that at high concentrations the molecules 
of ferritin aggregate to form polymers When each of the 
monomer, dimer and trimer bands of horse ferritin were 
eluted and exammed with the electron microscope they 
showed a proponderance of single, double and treble 
molecules respectively’ We have been able to demon- 
strate similar aggregates ın samples eluted from the 
bands of human ferritin prepared by electrophoresis mm 
polyacrylamide gels 

This work was supported by a grant from the Scientific 
Research Committees of the Royal Victoria Infirmary 
We thank Professor C A Green, Professor M G. 
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IMMUNOLOGY 


Absence of 6-Globin Synthesis and 
Excess of %-Globin Synthesis in 
Homozygous $-Thalassaemic Subjects 
from the Ferrara Region 


B-THALASSAEMIA 18 a genetically determined anaemia of 
man, characterized by a decrease in production! or the 
absence’ of B-globin, and by an excess of «-globin syn- 
thesis*:*-*, which results in the «/(®8+y + 5) globin synthesis 
ratio largely exceeding the normal value of 1 0 

The hıgh frequency of occurrence of the 6-thalassaemic 
gene in the area of Ferrara, Northern Italy®, has provided 
us with the opportunity to examine a relatively large 
number of homozygous and heterozygous @-thalassaemuc 
subjects The investigations were based on the following 
determinations (a) globin chain synthesis mn peripheral 
blood and bone marrow erythroid cells, and (b) char- 
acterization of the 6-thalassaemic haemoglobin types by 
starch gel electrophoresis and by column chromatography 
on ‘Amberlite IRC 50’ 

A typical separation of labelled thalassaemuc globin 
chains 1s shown in Fig 1 This shows the absence of 
B-globin and the excess of «-globin synthesis in reticulo- 
cytes from homozygous f-thalassaemie patients, confirm- 
ing our previous findings’? Erythroid cells from bone 
marrow have an identical chromatographie pattern, 
except for the amino-acid incorporation, which 1s greater 
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Fig 1 Column chromatography on CM-cellulose of the labelled globin 

chains from a homozygous f-thalassaemuc subject The erythroid cells 

from the peripheral blood and from the bone marrow of the subject 

were cubated with "H amino-acids’ 1° The chromatographic separa- 

tion was performed according to the procedure of Clegg ef al? Each 

tube corresponds to 2 5 ml , OD pattern, O--- O, peripheral 
blood radioactivity, @--- @, bone marrow radioactivity 
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Fig 2 Starch gel electrophoresis at pH 8 6 (érts-ED'T.A-borate) of the 
haemoglobin types present ın the various subjects examined The dia- 
gram refers, from left to right, to purified haemoglobin A, purified haemo- 
globin F, haemoglobins from the peripheral blood and from the bone 
marrow of homozygous f-thalassaemic subjects who had never been 
transfused, haemoglobms from the peripheral blood and from the bone 
marrow of poly-transfused homozygous 8-thalassaemic patients 


The excess of «-globin synthesis, as calculated from the 
chromatographic analyses, on Ci-cellulose, of the 
6-thalassaemic subjects exammed, 1s shown by Table 1 
The ratio of «-globim synthesis to counterpart globin 
synthesis, observed in reticulocytes, ıs comparable with 
that in erythroid bone marrow cells, this ratio, equal to 
3 0 ın the homozygous state, becomes 17 in the hetero- 
zygous state The ratio of the control subjects 1s 10 
(Table 2) 

Starch gel electrophoresis of the haemoglobin types of 
the subjects examined ıs shown in Fig 2 The patterns 
reveal the absence of the band correspondmg to haemo- 
globin A in the subjects who have never been transfused 
The presence of the haemoglobin A band ın the poly- 
transfused patients 1s derived from the transfused normal 
haemoglobm In fact (see Fig 3) the mtensity of the 
adult haemoglobin band 1s related to the time between 
transfusion and chromatographic analysis 


Table 1 EXCESS OF a-GLOBIN SYNTHESIS IN HOMOZYGOUS A-THALASSAEWI\ 
Ratio *Ha/fH (y+ ô) 


Periph- Periph- 
Patient Age eral Bone Patient Age eral Bone 
blood marrow blood marrow 

l(a) Gmonths 25 — 17 (b) 4 years 30 — 
2 (a) 6months 24 _ 18 (b) 4 years _ 66 — 
3 (a) 9months 31 — 19 (b) 5 years 40 — 
4(a) 10 months 38 — 20 (b) 5 years 21 22 
5 (a) 1year 80 31 21 (c) 6 years 30 — 
6 (a) 1year 32 35 22 (c) 7 years 34 _ 
7(a) 2 years 27 — 23 (b) 7 years 31 31 
& (b) 2 years 36 — 24 (b) 7 years 29 — 
9 (b) 2 years 30 31 25 (b) 7 years 26 24 
10 (a) 2 years 27 26 26 (c) 8 years 29 — 
11 (b) 3 years 27 _ 27 (b) 8 years 35 — 
12 (a) 3 years 28 26 28 (c) 9 years 24 — 
13 (b) 3 years 36 — 29 (c) 10 years 25 — 
14 (b) 3 years 26 — 30 (c) 10 years 26 — 
15 (b) 4 years 35 36 31 (c) 11 years 28 — 
16 (b) 4 years 25 — 32 (c) 12 years 27 — 
Averages 30 30 


(a) Never transfused, (b) poh transfused, (c) polvtransfused and splenec- 
tomuzed 


Table 2 RATIO OF a-GLOBIN SYNTHESIS VERSUS COUNTERPART GLOBIN 
SYNTHESIS IN HETEROZYGOUS B-THALASSAEMIC PATIENTS AND IN CONTROL 


SUBJECTS 
Heterozygous 8-thalassaemia Control subjects 
Ratio *HafH (6+7+ 8) Ratio *Ha/?H (8+ ô) 
Peripheral blood Peripheral blood 
Patent Age Patient Age 
1 27 years 174 1 23 years 100 
2 31 years 190 2 31 years 105 
3 81i years 177 
4 82 years 144 Average 10 
5 34 years 183 
6 35 years 142 
7 41 vears 187 
8 45 years 175 
9 50 years 157 
Average 169 
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A typical chromatographic pattern on ‘Amberlite 
IRC 50’ of the haemoglobins from §-thalassaemic reticulo- 
cytes and from erythroid cells of the bone marrow, after 
amino-acid incorporation, 1s shown ın Fig. 4 The elution 
profile reveals the presence of three protems corresponding 
to haemoglobin F, haemoglobin A and haemoglobin A, 
The first and the third peaks are radioactive, while the 
second contams no detectable radioactivity This pattern 
is consistent with the findings obtained with the other 
techniques and confirms the absence of $-globin synthesis 
in homozygous 8-thalassaema. The sensitivity of this 
technique in detecting the various haemoglobin fractions 
has been reported to be 01 per cent? 

These findings provide further evidence that the gene 
for B-globin, in homozygous §-thalassaemic subjects from 
the Ferrara region, 1s not expressed This result 1s sub- 
stantiated by the many cases so far exammed (forty-two) 
and by the evidence provided by several techniques (Of 
the forty-two patients so far examined, four were originally 
from other areas of thalassaemia m Italy. In four cases, 
not described m this report, @-cham synthesis was sug- 
gested by the chromatographic pattern of the globin, 
further studies are m progress to characterize these sub- 
jects ) The absence of 6-globi m our population, com- 
pared with the decreased synthesis observed in other 
areas, suggests that Cooley’s disease 1s caused by a hetero- 
geneous group of mutation of the B-gene, leading to the 
synthesis of different amounts of §-globim m different 
thalassaemic populations 

The identical behaviour of reticulocytes and bone 
marrow erythroid cells excludes a selective retention in 
the bone marrow of cells which synthesize 8-globin, and 
the presence of functional messenger RNA for @-globin 
during the different stages of maturation of red blood cells 

The absence of f-globin ıs known to be associated 
with an excess of «-globin synthesis: this can be inter- 
preted as a consequence of the defect ın @-globin syn- 
thesis, because 1b 18 higher in the homozygous than in the 
heterozygous state 

The free «-chain does not tend to assume a stable 
tetrameric form'15 and, as reported elsewhere’, is 
rapidly removed from the cytoplasm, becoming associated 
with the stromal material This may be the reason why 
only small amounts, if any, of free «-cham are detectable 
in the §-thalassaemic haemolysates by either chromato- 
graphic or electrophoretic techniques'*1’, while f,-tetra- 
mers (HbH) or y,-tetramers (Hb Bart), because of their 
higher stability, are detectable ın a-thalassaemic haemo- 
lysates 

This work was supported by grants from the Itahan 
Consigho Nazionale delle Ricerche. Impresa di Enzimo- 
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Fig 3 Starch gel electrophoresis at pH 8 6 (irzs-EDTA-borate) of the 

haemoglobin types of a homozygous #-thalassaemic subject who had 

never been transfused The diagram represents from left to night the 

haemoglobin composition immediately before transfusion, and 1, 30, 60 
and 90 days after transfusion 
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Fig 4 Column chromatography on ‘Amberlite IRC 50’ of the labelled 

haemogiobins present ın the perrpheral blood and in the bone marrow 

erythroid cells of a homozygous #-thalassaemuc subject after incubation 

with *H-amino-acids The chromatographic separation of the haemo- 

globin types was performed according to the procedure described by 

Allen et al * , OD pattern, O --- O, peripheral blood radio- 
activity, @--- @ , bone marrow radioactivity 
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Effect of F(ab')2 from Rabbit Anti-mouse 
Lymphocyte IgG on the Graft versus 
Host Reaction in Fı Hybrid Mice 
HETEROLOGOUS antisera raised against lymphoid cells 
(ALS) have been found to suppress a large variety of 


immune responses (see review by James') In particular, 
lymphoid cells from mice which have been treated with 


NATURE, VOL 217, JANUARY 20, 1968 


ALS exhibit a diminished ability to produce graft versus 
host (GVH) reactions** Such responses result from 
immunological interaction between lymphoid graft and 
the histocompatibility antigens of the host One such 
reaction occurs when parental spleen cells are injected 
into adult F, hybrid mice, and its occurrence and severity 
can be assayed by measurement of the resulting increase 
in size of spleen and liver®. As anti-lymphocytie antibody 
fragments seem incapable of suppressing humoral anti- 
body formation’~° and inhibiting allograft rejection?*, we 
have investigated the effect of such preparations on the 
followmg GVH system 

We have compared the ability of spleen cells from 
C5751 mice treated with intact IgG and fragments (antı- 
body and normal) to produce a GVH-reaction on sub- 
sequent injection mto normal (C57Blx CBA)F, hybnd 
recipients The mice used were derived from inbred 
strams maintained in this department, the C57Bl donors 
were males and females weighing 25-30 g and the recipient 
F, hybrids were males between 30 and 35 g 

ALS was raised by intravenous injection of New Zea- 
land white rabbits with about 10° CBA mouse thymus 
cells on each of three occasions during a 4 week penod 
The rabbits were bled 1 week after the last mjection The 
ALS obtained was activated (56° C for 30 min) and 
absorbed with mouse erythrocytes to remove agglutinins 

Small amounts of this antiserum prolonged the survival 
(three times) of A stram skin grafts on CBA male mice 
and produced a marked lymphopema ın C57BI mice 
The normal rabbit serum (NRS) IgG and rabbit anti- 
mouse lymphocyte IgG preparations used m these studies 
were prepared by batch chromatography*? on Whatman 
DE52 ion exchange cellulose (degree of substitution = 
1 0m equiv /g) Immunoelectrophoresis using a sheep antı- 
whole rabbit serum indicated that the products contamed 
only trace amounts of contaminating protems The non- 
cytotoxic F(ab’), portion of the antibody molecule (which 
contains both antibody combining sites) was obtained 
by pepsin digestion! at 37° C for 24h in pH 40, 0 1 molar 
acetate buffer For each 100mg of protein 2 mg of enzyme 
was used Degradation of the IgG to the F(ab’), product 
was shown to be complete by immunodiffusion and 
cytotoxic analyses The products were concentrated 
to 1 g per cent by ultrafiltration and dialysed against 
0 15 molar sodium chloride before use 

C57Bi donor ammals were given a total of 1 ml of 
the appropriate 1 g per cent preparation mtraperitone- 
ally in doses of 0 25 ml on days 4, 3, 2 and 1 prior to cell 
transfer 

Spleen cell suspensions were prepared from the pooled 
spleens of four or five treated animals by gently breaking 
them up in a ground glass homogenizer contmmng 
balanced salt solution plus 01 per cent normal mouse 
serum The suspensions were passed through a fine 
meshed. stainless steel sieve, allowed to stand for 10 mn 
at 4° C, then the cells in the supernatant were washed 
twice and re-suspended to give a concentration of about 
200 x 10%/mi The viability of the cells was assessed by 
their ability to exclude 005 per cent trypan blue, and 
was never less than 86 per cent The volume necessary to 
give a dose of 100x 10° viable cells was calculated, and 
this volume of suspension was injected into the tail vein 
of the appropriate animal 

The (C57BIlx CBA)F, animals were arranged in six 
groups, as shown in Table 1 Nine days after cell transfer 
the animals were weighed, killed by cervical dislocation, 
and the weights of their spleens and livers determined 

As Table 1 shows, ALS IgG alone inhibited the pro- 
duction of splenomegaly and hepatomegaly while ALS 
F(ab’), and the normal IgG preparations were ineffective 
This result is in agreement with other findings that anti- 
lymphocytic fragments seem meapable of suppressing 
humoral antibody formatıon’”- or wnhibiting homograft 
rejection”, and suggest that the immunosuppressive 
properties of ALS are dependent on the possession of an 
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Table 1 MEAN RELATIVE SPLEEN AND LIVER WEIGHTS OF (C57 Bi x CBA)F, 
HYBRID MIOE, 9 DAYS AFTER INTRAVENOUS INJECTION OF 100 x10" SPLEEN 
OELLS FROM C57Bl MIOR OR SALINE 


Relative spleen Relative liver 


shia No. iar ore D.) ments D) 

1 Sois Rep donors treated 6 425 T 77) 568 7 (+47 1) 

z gene Tre poners freated 5 128 5 = 9) 752 4 Bee 4) 
III Cells from donors treated F 

E a fe ten macaean 

V Cells from donors treated s 

with saline 5 120 9 (+7 3) 746 1 (+57 3) 

VI Saline only 7 43 1 (+19 2) 585 7 (+31 9) 

* Relative organ wt = Organ weight (mg) x 10 Group I agamst group V 


Body weight (g) 
in respect of spleen weight P<001 Group I against group V in respect 
of hver weight P<0 01 Group IX against group V im respect of spleen 
weight or hver weight, not significant 


intact Fe (complement binding) portion It 1s possible, 
however, that other properties associated with this region 
of the molecule are involved (that 1s, membrane attach- 
ment, placental transfer, immunogenicity) 
We thank Miss Valerie Curran and Mrs Valerie James 
for technical assistance This work was supported xm 
part by a grant from the Distillers Company Lid 
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In vivo and in vitro Effect of 
Anti-lymphocytic IgG on Sensitized 
Spleen Cells 


Ir has been shown that treatment of a number of animals 
with species specific anti-lymphocytic antibody suppresses 
their primary immune response to a variety of antigens! 
Cell transfer experiments have also shown that “non- 
sensitized” lymphoid tissue from mice treated with anti- 
lymphocytic antibody can exhibit a reduced immunological 
potential when transferred to suitably prepared recipi- 
ents? Furthermore, suppression of suspensions of 
sensitized mouse and rabbit lymphoid cells can also be 
achieved by incubating them ın vitro with anti-lympho- 
eytic antibody before transferring them to test recipi- 
ents*? In order to confirm and extend these previous 
cell transfer results, preluammary expermments have been 
undertaken to determine the effect of anti-rat lymphocyte 
antibody treatment (en vwo and n vitro) on the humoral 
antibody producing potential of sensitized rat spleen cells 
on subsequent transfer to irradiated recipients 

The suspensions of sensitized spleen cells were prepared 
from female rats of a hooded strain which had recerved 
two intraperitoneal injections of 5 mg of alum precipitated 
bovine serum albumin (alum BSA), 6 weeks and 2 weeks 
before the spleen was removed The preparation and 
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Fig 1 The effect of un vwo and in vitro anti-lymphoc; fic antibody treat- 
ment of sensitized spleen cells on their subsequent response to sensitizing 
antigen (BSA) following transfer to irradiated recipients For further 


detatls of the treatment of the sensitized spleen cells see the text Note 
that several animals died during the course of the experiment 


properties of the horse anti-rat lymphocyte IgG and 
normal horse IgG have been reported elsewhere®-1° 

The ın vitro treatment of suspensions of the sensitized 
spleen cells consisted of incubatimg them for 1 h at 37° © 
in sterile 015 molar solutions of sodium chloride con- 
taming normal horse or anti-lymphocytic IgG (1 mg of 
protem/ml) No extraneous complement was added to 
the mixture® Each incubation mixture (total volume 
20 ml) contamed cells from six spleens The wm vwo 
treatment consisted of mjecting (intraperitoneally) the 
sensitized animals daily with 2 ml of a 1 g per cent 
solution of the normal or the anta-lymphocytie IgG on the 
3 days before the spleen was removed These cells were 
incubated in sterile saline alone All suspensions were 
washed twice followmg incubation and were made up to 
a volume of 7 ml (equivalent to six spleens) 


Table 1 DETAILS OF THE TRANSFERRED SPLEEN CELL SUSPENSIONS 


Experi- Number 
mental Treatment of sensitized spleen cells of cells Percentage 
group transferred viable 
A Normal horse IgG in vwo 200 x 105 50 
B = Horse anti-rat lymphocyte IgG ın utro 150x 10° 40 
C Normal horse IgG zn vwo 200 x 10° 80 
D Horse anti-rat lymphocyte IgG an vwo 150x10 54 


The recipients of the various suspensions of sensitized 
spleen cells were 3-6 month old male rats of the hooded 
strain weighing from 200-390 g They all recerved 
terramycin in their diinking water (1 mg/100 ml ) com- 
mencing 2 days before receiving 600 rads of whole body 
X-irradiation This dose of radiation had previously been 
shown to suppress completely the primary response of 
hooded male rats to alum BSA Twenty-four hours after 
irradhation the rats recerved an intraperitoneal injection 
of 1 ml of one of the suspensions of spleen cells (see 
Table 1) <A further 24 h after cell transfer the animals 
were injected intraperitoneally with 5 mg of alum BSA 
The ammals were bled 7, 14, 25 and 33 days after mjection 
of antigen and the serum antibodies were determined by 
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the Farr procedure using an 10dine-131 labelled BSA 
preparation containing 02 pg of nitrogen in each test 
Further details on the preparation of labelled antigen** 
and the Farr technique are recorded elsewhere 

It 1s apparent from Fig 1B that the treatment of 
sensitized. spleen cells an vtro with anti-lymphocytic IgG 
markedly mhibits their subsequent response to alum 
BSA following transfer to X-irradiated recipients In 
contrast, the animals (Fig 14, C and D) which received 
the other suspensions of spleen cells showed a charac- 
teristic secondary response to the bovme serum albumin? 

The suppression of the humoral antibody response of 
sensitized lymphoid cells by n vuro treatment with 
anti-lymphocytic antibody confirms previous results in 
other species*? These observations suggest that this 
form of treatment could be capable of erasing 1mmuno- 
logical memory, presumably as a result of direct inter- 
action between memory cells and antibody It 1s appre- 
ciated, however, that alternative explanations exist 
meluding the rapid destruction of transferred antibody 
coated cells, their poo. “seeding” and reduced prolifera- 
tion Furthermore, one also has to take mto consideration 
the fact that the animals ın group B received fewer viable 
cells than those m group A although a comparison of the 
results between groups C and D would suggest that this 
was not a principal factor 

The wm vwo results support previous observations in 
rats®!° where a similar dose of anti-lymphocytic antibody 
did not have a marked effect on the secondary response 
of rats to alum BSA (ref 9) and also failed to suppress 
the primary response if given a short while after the 
antigen’? It has been suggested that en vwo the anti- 
lymphocytic IgG has luted access to central lymphoid 
tissue such as the spleen and lymph nodes’ and that its 
effect ıs prmmarily on peripheral lymphocytes® Thus the 
antibody 1s unable to activate memory cells or prevent 
plasma cell proliferation m these sites In contrast, however, 
it should be emphasized that studies on skin allograft 
rejection’ and the graft versus host phenomenon? 
indicate that a vwo treatment with antilymphocytic 
antibody can significantly modify the subsequent immuno- 
logical response of non-sensitized lymphoid tissue 

Further experiments are now under way to confirm 
these prelimimary observations using larger numbers of 
animals and transferring identical numbers of viable cells 

I thank Dr N F Anderson for irradiating the rats, 
Mrs V James, Miss E Nelson and Mr A Wood for tech- 
nical assistance, and Mr C Shepley for preparing the 
diagram I also thank Professor M F A Woodruff and 
Dr R N Pinckard for their advice and interest in this 
work 
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Proliferation of Mast Cells after 
Antigenic Stimulation in 
Adult Rats 


Ix the course of a series of experiments using tritiated 
thymidine to study long-lhved lymphocytes and plasma 
cells in rat lymph nodes'-* we have frequently found a 
high percentage of labelled mast cells Because these 
findings seem inconsistent with reports that mast cells 
are stable and only divide slowlyt-6, 
we have re-examined our earher exper- 
ments and have found evidence which 
shows that mast cells are actively produced 
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or one hundred cells on each smear Individual grain 
counts of thirty labelled mast cells/smear, or as many as 
could be found, occasionally less than ten, were used to 
determine collectively the median grain count for each 
identically treated group of rats For statistical analysis, 
the data were expressed as the ratio of labelled cells un- 
labelled cells, and the value of y? was calculated from 
these ratios 

Fig 1 shows the ranges and mean values for the labelling 
index of mast cells in popliteal nodes at various times 





after antigenic stimuli 

The details of all the experiments to be 
considered have been previously reported 
In one group of expermments tritiated 
thymidine was injected twice daily for 2 
days into the hind foot pads of 4~6 month 
old unstimulated rats or mto similar rats 
on the third and fourth days after pnmary 
or secondary injections of 50 ug of Salmon- 
ella adelarde flagella! In subsequent 
experiments 2-3 month old iats were 
similarly injected with tritiated thymidine 
for the first 4 days after secondary stimuli 
with 010 or 025 ml of typhoid—para- 
typhoid A and B vaccine (TAB vaccine)?)3 
Thirty or 31 days after the last dose of 


Secondary~ O 25 mil TAB 


Fig 2 Histogram showin: 
cells in the popliteal! lymp: 





Medion 
3 2 grain 

21 DAYS AFTER 4 INJECTIONS OF ~H-THYMIDINE x P counts 
No stimutus 7 
Primary - 50 ug flagella T 
Secondary- 50 yg flagella 9 

31 DAYS AFTER 8 INJECTIONS OF 3H-THYMIDINE 

Secondory ~O IO mi TAB 57 <000) 9 
16 
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LABELLING INDEX 


the ranges and mean values of the labelling index of mast 
nodes after different types and degrees of rmmunological 


tritiated thymidine had been given, rats 
of the latter group were exposed to 850 
rads of X-irradiation’, or to progressively 
increasing daily doses of prednisone, cyclo- 


stimulation and after the two different courses of tritiated thymidine injections The 
values for x? and P in the first group of experiments were calculated from the ratio of 
labelled unlabelled mast cells in the primary stimulated lymph nodes compared with 
the non-stimulated lymph nodes, and from the secondarily stimulated lymph nodes 
compared with the non-stimulated nodes The median grain counts of the labelled mast 
cells which were present in the first experiment are considered to indicate similar degrees 


phosphamide, 6-mercaptopurine or actino- 
myein D (ref 3) Pairs of rats were 
killed at various times after labeling with tritiated 
thymidine, 3 days after X-irradiation, and at inter- 
vals during drug administration § Autoradiographs 
of smears of cells which had been teased from each 
popliteal node were prepared using Kodak AR 10 stripping 
film and Giemsa stain 

For the studies which are reported here mast cells were 
identified on each autoradiograph by the unique colour 
of the cytoplasmic granules The labelling index for mast 
cells—that 1s, the percentage of mast cells with five or 
more grains/nucleus—was determined by counting fifty 


of labelling ın each of the three groups 


after labelling ın two different experiments When 
tiitiated thymidine was given on the third and fourth 
days after a secondary stimulus of Salmonella flagella, 
the initial labelling index of the mast cells did not exceed 
2 per cent Twenty-one days after the last dose of 
tritiated thymidine was administered, however, the label- 
ling index increased to velues as high as 22 per cent 
When tritiated thymidine was injected on days 1-4 afte: 
a secondary stimulus of TAB vaccine, the initial labelling 
indices were the highost which were found and exceeded 
any of those of the first experiment In both experiments, 

labelled mast cells were found months after, the 

last dose of tritiated thymidine had been given, 


STIMULUS and Median and in each case, after the mıtıal 2 weeks, the 
grain 
TIME AFTER LABELLING counts median grain counts of the labelled mast cells 


Secondary -50 ug flagella 


2 days 
14 days 
21 days 


6 months 


Secondary~ 0 10 mi TAB 
3 days 
17 days 
31) days 


7 months 


50 
LABELLING INDEX 


Tig 1 


stimulus of 010 ml of TAB vaccine 
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Histogram showing the ranges (shaded areas) and means (dark lines) of 
the values of the labelling indices of mast cells ın popliteal lymph nodes at various 
times after the last dose of tritiated thymidine was admunistered ın two experi- 
ments In the first experiment the tritiated thymidine was given in four injections 
im ch foot pad on the third and fourth days after a secondary stimulus of 
50 ug of Salmonella flagella In the second experiment the tritiated thymidine 
was given 10 eight injections in each foot pad on days 1-4 following a secondary 
The median gram counts of the labelled 


decreased only slightly, indicating a stable, non- 
dividing population 

Fig 2 compares the range and mean values 
for the labelling mdex of mast cells 21 days after 
tritiated thymidine had been admunistered dumng 
a 2 day course when all values were highest m 
this experiment There were significantly greater 
proportions of labelled mast cells in nodes which 
were stimulated before labelling than in un- 
stimulated nodes The difference between the 
labelling indices following a primary and those 
following a secondary stimulus was not signifi- 
cant Only one time point, 31 days after labelling, 
was available for comparing the labelling indices 
of mast cells after different secondary doses of 
TAB vaccine had been given A significant 
merease in the proportion of mast cells which 
were labelled after a stimulus of 025 ml of 
TAB vaceine was found compared with the 
proportion which were labelled after a stimulus 
of 010 ml (Fig 2) There was also an increase 
ın the median grain count with the larger dose 
of TAB vaceine, despite the fact that an 
identical dose of tritiated thymidine had been 


mast cells which were present at each time are also shown and are discussed 1n the 


text 


given 


264 


The labelling index of mast cells in popliteal nodes of 
rats 33 days after labelling and 3 days after exposure to 
850 rads of X-irradiation was significantly decreased in 
comparison with values from non-irradiated, control rats 
(Fig 3) Because the labelling index does not represent 
absolute numbers, 1t 1s not known whether the decrease 
in labelling index indicates radio-sensitivity of the 
labelled, long-hved mast cells or proliferation of new, 
unlabelled cells Fig 3 also shows that treatment of rats 
for up to 4 weeks with prednisone, cyclophosphamide, 
6-mercaptopurme or actinomyem D did not change the 
labelling indices of mast cells At this time all the rats 
had signs of drug toxicity? 

This work shows that mast cells actively proliferate 
after antigenic stimulation and that this proliferation 1s 
at least partly dependent on the degree of the stimulus 
The data also confirm, however, the earher reports that 
mast cells, once mature, are long-lived and stable®®, The 
labelling index and median grain counts of the mast cells 
decreased only over long periods of time, and none of the 
cytotoxic drugs, only X-irradiation, caused any change 
in the labelling mdex 

Combs et al? have shown that mast cells in the foetal 
rat proliferate both from unidentified precursor cells and 
by mutosis of identifiable, but ummature, mast cells Our 
data suggest that two mechanisms for mast cell pro- 
liferation could also exist in adult rats The delay of 
21 days before the appearance of maxunum labelling 
index following an injection of Salmonella flagella 1s best 
explained by assuming that cells which are not identifi- 
able as mast cells were stimulated to divide and 
slowly differentiate The rapid appearance of large 
numbers of labelled mast cells after injection of TAB 
vaccine containing endotoxin, however, 1s more con- 
sistent with stimulation and division of mast cells 
themselves 
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Fıg 3 Histogram showing the ranges and mean values of labelling index of mast cells 
in popliteal lymph nodes after varied cytotoxic treatment The X-irradiation was given 
30 days afterirradiation The values for 7° and P were calculated for the ratios of labelled 

The drugs were given ın 
progressively increasing doses mtraperitoneally starting 30 days after labelling® 
data shown are from rats which were kuled after having recerved drugs for 4 weeks All 
the rats showed evidence of drug toxicity at this time The differences in labelling indices 


unlabelied cells in the control and irradiated groups of rats 


among the various drug-treated groups are not significant 


In summary, the percentage of mast cells which were 
labelled after tritiat2d thymidine had been administered 
increased if the labelling followed antigenie stimulation 
This increase was in part dependent on the degree of the 
stimulus. The percentage of long-lived mast cells m lymph 
nodes decreased after X-irradiation, but not during treat- 
ment with several cytotoxie drugs 

Sir Macfarlane Burnet suggested this work and, with 
Dr QG J V Nossal, provided criticism of the early 
parts of ıt Dr Edward L Alpen provided criticism 
of the manuscript The study was supported in part 
by a grant to Dr G J V Nossal from the US National 
Institutes of Health, and m part by funds provided by 
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Analysis of Antibodies against 
Synthetic Angiotensin Il by the 
Passive Haemagglutination Technique] 


For passive haemagglutination studies, antigens are 
usually adsorbed to tanned’, formalmized?-°, glutaralde- 
hyde-fixed® or chromium chloride-treated red cells’ 
Alternatively, antigenic material can be covalently bound 
to native or fixed erythrocytes by various couphng 
reagents, including bis-diazotized benzidine* 1, 1,3- 
dfluoro-4,6-dinitrobenzene**, tolylene-2,4-dusocyanate! 
and carbodumide (CDI)*. 

Several of the techniques are rather elaborate and 
have many lmutations and difficulties, and so we chose 
to assay haemagglutinating antibodies against synthetic 
angiotensin II The octapeptide was coupled to native 
sheep red cells by means of CDI Furthermore, 1mmune 
agglutination of peptide-treated red cells was used to 
investigate antigenic determmants of angio- 
tensin IT 

Sheep blood was collected in modified 
Alsever’s solution (compare ref 16) Red 
9 cells (SRBC) were washed three times with 
5 phosphate buffered saline (PBS) and stan- 

dardized photometrically To each of four 
tubes contammmg 24 8 ml of distilled water 
02 mi of an approximately 25 per cent 
(v/v) SRBC suspension was added and the 
average absorbency (Az) was determined 
in an Eppendorf photometer (filter 546) 
Corrections for volume were made ın accord- 
ance with the relationship Vy= V: Az/0 350 
(V+, final, Vi, mitial volume) 

Suspensions contained 44x 10° cells/ml 
as determined by Coulter counting For 
haemagglutination tests, photometneally 
standardized suspensions were prepared to 
contain 2 4x 10® cells/ml 

Synthetic Asp (NH,)!-Val5-angiotensm IT 
(‘Hypertensin’, Ciba) (ATI) was conjugated 
to native erythrocytes by 1-ethyl-3-(3-di- 
methylamimopropyl) carbodumide hydro- 
chloride (CDI) (Ott Chemical Co ) In multi- 
factorial-type expermments optimal concen- 
trations of SRBC, AIT and CDI were determined, always 
using the same rabbit anti-AII serum pool CDI concen- 
trations greater than 10 mg/ml caused haemolysis, where- 
as an excess of AII was associated with agglutination during 
coupling For a variety of concentrations of AIT and a 
constant amount of CDI (10 mg/ml ) a 25 per cent SRBC 
suspension yielded optimal conjugation conditions, judged 
by haemagglutinin titres The following procedure was 
finally adopted equal volumes of standardized 26 per 
cent cell suspension, ATT (10 mg/ml PBS) and freshly 
dissolved CDI (10 mg/ml PBS) were added ın this order, 
the mrxture beng kept at room temperature for 60 min 
with frequent stirrmg After meubation the cells were 
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washed twice with EDTA. Cells coated with angiotensin 
and otherwise identically treated control cells without 
peptide, referred to as AIT-CDI-SRBC and CDI-SRBC, 
respectively, could be stored for at least 15 days at 4°C 
without any detectable change ın performance 

Heemagglutination was determined using the Takatsy 
outfit (Cooke Engineermg Co) To 0025 ml of serum, 
diluted in EDTA, 0 025 ml of standardized (0 8 per cent) 
AII-CDI-SRBC or CDI-SRBC (m EDTA) was added. 
The plates were incubated overmght at 4°C. The extent 
of agglutination was scored from 4+ to negativel® Titres 
were expressed as logarithms to the base 2 of the reciprocal 
of the final dilution showing agglutination All reactions 
were carried out in tripheate or quadruplicate and the 
following controls were always included test sera were 
assayed against CDI-SRBC (contaimng no peptide), 
and the erythrocytes coated with peptides were tested 
with normal serum and with diluent only 

Antisera against AIL were obtained after multiple 
mjections of AII-CDI-protem conjugates meorporated 
in complete Freund’s adjuvant}? or after admunistra- 
tion of AII-CDI-SRBC prepared as already described 
Rabbits and chickens were injected on days 0, 1 and 
10 with 1 ml of a 10 per cent (v/v) cell suspension, given 
intravenously Five days after the last injection the 
sera of both species exhibited specific anti-AII haemag- 
glutinin titres of 5 and 6. 

All the antisera used for haemagglutination were heat- 
mactivated and absorbed with SRBC and CDI-SRBC 
Normal control sera were heat-inactivated and absorbed 
with SRBC only Absorption of antisera with CDI- 
SRBC was essential, for haemagglutination regularly 
revealed antibodies to CDI or to CDI-erythroeyte deter- 
minants, whereas the presence of these antibodies could 
not be demonstrated immunochemically® As compared 
with anti-AIT, antibodies directed against CDI caused 
quantitatively and qualitatively different haemagglutina- 
tion reactions Instead of an evenly dispersed film of red. 
cell agglutinates covermg the bottom of the wells, 4+ 
patterns of anti-CDI were characterized by coarse cellular 
aggregates of different size and shape, locahzed in the 
central parts of the wells. 

For haemagglutination inhibition tests, AII or its 
analogues and fragments were diluted in EDTA containing 
l per cent normal inactivated rabbit serum (NRS) which 
had been absorbed with SRBC Two-fold serial dilutions 
of the peptide inhibitor were made in two groups of fom 
rows each, each group beginning with a different concen- 
tration to give staggered endpoints To 0025 ml of 
various dilutions of inhibitor, 0025 ml of rabbit anti- 
ATI-CDI-protein diluted 1 64 ın EDTA-NRS was 
added, the mixture was incubated for 30 min at 37°C 

Finally, 0 025 ml of a 08 per cent standardized ATI- 
CDI-SRBC suspension was added and the plates were 
incubated overnight at 4°C The smallest amount of ATI, 
analogue or fragment, respectively, which caused complete 
inhibition of haemagglutination was considered to be 
the endpoint (extinction concentration, EC) 

Results of inhibition tests are shown in Table 1 On 
a molecular basis, analogues or a fragment of ATI differmg 
from AIT only in the N-terminal position 1 mbhuibited 
haemagglutination almost to the same extent as AII 
The hexapeptide 3-8, lacking positions 1 and 2, and two 


Table 1 ANALYSIS OF ANTIBODIES AGAINST ANGIOTENSIN N BY HAEM- 
AGGLUTINATION INHIBITION TESTS 


Inhibitor EC (p-mole)t Relative ECt 
29 1 


Asp (NHY Val’-angiotensin II* 0 
B-L-Asp! Val’-angiotensin II 393 13 
8-D-Asp' Val’-angiotensin IT 52 18 
Suceiny? Val’-angiotensin IT 55 19 
Heptapeptide 2-8 58 20 
Hexapeptide 3-8 16 4 53 
Asp (NH) Ile®-angiotensin IT 186 64 
Asp (NH) Phet-angiotensin IT 185 64 
Heptapeptide-amide 1-7 966 8 333 3 


* Asp (NH,)-Arg"-Val*-Tyrt-Val>-His*-Pro?-Phe® (Hypertensin, Ciba) 
+ Extinction concentration (10° mole) 
+ EC/ECan 
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analogues differing from ATI in positions 4 and 5 showed 
a somewhat reduced inhibitory effect On the other hand, 
the heptapeptide-amide 1-7, lacking the C-terminal 
phenylalanyl residue, inhibited haemagglutmation to a 
much reduced extent 

These results confirm previous findings'®!* obtained 
by different techniques and stress again the great ımpor- 
tance of the C-terminal phenylalanine and the relative 
unimportance of the N-termmal for immunological 
specificity 

Fseirx M Drerricw 
Hannes FRISCHKNECHT 
Research Laboratories of the 
Pharmaceutical Department of CIBA Limited, 
Basle, Switzerland 
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Mechanisms in Early and Late Phases 
of Tolerance induced by Parabiosis 
in Adult Mice 


ParazBiosis between CBAT67'6 inbred mice with the 
(OBA x O8H)F, hybnd (=T6~ F,) (~ ıs the symbol for 
parabiosis) gives considerable latitude in the study of 
the early phase of non-reactivity (specific immunological 
tolerance) induced by antigen because the cross circulation 
develops slowly between the partners! and the CBA and 
C3H inbred mouse strains from which the partners are 
derived are identical at the H-2 histocompatibility locus 
This constitutes a weak antigenic combination and, in 
conjunction with the gradual appearance of the cross 
circulation, the resulting (one-way?) immunological re- 
action between the partners 1s mild, so that many survive 
for subsequent study of the mechanism by which tolerance 
of the foreign antigens present in the hybrid partner 1s 
induced in the parental partner 

Clearance of (CBAxC3H)F, hybrid erythrocytes 
labelled with chromium-51 suggested that the parental 
partner was sensitized to the C3H antigens of the F, 
hybrid partner early in parabiosis and before tolerance 
(judged by skin graft survival, to be discussed later) 
appeared (CBA x C3H)F; hybrid blood was washed once 
ın phosphate buffered saline and 05 ml of sodium 
chromate-51 isotope, with 005 me of activity/ml , was 
added to 0-5 ml of packed cells and mcubated at 37° C 
for 20 min The cells were washed three times in phos- 
phate buffered saline to remove free label and 0 04 ml of 
labelled cells was injected intravenously into the parental 
partner. Equilibrium between the two partners appeared 
within a few hours Samples of tail blood (0 02 mi. from 
each) were taken on alternate days, lysed in distilled water 
and the activity of both samples was measured ın a well- 
type scintillation counter The sum of each was expressed 
as percentage decay compared with the sum of a sample 
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Fig 1 
parablosis 


Ehmination of chromium-51 labelled F, hy brid erythrocvtes in 
e—@, T6~Fi, O--- O, T6~T6, A--- A, Pi~Fi 


taken 10 mm after the first injection Convincing argu- 
ments against re-utilization of isotope complicating the 
issue have been put forward by Bainbridge et al ? 

In syngeneic F, ~ F, parabionts, elimination was always 
as expected from the known time of survival of mouse 
erythrocytes (28-35 days) Syngeneic T6~ T6 partners 
eliminated most of the labelled cells by 10 days In 
T6~ F, partners in parabiosis for 1 month, elimination 
(which presumably occurred in the parental partner) was 
the same as in T6~T6 syngeneic parabionts After 2 
months ın parabiosis, elimination was the same as for 
Fl~ Fl parabionts (Fig 1) 

Sensitization m mice to foreign transplantation antigens 
to which they have previously been exposed can ve detected 
by the accelerated rejection of skin grafts o? the same 
genotype as the sensitizing antigen Mice were therefore 
parabiosed and separated at short intervals and the 
parental partner grafted with F, hybrid skm Aftor a 
month in paiabiosis, C3H parental partners rejected F, 
hybrid skin grafts in 9 days, which ıs the same as the 
second set 1ejection in single sensitized C3H muce (Table 
1) It was not possible to demonstrate sensizization by 
accelerated skin graft rejection in CBAT' 676 parental 
partners Thus the sequence of events ın both these 
experimental systems supports the suggestion that the 
parental partner goes through a period of sensitization to 
the foreign transplantation antigens of the hybrid partner 
(to which they subsequently become tolerant) during the 
early phases of parabiosis by recirculation of parental 
lymphoid cells which have been sensitized in the F, hybnd 


partnert? 


Table 1 REJECTION TIMES IN DAYS (EP) OF CBATGT'G AND C3H PARENTAL 
PARABIONTS GRAFTED WITH (CBA x C3H)F, HYBRID SKIN 


Each group represents 5 to 10 mice 


Days ın parabiosis CBA C3H 
with F, hybrid EP EP 
3 11 12 
8 13 10 
14 17 10 
22 17 9 
28 >190 — 
40 >129 10 
53 — >133 
First set Second set 
Rejection timesin CBA-C3H 12 9 
parental strainmice C3H->CBA 11 8 


Sensitization of CBAT676 parental partners was 
studied further by estimating the “immunological 
potential” of spleen cells from parabionts after various 
times in parabiosis ın lethally irradiated (CBA x C3H)F, 
hybrids It was argued that sensitized CBAZ'676 para- 
biont cells would cause rapid death by the severity of 
the graft versus host reaction No antibiotics were given 
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to the irradiated mice and only mtiravenously injected 
spleen cells which are well known to contain all the 
necessary stem cells were used to restore them Several 
experiments tended to show that reactive parental cells 
were sensitized ın the hybrid partner ın the early phase 
of parabiosis and rendered tolerant in the later phase 

Table 2 shows the effect of treatment with spleen cells 
from highly tolerant parabionts on lethally irradiated 
hybrids compared with similar hybrids treated with nor- 
mal parental and hybrid spleen cells ın doses of 1 x 10° and 
5x10: cells By 14 days a graft versus host reaction had 
lulled nearly all the hybrids treated with normal CBAT6T6 
spleen cells at both doses Those given 1x10® cells 
just managed to survive for 14 days and because ıt was 
clear they would not live for longer than a day or so they 
were killed at this tıme Mortality was eliammnated with 
spleen cells from tolerant and F, hybrid mice and none 
died during the followmg 10 weeks Table 3 gives results 
of another expermment showing a simular pattern of long 
term survival of the restored irradiated hybrids, but in 
this case several irradiated F, hybrids given normal T6 
spleen cells survived, probably because of the weak anti- 
genic combination In thissituation, secondary irradiation 
disease need not always be uniformly lethal’ | 


Table 2 POTENTIAL OF GRADED DOSES OF PARABIORT SPLEEN CRLLS IN 


RESTORING LETHALLY (1,000 R) IRRADIATED F, HYBRIDS 
Survival/number at 14 days 


No of Source of spleen cells 

cells Tolerant Normal Normal F, 
1x 10° 7/8 6/6* 5/5 

5 x 10° 9/9 1/11 5/5 


* All moribund 


Table 3 WEEKLY SURVIVAL OF IRRADIATED F, HYBRIDS RESTORED WITH 
SPLEEN CELLS FROM TOLERANT, NORMAL CBAZ6T6 AND F, HYBRID MICE 


Weehs 0 1 2 3 4 5 6 6+ 
Tol 20 20 19 14 l4 14 14 14 
T6 15 14 8 8 8 6 6 5 
F, 15 15 15 15 15 15 15 16 


5 x 10° spleen cells were injected intravenously, 


The effect of CBAT67'6 parabiont spleen cells after 
9, 17 and 28 days in parabiosis in irradiated F, hybrids 
1s shown in Table 4 No deaths occurred in the hybrid 
hosts treated with 9 day parental spleen cells Apart 
from the considerations about the mortality in irradiation 
chimaeras mentioned here, 1t 1s tempting to suggest that 
this represents a low zone of dosage causing paralysis as 
in other systems’-® The induction of tolerance in the 
later stages of parabiosis would then represent the mgh 
zone of dosage following a period of sensitization Spleen 
cells from 17 day old parental parabionts caused a 100 per 
cent mortality by 2 weeks, undoubtedly because of 
parental lymphoid cells sensitized against the C3H 
element in the hybrid which have recirculated to the 
parental partner Elmunation of mortality after 28 days 
in parabiosis suggests that tolerance 1s appearing 


Table 4 WEEKLY SURVIVAL OF IRRADIATED F, HYBRIDS RESTORED WITH 
SPLEEN CELLS FROM CBAT676 PARABIONTS, SEPARATED AT INTERVALS 
OF 9, 17 AND 28 DAYS 


Days in Weeks 
parabiosis 0 1 2 3 6 6+ 
9 5 5 5 5 5 5 5 4 
17 10 10 5 0 
28 5 5 5 5 5 5 5 6 


It 1s concluded that in the strain combinations used 
here the parental partner becomes sensitized to hybrid 
antigens before the state of tolerance appears Other 
workers have shown that single post-natal mice injected 
with foreign cells go through a phase of sensitization 
before becoming tolerant!®!! Further experiments are 
being conducted in parabiosis systems (transference of 
the tolerant state, for example) to try to find out whether 
the tolerant state 1s caused by elimination or paralysis 
of reactive lymphoid cells 

This work was supported by a grant from the Medical 
Research Council I thank Miss Janis Edwards for 
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MICROBIOLOGY 


In vitro Agglutination of Bovine 
Erythrocytes infected with 
Babesia argentina 


THE presence of antibodies capable of agglutinating ntra- 
cellular schizonts of Plasmodywum knowles: has been re- 
ported! and a parasite agglutination test described'-* 
This communication reports a similar test for Babesia 
argentina using heavily parasitized bovine erythrocytes 

Splenectomized calves, 3-6 months old, were infected 
with B argentina by intravenous inoculation of blood 
fiom carrier cattle When 2 per cent of the erythrocytes 
in jugular blood were infected, blood was collected in 
bottles containng EDTA (disodium salt of ethylenedi- 
amine tetraacetic acid) as anticoagulant If the peak 
parasıtaemia was below this level, blood was transferred 
to another splenectomized calf and the procedure repeated 
until the 2 per cent parasitaemia was obtsined 

One per cent erythrocyte suspensions in physiological 
saline were prepared which contained approximately 80 
per cent of their cells infected with B argentina The 
infected cells were first concentrated from parasitized 
blood by a method described by Mahoney? Appropriate 
control suspensions were also prepared from normal] 
blood taken from each calf before infection These 
suspensions of infected and uninfected cells were used as 
antigens for the agglutination test 

The agglutination test was conducted ın ‘Perspex’ 
haemagglutination trays Sera were diluted 1/5 in physio 
logieal saline containing 1 per cent normal calf serum and 
heated at 56°C for 30 mn Doubling dilutions of serum 
were prepared and to 02 ml of each dilution an equal 
volume of the infected cell suspension was added A 
control test using the uninfected cell suspension was 
meluded with each serum The plates were shaken and 
allowed to stand at room temperature for 3 h 
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Reactions were 1ead macroscopically and miero- 
scopically ( x 100), the latter after resuspending by gentle 
shaking. Macroscopic reactions were graded as follows 
++ ++, a mat of cells completely covermg the bottom 
of the cavity without any rig of cells around its peri- 
phery The surface had a granular appearance and the 
edges of the mat were sometimes folded, + +-+, simular 
to the +++ + 1¢eaction but with a thin rng of cells 
around the periphery, +-+, a distinct ring of cells with 
only a slight granular appearance, +, a thick rng of 
cells with a diameter approximately half that of the mat 
m the + +++ reaction, + or —, a discrete button o1 
thick ring of cells was present 

The titre of the serum was taken as the highest dilution 
showing a + + reaction macroscopically 

Microscopically the amount of agglutination was 
estimated at the 1/5 dilution as follows + + + +, many 
clumps of over 200 cells, ++ +, many clumps of over 
50 cells, ++, less numerous clumps of over 20 cells, 
+, odd clumps of less than 20 cells 

Parasites from five isolations of B argentina from 
geographically separated natural outbreaks in New South 
Wales were used to prepare suspensions Isolates were 
maintained ın individual carriers at the laboratory and 
designated with the name of the locality from which they 
came (Table 1) A sixth isolate (Gayndah) was obtained 
from DrD F Mahoney, CSIRO, Yeerongpilly Occasion- 
ally before inoculation, parasites were preserved by 
freezing infected whole blood to — 79°C and storing at 
this temperature 

Antisera were collected from the same six carrer 
animals used to provide isolates for suspensions but 
were taken 2 to 6 weeks later They were stored at 
— 20°C without preservative 

The results of testing these suspensions with homologous 
and heterologous antisera are shown in Table 1. With 
each suspension the highest titre and greatest degree of 
clumping was obtamed with the homologous antiserum 
Reactors with the heterologous antisera were shght. 

Preliminary studies on the specrficity of the reaction 
have been undertaken Of 450 non-infected animals 
tested with the Gayndah isolate suspension only four 
(09 per cent) showed any agglutination at the 1/10 
dilution and only one (0 2 per cent) at the 1/20 dilution 
The greatest amount of clumping recorded was + + at 
the 1/5 dilution with one serum Similar results were 
obtained with 100 of these sera when tested with the other 
five isolate suspensions 

The reaction appeared to be highly specific for each 
isolate The isolates used were possibly antigenic variants 
of one or more strains of B argentina arising by a process 
smular to that demonstrated by the agglutination test 
in chrome P knowles: infections? The test described here 
1s at present being used to investigate the possibility of 
similar antigenic variation m B argentina infections If 
basic strain antigens can be identified and strains of the 
parasite classified, the technique would be valuable in 
epidemiological studies 

The effect of these agglutinating antibodies on immunity 
also needs to be investigated Agglutiminsin P knowles: 
were considered to be important ın terminating relapses, 
but another rmmune response was also thought to be 
present and partially able to mhibit relapses? A similar 
state of affairs may exist with B argentina infections 


Table 1 AGGLUTINATION TEST RESULTS OF SERA FROM SIX CATTLE INFFOTED WITH SEPARATE ISOLATES OF Babesia argentina AGAINST ANTIGENS FROM THE SAMF 
A 


MALS 
Antigen 
Isolate Gayndah Cougal Piggabeen Dalguigan Wiangaree Roseberry 

Gayndah *1,250 (+ ++ +)T 0(-) 0(-) 40 (++) 0(-) 0(-) 

Cougal 160 (+ +) 5,000 (+ ++ +) 40 (+) 20 (+) 10 (+) 40 (+) 
Serum Piggabeen 0(- 0(-) 640 (+ 10 (+) 5 (+ +) 5 (+) 

Dalguigan 20 (+ +) Si _ 1,250 (+ + +) 0(~) 40 (+ +) 

Wiangaree O(~) 0(-) 0(-) 0(-) 320 (+ +++) (-) 

Roseberry 10 (+) 20 (+ +) 0(-) 20 (+) 0(-) 5,000 (+ +++) 


* Reciprocals of agglutination test titres 
+ Size and number of agglutinated clumps at the 1/5 serum dilution 
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It would seem that the development of an effective vaccine 
able to produce a sterile immunity for B argentena would 
depend on the importance of these antigens and their 
variability. 
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CYTOLOGY 


Growth-promoting Effect of Lysolecithin 
on Chinese Hamster Cells in vitro 


Write the importance of amino-acids! ’, salts? and 
vitamins‘ for growth of mammalian cells in culture 18 
well established, the role of lpids remams uncertain 
With the exception of free fatty acids’, no naturally 
occurring lipids such as glycerides, phospholipids o1 
cholesterol have been shown to promote growth of 
mammalian cells ın vitro 

Lysolecithin was until recently considered to be a toxic 
haemolysing substance generated in the blood by the 
action of snake venom In 1960, however, Lands* showed 
that lysolecithin was an intermediate in the synthesis of 
lecithin in rat liver homogenates Further, lysolecithin 
was found ın both rat? and man? to be a normal con- 
stituent of plasma and to be associated exclusively with 
the albumin fraction? Stein and Stein’! then showed 
that albumin-bound lysolecithin was incorporated by 
intact cells and utilized m the synthesis of lecithin 

I have found that albumm-bound lysolecithm has a 
definite growth-promoting effect on Chinese hamster cells 
m culture The effect seems to be caused by the uptake 
of intact lysolecithin and not by breakdown products 

The lysolecithin (Koch-Light Laboratones, Lid), a 
l-acyl phosphatidylchohine prepared from egg lecithin by 
degradation with snake venom phospholipase, was shown 
to be pure by thin layer chromatography Analysis by 
gas-hquid chromatography showed that 94 per cent of 
the fatty acid moiety was saturated, the prmcipal com- 
ponents being palmitic acid (71 per cent) and stearic acid 
(21 per cent) The unsaturated acids (6 per cent) were 
chiefly oleic (2 per cent) and linoleic acid (2 per cent} 
Bovine plasma albumin (Armour, Fraction V) was 
extracted by the method of Goodman! and a lyso- 
lecithin~albumin complex was prepared and purified by 
the method of Stem and Stem. The lysolecithin 
content of the albumin was determined by thm layer 
chromatography of the albumin phospholipids followed 
by phosphorus analysis" 

Chinese hamster cells, lne CHEF, were routinely 
grown in the Dulbecco—Vogt modification of Eagle’s 
medium* supplemented with 20 per cent calf serum 
Experimental cultures were inoculated with 8 x 104 cells 
ın each Petri dish (diameter 32 mm) m 15 ml of medium 
and allowed to attach After 4h the medium was removed 
and the experimental medium added The plates were 
then incubated for 3 days Cell numbers were determined 
at the beginning and at the end of this period by counting 
the cells within five squares etched into the bottom of 
the plates 

The experimental medium was identical with the usual 
medium except that ıt was free of serum and contained 
l per cent extracted albumin with and without added 
lysolecithin The final concentration of lysolecithin was 
75 umoles/l of medium, and the molar ratio of lyso- 
lecithin albumin was 1 2 (assumed molecular weight of 
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of Chinese hamster cells ın vro The columns represent the average 

of four experiments each including eighteen plates, the vertical bars 

being the standard error of the mean The black portion of the columns 

indicates the increase in cell number due to the presence of albumin- 

bound lipid Oleic (18 1), linoleic (18 2) and palmitic (16 0) acids 

are designated by the number of carbon atoms and double bonds in 
the molecule* 


albumin 67,000) Without addition the concentration 
of lysolecithin ın the medium was less than 1 umole/} 

Tho addition of lysolecithin to the medium (Fig 1) 
increased growth significantly (P<001) This effect was 
evident both ın the presence and absence of choline, but 
the effect was greater when choline was omitted from the 
medium 

Fatty acids have been shown to promote growth of 
cells ın culture’ and some cells have lysolecithinases 
(acyl hydrolases) associated with their surfaces'+16, so the 
question arose as to whether the growth-promoting effect 
was caused by free fatty acids liberated by the action of 
lipase or to the uptake of lysolecithin as such To examine 
this question individual high purity fatty acids (Apphed 
Science Laboratories, Inc ) were tried as substitutes for 
lysolecithin The fatty acids were combined with ex- 
tracted albumin and their concentration determmed by 
titaation®”?” The final medium contained 75 ymoles of 
free fatty acids/l, while without additions the concen- 
tration was less than 3 pmoles/l 

In the presence of choline, the unsaturated acids, oleic 
and linoleic, stimulated growth markedly, whereas the 
saturated palmitic acid inhibited growth (Fig 1) About 94 
percent of thefatty acids of lysolecithin were saturated, and 
more than 70 per cent was palmitic acid, so that 1t seems 
unhkely that the observed effect of lysolecithmn. could be 
caused by its fatty acid moiety ın the form of free fatty 
acid Furthermore, the maximal concentration of un- 
saturated free fatty acids attainable, 1f all the lysoleerthin 
were hydrolysed, was found to be too low to promote 
growth (my unpublished results) 

Lysolecithin has been found to be an mtermediary ın 
the synthesis of lecithin in other cells, and so these results 
suggest that lysolecithin stiamulates growth by promoting 
synthesis of lecithin The following observation seems to 
support this hypothesis. Equimolar amounts of lyso- 
lecithin together with oleic or Imoleic acid, 1n the complete 
medium, stimulated growth to a degree that exceeded the 
sum of their individual effects (P<0-01 by paired com- 
parison) (Fig 1) This synergism suggests that lysolecithm 
and unsaturated fatty acids have a common mechanism 
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of action. By direct combination, that is by acylation of 
-lysolecithin as described by Lands, a diacylphosphoryl- 
choline would be formed with a saturated l-acyl and an 
unsaturated 2-acyl group, which is the naturally occurring 
form of lecithin. The inhibitory effect of palmitic acid 
suggests that the cells have a very limited capacity for 
desaturating fatty acids. 

The notion that lecithin synthesis was important for 
cell proliferation was further supported by the following 
finding. The two unsaturated fatty acids caused increased 
growth only when choline was present—that is, when 
lecithin synthesis was possible, but not when lecithin 
synthesis was limited by the omission of choline from the 
medium (Fig. 1). Whether lecithin itself, when added to 
the medium, can promote growth is under investigation. 

I thank Professor E. Zeuthen for reading the manu- 
seript. This work was supported by the Danish State 
Research Foundation, the Carlsberg Foundation and 
Dobercks grant to the Biological Institute of the Carlsberg 
Foundation. 
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Odontogenesis: Cell—Cell Interactions 
in vitro 


Empryvonic interactions of epithelial and mesenchymal 
tissue before organogenesis have been observed in several 
organ systems'-*. These phenomena have been tested 
by isolating embryonic tissues from their in vivo environ- 
ment and transplanting them in an artificial environment 
from which no morphogenetic signals can be received. 
The chorio-allantoic membrane (CAM) of chick provides 
a versatile site for the maintenance and further differentia- 
tion of embryonic organs®*. One such organ, the tooth 
primordium, arises as & result of interactions between 
epithelial and mesenchymal tissues and offers a model 
system for developmental studies. 

Recently, studies of the trans-filter interaction of 
embryonic rodent incisor tissues have shown that overt 
differentiation occurs in both separated epithelial and 
mesenchymal tissues’. These results and those of 
numerous other investigators®-!* suggest that the inter- 
action of epithelial and mesenchymal tissues is essential 
-For tooth formation. 

-Po examine the morphogenetic potential of cells from 
these tissues, an experiment was designed to evaluate 
eell-cell interactions before histogenesis. Maxillary 
incisora were removed from the embryos of New Zealand 
white rabbits at the twentieth day of gestation. At this 
stage of tooth development both enamel and dentine 
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Fig. 1, Maxillary incisor in the embryo of New Zealand white rabbit at 


day 20 of gestation before excision. The whole tooth rudiment is 
encapsulated in alveolar bone. The rectangle contains the cervical loop 
region from which dissociated inner enamel epithelium and mesenchymal 

E, Epithelial cells; M, mesenchymal 
cells ( x 50). 


papillae cells were obtained, 
formation have begun in the coronal portion of the organ, 
and most tissues which have been formed show various 
degrees of differentiation (Fig. 1). 

Apical or cervical regions of these incisor tooth germs 
were excised. The isolated cervical regions were tryp- 
sinized to dissociate the inner enamel epithelium from 
the mesodermal papilla by the methods of Moscona?*. 
The isolated epithelial and mesenchymal tissues were 
further treated with 0-4 per cent trypsin to obtain single 
cell suspensions. The isolated cells, in a calcium-mag- 
nesium free phosphate buffered saline at pH 7-2, were 
pipetted onto the CAM of 8-day embryonated hens’ eggs 
and incubated at 37-5° C for periods of up to 10 days. 
Three sets of experiments (twenty grafted eggs in a group) 
were used to test epithelial cells only, mesenchymal 
cells only and the interaction when both cell types were 
mixed together in culture. Tissue and cell dissociations 
were monitored by phase microscopy in order to ensure 
that there were relatively clean cell suspensions of both 
inner enamel epithelium and mesodermal papillae. At 
various periods during the experiment, xenogeneic cell 
preparations were dissected with the adjacent CAM and 
were immediately placed in Hollande-Bouin’s solution. 
The tissues were sectioned at 5y and stained with 
periodic acid-Schiff’s (PAS) reagent. There is a variety 
of cell types within the original separated tissue prepara- 
tions; it might therefore be anticipated that these 
originally dissimilar cells would display different patterns 
of mobility, differentiation and survival. The test for 
viability of the xenogeneic cells in these culture conditions 
was based upon the frequency of mitotic figures. Addi- 
tional quantitation of the surviving epithelial and 
mesenchymal cell suspensions before and after the 
experiment has not yet been performed. The viability 
of the host chick embryo was determined by daily candling. 

A positive interaction is considered to be represented 
by one or both cell types undergoing morphological 
differentiation. 

When either one of the cell suspensions was cultivated 
independently on the CAM, no indication of tooth forma- 
tion was observed (Fig. 2). Both homogeneous xenograft 
groups exhibited a continued proliferation of cells, 
reflected by numerous mitotic figures. The isolates 
appeared as randomly dispersed cells with neither apparent 
orientation nor continued differentiations; no re-aggrega- 
tion of the isolates was observed. 

When both cell preparations were mixed and suspended 
on the CAM, an induction was observed which resulted 
in the initiation of tooth formation (Fig. 3). A well 
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defined PAS-positive interface, analogous to that reported 
to occur in vivol'-5, separated the interacting cells. In 
several xenografts within this group, the cell-cell inter- 
action was preceded by the bud stage of tooth develop- 
ment. The similarity between in vivo and in vitro develop- 
ment is shown by condensation of the mesenchymal cells, 
a specific PAS-positive future dentino-enamel junction, 
and regularity of the tall columnar inner enamel epithelial 
cells. The temporal differentiation of these epithelial 
cells is shown in vivo and in vitro by differentiation of 
squamous cells into cuboidal then columnar inner enamel 
epithelial cells with a subsequent alteration in nuclear 
polarity. The differentiation of the mesodermally derived 
odontoblasts is undoubtedly related to interaction with 
the inner enamel epithelium. Earlier workers had postu- 
lated this fundamental relationship, primarily because 
of the observed differentiation of inner enamel epithelium 
into ameloblasts before differentiation of odontoblasts'*—18, 
The maximum duration of these experiments (10 days) 
might not allow sufficient time for the mesenchymal 
cells to differentiate into odontoblasts in vitro. 

The analysis of these events during tooth development 
in vitro shows that the morphogenetic potential is closely 
related to the properties of both interacting cell types, 
not exclusive to either one. Thereafter, tooth formation 
must be regarded as a complex temporal differentiation 





Fig. 2. Mesenchymal cell suspension explanted onto the CAM for 10 

days of cultivation. The isolated cell suspensions of either m »senchymal 

or epithelial tissue fail to initiate tooth formation and do not re-aggre- 
gate or orientate when cultivated on the CAM (x e. 370). 





Fig. 3. When both cell preparations were mixed and cultivated for710 

days on the CAM, tooth formation was initiated. E, Inner enamel epi- 

thelium; M, mesenchymal papilla. Arrow points to PAS-pesitive future 
dentino-enamel junction (x e, 370). 
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involving both types of interacting cells. After re-aggrega- 
tion, the events in vitro show a striking developmental 
similarity to those occurring in vivo. 

This investigation was supported in part by a US Publie 
Health Service grant, a training grant and a research 
career award to L. A. Bavetta, from the National Institute 
for Dental Research. We thank Drs S. Allerton and 
M. Nimni for help and encouragement, and Mrs Zova 
Trirogoff for technical assistance. 
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PHYSIOLOGY 


Sialotonin: Vasopressor Substance in 
Cat Submaxillary Saliva 


THE potent vasodepressor effect of cat’s submaxillary 
saliva after intravenous injection into the cat was first 
noted by Secker!?. After some controversy about the 
alleged similarity of this substance to acetylcholine*-*, 
it is now clear that it is a glycoprotein, that is salivary 
kallikrein®:7. 

The same workers'-5 also occasionally observed an 
evanescent and variable vasopressor effect of cat’s sub- 
maxillary saliva which preceded the depressor effect. 
The study of this apparent pressor agent was never 
pursued, probably because of difficulty in observing it 
with convincing regularity and in separating it chemically 
from the depressor substance, kallikrein. 

We have now established the reasons for the erratic 
pressor (or hypertensive) effect of cat saliva when injected 
intravenously in the cat, and have separated it from 
kallikrein. The chief difficulty of studying this substance 
by its systemic pressor effect is that the vasoconstriction 
is confined to certain vascular areas, in particular the 
intestinal blood vesseis. 

We have called this vasoconstrictor compound sialo- 
tonin, A substance which resembles it has been described 
by Werle and von Roden®, who found a large-molecular 
hypertensive agent in extracts of the submaxillary gland 
of the dog but not of the cat. The arterial blood pressure 
of the dog rather than that of the cat was used to assay 
the substance. 

Whereas kallikrein in submaxillary saliva is secreted in 
much higher concentrations with sympathetic than with 
chorda-lingual nerve stimulation’, sialotonin is secreted 
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only with chorda-lingual stimulation. Sialotonin was 
undetectable in saliva obtained by sympathetic nerve 
stimulation. Feldberg and Guimarais? also noted this 
relationship between nerve stimulation and the pressor 
and depressor effects of the respective salivas. We 
therefore obtained saliva by chorda-lingual nerve stimula- 
tion in order to study the pressor agent. 
> The intravenous injection of 0-02 ml. of chorda saliva 
- (ugual dose 0-2 ml., diluted 1 : 10) usually produced a sharp 
_ risein arterial blood pressure lasting 5-15 sec, followed by a 
< more prolonged fall caused by kallikrein. The increase in 
blood: pressure varied from 25-50 mm of mercury and 
usually persisted with repeated injections. It was not 
affected significantly by the intravenous injection of 
atropine (500 yg/kg), phenoxybenzamine (500 yg/kg), 
hexamethonium (1 mg/kg) or carboxypeptidase B (3-4 
mg/kg). It was abolished completely, however, if the 
diluted saliva was previously incubated with trypsin 
(100 pg/ml.) or chymotrypsin (100 ug/ml.) for 30 min. 
The increase in blood pressure was also usually reduced 
“or abolished by laparotomy and gentle handling of the 
abdominal viscera of the cat used for the assay. 
Sialotonin is a large-molecular compound, probably a 
‘protein or glycoprotein. It is heat-labile, non-dialysable 
and rapidly inactivated by incubation with trypsin or 
chymotrypsin (100 pg/ml., 30 min).  Sialotonin and 
kallikrein were eluted in the same fractions of saliva 
applied to columns of ‘Sephadex @-25’ and ‘G-50" A 
distinct separation was obtained, however, from columns 
_ of ‘Sephadex G-100 after the application of cat’s chorda 
saliva (usually diluted 1 : 2) in 0-15 molar NaCl as solvent. 
- The optical densities of successive fractions from the 
column and their respective assays on the cat’s arterial 
blood pressure are shown in Fig. 1. In this figure the 
a al chorda saliva shows the vascular effects of both 
‘sialotonin (pressor) and kallikrein (depressor) whereas a 
- distinct separation of these effects is seen in the pharmaco- 
-logical actions of fractions 7-8 and 9-11, respectively. 
- Whereas salivary kallikrein is readily obtained as a 
stable freeze-dried material, we have as yet not succeeded 
_ in preparing a stable, freeze-dried preparation of sialotonin. 
“It is stable for months, however, if kept frozen in solution, 
“either as the crude saliva or in eluates (in 0-15 molar NaCl) 
from columns of ‘Sephadex’. 
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Wig, i, A, Optical densities of successive fractions after application of 
cats chorda saliva to a 1-5 x20 cm column of ‘Sephadex. G-100°. The 
“co gotvent was:0-15 molar NaCl, pH 8-2. B, Response of arterial blood pres- 
gure (cat): to intravenous injection of above fractions. Original chorda 
“saliva shows activity of both sialotonin (pressor) and kallikrein 
(depressor). Sialotonin only, however, was present in fractions 5-8, 

: whereas kallikrein appeared in fractions 9-11. 
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Using an electromagnetic flow-meter with the probe 
placed around different arteries, we made the following 
observations, which indicate that the effect of sialotonin 
on systemic arterial blood pressure after its intravenous 
injection is caused by a highly specific constrictor action. 
which has so far been observed only on the vessels of the 
intestine. Injections of partially purified sialotonin, or 
of 0-002-0-02 ml. of diluted cat’s chorda saliva, close- 
arterially, through the superior mesenteric artery, 
produced an immediate brief reduction (15-30 sec) in 
blood flow through this artery, indicating that the blood 
flow through the intestine was reduced by as much as 
80 per cent. Similar experiments on blood flow through 
the lower limbs revealed no vasoconstrictor action of 
sialotonin. Our preliminary observations therefore suggest: 
that the action of sialotonin is predominantly on the 
intestinal blood vessels. We are continuing the study ofits 
vasoconstrictor action in more detail. So far, our studies 
failed to demonstrate a marked constrictor action’ of 
sialotonin on the blood vessels of the submaxillary gland. 
itself. l 
Sialotonin can easily be distinguished from known 
pressor agents such as catecholamines, indolealkylamines, 
angiotensin and other relatively small-molecular com- 
pounds by its chemical and pharmacological properties. 
It is distinguishable from renin by the fact that it fails 
to release angiotensin on incubation with plasma and 
by its brief and regional vasoconstrictor effects. It does, 
however, resemble the hypertensive agent described: by 
Werle and von Roden in extracts from the submaxillary 
gland of the dog*. 
We thank Dr C. V. Greenway for help in measuring 
regional blood-flows. This work was supported by grants 
from the Medical Research Council of Canada and the 
Alberta Heart Foundation. 
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Action of lontophoretically Applied 
Tetrodotoxin on Cortical Nerve Cells 


TETRODOTOXIN is the potent poison found in puffer fish 
of the sub-order Gymnodontes and newts of the genus 
Taricha?. In low concentrations, tetrodotoxin suppresses 
action potentials in a variety of excitable tissues including 
frog myelinated nerve fibres, frog muscle fibres?, lobster 
and squid giant axons*4 and cardiac muscle*. The action 
potentials of some other tissues, such as crustacean muscle 
fibres, the taenia coli and vas deferens of guinea-pigs 
are not affected by tetrodotoxin®*. Although evoked 
potentials in the cerebral cortex are depressed by topically 
applied tetrodotoxin’, its effect on action potentials of 
nerve cells in the central nervous system has not been 
demonstrated. 

In previous investigations, tetrodotoxin has been 
applied in perfusion solutions or administered by intra- 
vascular injection. Iontophoretic application of drugs 
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allows their site of action to be determined with greater 
certainty in complex structures such as the central nervous 
system. Tetrodotoxin has been used to study synaptic 
transmission at the neuromuscular junction!®. Its inter- 
action with various forms of excitation of cortical neurones 
has now been assessed. 

Tetrodotoxin is an amino perhydroquinazoline com- 
pound with a molecular formula of C,,H,,N,O,. It is 
sparingly soluble in water as a monoacidie base’, In 
early experiments, one barrel of the multiple barrel micro- 
pipettes used in the investigation was filled with an 
aqueous solution of 10-5 g/ml. of tetrodotoxin (Sankyo Co., 
Ltd.). The activity of tetrodotoxin was so marked that 
it was impossible to prevent diffusion of excessive quanti- 
ties from the electrode. Satisfactory application and 
diffusional control have been obtained by preparing solu- 
tions of 10-* to 5 x 10-6 g/ml. tetrodotoxin in 200 mmolar 
sodium chloride. The passage of cation applying currents 
through such a solution seems to deliver small amounts 
of tetrodotoxin. 

Tetrodotoxin depressed the excitability of cortical 
neurones, An example of tetrodotoxin depression of the 
invasion of an antidromic spike into a pyramidal tract 
neurone in the pre-cruciate cerebral cortex is shown in 
Fig. 1. The spike was considered to be antidromically 
propagated because it had a constant latency of 2-9 msec, 
followed medullary pyramid stimulation at frequencies 
of 300 stimuli/sec and had a refractory period for the 
cell soma of less than 2 msec (Fig. 1B). With shorter 
intervals between stimuli, invasion of the sorma-dendritic 
spike failed, leaving the initial segment spike (Fig. 10). 
Spike generation failed completely when the interval 
between stimuli was 1-2 msec (Fig. 1D). The application 
of minute amounts of tetrodotoxin caused a progressive 
graded reduction in the size of the antidromic spike and 
ultimately a complete failure of invasion (Fig. LE). 
Recovery occurred within approximately 24 sec of the 
termination of tetrodotoxin application. 

Tetrodotoxin also prevented the generation of synaptic- 
ally evoked responses and reduced or abolished the 
excitant effects of L-glutamate and acetylcholine on cortical 
nerve cells. It did not affect the inhibitory actions of 
acetylcholine or 5-hydroxytryptamine. An example of 
depression of r-glutamate firing is shown in Fig. 2. 
Application of tetrodotoxin by a current of 20 n.amp 
for 40 see more than halved the rate of firmg evoked by 
standard pulses of i-glutamate. Recovery after applica- 
tion of tetrodotoxin took approximately 3 min. Larger 


currents passed through the barrel containing tetro- 
dotoxin caused greater reductions or even abolition of 
u-glutamate induced firing. 1-Glutamate firing of pyrami- 
dal tract cells was usually abolished by amounts of tetro- 
dotoxin insufficient to prevent invasion of an antidromic 
spike. 





Fig. 1. Antidromie spikes, recorded from a cortical neurone, evoked by 

aingle (4) and paired stimuli (B-D) delivered to the ipsilateral medullary 

pyramidal tract, E, Antidromic spikes of same neurone recorded from a 

stationary eathode ray oscilloscope, using spike intensification, on slowly 

moving film. During application of tetrodotoxin (4 n.amp passed for 

period indicated by horizontal bar) antidromic invasion gradually failed. 
The residual response in E is the intensified stimulus artefact. 
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Fig.2. Tetrodotoxin depression of the firing of a cortical neurone evoked 

by L-glutamate. Discharge frequency of the neurone was recorded by 

means of an electronic counter and ink recorder. Periods of L-glutamate 

and tetrodotoxin application are indicated by horizontal solid lines below 
and above traces, respectively, 


These observations indicate that neurones of the mam- 
malian central nervous system ean be included in the 
group of tissues which have excitable processes sensitive 
to tetrodotoxin. The graded reduction in antidromic 
spike size shown in Fig. I suggests that the area of electri- 
cally excitable membrane available for spike generation 
was progressively reduced. Reductions in the magnitude 
of responses to L-glutamate and acetylcholine also indicate 
that excitability was reduced by tetrodotoxin, with the 
development of a higher threshold for spike initiation. 
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Small Molecular Weight Vitamin B,, 
Binders in Normal Human Serum 


Ty an investigation of vitamin B 12 binders in human serum, 
three peptide-like binders were isolated by electrodialysis 
and by chromatography. 

Radioactive B,, was obtained from Philips-Duphar, 
Holland, and had a specific activity of 30 me./mg. To 
samples of fresh, pooled normal human serum, 300, 
1,000 or 3,000 uug of cobalt-57 labelled vitamin B,,/ml. 
of serum was added. The samples were dialysed at 
40° C against twenty times their volume of distilled 
water for 5 days; the water was changed twice a day 
and toluene was added as preservative. Serum without 
additional labelled B,, was similarly treated. Euglobulins 
were precipitated during dialysis and the volume of 
dialysed serum was increased approximately three times 
as a result of osmotic pressure. The pH of the dialysed 
serum was 7-0. a: 

Seventy ml. of dialysed samples, both precipitate and 
supernatant, was placed in 27/32 in. unmodified dialysis 
tubing (Thomas, Philadelphia) and the tubes were im- 
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Fig. 1. Radioactive profile of concentrated electrodialysate on a 

“Sephadex G-50 column, equilibrated and eluted with Wates, --* -- 

Tepresents the peak which was obtained when free radioactive B a Was 

chromatographed on the same column. Fractions of 2 ml. were collected 
and counted in a well-type scintillation counter. 


Mersed in 190 ml. of distilled water in a ‘Pyrex’ centrifuge 
bottle. A piece of platinum wire which was immersed 
` along the entire length of the tubing served as anode, 
_ and another piece of wire which was placed in the sur- 
= rounding water parallel to and 3 cm away from the 
ode served as the cathode. Electrodialysis of samples 
sroceeded for 24 h at 150 V and 55-65 m.amp. Because 
eriments were performed in a cold room, temperature 
the dialysis tubing did not exceed 8° C. 
ter completion: of electrodialysis, the pH of the serum 
was 4:5 while that of the electrodialysate was 
The tubing content. was homogenized by stirring 
Promin B,; content- of-this suspension as well 
of 


the surrounding water (electrodialysate) was 
termined microbiologically using the Euglena gracilis 
ethod when radioactive Bia had not been added, or 
| radiologically in a Baird atomic scintillation spectrometer 
when radioactive B,, had been added. The electro- 
dialysate was concentrated to approximately 15 ml. and 
chromatographed on a ‘Sephadex G-50’ column (30x 

2:2 em) using water as the developing solvent. The peak 
of radioactivity which was obtained from this column, 
and which coincided with the positive effluent of Folin’s 
reagent’, was further chromatographed on a ‘Sephadex 
G@-200' column (30 x 2-2 em) by elution with water. 
Samples of the concentrated electrodialysate were 

_ chromatographed on Whatman No. 4 paper in a butanol : 
oe acid : water (65 : 10 : 25) solvent or in a butanol : 
acetic acid: water (60 : 20 : 20) solvent?. Paper chromato- 

_ grams were dipped in 0-5 per cent ninhydrin in ethanol? 
to detect peptide-like substances or else were treated with 
periodic acid? to detect carbohydrates. Ninhydrin positive 
spots from paper chromatograms were eluted with 10 per 

~ eent acetic acid and were subsequently dried for further 
analysis. 
A sample of the concentrated electrodialysate was 
hydrolysed in 6 normal hydrochloric acid for 22 h at 
116° C (ref. 4) and dried products of hydrolysis were 
chromatographed on Whatman No. 1 paper in liquid 
phenol : water, 100 : 20 v/v, in the presence of 1 : 1 acetic 
cadd? Samples of naturally occurring. amino-acids were 
developed parallel to the sample and dried chromatograms 
‘were dipped in 0-25 per cent ninhydrin in acetone. 

In the process of electrodialysis a portion of vitamin B,, 
passed through the dialysis tubing and appeared in the 

electrodialysate, as shown in Table 1. Because samples 
= were dialysed for 5 days before electrodialysis, free 
oo vitamin B,, cannot be expected to be present in the 
~ samples when dialysis is complete’. Vitamin B,, in the 
. electrodialysate was therefore either dissociated before 
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Table 1. PRESENCE OF VITAMIN By, OR RADIOACTIVITY OF COBALT-57 By IN 
DIALYSING TUBING AND ELECTRODIALYSATE : EER 


Percentage of 


Radioactive Activity remaining Activity in total activity 
Bn added in dialysis tubing electrodialysate appearing in 
to serum Counts/ pug of Counts pugot electro- 
5 min vit B* 5 min vit Ba* dialysate 
None 6,095 1,740 22 
300 uugiml 953,800 171,000 15 
1,000 pg/ml 3,704,000 621,500 15 
3,000 xug/ml 10,625,000 3,131,000 23 


* Microbiological assay by the Euglena gracilis method. These data aré for 
25 ml. of initial serum. The volume of dialysed serum used in each experi 
ment was 70 ml. and the vohime of the clectrodialysate was 190 ml. 


passing through dialysis tubing or else passed through it 
in the form of a complex with another substance. — 

Because of the elution pattern which was obtained 
when the concentrated electrodialysate was chromato- 
graphed on the ‘Sephadex G-50’ column (Fig. 1), thevitamin » 
B,, which was present in electrodialysate appeared in a’ 
bound form. The dotted line in Fig. 1 indicates the radio- | 
active peak which was obtained when a sample of free 
vitamin B,, was chromatographed on the same column in 
the same experimental conditions. The combined. total 
radioactivity (all samples under the solid line in Fig. 1) from 
the ‘Sephadex G-50’ column was rechromatographed on a 
‘Sephadex G-200° column, and two peaks of radioactivity, 
coinciding with the positive effluent, Folin’s reagent, were 
obtained (Fig. 2). The first peak which corresponded to 
a complex of molecular weight between 10,000 and 
20,000 as estimated by a comparison with elution patterns 
of ribonuclease, lysozyme and pepsin, represented a small 
part of the total radioactivity; the second peak corre- 
sponding to a complex of molecular weight 4,000 and. 
8,000 appeared ahead of the peak which was obtained from 
free vitamin B,, of approximately the same total radio- 
activity chromatographed on the same column. i 
same experimental conditions. Because of the 
of carbohydrates and aromatic amino-acids in the f 
like substances, as will be discussed in the: foll 
paragraphs, these estimates of molecular weigh 
approximate. 

The ninhydrin reagent revealed five positive zones 
on paper chromatograms the Ry values of which, in. 
the two solvent systems employed, are given in Table 
2. Zones 1, 2 and 4 contained vitamin B,, although 
partial dissociation of the vitamin B,, from the com- 
plexes occurred to the extent of 50-60 per cent, obviously 
caused by organic solvents. Eluted substance from zone 1 
appeared in the position of the first radioactive peak 
when chromatographed on a ‘Sephadex G-200’ column; 
eluted substances from zones 2 and 4 appeared in the 
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Fig. 2. Radioactive profile of peak from the ‘Sephadex G-50’ column 

re-chromatographed on a ‘Sephadex @-200’ column which was equilibra- 

ted and eluted with water. - - ¥e - - represents free radioactive Bye 

chromatographed on the same column. Fractions of 2 mL were collected 
and counted in a well-type scintillation counter. 
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Table 2, Re VALUES POR FIVE NINHY DREN POSITIVE ZONES 
i `~. RF 
Butanol : acetic acid’: Butanol : acetic acid : 
Zone water (65 : 10 : 25) water (60 : 20 : 20) 
1 0-09 0-10 
2 0-238 0-21 
3 0-33 0-30 
4 0:59 0-36 
5 0-65 O74 


The solvent ran 45 em on Whatman No. 4 paper. 


position of the large radioactive peak from the ‘Sephadex 
G-200° column (Fig. 2). 

The indication that the vitamin B,, appeared to be in 
a bound form, in addition to the observation that com- 
plexes were ninhydrin positive, suggests the possible 
existence in normal serum of vitamin B,, binding peptides. 
Furthermore, ninhydrin positive zones gave positive 
reactions when treated with periodic acid, indicating the 
presence of carbohydrates. The nature of these carbo- 
hydrates is not yet known. 

In the acid hydrolysate of the serum electrodialysate, 
cysteine, arginine, threonine, tyrosine, methionine, phenyl- 
alanine and leucine or isoleucine were tentatively identi- 
fied. It is not yet known which amino-acids were present 
in each of the five ninhydrin positive zones appearing on 
paper chromatograms. 

These results, although preliminary, suggest that 
vitamin B,, binding peptides are present in normal 
human serum. Because these peptides were not dialysable 
but could be electrodialysed, they were either products 
of protein decomposition occurring during the electro- 
‘dialysis, or else were adsorbed onto the proteins by 
electrostatic forces. If the latter hypothesis is correct, 
complexes between proteins and peptides-vitamin B, 
groups were electrostatic in nature and dissociated at the 
voltage used in the electrodialysis, while bonds between 
the peptides and vitamin B,, were not electrostatic. 
<= We thank Miss Marian Dietrich for technical assistance 
Miss Claire Mulzac for performing the microbiological 
assay. This work was supported by a grant from the US 
Public Health Service. 
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Histaminase Activities in the Plasma 
of Subhuman Primates and Man 


MEASUREMENT of the concentrations of histamine in the 
plasma of rhesus (Macaca mulatta) and squirrel (Saimiri 
sciureus) monkeys after administration of the histamine- 
releasing agent, compound 48/80, or histamine has 
suggested that the rhesus monkey is more active in 
degrading histamine than the squirrel monkey'. Direct 
determination of histaminase activity in plasma showed 
that the rhesus monkey exhibits more activity of this 
enzyme than any other species tested, including man’. 





NATURE, VOL. 217. JANUARY 20. 1968: 


: Squirrel monkeys and man were found to exhibit hia 


levels of this enzyme activity in the plasmat. In addition, 
squirrel monkeys, but not rhesus monkeys, responded to 
compound 48/80 by exhibiting an elevation of circulatory 
histamine’, as does man’, 

The importance of subhuman primates as models of man 
in biological research led us to survey other simian species 
to find whether high activities of plasma histaminase are 
unique to rhesus monkeys. We obtained from this institute 
heparinized plasma from additional squirrel and rhesus 
monkeys and from stump-tailed (M. speciosa) and pig- 
tailed (M. nemestrina) macaques. Plasma obtained from 
outside laboratories was from greater galago (Galago 
crassicaudatus panganiensia), lesser galago (G. senegalensis 
braccatus), cotton-topped marmoset (Saguinus oedipus), 
night monkey (Aotus trivirgatus), talapoin (Miopithecus 
talapoin), anubis baboon (Papio anubis), yellow baboon 
(P. cynocephalus), western baboon (P. papio), gibbon 
(Hylobates lar and H. pileatus), chimpanzee (Pan troglo- 
dytes) and gorilla (Gorilla gorilla). Plasma was also 
obtained from volunteers from our laboratory. Frozen 
heparinized plasma was shipped from outside sources and 
assayed within 2 weeks of the time of bleeding. Our 
previous studies with plasma from squirrel or rhesus 
monkeys or from man have indicated that storage in the 
frozen state for up to 4 weeks caused no change in hist- 
aminase activity?. Furthermore, redetermination of 
histaminase activities in individual squirrel or rhesus 
monkeys or in human subjects up to 6 months after the 
initial determination showed that these activities were 
relatively stable individual characteristics. Protein 
concentrations in the plasma were determined! to allow 
expression of histaminase activities in each gram of plasma 
protein. Histaminase activities were measured as des- 
cribed before*. Only physical restraint was employed when 
most of the animals were bled. Exceptions were the first 
group of chimpanzees listed in Table 1, which received 
phencyclidine hydrochloride (1-0 mg/kg) intramuscularly, 
and the gorillas, which received the same anaesthetic agent 
intramuscularly in a dose of 1-5 mg/kg. In addition, all 
but two of the gorillas of Table 1 received atropine sulphate 
(0-01 mg/kg). Phencyclidine hydrochloride in a concentra- 
tion of 1-6 pg/ml. did not inhibit the colour detection system 
for measuring histaminase activity in the absence of 
plasma with added hydrogen peroxide. The same con- 
centration of added phencyclidine hydrochloride did not 
inhibit the activity of histaminase in the plasma from a 
rhesus monkey. The activity of histaminase in the plasma 
of an anaesthetized rhesus monkey 15 min after intra- 
muscular injection of phencyclidine hydrochloride (1-1 
mg/kg) was 92 per cent of the activity measured before the 
drug was given. 

Table 1 summarizes the results obtained in the animals 
surveyed. The plasma protein concentrations were within 


Table 1. MEAN BODY WEIGHT, PLASMA PROTEIN CONCENTRATION AND PLASMA 
HISTAMINASE ACTIVITY OF THE SPECIES STUDIED (+ 8D) 


Body Plasma Hist- 
Species weight protein aminase 
O. (kg) (g %) activity* 
Prosimian 
Greater galago, 5g, 59 12 + O1 6240-5 232 + 93 
x Lesser ssor galago, 58, 42 029+ 0-05 62403 141 +38 
ew Wi 
Cotton- -topped marmoset, 53,59 043+ 0-04 58At 22 +10 
Squirrel monkey, 83, 39 0-694 0-15 TIAL 24t 6 
Night monkey, ‘33, 39 0-92+ 0-09 TOLO5 39+ 27 
Old World 
Talapoin, 1d, 22 12 + O4 T3L0-7 62+ 6 
Rhesus monkey, 83, 49 39 + 0-6 7640-6 195 +50 
Stump-tailed macaque, 2g, 5¢ 32 + 06 7340-6 217+ 48 
Pig-tailed macaque, 144, 12 6-8 + 2-6 S44h1 133.433 
Anubis baboon, 43, 69 T + BT 8240-6 253 +44 
Yellow baboon, 109 14:5 + 0-7 8420-5 228 + 70 
Western baboon, 23, 82 10-4 + 13 8140-4 198 +41 
Gibbon, 58, 5¢ 4-2 + 1-7 6420-9 119447 
Chimpanzee, 3d. 42 24 +14 68 +06 7744 
Chimpanzee, 63, 6¢ 18 + 6 8-0406 11324 
Total chimpanzee, 93, 102 20 +10 TEOS 100 + 27 
Gorilla. 24, 72 38 +11 GLE O4 61424 
Man, 74, 39 69 +7 8940-6 24+ 8 


* mymole/I. of histamine oxidized/min/g of plasma protein, 
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“normal limits where auch limits are known. No consistent 
_ sex differences were found in plasma histaminase activities, 
and so all subjects of one species were treated as a single 
group. The group of gibbons comprised two of the species 
: H. pileatus and eight of H. lar; they were combined because 
no marked differences between the two species were noted. 
In addition, in all species studied except the gorilla 
(discussed later), no association between body weight and 
plasma level of histaminase activity was found. Although 
some groups contained immature animals, no separation 
of animals by body weight was therefore made in reporting 
results. Two groups of chimpanzees from different sources 
were studied. The first grovp, which had received the 
anaesthetic phencyclidine hydrochloride, showed slightly 
lower activities than the second group, which received no 
drugs. In addition, there was a small difference in the 
concentration of plasma protein between the two groups of 
chimpanzees. The biological significance of these dif- 
ferences in such a small number of animals is, however, 
‘questionable; the mean levels for all the chimpanzees 
studied are therefore presented. 
It is immediately apparent from Table 1 that the 
` prosimian and the Old World species exhibited relatively 
high levels of histaminase activities compared with the 
‘three New World species and man. Thus the rhesus 
monkey is not unique in possessing high plasma hist- 
aminase activity. On the contrary, the current observa- 
tions suggest that man and New World species are unusual 
among the primates in this regard. In an earlier survey of 
common laboratory species*, mice and rats were found to 
have essentially no histaminase activity in the plasma; in 
- guinea-pigs and dogs, the activity was similar to that in 
| man and squirrel monkeys; in cats and rabbits, it was two 
. to three times higher than in man, but only about one- 
of that found in rhesus monkeys. 
zh fourteen gorillas were surveyed, results for only 
included in Table 1. The remaining five (three 
two female) showed no histaminase activity in 
asma; all had received phoncyclidine hydrochloride, 
but only one had atropine sulphate. Their mean plasma 
i protein concentration was 5-7 + 0-4 g per cent, similar to 
that of the nine reported in Table 1, but their mean body 
weight was 19+ 2 kg, approximately half that of the group 
showing plasma histaminase activity. It is not clear why 
this group of five gorillas failed to exhibit plasma hist- 
-caminase activity. In no other primate species were 
subjects found with no such activity. 
“Why man exhibits such a dichotomy between plasma 
histaminase activities and his phylogenetic relationship 
with the subhuman primates is puzzling. More detailed 
studies on blood specificities’, quantitative immuno- 
chemical correspondence of albumins*’, electrophoretic 
` patterns or erythrocytic esterases*, and the molecular 
structure of myoglobin? of subhuman primates and man 
have provided clear support for the phylogenetic classifica- 
- tion, which is based on anatomical and organismal com- 
= parisons. Nevertheless, studies of the primary structure of 
“primate haemoglobins™ suggest that not all biological 
molecules or activities should be expected to follow 
absolutely the phylogenetic relationships. Of particular 
interest in this regard is the recent report’? that two 
“-prosimian species, the tree shrew (Tupaia glis) and the 
glow loris (Nycticebus coucang), can synthesize ascorbic 
acid, whereas no Old or New World subhuman primate 
studied so far has shown this ability. 
‘The current results with plasma histaminase activities 
- suggest that for investigations of drugs or toxic agents 
- expected to influence the physiological or pharmacological 
role of histamine in man, New World subhuman primates 
may be better test animals than Old W orld ones. 
‘This work was supported in part by a contract from the 
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Fine Structure of the Sensory Endings 
in the Vomero-nasal Organ of the 
Slow-worm Anguis fragilis 


Tue structure of the sensory endings of the vomero-nasal 
organ of vertebrates (Jacobson’s organ) has been the 
subject of some controversy in past years’. Although 
the receptor cells seem to resemble closely those of the 
olfactory epithelium, the presence of cilia on their free 
ends is arguable. The problem has not yet been investi- 
gated by electron microscopy, and it is of interest to 
report the fine structure of these endings in a reptile, 
Anguis fragilis, where the vomero-nasal organ is particu- 
larly well developed. we : 

Sections show that the receptor endings in this animal — 
are completely lacking in cilia, but are provided with 
numerous microvilli (Fig. 1). The microvilli are long, and 
those of neighbouring receptors intermingle to form a 
complex meshwork above the epithelial surface. When 
thick sections of the same material are viewed by light 
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Fig. 1. Diagram of surface of yomero-nasal organ in vertical section, 

showing two receptor endings with microvilli. e, Centriole; ds, desmo- 

some: g, secretory granule; me, mitochondrion; mi, microtubule; 

mer, microvillus of receptor cell; mas, microvillus of supporting cell; 

re, receptor cell dendrite; se, supporting cell; v, vesicle; zo, zonula 
oeclidens. 
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Fig. 2. Micrograph of oblique section through the receptor tip of the 
vomero-nasal (Jacobson's) organ, 


microscopy this meshwork presents an indeterminate 
appearance suggestive of poorly fixed cilia, an appearance 
which may have been the cause of the disagreements in 
the literature. 

In other respects the endings resemble those of verte- 
brate olfactory receptors, the mitochondria, microtubules, 
and smail vesicles being constant features of the cytoplasm. 
The supporting cells which surround the receptors bear 
occasional microvilli and contain numerous densely 
staining secretory granules. 

Other chemoreceptors bearing microvilli have been 
described, examples being the olfactory receptors in 
birdstë where microvilli are found in association with 
cilia, and one type of olfactory receptor in a species of 
teleost fish. These findings emphasize that cilia are not 
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indispensable to the chemosensory. process. It. remains 

to be seen whether or not other vertebrates have endings 

on their vomero-nasal receptors similar to those of Anguis. 
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Striated Muscle in the Cortex of 
Foetal Guinea-pig Thymus 


STRIATED muscle cells, referred to as ‘‘myoid”’ cells, have 
been deseribed by light microscopists in the medulla of 
tho thymus of a variety of vertebrates'. “Myoid” cells 
are rare, however, and most reports of the ultrastructure 
of the mammalian thymus make no mention of them. 
Van de Velde and Friedman identified ‘‘myoid” cells in 
a variety of mammals?:* but did not show them in the 
normal mammalian thymus. They and others, however, 
showed electron micrographs of striated muscle in non- 
mammalian thymus and in a lymphoepithelial thymoma 
in a patient with myasthenia gravis®~*. 

During a light and electron microscopic study of 
osmium-fixed thymus from numerous foetal and post- 
natal guinea-pigs, only one “myoid” cell was seen. 
Ultrastructurally, this cell (Fig. 1) showed the typical 
cross striated appearance of skeletal muscle and seemed 
to be contracted’, There were accumulations of glycogen 
just inside the cell membrane and also scattered in between 
the myofilaments. No nuclei were visible in the profile 
studied, nor was there any evidence of nerves in the 
vicinity of this cell. A further unusual feature was 
the location of this cell in the cortex. A study with the 
light microscope of an adjacent “thick” section (lu) 
stained with toluidine blue confirmed the cortical position 
of the cell (Fig. 2). 

The ultrastructural appearance of the cell described and 
of “myoid”’ cells illustrated by other authors?-5 is typical 
of striated muscle and the term “myoid”’ cell may there- 





Fig, 1. 


Electron micrograph of a thymic striated muscle cell, The cell is surrounded by small lymphoid cells (Ly) and by a macropha e (Mp). 
Osmium, uranyl acetate, lead citrate, (xe, 19,500.) y) 7 a 
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Fig. 2. Light micrograph of a “thick” section showing part of the 
thymus containing the striated muscle cell (S) illustrated in Fig. 

Note the distinction between cortex (C) and medulla (M) and the Pk ie 
muscle cellin the cortex close to the cortico-medullary junction. Osmium, 


embedded in araldite, toluidine blue, (xe. 300 


fore be redundant. It has been demonstrated by immuno- 
fluorescence that a common. antigen is shared by striated 
muscle and by some “thymic epithelial cells”’, and it has 
been suggested that the fluorescent thymic cells may be 
“atrophic, rounded up, striated muscle cells which had 
lost their morphological identifying features’*. In this 
study, however, no cells which could be classified as being 
intermediate between striated muscle and thymic epithe- 
lium were seen with the electron microscope, and all 
opithelial cells could be recognized as such because they 
contained irregularly arranged bands of tonofibrils and 
were. joined to one another by desmosomes. No evidence 
of persisting cross striation was seen in any of the epithelial 
cells, 

It has also been suggested that thymic striated muscle 
may act as a local source of antigen for the “‘self-recogni- 
tion’ of skeletal muscle*. In view of the uncommon 
oeeurrence of thymic striated muscle, such a function 
may be difficult to sustain. It seems more likely, as 
Van de Velde et al. suggested, that the skeletal muscle 
cells are incorporated into the thymus as myoblasts, 
possibly as an accidental event during embryonic develop- 
ment of the thymus. 
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Radioimmunoassay of Angiotensin 


HABER et al.) showed that antibodies elicited in rabbits 
by copolymers of angiotensin with poly-L-lysine can be 
used for radioimmunoassay of angiotensin. The following 
are details and some results of the method we have 
developed. Comparing the binding affinity of three dif- 
ferent rabbit antisera to Val'-angiotensin II amide 
(‘Hypertensin’, Ciba) and three analogues, we found that 
these antisera do not quantitatively behave identically. 
This fact has important consequences for the standardiza- 
tion of immunoassays of angiotensin in human plasma as 
long as human angiotensin is not available as a chemically 
pure substance. (Val'-angiotensin has the amino-acid 
sequence of bovine angiotensin, while [leu'-angiotensin 
represents the structure of horse, hog and possibly human 
angiotensin.) 

Vaillotton et al.* found no differences in binding affinity 
to Val‘-angiotensin II amide and Tleu‘-angiotensin. IT 
amide with a similar method; in contrast, our antisera 
distinguished between Val‘-angiotensin II amide and 
Tleu’-angiotensin II amide. Dietrich? also found this 
difference with another technique. (The difference be- 
tween Ileu®-angiotensin II and Heu‘-angiotensin IT amide 
seems to be of no importance in this respect, because the 
amide group has scarcely any immunological influence 
(Table 1).) 

If human angiotensin is Ileu’-angiotensin, the use of 
different antisera in immunoassays of human angiotensin 
may lead to different results, when Val‘-angiotensin IT 
amide is used as a standard. 

Antibodies were produced by immunizing rabbits with 
copolymers of Asp(NH,)!-Val*-angiotensin II (‘Hyperten- 
sin’, Ciba) and poly-L-lysine coupled with 1-ethyl-3- 
(3 - dimethyl - aminopropyl) carbodiimide hydrochloride 
(ethyl CDI) aecording to the method of Goodfriend 
et ai.t. About 1 mg of the product was suspended in 
0-8 ml. of a 0-9 per cent sodium chloride solution and 
emulsified with 0-2 ml. of complete Freund's adjuvant. 
Each rabbit was injected intramuscularly with 1-0 ml. 
After three injections at monthly intervals, three out of 
ten animals yielded sufficient antibody titres for our 
experiments. 

128]. Asp(NH,)'-Val®-angiotensin IT was prepared accord- 
ing to the chloramine T method of Hunter and Green- 
wood’, using 0-5 me. Na!**I for 5 ug angiotensin. The 
free iodide was separated from '**I-angiotensin by means 
of an ‘Amberlite JRC 50’ column in H+ cycle (0-5 x 0-5 em) 
and removed with 0-2 molar ammonium acetate, pH 6-5. 
The labelled angiotensin was eluted with 0-05 normal 
ammonium hydroxide; it was then adjusted to pH 8-5 
with éris-hydrochloric acid buffer and stored at — 20° C, 
To diminish radiation damage and adsorption to the glass- 
ware, human serum albumin (HSA) was added to give a 
final concentration of 250 mg/100 ml. The labelled 
material had a specific activity of 60-70 myuc./ng. Anti- 
serum added in excess bound 90 per cent of the labelled 
angiotensin. Various samples of labelled angiotensin 
were stored at a different pH (4-0-9-0) for 1 month at 
—20°C. The pH had no detectable influence on the 
quality of the labelled material. 

Standard solutions of angiotensin containing 2-5, 5, 10, 
20 or 40 ng of Asp(NH,)-Val5-angiotensin II in 1-5 ml. 
were prepared by serial dilutions with a mixture of two 
volumes of 0-3 molar ammonium hydroxide and one 
volume of 1-4 molar tris buffer brought to pH 8 with 
hydrochlorie acid (HAS added). This mixture was chosen 


kd 
RATIO (+5.D.) OF EQUIMOLAR AMOUNTS NECESSARY TO REDUCE 


Table 1. 
THE INITIAL BINDING TO 50 PER CENT 
Com- Amino-acid sequence Ratio 
pound Antiserum No. 
6019 7046 7051 

A Asp(NH,)-Arg-Val-Tyr-Val ~His—Pro—Phe 1 1 1 
B Asp ~Arg-Val-Tyr-Val—His—Pro-Phe 1-084004 11 24 
Cc Asp(NH,)-Arg_Val-Tyr-Tleu-His-Pro-Phe 1434013 19 2-5 
D Arg-Val-Tyr-Ileu-His-Pro-Phe 1180+015 23 4-2 
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for two reasons: (1) the binding of the antigen and the 
antibody is at an optimum between pH 7-5-9-5; Q) 
ammoniacal eluates containing angiotensin from cation 
_ fesin columns (often used to isolate angiotensin from 
_ human plasma) can be tested directly after mixing with 
a tris buffer. In this way evaporation to dryness and 
subsequent redissolving of the eluate? are not necessary. 
The antiserum was diluted with normal rabbit serum (as 
a source of carrier gamma globulins) to an antibody con- 
centration which provided a 50-60 per cent binding of 
0-025 ue. 15E-angiotensin and di-Na-EDTA were added 
to a final concentration of 0-06 molar to inhibit amino- 
peptidase activity. 

A mixture of ammonium hydroxide and tris buffer 
(1-5 ml.), containing the angiotensin, was mixed in a 
glass tube with 0-05 ml. of the !°I-angiotensin solution 
(about 0-025 ye.) and incubated with 0-5 ml. of diluted 
antiserum. After incubation for 1 h at room temperature, 
2-05 ml. of saturated ammonium sulphate (4° C, pH 8) 
was added. After standing for 4 h at 4° C, the mixture 
was centrifuged (at 4° C) until the supernatant was clear. 
The supernatant was discarded. The precipitate was 
washed once with a half-saturated ammonium sulphate 
solution (4° C, pH 8) and dissolved at room temperature 
in 2 ml. of phosphate buffered saline (pH 7-4). The radio- 
activity of the sample was then measured. 

The results were expressed as a percentage of radio- 
activity bound to antigen, “100 per cent” representing 
the initial binding (no unlabelled angiotensin added). 
Equimolar amounts of Asp!-Val5-angiotensin II (com- 
pound B), Asp(NH,)!-Ieu!-angiotensin IT (compound C) 
and des-Asp'-[leu’-angiotensin II (heptapeptide 2-8, com- 
pound D) were compared with Asp(NH,)'-Val*-angioten- 
sin II (compound A), in respect to the binding affinity. 

In Fig. 1 the mean values of nine different series of 
determinations (each series in triplicate), obtained with 
an antiserum produced by one rabbit (No. 6019), are 
shown. The standard deviation of the individual de- 
termination was +7 per cent. 

For each series the ratio of equimolar amounts of 
compound B, C and D relative to A, necessary to reduce 
the initial binding to 50 per cent, was caleulated. The 
mean values are given in Table 1. 
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Fig.1. Displacement of radioactivity from the antibodies by increasing 
amounts of Asp(NH,)'-Val’-angiotensin II (compound “A, plotted 
in ng per tube) compared with equimolar amounts of compounds B, C 
and D. 100 per cent represents the initial binding. @, Asp(NH.)!-Val*- 
angiotensin II; ©, Asp'-Val*-angiotensin II; A, Asp(NH,)'-Heu}- 
angiotensin H; A, des-Asp'-Hleu*-angiotensin IF. 
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The differences between the various compounds cannot 
be explained by impurity of the substances because the- 
Val’-angiotensin II amide antibodies produced by three 
different- rabbits (Nos. 6019, 7046 and 7051} possess - 
different immunological affinities to compounds B, O> 
and D. 
We thank Dr F. Gross, Ciba, Basle, for his gifts of | 
compounds A and B and Miss W. Kloosterziel and R. van S 
Aalst for technical assistance. Professor E. Havinga, 
University of Leiden, provided compounds C and D. 
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Axoplasmic Transport of '*C- 
Noradrenaline and Protein 
in Splenic Nerves 


Mosr of the noradrenaline in postganglionic sympathetic 
neurones is bound within amine granules concentrated 
in the axon terminals'. These structures, which contain 
protein, are involved in the synthesis, storage and release _ 
of noradrenaline*. When a constriction is placed on the 
nerve trunk, noradrenaline accumulates proximal to it. 
This has been ascribed to the arrested distal transport 
of the granules from their site of manufacture in the 
cell body’, a view which is supported by electron micro- 
scope evidence of a corresponding accumulation of gran- 
ular vesicles‘. Their flow rate in cat sympathetic nerves 
of 10 mm/h, however, derived from the rate of nor- 
adrenaline accumulation?, is about 200 times that obtained, 
for protein movement in somatic nerves (1 to 5 mm/day)*. 
Because the calculation assumes that no noradrenaline 
is synthesized, lost to or taken up from the circulation 
in the movement of the storage granules down the axon 
and at the site of constriction, an alternative method, 
labelling both noradrenaline and protein with isotopes, 
was used on the cat splonic nerves. 

At laparotomy under ether anaesthesia, ether “C- 
noradrenaline (5-10 uc.; 17-2 me./mmole) or “C-leucine 
(5 uc.; 305 me./mmole) was injected into the coeliac 
ganglion by multiple puncture of the capsule through 
a silicone grease seal, using a microsyringe with an 
electrolytically polished tip of 200u. The cats were pre- 
treated with iproniazid (50 mg/kg, intraperitoneally), and 
the preganglionic splanchnic nerves were cut, in order to 
minimize losses caused by metabolism and release, respec- 
tively. Two fine silk constrictions were placed 1 cm apart 
on a branch of the splenic nerves about 5 cm from the 
ganglion. After 6-24 h, the splenic nerves were stripped 
off the artery, cut into consecutive 5 to 10 mm pieces and 
homogenized in perchloric acid containing ethylene- 
diamine tetra-acetic acid. Extracts containing cate- 
cholamines were counted for total radioactivity in 
aqueous scintillator*, Paper chromatography’ showed that 
most of the radioactivity was present as noradrenaline 
and, to a lesser extent, normetanephrine. Proteins were 
washed with lipid solvents and dissolved in formamide. 
A sample was estimated for total protein, and the rest 
counted for incorporation of ’C-leucine. 
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x, Site of constriction. The distances shown in these four eae are the minimum as measured in situ, and are subject to an error of 
: up to § mm. 


‘here was an accumulation of both labelled noradrena- 
and protein just proximal to the upper nerve constric- 
nit not.the lower (Fig. 1 (a) and (0)). This indicates 
a neural transport mechanism rather than uptake 
he circulation was responsible for the accumulation. 
x longer periods, the portion of spleen supplied 
the untied branch of the nerve contained three to 
times as much “C-noradrenaline as that supplied 
e constricted branch, showing that labelled noradren- 
<- aline had reached. the nerve terminals in the spleen by 
axonal transport as well as through the circulation. 
< With shorter periods of 6-8 h, it was possible to locate 
: peaks of both “C-noradrenaline and protein before they 
reached the constriction (Fig. 1 (c) and (d)). 
- The flow rate of approximately 5 mm/h obtained from 
these peaks is half that estimated previously for cat 
_ sympathetic nerves’, but is considerably greater than 
any yet demonstrated for protein. If the noradrenaline 
_ is transported. in granular vesicles, there may be two 
"protein transport rates operating in the axon as observed 
in goldfish optic nerves*; perhaps a slow rate for struc- 
tural proteins such as neuro-filaments, which the time 
seale of our experiments would not resolve, and a much 
‘faster one for soluble proteins and cytoplasmic particles 
like synaptic vesicles. 
` This work was supported by grants from the National 
< Heart Foundation of Australia. 
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Fine Structure of Nerve Fibres in 
Smooth Muscle of the Vas Deferens in 
Normal and Reserpinized Rats 


Ir is evident from Thaemert’s! review that the intra- 
axonal granular vesicles are generally considered to be the 
site of storage of catecholamines in autonomic nerves. It 
has also been shown?’ that reserpine has a depleting 
effect on these amine stores in both peripheral and central 
nervous systems. No quantitative data on the effect of 
reserpine on various types of granular vesicles have been 
published, so a study of the effect of this drug on the 
nerve fibres of the vas deferens of the rat was under- 
taken. 

Twelve male albino rats (200-250 g) were used in this 
work. Four were untreated controls, four received intra- 
peritoneal reserpine (10 mg/kg) and were killed 6 h later, 
and four received three daily intraperitoneal injections of 
the same amount of reserpine and were killed 6 h after 
the last dose. The animals were killed by a blow on the 
head. Small pieces of vas deferens were quickly removed, 
fixed in buffered osmium tetroxide, dehydrated in acetone 
and embedded in ‘Araldite’. Ultrathin sections were 
stained with lead citrate and examined in a Siemens 
Elmiskop 1B electron microscope. 

The general organization of the smooth muscle. cells 
and of the spatial relationships between nerve fibres and 
muscle cells in the rat vas deferens was found to be 
similar to that reported by Richardson. The muscle is 
arranged in an outer longitudinal and an inner circular 
layer. Passing between the muscle layers are small groups 
of axons enclosed by Schwann cell cytoplasm and sur- 
rounded by a thin investment of connective tissue. These 
nerve bundles in turn branch into smaller groups, or even 
single axons, which run in the narrow spaces between 
smooth muscle cells. 

There was a striking variation in the density of innerva- 
tion of the rat vas deferens between the prostatic and 
epididymal ends (Table 1), the prostatic end having the 
most nerve fibres. The inner circular layer was relatively 
more densely innervated towards the epididymal end. 
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Fig. 1. An axon from a normal rat vas deferens, adjacent to smooth 
muscle cell (sm): agranular vesicles (a), small granular vesicles (sg) 
and an occasional large granular vesicle (lg). (x ¢. 85,000.) 





Fig. 2. Two axons from a reserpinized rat containing several large 
granular vesicles and agranular vesicles. (x c. 60,000.) 


The axons contained the usual organelles: small 
membrane bounded vesicles, neurofilaments, neurotubules 
and mitochondria. 

The neurofilaments have a diameter of about 60 A and 
course through the axoplasm in all directions. They some- 
times seem to interconnect vesicies and mitochondria by 
an extensive branching network (Fig. 1). In some axons 


Table 1. AVERAGE NUMBER OF AXONS IN EACH OF SIX 75u GRID SQUARES 
Prostatic Middle Epididymal 
end third end 
Inner circular layer 79 63 33 
Outer longitudinal layer ri 58 20 
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neurotubules are especially numerous and often branch. 
They measure 200-250 A in external diameter and contain 
a less electron dense core. They are usually orientated 
in the direction of the long axis of the nerve fibre... At 
intervals along their length there are small central aggre- 
gations of material of greater electron density. Small 
vesicular elements were frequently seen, which could be 
neurotubules cut in cross-section. The vesicles are of two 
types (Fig. 2). First, there are agranular vesicles enclosing 
a homogeneous material of low electron density, These 
are of fairly uniform size, 450-600 A in diameter, with an 
occasional large vesicle 1000-2000 A in diameter. Second, 
there are granular vesicles which fall into two classes. 
The first is a small vesicle (400-600 A in diameter) con- 
taining a small dense inclusion (150-200 A) which may be 
oval, rod-shaped or in the form of a doublet. The second 
is a large vesicle (800-1200 A in diameter) which contains 
a spherical granule of moderate electron density (550— 
850 A). All types of vesicles may be present in the same 
axon, but few axons exclusively contain agranular vesicles. 

Fig. 3 shows vesicle population counts of 250 axons in 
normal animals and 250 axons in animals reserpinized for 
6 h. In both groups the axons were selected at random 
from electron micrographs of the outer longitudinal layer 
of the middle third of the vas deferens. In normal rats 
there were approximately equal numbers of granular and 
agranular vesicles; 96 per cent of the granular vesicles 
were of the small, dense cored variety and 4 per cent were 
large with less dense centres. 

Single or repeated doses of reserpine caused a marked 
reduction in the numbers of granular vesicles in nerve 
endings. This depleting effect was confined to the small 
granular vesicles (Fig. 4). The small granular vesicles 
were reduced from 48 per cent of the total in normal 
rats to 15 per cent of the total in the treated animals. 
The population of the large granular vesicles increased. 
The number of agranular vesicles was greatly increased 
(P<0-001), but the total number of vesicles was not 
altered significantly. 

Tt seems that the chief storage site of noradrenalire is 
in the small granular vesicles, but some of these storage 
sites seemed to be insensitive to depletion by reserpine in 
the doses given. The increase in agranular vesicles repre- 
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3. The percentage of small granular vesicles, large granular 
vesicles and agranular vesicles in normal animals (white columns), 
and in rats reserpinized for 6 h (hatched columns). The absolute numbers 
of vesicles counted in each 250 axon series were 10,963 in normal animals 
and 11,305 in treated animals. 
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Fig. 4. 
neurofilaments (nf), which interconnect other organelles, are contained 


An axon from a reserpinized animal. Neurotubules (nt) and 


in the axoplasm. (x e. 75,000,) 


sents vesicles of the same size which were granular before 
reserpinization. The larger granular vesicles, rather than 
being depleted by reserpine, increased in number. 

In view of these findings, and those of Richardson’ 
and Grillo”, who showed, respectively, that the cholinergic 
axons of the dilator pupillae muscle and the superior 
cervical ganglion contained large granular vesicles, it 
seems possible that these larger granular vesicles in the 
vas deferens are a storage site for acetylcholine. The 
presence of both acetylcholine and noradrenaline within 
the same axons would lend support to the hypothesis of 
Burn and Rand" that both noradrenaline and acetyl- 
choline are present in the same nerve fibre. 

But the large granular vesicles may contain neither 
acetylcholine nor noradrenaline. It is possible that the 
inclusion is an unidentified neurotransmitter or its pre- 
cursor, Alternatively, a different form of binding of a 
known neurotransmitter may be involved. 

It is likely that the neurotubules, present in large num- 
bers and many of which branch, are concerned with the 
funetion of intra-axonal transport. The theory of the 
distal flow of axoplasm is well substantiated and it is 
possible that neurotransmitter substances are manufac- 
tured at least partly in the cell body and transported 
to the periphery by means of the neurotubules. Silva!” 
reported the presence of irregular dilatations along the 
eourse of intra-axonal neurotubules and suggested that 
these dilatations may represent a stage in the formation 
of the vesicles. 

The observed variation in the density of innervation 
along the length of the vas deferens of the rat shows that 
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extra care is necessary in interpreting quantitative results 
obtained by electron microscopy. 
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Types of Motor Units in the Skeletal 
Muscle of Xenopus laevis 


INVESTIGATION of the histochemical and contractile 
characteristics of muscle fibres in hind limb muscles of 
Xenopus laevis and Bufo viridis has shown that the fast 
group of muscle fibres can be subdivided’. Some fast 
fibres, usually those of largest diameter, are low in oxida- 
tive enzymes and have few fat droplets. On direct 
electrical stimulation the contractile mechanism in these 
fibres rapidly fatigues. The second group of fast fibres 
consists of cells of smaller diameter showing a high activity 
of oxidative enzymes and containing many fat droplets. 
These fibres maintain a contracted state for prolonged 
periods if repeatedly stimulated. Electron microscope 
observations (unpublished results of R. 8. Smith and 8. 
Page) confirm the histochemical findings in that the two 
types of fibres contain differing numbers of mitochondria 
and fat droplets, and also demonstrate a higher concentra- 
tion of glycogen in the latter group of fast fibres. 

Slow muscle fibres isolated from Xenopus laevis have 
been found to be histochemically’, functionally’? and 
structurally (unpublished results of R. 8. Smith and 
S. Page) distinct from the two types of fast fibres. In our 
previous study! of the group of slow fibres, we were unable 
to find evidence that the group could be subdivided, 
although Shamarina* has presented evidence which indi- 
cates that a subdivision does exist in the frog. 

The present investigation was begun with the following 
intentions: (1) to determine whether fast motor units 
are homogenous; (2) to attempt to detect sub-groups 
within the slow fibres; and (3) to explore the relationship 
between the type of motor unit and the diameter of the 
motor nerve. 

The iliofibularis muscle of Xenopus laevis was used 
throughout. As in other members of the Anura‘, the 
iliofibularis muscle of Xenopus is zoned’. The large and 
fatigable fast fibres occupy the outer parts of the muscle, 
while the less fatigable fast fibres and slow fibres are in 
the centre of the muscle. This organization assists in 
assessing the position and thus the likelihood of homo- 
geneity of fast motor units. 

The nerve-muscle preparation was kept in Ringer's 
solution at 20°-23° C in a ‘Perspex’ recording chamber of 
the type described before?. A single nerve fibre was 
dissected from the nerve trunk and stimulated electrically 
with rectangular pulses of 1 msee duration. and amplitude 
about 2 dB above threshold. The contraction of the motor 
unit was recorded isometrically by a strain gauge attached 
to one tendon of the muscle, the other tendon being fixed. 
The strain gauge output was displayed on a strip chart 
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Fig. 1. 
muscle after their motor nerves had been stimulated. The namber on 


Mechanical activity of single motor units in the illofibularis 


each trace indicates the rate of stimulation in stimuli/sec. Traces A 
and D are twitch responses to single stimuli. A, Band C: responses of 
a fast motor unit in the peripheral part of the muscle. D, E and F: 
responses of a fast motor unit in the centre of the muscle. B and E 
are fused contractions. Stimulus train for both C and F 60 sec duration. 
Third row, G, H and I, and fourth row, J, K and L, are responses of slow 
motor units of the faster and slower types, respectively, Ordinates, 
grams force, on the right of each group of records to which they refer. 
Abscissae, seconds, immediately below each group of seconds to which 
they refer. 


recorder (‘Sanborn 320’). During recording, the muscle 
could be observed through a binocular stereomicroscope, 
which enabled an estimate to be made of the position of 
the motor unit within the muscle. Immediately after 
the experiment a photomicrograph was taken of the 
isolated nerve fibre, and the diameter of the fibre was 
then measured to the nearest micron from the photo- 
graphic negative. Twenty satisfactory preparations 
were obtained. Individual motor units within the sub- 
groups were typically alike, but the number of observa- 
tions in.each group was small; thus, in this preliminary 
report, the ranges of values only will be given. 

A preliminary study of cross-sections of the nerve to 
the iliofibularis muscle showed that the diameters of 
myelinated nerves ranged from 2 to 20u. Single motor 
nerve fibres, which covered the range 4 to 20u, were 
obtained in these experiments. The results of stimulating 
the single nerve fibres were grouped into four classes 
(Fig. 1). The top row of Fig. 1 shows the response of a 
motor unit composed of fibres in the peripheral part of the 
muscle to: A, a single stimulus; B, stimulation at fusion 
frequency; and C, maintained stimulation at 30 stimuli/ 
sec. Units of this type characteristically showed complete 
fatigue within about 30 sec of stimulation at a rate of 
30 stimuli/sec. These units were large and gave maximum 
tetanic tensions of 16:8-29 g with fusion frequencies 
typically at about 50 stimuli/sec. The 
nerve fibres supplying the units were of 
diameter 17 to 20u. A 

The second row of records (Fig. 1, D, E 
and F) presents corresponding results ob- 
tained from a fast motor unit in the centre 
of the muscle. These units were not as 
readily fatigued as those in the periphery 
of the muscle; they were also smaller, 
maximum tetanie tensions ranging from 
1-0 to 13-7 g at fusion frequencies of 25 to 35 
stimuli/see. Nerve fibres supplying this group 
of motor units ranged from 9 to 16u in dia- 
meter. 
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While the contraction times measured from single 
twitches in these two types of fast. motor units did not ` 
differ markedly in this series of experiments, the half 
decay times of twitches obtained from units in the central 
part of the muscle were longer (40-65 msec) than those 
(30-40 msee) obtained with fast motor units in the 
periphery of the muscle. 

It seems that the group of fast fibres forming a motor 
unit exhibit together properties sufficiently similar to : 
the individual fibres in the same muscle, as was studied. 
in previous work!, to permit the conclusion that the 
units are homogeneous. 

A slow motor unit will be defined for the present 
purposes as a unit which would not give a measurable 
contractile response after a single suprathreshold stimulus 
to the nerve supplying the unit, but responded to repeti- 
tive stimulation with graded contractions. This definition - 
assumes that the motor unit has undergone a long period 
of rest before stimulation. The slow motor units, observed 
in these experiments, were separated into two types, 
both of which were situated in the central part of the 
muscle. 

Responses typical of slow motor units supplied by nerves 
of diameters 6-10y are illustrated in Fig. 1G, H and I. 
The nested curves in records G and H show the responses 
of this type of unit to repetitive stimulation at frequencies 
between 14 and 83 stimuli/sec. It should be noted that — 
the rate of rise of tension in the records of Fig. LH is 
comparable with that obtained with the fast motor unit 
of Fig. 1E. Maintained stimulation at 30 stimuli/see 
gave rise to responses as shown in Fig. MI and Fig. 24; 
after reaching an initial plateau the tension showed a 
secondary climb. yeh 

Slow motor units supplied by nerves 4 to õu in diameter 
responded to repetitive stimulation in the manner illus- 
trated in Fig. 1J, K and L. The rate of rise of tension 
was slow and no late increase in tension was seen on 
maintained repetitive stimulation. Both types of slow 
units were small; the maximum tetanic tensions ranged 
from 230 mg to 1:5 g at stimulation rates up to 
100 stimuli/sec. : 

The group of slow motor units with the faster mechani- 
cal activity (Fig.1G, H and I) had unusual properties. 
If the train of stimuli was stopped during the late rise in 
tension, then small discrete contractions could be recorded 
in response to single test stimuli (Fig. 2B). This effect 
was never shown by the slower group of slow motor units 
(Fig. 1J, K and L). The processes behind the late rise 
in tension, seen during maintained stimulation in the 
faster group of slow motor units, are presumably con- 
nected with those responsible for the discrete responses to. 
single stimuli. If it is assumed that this type of motor unit 
is homogeneous in its component muscle fibres, an assump- 
tion for which there is as yet no evidence, then a possible 
explanation for these effects would be found in the proper- 
ties of the neuromuscular junction. Thus the discrete 
contractions, which could be elicited in the immediate 
post-tetanic period, could represent large local contrac- 
tions caused by potentiation of junctional transmission. 
Other explanations, invoking propagated activity in the 
muscle fibres, are conceivable but, owing to the low 
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Fig, 2. Responses of a slow motor unit of the type shown in Fig. 1, G, H and I to 

repetitive stimulation of its motor nerve at 30 stimuli/sec, 4, and toa group of four teat 

stimuli in the immediate post-tetanic period, B. Abscissae: seconds and 10-sec markers 
in A, seconds in B. Ordinates: 250 mg force in 4 and 25 mg force in B. 
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amplitude of the diserete contractions (Fig. 2B), would 
require unusual assumptions as to the properties of the 
muscle fibres involved. 

The evidence presented here shows that within both the 
fast motor unit group and the slow motor unit group 
motor units may show considerable differences in proper- 
ties. In both the fast and slow groups of motor units, 
there seems to be a relationship between the properties 
of the motor unit and the diameter of its motor axon. The 
observations would satisfy several hypothetical systems 
from the one extreme, at which it is assumed that all 
properties of motor units are continuously graded from 
slow on through fast, to what is perhaps the other extreme 
at which the assumption is made that changes in properties 
take place step-wise and that both fast and slow motor 
units are divisible into two distinct types. This latter 
view, which is implicit in the arrangement of Fig. 1, 
has the merit that it lends itself to experimental testing. 
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raction of Trematodes by Predation 
within Natural Double Infections in the 
‘Host Snail Indoplanorbis exustus 


Tnousanps of snails infected with trematodes have been 
surveyed in the Kuala Lumpur area’. Lymnaea rubigi- 
-nosa (Michelin), the commonest and most carefully studied 
snail, is infected with at least thirteen species of trematode 
larvae: four echinostomes, three plagiorchids, two 
atrigeids, one Spirorchis, one Trichobilharzia, one Fasciola 
and one psilostome. Multiple infections were, however, 
very rare and certain trematode combinations were not 
found? and none of the few double infections found 
involved species with redial development*. The only 
double infections found were those in which both para- 
sites underwent sporocyst development (producing strigeid 
and. schistosome furecocercous or plagiorchid xiphidio- 
cercous cercariae, personal communication from K. J. Lie). 

Specimens of Lymnaea rubiginosa collected in the field 
‘and shedding strigeid, schistosome or plagiorchid cercariae 
{larvae with sporocyst patterns of development) were 
exposed to Echinostoma miracidia. These experiments 
eonfirmed that there was an “antagonism” between the 
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trematode with only sporocyst generations and an 
echinostome with rediae‘. There was no demenstrable 
host restriction on penetration of miracidia of the second 
trematode or early development of the second infection’; 
antagonism or interference between the two parasites 
occurred at later developmental stages. Production of 
cercaria by flukes of the sporocyst developmental type 
ceased soon after this stage was reached. The authors 
suggested that the motile rediae grazed on the schistosome 
sporocysts, for sporocysts were not concentrated in regions 
where active rediae were found. Alternatively, the rediae 
seemed able to kill the sporocysts by a toxic substance and 
then to feed on the dead larvae’. Similar reactions were 
observed in echinostome-echinostome (redia + redia) 
double infections!?. Later studies with Brazilian echino- 
stomes and Schistosoma mansoni in albino Biomphalaria 
glabrata confirmed and extended these findings*. 

We studied double infections of Echinostoma malayanum 
Leiper 1911 and Schistosoma spindale in Indoplanorbis 
exustus in a further effort to explore the interaction of 
trematode with trematode, using a different parasite 
host system, but our efforts to observe a reaction in 
laboratory infections were frustrated because of the 35- 
40 days required by E. malayanum to develop in the 
snail. 

Conditions required for a large-scale experiment with 
doubly infected snails were provided naturally by a 
population of exceptionally large I. exustus (up to 20 mm 
in diameter) discovered at the outlet of an abandoned 
tin-mining pond at Kampong Pandan, near Kuala Lumpur. 
Five collections totalling 650 snails were made in February 
1966. Among these, twelve were actively shedding E. 
malayanum and S. spindale cercariae simultaneously. 
Dissection showed true double infections in only ten out of 
the twelve; the other two had echinostome infections, 
but schistosome cercariae had entered the mantle cavity 
from the outside or may have adhered to the surface of 
the shell. Later these fork-tailed cereariae reappeared in 
the water to simulate a normal shedding of cercaria. 
Dissection of all snails collected throughout the month 
demonstrated a true double infection in forty-seven of them 
(Table 1). In addition to the ten snails shedding both 
types of cercariae, we found double infections in thirty 
snails that were shedding only schistosome cereariae, and 
in three snails shedding only echinostome cercariae. Four 
other snails also proved to be doubly positive, although 
they were shedding neither cercaria at the time. The 
schistosome infections in these hosts were largely dis- 
placed by a vigorous development of echinostomes. 

One snail was shedding fork-tailed cercariae of S. 
spindale as well as amphistone cercariae, and four were 
shedding schistosome and xiphidiocercariae, indicating 
a twin sporocyst-type of infection. In the latter group 
only three snails were infected on dissection, a further 
indication that “shed” larvae found in the water with 
snails collected in the field may be unreliable. 

These unexpected double infections in the wild were the 
first such discovery among many thousands of snails 
from dozens of sites. They also appeared at a level well 


Table 1. NATURAL DOUBLE INFECTIONS IN Indoplanorbis exustus 


Snails shedding the following oon 
{0 


Carcariae No. of > O 
total 


shed snails S+E S+A S+X 
8+E 12 1-8 10 
S+A 1 0-2 1 
34X 4 0-6 3 
8 176* 27-1 20 
B 82* 12-6 3 
A 10 15 
x 1 Q2 
Pos, 286 44-0 43 1 3 
Neg. 364 56-0 4 
Total 650 100-0 47 1 3 
% of total: 72 0-2 0-5 


Snails infected with the following trematode combinations (based on individual snail dissections) 


Trematode types in snails 


S E À X Pos. Neg Total 
2 12 12 
1 1 
1 4 4 
128 158 18 176 
62 65 17 82 
10 10 10 
4 1 1 
128 64 10 2 251 35 286 
10 24 8 46 818 364 
138 88 18 2 297 353 650 
21:2 13:5 2-8 0-3 457 54-3 100 


Data from 650 snails, Kampong Pandan, Malaysia, February 1966. 5, Schistosoma spindale, E, Echinostoma malayanum; A, amphistome cercariae; 


X, xiphidio cercaria 


corded “shed” inclades snails into which cercariae swam and emerged up to 24 h later. This method of analysis proved unreliable and so was 


considered a first approximation oniy. True infection levels and incidence can only be determined by dissection and examination of each test snail. 
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above that expected assuming a probability of double 
infections to be random, that is the product of the infection 
rates for each of the separate species. 

In the dissected snails, S. spindale was present in 21-2 
per cent of the 650 snails, E. malayanum in 13-5 per cent 
to give a predicted level, based on random distribution, 
of 2-9 per cent double infections. Actually 7-2 per cent, 
or two and a half times the expected proportion, of the 
Indoplanorbis collected from this site were simultaneously 
infected with the two flukes. Double sporocyst infections 
(schistosome plus plagiorchid) occurred in 0-46 per cent 
of the total (3 of 650 snails), whereas prediction by random 
distribution would give only 0-06 per cent of these double 
infections. Only one snail was shedding xiphidiocercariae, 
whereas three were shedding xiphidio and furcocercous 
cercariae simultaneously. Double infections of the 
schistosome with an echinostome in a greater proportion 
than that predicted by random distribution may have 
occurred entirely by chance, or it may have been caused by 
reduced host resistance to a second infection in snails 
already carrying a different infection. In either ease, it 
was remarkable to find so many double infections, 
considering the rapid loss of doubly infected snails in 
our laboratory conditions. It also attests to our lack of 
understanding of the optimum conditions required by 
infected snails. 





Fig. 1. Grape-like cluster of sporocysts of Schistosoma spindale alongside 
gut of Indoplanorbis exustus. 


During dissection of the doubly infected snails, we 
made extended observations of the living and active 
rediae on and in the intact body of the de-shelled snail. 
Daughter rediae could be seen crawling over the surface 
of the digestive organ, particularly within the arch of 
the whorl, and over the ovotestis near the tip of the 
viscera. In areas of redial concentration, few if any 
schistosome sporocysts were observed. Typically, a heavy 
mass of sporocysts, threaded into the tissues, was con- 
centrated in the midzone of the digestive gland or was 
hanging from this region in grape-like clusters (Fig. 1). 
Rediae were moving about the periphery of this mass, 
but a few could also be seen among the sporocysts. Some 
rediae were lying next to sporocysts and apparently 
consuming them. 

A series of observations of infected snail tissue con- 
firmed that sporocysts were being devoured by rediae. 
Infected tissues were removed intact and preparations 
were studied microscopically both with and without a 
coverslip. Despite this disturbance, larval activity in 
and around the snail tissues continued for about 30 min. 
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Fig. 2. Daughter redia of Echinostoma malayanum ingesting a sporocyst. 
of S. spindale it has captured. 


One redia had a third of a sporocyst lying within its 
pharynx, another a sporocyst in the oral opening; a third 
had almost the entire larva consumed, with only a small 
portion still protruding (Fig. 2). Cannibalistic activities 
are known among echinostome rediae. Wesenberg-Lund?? 
describes daughter rediae feeding on other daughter rediae 
within the mother rediae; Nasir!? found remains of rediae 
in the gut of E. nudicaudatum rediae, both in mother 
rediae and in daughter rediae free in the snail tissues. 
Most surprising, however, was our observation that 
rediae can capture and ingest swimming cercariae, 
although the cercariae are far more active and motile 
than the rediae. Three such cases were observed: one 
redia made a movement towards a thrashing schistosome 
cercaria, snatched at it rapidly and captured it by the 
midbody, swallowing the entire cercaria within a minute 
or two. Another redia held the body of a cercaria within 
its pharynx, forked tail still protruding (Fig. 3). Still 
another caught a schistosome cercaria by the tail, with the 
anterior body portion protruding and attempting to 
escape. Undoubtedly the highly muscular pharyngeal 
apparatus of the redia provides a sucking structure that 
serves the larva admirably for both capture and swallowing 





Fig. 3. Redia of E. malayanum consuming a cercaria of S. spindale it 


has captured. Tail of cercaria with fork collapsed visibly protruding 


from mouth of redia. 
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of its parasitic prey as well as for ingestion of host tissues. 
There was, however, no indication of cannibalism. 

Clearly, the “antagonism” between S. spindale and 
E. malayanum is direct predation in this instance. How 
the schistosome larvae managed to survive in this series 
of hosts long enough to show both kinds of cercariae in 
the same snail is not known. A critical factor was the 
precise stage of development of each parasite species at 
the time the snails were collected. The outlet of the tin- 
mining pond where the Indoplanorbis were found is part 
of a hyperendemic region of 8. spindale infection in goats 
and cattle maintained by the local Indian community. 
Conceivably, snails in this pond were free of Echinostoma 
malayanum (carried chiefly by pigs and rodents), and a 
sudden influx of infected faeces about 6 weeks before 
our first February collection may have exposed them to 
large numbers of Æ. malayanum. A group of heavily 
infected swine usually maintained elsewhere could have 
provided the echinostome miracidia had they been moved 
into this pond area, a not infrequent occurrence. 

The doubly infected snails which we examined showed 
that the echinostome infection was ascending and the 
schistosome one descending. Where only schistosome cer- 
cariae were being shed, the echinostomes were seen chiefly 
as young daughter rediae. Where both cereariae were being 
shed, the echinostome infection was far heavier. Where 
only echinostomes were producing cercariae, the remaining 
schistosome sporocysts were few and scattered, obviously 
nearly eliminated. All doubly infected snails were the 
largest hosts (15-20 mm), whereas single infections were 
found chiefly among the 10-15 mm snails. This growth 
phenomenon, though not uniform or constant, has been 
reported in a number of snail species parasitized with 
larval trematodes! 15. 

We surveyed the Kampong Pandan area both before 
and after the discovery of the doubly infected snails. 
E. malayanum is present at a relatively low level in this 
region (up to about 10 per cent of the snails in an average 
collection). S. spindale is usually present in a larger 
‘percentage of the Indoplanorbis, reaching about 50 per 
‘cent in the vicinity of dairies where grazing cattle are 
numerous (and there are few echinostomes present). 
Snails with double infections were found later in the same 
site, but in a smaller proportion of snails examined than 
in the collection analysed here. 

Later another double infection at a high level was found 
in a colony of very large Indoplanorbis snails in a roadside 
stream near Kampong Bohol, 6-5 miles from Kuala 
Lumpur. This second find in Indoplanorbis and our 
failure to locate a double infection in Lymnaea suggest 
that trematode repression of one species by another is at 
least in part a matter of balance between parasite and 
host, varying with the degree of adaptation of each 
species to its particular host, as emphasized by Lie et al.°. 
An example of conditions which appear to favour the pre- 
dator is found in the combination of Echinostoma audyi 
(or. Echinoparyphium dunni) and Trichobilharzia in 
Lymnaea rubiginosa. An opposite example, in which a 
well adapted schistome is difficult to eradicate from its 
snail host by an apparently less well adapted species of 
echinostome, is the S. mansoni~Echinostoma barbosai 
system in Biomphalaria glabrata’. The natural infections 
reported here from Indoplanorbis, E. malayanum plus S. 
spindale, represent an intermediate stage of adaptation 
in which the predator can wipe out its neighbouring 
“parasite but does not necessarily do so before schistosome 
cercarial production begins. The success of this part of 
the reproductive phase is of special significance if double 
infections are to be considered as potential biological 
-weapons against human schistosomiasis. 

We think that the following points from these observa- 
tions are important. (1) The trematode redial stage is not 
only a parasite within its snail host but can also act as a 
predator that seeks and devours developmental stages 
of other flukes in the same snail. 
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(2) There is need for exploration of this phenomenon as 
a possible supplementary biological weapon against 
human schistosomes, one that might function within the 
snail host without the entire snail population having to 
be destroyed. To develop the tools for such a potential 
biological control, however, each area of human or animal 
disease must be evaluated ecologically. It is necessary 
to determine the appropriate predator—parasite and prey- 
parasite balance and their mutual adaptation to a par- 
ticular host. It is possible to introduce a new parasite 
into the environment to attack a resident schistosome 
focus. This should be approached only after the predator’s 
anti-schistosome and host~parasite characteristics have 
been fully tested in laboratory and field-plot studies. We 
undertook a small field study in Malaya to test the 
feasibility of this approach, using the combination of S. 
spindale and E. malayanum*. Initial suecess of this effort 
shows that further search for such a biological weapon 
is justified. It will, however, require specific tailoring 
and application of each combination of trematode and 
host to the area in which it is applied. 
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Effect of g-Indolylacetic Acid on the 
Growth and the Auxin Catabolism of 
Lactobacillus bulgaricus 


ENDOGENOUS auxin may act in the regulation of bacteria 
growth!, although its precise role is as yet poorly under- 
stood?. For example, Lactobacillus can grow without 
auxin’; however, in the presence of §-indolylacetic 
acid (IAA), its multiplication can be strongly modified‘. 
In the following experiments, Lactobacillus bulgaricus 
(strain 1416, Liebefeld Institute of Dairy Research) was 
used and the medium was Lactobacillus broth AOAC 
(Difeo). For each series of growth measurements, tubes 
containing 10 ml. of medium (with TAA) were inoculated 
with 1 ml. of a young culture of Lactobacillus (standard: 
0-416 ml. of protein). The cultures were ineubated at 
37°C and the growth was measured after 6 and 12 h. 
Two methods were found most satisfactory for the growth 
determinations. The first is related to a direct measure- 
ment of the increase in turbidity*®, using the “Lumetron 
402 E’ with a double photoelectric cell. The second is 
based on tho analysis of the total protein content’. The 
protein was determined by precipitating the washed 
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Fig. 1. Growth of Lactobacillus bulgaricus (in terms of turbidity: 

galvanometric variations). Time of incubation, 0, 6 and 12 h. A, 

Control; B, 1x10 molar f-indolylacetic acid; C, 1x10“ molar 
B-indolylacetic acid. 


bacteria cells with trichloroacetic acid. Comparing the 
turbidity with a series of standard solutions of serum- 
albumin, precipitated with trichloroacetic acid, a good 
correlation was found. Further examination of this 
technique will be discussed elsewhere. 

It can be seen in Fig. 1 that the growth (in terms of 
turbidity) increases with time. After 6 and 12 h, IAA 
eauses an inhibition for the two concentrations tested. 
In Fig. 2, the increase with time in protein content is 
shown. TAA produces an initial repression of the growth. 
But, after 8 to 10 h, the logarithmic growth phase‘ of the 
Lactobacillus treated with 1-105 molar IAA continues 
to increase while with 1 x 10-* molar LAA or without IAA 
the growth rate is lower and quickly approaches the 
stationary phase. 
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Fig.:2. Protein content of Lactobacillus bulgaricus (in mg of protein/ 
culture). Time of incubation, 0, 6 and 12 h, A, Control; B, 1x 10-* 
molar f-indolylacetic acid; C, 1x10 molar B-indolylacetic acid. 
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To understand the action of exogenous auxin ön the- 
growth of Lactobacillus, the IAA-oxidase of this bacteria 
was analysed. It is well known that TAA-oxidase catalyses 
the oxidation of IAA’; conversely, IAA alters the in vivo 
activity of IAA-oxidase®*. These facts suggest that the 
mutual interaction between hormone and enzyme may be 
important in the control of growth !.1!, 

The preparation of the [AA-oxidase has been described 
before!?, In vitro, IAA destruction assays were carried out 
with lyophilized Lactobacillus and cold buffer (0-1 molar; 
pH 61). The mixture was first centrifuged (3,500g, 
15 min), the extract was added to the buffer for a second 
centrifugation (8,000g, 10 min) and the supernatants were 
made up to 10 ml. with buffer. Two ml. of the active 
solution was mixed with 2 ml. of deionized water and 4 ml. 
of cold buffer. At zero time, 2 ml. of TAA (50 ug/ml.) was 
added. The mixture was incubated in a metabolic shaking 
incubator (28°C) in complete darkness. Initial and 
residual IAA was determined by colorimetric analysis 
(modified Salkowski reaction)!*. 





ug TAA/O-1 mg protein/60 min 





Hours 


Fig. 8, Activity of f-indolylacetic acid-oxidase (expressed in ug of 

S-indolylacetic acid destroyed/0-1 mg of protein and for 60 min) from 

Lactobacillus bulgaricus, Time of incubation, 0, 6 and 12 h, A, Control; 

B, 1x 10-* molar f-indolylacetic an ; ©, 1x10 molar 6-indolylacetic 
acid. 


Analyses of the IAA-oxidase activity clearly show 
(Fig. 3) that (1) the enzyme activity increases with the 
duration of culture, and (2) the exogenous IAA causes a 
strong stimulation of the IAA-oxidase which is greater 
for the high IAA level. 

As it has been observed, for plant tissues##15, it ig 
possible to enhance the activity of the IAA-oxidase, 
prepared from Lactobacillus, by incubating cells in TAA, 
If, on the other hand, the activity of these enzymes is 
increasing, the level of the endogenous auxins is decreas- 
ing, as was also shown in plant cells!%", Finally, if the 
auxin content is decreasing, the growth will also be 
reduced. Such “adaptive increase” of the LAA-oxidase 
activity could explain the reduction—which was observed 
in the present experiment—of the growth of Lactobacillus 
caused by TAA, 
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Non-local Nature of Habituation in a 
Rotifer and Protozoan 


HABITUATION, defined as a “waning of a response as a 
result of repeated stimulation’, can be considered to be 
a form of learning if fatigue, injury and local sensory 
adaptation can be ruled out. This is the case when an 
organism shows the same behaviour response to a different 
or more intense stimulus after habituation. The usual 
way to ascertain whether there is local sensory adaptation 
is by recording electrically the relevant sensory pathways; 
this is often quite difficult, either because the nerves are 
too small or are too numerous to record from. It is 
possible to design behavioural experiments to test for 
non-local habituation; among the invertebrates’, however, 
‘this is only possessed by planarians’. 

' Several freshwater micrometazoa were shown to 
habituate to a mechanical shock*, but only the rotifer 
Philodina and the protozoan Spirostomum were found to 
‘be useful in a test for non-locality of the habituation 
response. The others either moved too fast to habituate 
at two different areas of their body or else were sensitive 
to the stimulus at only one area. 

One rotifer at a time was placed in a depression slide 
and left there for 5 min before being presented with the 
stimulus. Thirty sessile rotifers were first lightly touched 
with a fine wire on the corona every 5 sec until they no 
longer contracted to three stimuli in a row. Five sec 
after habituation, the same stimulus was applied to the 
lower body area near the pedal gland until each rotifer 
met the previous habituation criterion. To guard against 
‘the possibility that the posterior area was initially less 
sensitive than the corona area, another thirty rotifers 
were given the stimulus in reverse order. Because the 
intensity of the stimulus determines the rate of habitua- 
tion’, it is important that all the stimuli should be of 
essentially the same magnitude to avoid any bias in the 
results. Unfortunately, if two people habituate the 
-animal in a blind experiment, this only introduces more 
variation in stimulus intensity. 

Each protozoan was also kept in a depression slide for 
& min. before the experiment began. Then each one of 
the thirty was presented with a mechanical shock in the 
form of a solenoid which dropped a constant height from 
its de-energized coil every 5 sec until the animal no longer 
contracted to three stimuli in a row. Taking advantage 
of the fact that when a Spirostomum is cut in two both 
halves can still contract to a stimulus‘, each protozoan 
‘was cut transversely into approximately two equal halves 
with a razor blade. Fifteen seconds later, the anterior and 
posterior parts were habituated in the same way. To avoid 
the possibility that the cutting reduced the sensitivity 
of the parts to the stimulus, thirty unhabituated (naive) 

rotozoa were cut in half; 15 see later both parts were 
“habituated. It is important that the cutting should be done 
cleanly and quickly or else the animals become insensitive 
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to subsequent stimuli for the next few minutes. Further- 
more, the protozoan must be cut into two nearly equal 
pieces, for a larger piece is more sensitive to the stimulus 
than a smaller onet. 

The results are presented in Tables 1 and 2. The 
heading “No. of stimuli to habituate” shows how many 
stimuli it takes before the organisms do not respond to 
three more stimuli in a row. In the rotifer, after the 
corona had been habituated with an average of 8:8 
stimuli, the lower body area needed only three stimuli 
before the animal ceased to contract. When the lower 
body area was stimulated first and habituated with 8-2 
stimuli, the corona area needed only 2-4 stimuli to habitu- 
ate the animal. These differences are significant at P= 
0-001, as judged by the t test for the difference between 
correlated means, as are those differences (by the standard 
t test) between the number of stimuli it takes to habituate 
one specific area first and the number it takes to habituate 
the same area after habituating the other area. The 
experiment with Spirostomum demonstrates that while it 
takes nine stimuli to habituate the whole organism, 
only about three are needed to habituate its severed 
anterior and posterior pieces. By the ¢ test for correlated 
means, this is significant at P=0-001. It takes more 
stimuli than this (P=0-005) to habituate the anteriors 
and posteriors from a previously naive organism. While 
there is relatively large variation in the number of stimuli 
needed to reach habituation in each of the areas stimu- 
lated, it should be noted that fifty-four of the sixty 
rotifers showed some retention of habituation when 
re-tested in another area, and, for the protozoa, twenty- 
seven out of thirty anterior pieces and twenty-five out of 
thirty posterior ones showed retention. 


Table 1. HABITUATION IN Philodina 
No. of stimuli to habituate 
1. Body 


1. Corona 2. Body 2, Corona 
Mean 88 3-0 8-2 24 
Standard deviation 55 31 6-6 22 
Table 2. HABITUATION IN Spirostomum 
No. of stimuli to habituate 
Whole Naive Naive 
organism Anterior Posterior anterior posterior 
Mean 9-0 31 3-6 7-0 9-6 
Standard deviation 6-9 2-9 8-1 41 6-1 


When Philodina is habituated in the area of the corona 
so that it no longer contracts to touch, the lower body 
area near the pedal gland becomes partly habituated. 
This lower body area is not any less sensitive to the stimulus 
than the corona because, when the body is habituated 
first, the corona also becomes partly habituated. When a 
Spirostomum is habituated so that it ceases to contract 
to a mechanical stimulus and is then cut in half trans- 
versely, the anterior and posterior pieces are also partly 
habituated. Habituating the cut pieces of a naive proto- 
zoan requires more stimuli than the pieces from a previ- 
ously habituated one. The anterior and posterior parts 
from a previously habituated protozoan are equally sensi- 
tive (3-1 as compared with 3-6) to the stimulus, but a 
naive anterior is less sensitive (P=0-01) to the stimulus 
than the naive posterior (7-0 as compared with 9-6). 
Neither, however, are significantly different (at P= 0-05) 
from a whole organism in terms of the stimuli needed to 
reach habituation. 

After habituation of Spirostomum, or its anterior and 
posterior halves, to the mechanical stimulus, it still 
contracts either to a more intense stimulus which is given 
in the same way, or to direct touch on its body. The 
rotifers, too, after habituation to the touch stimulus, will 
contract either to a mechanical shock which is delivered 
by the solenoid arrangement or to a more intense touch 
stimulus. These organisms also return within expected 
statistical limits to their normal levels of sensitivity 
several minutes after habituation®. It can be concluded 
therefore that habituation in these two organisms cannot 
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be explained by fatigue, injury or local sensory adaptation. 

This conclusion, as well as the small size and phylogenetic 

simplicity of these organisms, and the ease of obtaining 

habituation, suggests that these animals could be used in 

studies concerning the physiology of learning and memory. 
Pamir B. APPLEWHITE 

Department of Biology, 

Yale University, 

New Haven, Connecticut. 
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ANIMAL BEHAVIOUR 


Rats prefer the Home Cage to the 
Runway following Intermittent but 
not Consistent Reinforcement 


SEVERAL sources of evidence suggest that, in both the 
Skinner box and runway, an intermittent schedule of 
reinforcement could be a source of aversion. Time-out 
studies show that when a pigeon or rat can turn off a 
stimulus which is associated with a particular reinforce- 
ment schedule, the frequency and duration for which it 
does so vary inversely with the probability of reinforce- 
ment}, Furthermore, when rats or pigeons are given a 
choice between equal schedules of reinforcement which are 
predictable in one case and unpredictable in another, 
they choose the former?-+. 

Although aversion has been attributed to the inter- 
mittent schedule in the runway, no direct test of this 
interpretation seems to have been made, A simple test 
can be made by offering a choice between the runway 
and, for example, the home cage. Intermittently re- 
inforced rats run faster when placed in the runway, but 
if given a choice between entering the runway or going 
back to the home cage, they choose to go to the home cage 
rather than to the runway, and do so more frequently 
than a consistently reinforced group do. 

The subjects were twelve 90-day-old male albino rats 
of the Sprague-Dawley strain. They were randomly 
divided into two equal groups: a continuously reinforced 
group (group C) and a partially reinforced group (group P). 
The apparatus consisted of a straight alley (60 x 6 x 9 in.) 
of unpainted redwood covered with clear ‘Plexiglass’. 
Interruption of any of four photobeams started and/or 
stopped one of three standard electric clocks. The first 
clock measured the time taken over the first 6 in. of the 
alley, the second clock measured the time taken to run 
over a distance of 32 in., and the third clock measured 
the time taken over the last 6 in. (goal time). A 7x7 in. 
‘Plexiglass’ platform was permanently attached on one 
side to the start box; the other side could be hooked to 
the specially designed home cage. The rat was placed on 
the platform and was allowed to step down into either 
the starting box or else its home cage. 

_ The rats were deprived of food for 23 h and were housed 
individually in the special home cages. All rats were given 
‘Purina’ lab chow in the home eage for 30 min each day, 
approximately 30 min after the last test trial. Water was 
always available. Following pretraining, each rat was 
given ecighty-eight trials in the runway, four each day, at 
an average inter-trial interval of approximately 8 min. 
Group C received four Noyes pellets of 45 mg on each of 
its four daily trials, whereas group P received the same 
number of pellets on half of its trials. The choice 
procedure was initiated on the day following the last 
acquisition trial. 
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: Three kinds of trials were used in the choice procedure: 
(a) standard trials of-a kind which had been given (rat. 
placed in start box and removed at the end of the run); 
(b) choice trials; (c) forced trials. At the start of each _ 
day the rat was placed on the platform and given à 
choice. If it chose the runway it was then given three» 
standard trials; if it chose the home cage it was then given. 
four standard trials (making a total of four runway trials 
in both cases). Next, a second choice was administered 
followed by a forced trial, and then a third choice was 
given, followed by a forced trial. Forced trials served to 
equate the number of runway trials for the two groups... 
By placing the rat on the platform and blocking the entry 
to either runway or home cage, the rat was forced to take 
the alternative it had not taken on the preceding choice ~ 
trial. The reinforcement schedule was preserved through- 
out the procedure; that is, group C received reinforce- 
ment on all trials, while group P received 50 per cent 
random reinforcement on choice and forced trials as well 
as on standard trials. In brief, the rat was given three — 
choices each day between entering the runway or returning 
to the unbaited home cage; one such choice was given | 
at the start of the day, and two others were given following 
a block of standard runway trials. : 

Figs. 1 and 2 show the performance during the first 
eighty-eight trials before the choice procedure was intro- a 
duced. The findings were as follows: group P surpassed 
group C in the speed of the start (as well as speed of run, 
which is not presented because it was comparable with- 
speed of start), whereas group C was faster in the goal box. 
An analysis of variance on the speed of start before and © 
after the reversal showed that the reinforcement by trials ` 
interaction was significant. (F = 5-479, df= 1/10, P< 0-05) 
This supports the conclusions suggested by Fig. 1 as well _ 
as previously reported outcomes®. A similar analysis of 
variance which was performed on speeds over the last 
6 in. for the last 3 days of acquisition trials showed that 
the chief reinforcement effect was significant (F = 4-984, 
df= 1/10, P<0-05), while the interaction (reinforcement ` 
by trials) effect was not (F < 1-0). 
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Fig. 1. Mean reciprocal starting times; each point is based on the 
four trials which were given on each day. ©. P; 0,¢ 


Data for the three choices which were given each day 
are presented in Fig. 3. The hypothesis is shown to be 
well supported by the choice data, equally by the choice 
at the start of the day and by those choices following the 
runway trials. The first two choices can be discounted 
on the grounds that they served as adaptation trials; on 
all subsequent trials, group C chose the runway more 
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We have always stressed (among other things) : 
the precise temperature control and exceptional 


rotor stability throughout the speed range of 
MSE SUPER SPEED PREPARATIVE ULTRACENTRIFUGES 


For instance, they made this possible:— 
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50 yg, of mouse satellite DNA in Tris-HCI buffer was treated with 
sodium lauryl sulphate at pH 12.7 and centrifuged in a caesium 
chloride gradient (initial density 1.765 g/ml at 25°C) for 20hr. at 
42,000 r.p.m. at 25°C. 


This separation was carried out on an MSE Super Speed 50 Prepara- 
tive Ultracentrifuge using the 10 x 10ml angle rotor instead of the 
more usual swing-out rotor. Full details of the procedure are given in 
MSE Application Sheet-No. 2, available on request. 

Precise automatic control facilities, outstanding stability of tempera- 
ture and an automatic oil recirculation system make MSE Super Speed 
Centrifuges ideal for the lengthiest and most exacting density gradient 
runs—in addition to their other applications. 
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Fig 2 Mean reciprocal goal box times, each point ıs based on the four 
trials which were given on each day ©, P, O.C 
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Fig 3 Number of subjects choosing to enter the runway on each of 
three choices which were given each day @, P, O, 


often than group P. This difference was highly significant 
on the first day of choice (P<0007 by Fisher’s exact 
test), and was mamtamed over all subsequent choices 
For example, with the last nimety choices (days 6-10), 
group C chose the runway eighty-eight times, compared 
with only fifty times for group P Except for one rat in 
group P which always chose the runway, the dividual 
choice behaviour of the group P rats was compatible with 
the group average one always chose the home cage while 
the other four chose about equally between the two 
alternatives 

Do the choice data provide clear evidence of the 
acquired aversion of the runway as a result of the associ- 
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ated intermittent schedule? Consider some alternative 
interpretations, for example, “probability matching” 
This interpretation ıs encouraged by the approximate 
agreement between the proportion of runway choices 
which were made by the two groups and the proportion 
of these choices which were remforced But this reasoning 
cannot be depended on for several reasons First, of choice 
were determined by remforcement the groups should 
diverge increasingly over the course of the 10 days of 
choice In fact, they differed as much on the first day as 
on succeeding days (Fig 3) ‘Indeed, the difference which 
was already evident on the second choice of the first day 
could not be attributed to differential remforcement of 
choice behaviour because on the first choice the groups 
were treated alike That is, on the first adaptation tral 
an equal number of subjects from both groups chose the 
runway, and the runway trial was reinforced not only for 
group C but also for group P The data for choice must 
therefore reflect the previous remforcement which was 
given for runs m (and not choice of) the runway (A 
further reason for discounting this interpretation 1s that 
a proper test of probability matching requires that the 
alternatives which are offered should be equal except for 
their probabilities of remforcement, it 1s not apparent 
that the runway and home cage comprise alternatives that 
differ only ın their probabilities of renforcement ) 

Another objection 1s that group P chose the home 
cage not because the runway was more aversive for the rats 
in this group than for group C but because the home cage 
was more attractive for these than for the rats m group C 
This objection, however, does not explain why group P 
rats should value the home cage more than group C rats 
when in fact both groups were sumiarly treated ın the 
home cage (but, of course, differently ın runway) Finally, 
the choice data might be attributed to the difference in 
total amount of food which was recerved by the two 
groups, but such reasoning would lead to the prediction 
that group C should run faster than group P, which is 
contradicted by this study and other similar ones 

This work was supported in part by a grant from the 
US National Institutes of Health 


DAVID PREMACK 
Mirri E SHANAB 
University of California, 
Santa Barbara 


Received October 23, revised December 11, 1967 


1 Azrin, N H , Serence, 188, 382 (1961) 

‘Thompson, D M ,J Ezp Ammal Behav ,7 1 (1964) 

> Bower, G , McLean, J, and Meacham, J, J Comp Phys:ol Psychol , 62, 
184 (1966) 

i Prokasy, W F,J Comp Physiol Psychol , 49, 131 (1956) 

5 Amsel, A Psychol Rev , 69, 306 (1962) 

® Goodrich, K P,J Exp Psychol , 57, 57 (1959) 


APPLIED SCIENCE 


Plant Competition and Crop 
Yield 


Shmozak: and Kira! by combming a logistic equation of 
population growth (equation (1)) with the law of constant 
final yield (equation (2)) derived equation (3) to describe 
the relationship between plant density and yield 


1 dw w 
see = _— l 
w dt Ag G W @) 
or 
W 


Wọ = Y = constant (2) 
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1 
aise b 
wo" top 
eT l — eT 
= — and b = —~— 
a o an. F (3) 


where at a given time ¢, w 1s the diy weight of each plant 
and W is the asymptote of w, à 1s the coefficient of growth 
which 1s independent of plant density p, k 1s the integra- 
tion constant, determined by the mutial conditions and 
independent of plant density, Y ıs the final yield/unit area, 
and independent of density, and w 1s w at t=0 The law 
of constant final yield, however, may not always be satıs- 
fied (data to be published elsewhere) and the yield in 
Iugher densities may decline In these conditions, equation 
(3) cannot describe the yield-density relationship The 
validity of the logistic equation (equation (1)), as tested 
for different crops'*, has proved to be justified so far, 
and ıb seems that it is the law of constant final yield 
which needs further modification 

As stated by Shinozaki and Kırat, the law of constant 
final yield ıs equivalent to equation (4) if the power, «, 
13 taken as unity at the end of the growing season 


log W= log K—« log p 
or 
W=Kp-@ (4) 


where K and « are constants This relationship 1s valid 
when p> C, where C 1s the plant density at which competi- 
tion starts, before this pomt W ıs independent of 9 If 
g=1, then K=Y 

Equation (4) can be modified and re-written as 


log W=log A — a log (9/C) 
W=A(0/C)-4 (5) 


aor 


where A is the weight per plant when o <Q, that 1s, in 
absence of competition When «=], the law of constant 
final yield can be written as 


We=AC =Y=constant (2) 
We propose that equation (5), which 1s a more general 


form of equation (2), can be combined with equation (1) 
and the following equation can be derived 


1 
— 5 b a 6 
oe ee (6) 
avhere 
e-T l—e-T 
OF a MO = gO 


and considering that y=wp, we got 


p 
a + be 





y= (7) 


Equations (6) and (7), as any other formula given for 
competition, are valid only when p> C (that 1s when there 
1s competition at the end of the growing season) When 
«u= 1, equation (6) or (7) becomes the same as equation (3) 
which was derived by Shinozaki and Kira’, and also mde- 
pendently by Holliday? and de Wit‘, and the law of con- 
stant final yield 1s satisfied When «>1, equation (7) 
suggests that the yreld/umt area reaches a maximum 
at a certain density and declines with further mereasing 
density. 

In plant density experiments with different varieties 
or with different degrees of environmental growth factors, 
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parameter b in equation (6), containing A and C, would 
possibly change more with the potential of the environ- 
ment, while the domimant factor ın parameter a might be 
the genetical character, however, this generalization will 
be modified with time Changes in æ with the treatment 
suggest that there 1s an interaction between plant density 
and the level of treatment applied If the logistic equation 
of growth ıs valid for the growth of a plant part, equation 
(6) or (7) can also be used to deseribe the relationship 
between the yield of a plant part and density Further- 
more, ıt can be suggested that when the basic assumptions 
given here are valid for competition m mixed commun- 
ties, equation (6) or (7) can be used to describe the 
relationship between plant density and yıeld of individual 
species or varieties Equation (9) 1s a combination of the 
law of allometry (equation (8)) and equation (6) 


w=Hw8 (8) 


where w 1s weight pei plant, wp= weight of plant part, 
H and 6 are constants 


wy = a, + bips (9) 
where a, = Ha and b, = Hb 


and when «=1, as suggested by Shinozaki and Kira}, 
equation (9) becomes 


wp =a, + bp (10) 
Equation (9) or (10) deseribes the way plant density 
affects the distribution of dry matter into plant parts, 
and it can be proved that by the end of the growing season 
6—«/ap, where « and a are the power « calculated for 
total plant weight and weight of a plant part from equa- 
tion (6) or (7) If the data for a plant part are directly 
fed into equation (9), for each set of data, more than one 
set of values for 6 and «can be obtained But by calculat- 
ing « from equation (6) for total dry matter for each plant 
its value can be fixed in equation (9) and the correct 
value of 9 can be obtained 

Equation (11), which ıs very similar to equation (9), 1s 
suggested by Bleasdale and Nelder® to describe the 
relationship between plant density and plant weight 


w0 = K + B® (11) 


where 0, K, 8 and ® are constants They have substituted 
a flexible curve given by Richa: ds° for the logistic equation 
of growth, and, as they state “with analogous arguments 
to those of Shinozaki and Kıra” (presumably by employing 
the law of constant final yield), they have derived their 
equation. Because of the difficulty m getting correct 
values of the powers (6, ® or a) by fitting the data directly 
to any equation of this type (equation (9) or (11)), Bleas- 
dale’ modified equation (11) by takng ®=1 The form 
of this modified equation 1s simular to that of equation (10) 

If the (A) type logistic equation (equation (1)) ıs not 
satisfied the general logistic equation of growth can be 
employed as the basis for deriving equation (6) In this 
case the form of the equations (6) or (7) will be modified 
In most cases, however, addition of one extra term 
(C of) to equation (6) can give a close approximation 
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BOOK REVIEWS 


A LONG TIME AGO 


The Origin of Life 

By J D Bernal (The Weidenfeld and Nicolson Natural 
History) Pp xvi+345+29 plates. (London Werden- 
feld and Nicolson, 1967.) 55s net. 


Tus book contains the results of a lifetime of thinking by 
one of the world’s most distinguished crystallographers 
about the nature and origin of hfe. It presents a highly 
personal pomt of view, but ıt 1s all the better for that 
because, ın the author’s own words, “we are here trying 
to settle a question of a different character from those of 
the rest of science, it 1s not merely a description . but 
an attempt to carry out an intellectual reconstruction 
based on assumptions of inner logic themselves drawn 
from experimental science here and now”. Biologists 
have been familar with these historical exercises since 
the time of Darwin, not many physical scientists can 
handle them with the skill and necessary modesty shown 
by Professor Bernal 

A subject like the origin of life 1s difficult to treat in any 
logical order owing to the diversity of relevant evidence, 
and the book needs to be read as a whole to appreciate 
the attitude of mind that it displays We are given “a 
reasonable, contimuous, hypothetical story, a myth of the 
origin of hfe” that 1s consistent with what 1s known at the 
present time Even so, two postscripts are needed ın order 
to mention some very recent discoveries The underlymg 
philosophy becomes clear in the seventh chapter where, 
in a brief discussion of the old idea of all new hfe coming 
from seeds which are everywhere present, we read “To 
my mind it seems to have the same philosophical empti- 
ness to say that life was specially created as to say that 
it came from somewhere else and that it had been there 
all the tume” It 1s taken as axiomatic that hfe arose on 
the surface of the Earth and that, if life once made itself, 
1t must not be too difficult to make ıt again if the right 
chemical and physical conditions can be re-created in 
the laboratory This has far-reaching implications on 
contemporary thought, which are discussed in the last 
chapter, but the sparkle of an original mind illummates 
the whole writing and the thread of ideas 1s clear The 
spontaneity of the chemical processes mvoived, their 
great but hmuted variety and the complexities of their 
interactions with one another at all levels of organization— 
these are the underlying concepts that set the pattern for 
much detailed discussion of what may have happened in 
the course of the Earth’s history 

Bernal acknowledges clearly, by repiinting in full ın 
an appendix, the important articles by Oparın (1924) and 
Haldane (1929) that started the modern study of the 
origin of life, but right from his own first major contribu- 
tion in 1947 he departed decisively from the Oparin 
scheme ın thmking of cells as a late stage in the process, 
preceded by about 2,000 million years of chemical evolu- 
tion of macromolecules in “‘sub-vital areas” not defined by 
membranous boundanes Stage I of the story takes us 
fiom the formation of the Earth by agglomeration of dust 
to a “primitive soup” of organic monomers Much of this 
has already been reproduced in the laboratory, and the 
variety of conditions in which amino-acids, nucleotides 
and sugars can be formed suggests that ıt has occurred 
m many places in the solar system, including particularly 
the body which gave rise to the carbonaceous meteorites 
This possibly mportant source of organie substances is 
discussed ın an appendix by Dr G Mueller, who stresses 
that the absence of wate: and of optical activity dis- 
tinguishes this synthetic system fiom its terrestrial 
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counterpart, the much publicized mucrostructuies are 
dismissed as mmeral artifices or te11estrial contaminants 
Stage I ended about 5,000 milhon years ago and so far 
there 1s common ground with most other writers on the 
subject Stage lf, the period of chemical evolution, 
contains the crucial steps Polymerization and the genesis 
of macromolecular order are attributed imtially to the 
condensing properties of mineral particles and there are 
some intriguing speculations on the role of transition 
metals as proto-enzymes and of apatite as a primitive 
phosphate-donating proto-coenzyme The injection of 
meteorite-borne organic complexes ıs mentioned as an 
example of the type of mteraction between separate 
synthetic patterns that may have played an even greater 
part later on Here the element of personal preference 
enters strongly into the story, and the “alternative path- 
ways to biopoiesis” are listed in the eighth chapter only 
to be rejected Perhaps the weakest part of the argument 
1s the author’s inability to explain, except by chance, how 
the key phenomenon of molecular self-replication arose ın 
the course of chemical evolution He seems to be getting 
near ıt ın his discussion of “generalized crystallography” 
and when he writes of “the modification of such repheation 
by selection of molecules, a kind of natural selection which 
is replaced by the natural selection of organisms at later 
stages? It is unfortunate that he does not mention a 
positive suggestion that I myself made im 1953 that 
branching chain reactions involving phosphate radicals 
might provide the starting point for such a process of 
natural selection at the molecular level 

The formation of organelles and the coming together 
of organeiles to form cells 1s allotted a further 1,000 
mullion years in Stage III, and at some point in Stage III 
occurred the photosynthetic revolution, the appearance 
of oxygen in the atmosphere and the first fossils The 
chapter entitled “From Molecule to Cell” contains much 
concise information but httle that ıs new From then on 
the story 1s left to other volumes m this series on “Natural 
History” The merit of this volume ıs not only that it 
bridges the gap between cosmology and biology and so 
emphasizes the unity of the history of nature, but also 
that 1t contains authoritative answers to many questions 
which must now be asked by every thinking man and 
woman Some of these are given concisely in the fourth 
appendix, others have to be sought in the text I will 
select two which are not in the summary “TJs there life 
on other planets ?” Stage I has ocemred in many places, 
Stage ITI, because it needs water, probably occurred only 
on the Earth and Mars, Stage ITI may have occured only 
on the Earth “Is there intelligence elsewhere in the 
Universe?” “There 1s a possibility that the oldest and 
most advanced civilizations on distant stars have m fact 
reached the level of permanent inter-communication 
This 1s, of course, the wildest of speculations but 1t has a 
definite a priort probability For that reason 1t 1s not by 
any means a waste of time to keep on searching and 
reaching out to see 1f we can find any trace of intelligences 
existing’ Chacun à son gout! Sacrifices to a god in every 
tree used to be called superstition, not science, but this 
is a small criticism of what 1s otherwise a very fine account 
of an important scientific topic J W 8 PRINGLE 


MORE LYSENKOISM 


Autumnization and its Genetic Interpretation 
By Sandor Rajkı Pp 87 (Budapest Akadémrai Kiado, 
1967) 30s 


THE autho: of this work, Sandor Rajki, is the director of 
the Aguicultural Research Institute of the Hungarian 
Academy of Science at Martonvarsér Hes an agricultural 
botanist, plant breeder and geneticist much concerned 
with wheat, which 1s the crop species he discusses 1n this 
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book He was a student of T D Lysenko, whose con- 
tinuing influence ıs very apparent Hus book ıs a com- 
mentary on work carried out at Martonvarsér which is 
claimed to show that the inheritance of flowermg habit 
can be modified environmentally 

Wheat genotypes differ in the environmental conditions 
they require for the occurrence of flowermg So-called 
“spring” forms flower without any need for exposure to 
low temperatures or short days, while “winter” forms need 
such environments as developmental triggers for the 
mutiation of flowermg Between the extremes, genotypes 
can occur in which flower initiation requires environ- 
mental stimul: of varying magnitudes The inheritance 
of the spring-winter habit difference has been studied by 
a number of workers (for a recent example, see Halloran, 
G M,and Boydell, © W , Canad J. Genet Cytol , 9, 632, 
1967) and the chromosomal locations of many of the 
responsible genes have been determined The chromo- 
somes principally implicated are 24, 2D, 5A, 5B, 6D, 7B 
and 7D, although other chromosomes carry genes of less 
profound overall effect The inheritance of the character 
difference 1s therefore complex but conventionally chromo- 
somal, and its description ıs well within the compass of 
current cytogenetics 

The essence of Rajki’s clam 1s that when a form of 
spring wheat, with no low temperature~short day require- 
ment for flowering, was sown in the autumn for a number 
of successive generations, its genetic constitution was so 
changed that subsequently exposure to these conditions 
was essential before flowering would occur Thus a wheat 
with genetically determined spring habit was changed so 
that ıt mherited the acquired character of winter habit 
One sowing in spring of the form supposedly converted 
to winter habit 18 said to be sufficient to cause reversion 
to spring habit (page 32) It 1s clammed that the mitial 
stock of spring wheat from which the experiments were 
started was homozygous and homogeneous, so that the 
possibility 1s demied of changes occurring by selection 
Indeed, Rajki concludes (page 63), “Autummzatıon, the 
adequate gradual transformation in the genetically pure 
spring initial stock corresponding to the quantity and 
quality of autumn croppmg, cannot be acceptably 
explained through a gene concept denying the inheritance 
of acquired properties Thus (the category of) mutation 
1g not appheable to autumnmization. ” 

In our laboratory, work has commenced on a genetic 
comparison of the imtial spring form used by Rajki and 
one of the winter forms supposedly derived from it by 
autumnization. From this work ıt appears that the 
differences are almost entirely attributable to activities 
of chromosomes 5A, 5B and 5D Dhfferences due to these 
chromosomes distinguish many spring and winter wheat 
genotypes, so that there is nothing unusual in the genetic 
constitution of this winter form Rajki’s interpretation 
would require that the inheritance of the acqmred char- 
acter of winter habit involved allelic changes at a number 
of well recognized loci and, moreover, the capacity for 
the reversion to the original allelic state over one genera- 
tion This notion 1s in conflict with a vast body of evidence 
that shows that although mutation occurs 1t 1s a random 
process—the information content of the genetic material 
beng immune from directional change by the environment 

There ıs thus an impasse the only way that Rayki’s 
results can be reconciled with our current knowledge of 
genetic organization is on the basis of increased mutation 
rates accompanied by stringent selection The puzzhng 
aspect of the situation is that examples of apparently 
simular phenomena have been described ın flax by Durrant 
and by Hill in Nrcoteana In both these cases particular 
environments are said to have induced specific changes in 
nuclear inheritance The major and perhaps critical 
distinction 1s that the changes Rajki claims to mduce 
involve specific allelic substitutions, whereas in the flax 
and Nicotiana examples such detailed changes cannot be 
recognized 
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Despite the availability of examples of analogous work 
in other genera, most wheat geneticists will continue tc 
have strong reservations on the validity of the autum 
nization work until it has been repeated outside the sphere 
of Lysenkoist mfluence In the meantime, those plant 
geneticists with a taste for the esoteric, or with a liking 
for Lysenkoist polemics, are recommended to this volume 

RALPH RILEY 


SEX CHROMOSOMES 


Sex Chromosomes 
By Ursula Mittwoch Pp 1x+806 (New York Acade 
mic Press, Inc , London Academic Press, Inc, (London), 
Ltd, 1967) 112s. 


Docror MırrwocH has written a clear and unambiguous 
book which will be of interest to many who are not cyto 
geneticists but seek knowledge ın an important field of 
cytogenetics It will be especially useful to both under- 
graduate and postgraduate students of human and general 
genetics, of biology, of medicine and to others interesteds 
im genetical problems In each of the sections that dea’ 
with different aspects of sex chromosomes, their morpho- 
logy, behaviour and anomalies ın different organisms, the 
approach 1s historical) The author has chosen to discuss 
instructive examples rather than detailed minutiae, while 
the main objective, that of giving an overall view of the 
subject matter surted to a particular group of readers, 
has been kept to the fore 

Appropriately a good third of the book 1s devoted to 
the sex chromosomes of man and their main abnormah- 
ties, and to sex chromatin and its practical and theoretical 
significance This reflects the fact that, of all vertebrates 
man 1s the one in whom most 1s known about sex chromo- 
somes and their anomalies Also, the sex chromatin, 
though not actually first discovered ın man, has been most. 
successfully exploited m practice ın our species and has 
reopened, with new facts and hypotheses, a fundamental 
problem of theoretical genetics, namely, that of the 
mechanisms of dosage compensation of X-linked genes 
in different groups of orgamisms Sex chromosomes of 
other animals are grven due consideration, but plants are 
not neglected. 

Melandrvum (Silene), for example, 1s well discussed as 
one organism in which the Y chromosome 1s a male 
determiner, as ıt has recently been found to be in mice 
and men and other mammals Equal prominence ıs 
given to the contrasting type of sex determination in 
Drosophila, based on a balance between autosomes and 
X chromosomes, to female heterogamety (in lepidoptera 
and in birds), and to odd chromosomal sex-determining 
mechanisms 

The observations on sex-chromatin formation in female 
mammals, together with the parallel findings on the time 
sequence of DNA synthesis of the sex chromosomes and 
of some autosomes, or their segments, have reopened the 
whole subject of heterochromatin and hete:ochromatiza. 
tion The penultimate chapter gives an adequate account 
of the older views on this difficult subject which arose 
from a purely cytological description (of a special staining 
property of some chromosomes or of some of their parts), 
but has become greatly complicated by a mixture of fact 
and theory and by the attribution of special properties 
to the heterochromatic genetic elements In the fina. 
chapter, the author synthesizes some of the main observa. 
tions on sex differentiation m vertebrates and speculate: 
(drawing a parallel also from the work on Drosophila 
on the possible mode of action of the sex chromosomes ir 
sex determination in vertebrates The thesis is that, unti 
primary chemical differences can be demonstrated t 
underlie early embryonic male or female determinstion 
one ought to consider, as has been suggested by others a: 
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well, that sex may be determined by a quantitative 
effect, with possibly a threshold mechanism, brought 
about “by the agency of relatively large chromosomal 
regions or even whole chromosomes” 

I find that these two necessarily sketchy and speculative 
chapters, at the end of an otherwise factual book, are 
useful because they aim to pomt out important gaps of 
knowledge and areas where hypotheses abound and where 
their testing 1s particularly topical P E Porant 


FURTHER DEVELOPMENTS 


Advances in Morphogenesis 

Vol 6 Edited by M Abercrombie and Jean Brachet 
Pp vm+331 (New York Academic Press, Inc , 
London Academic Press, Ine (London), Ltd, 1967) 
1208 


WHEENEVER I pick up a book with a title hke Advances on 
Morphogenesrs, I hope to find that at last someone has 
found some sort of key to the problem of the lnk between 
biochemical and morphological structure Perhaps I am 
made unduly optimistic by the remarkable advances in 
our understanding of the nature and functiomng of the 
genetic code ın bacteria and viruses characteristic of 
recent years Needless to say, I am always somewhat 
disappointed to find that “morphogenesis” is usually 
taken to mean the development of biochemical diversity, 
or at most a superficial account of cellular differentia- 
tion 

With this limitation in mind, however, Abercrombie 
and Brachet’s srxth volume of Advances ın Morphogenesis 
1s & worth-while addition to the library of anyone mter- 
ested, not necessarily just ın embryology in the classical 
sense, but ın the genetics, biochemistry and physiology of 
developing animals and plants Indeed, only two articles 
are concerned primarily with morphogenesis—one by 
Michael Locke on pattern development in the msect 
mtegument, and one by Allsop on heteroblastie develop- 
ment m plants Both are useful and detailed reviews, 
although the pitiable state of our understanding 1s well 
illustrated by a quotation from each author ‘‘There ıs 
a continued need to recognize that the terms used in this 
description may have no reality ın the phenomena bemg 
studied We can proceed no further until some structural, 
physiological, or biochemical correlation has been made” 
(Locke, page 82), or “There is also no conclusive evidence 
that physiological ageing 1s determmed by any mtmnsic 
ageing of the mature tissues of the plant A plausible 
explanation of these changes invokes a regulatory effect 
of the intracellular environment on gene activity But ıt 
is not even certain that changes ın gene activity are 
necessary” (Allsop) 

Astaurov’s paper on cytogenetic mechanisms m silk- 
worms 1s more an assessment of the relative roles of 
nucleus and cytoplasm in development, and various modes 
of parthenogenesis, than a genuine attack on problems of 
morphogenesis Interesting as it 1s, I feel that 1t could 
have been somewhat compressed without loss It con- 
tains, however, detailed descriptions of methods which 
could be useful to the expermmenter 

Wilt’s article on embryonic haemoglobin synthesis, and 
Wischnitzer’s on the ultrastructure of the amphibian egg, 
are neither of them strictly concerned with morphogenesis 
Both are very adequate reviews, and the latter is 
beautifully illustrated, but whether this volume 1s 
really the proper place for their publication 1s perhaps 
doubtful 

“The Biology of Teratomas’’, by Leroy Stevens, inter- 
ested me particularly, largely because ıt directs attention 
to what was to me an unusual realm of embryological 
mvestigation That primordial (male) germ cells may be 
able to give rise to almost all kinds of tissue in a teratoma, 
even if in a disorgamized way, must surely have sig- 
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nificance ın relation to the ordered development of the 
normal embryo 

Finally, L. Galhen’s account of sexual organogenesis, 
in both mvertebrates and vertebrates, 13 an admurable 
summary of advances ın our knowledge of sex-determina- 
tion, especially in relation to endocrine control m mverte- 
brates. Whether the clarity of this article derives from 
the original French or in part from the excellent transla- 
tion, it leaves a lasting impression of how good a review 
article can be MicHarL BEGG 


GEOLOGY OF FOLDS 


Structural Geology of Folded Rocks 

(Rand McNally Geology Series.) By E H Timothy 
Whitten Pp. xiv+663 (Chicago Rand McNally and 
Company, 1966) $1050 


THE crust of the Earth has had a complex deformation 
history as a result of past orogenic disturbances. Great 
advances have been made ın recent years in the under- 
standing of the fracture patterns and folded forms taken 
up by stratified rocks during these deformations Profes- 
sor Whitten’s book describes the morphology of folded 
rocks and structures associated with folds It arms at 
guiding the reader through the modern literature, much 
of which ıs scattered through a number of specialist 
Journals, and synthesizing these data. 

The appearance of the book 1s immediately attractive, 
and departs radically from many traditionally oriented 
texts on structural geology now available The pro- 
duction 1s excellent and the publishers are to be con- 
gratulated on the way that they have reproduced the 
many figures, maps and photographs The text, however, 
1s disappomting, the writing 1s verbose and repetitive, 
and several chapters are heavily weighed down with 
jargon Although Professor Whitten has been industrious 
in his incorporation of the results of others, m his com- 
pendium of data there is often an unfortunate lack of 
erttical discussion as to their significance This book 
purports to be a synthesis, but a collection of data must 
be mtegrated into some logical system before 1t deserves 
this description Rarely does the author arrive at firm 
conclusions or offer to pass on to the reader his own 
experience in any personal commitment In discussions 
on controveisial matters (for example, the sigmficance 
of foliation, page 263) he gives no clear summaries of the 
various alternative working hypotheses that may explain 
the facts 

The book 1s profusely illustrated, of the 485 figures 
more than 80 per cent have been published before It 18 
most useful to have all these illustrations together in one 
book, but ıt 1s a pity that their integration mto the text 
is sometimes so poor For example, although Professor 
Whitten has set out to base his account of folds on actually 
described field relations, there seems little justification 
for reproducing eighty-four small field sketches of folds 
(Figs 182, 183 and 184) when they are discussed in only 
two sentences ın the text Professor Whitten’s original 
contributions to the ilustrative material are mostly 
confined to stereographic and equal-area-projections of 
geometrical forms, and some simple and rather unrealistic 
maps showing the geology of hypothetical regions Where 
original diagrams have been included in the sections on 
slp folds (Figs 110 and 112) and superposed folds (Figs 
302 and 303) the presentation of the complex three 
dimensional geometrical properties 1s so 111 conceived that 
I seriously doubt their usefulness 

Griffiths has clammed that “progress ın science can 
generally be measured by the degree ım which the subject 
1s pervaded by mathematics’ Professor Whitten sup- 
ports this assertion, yet he provides no summary of the 
analytical methods which have been used during the past 
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two decades and which have revolutionized our under- 
standing of the development of rock structures In the 
preface he excuses himself for making no reference to 
the physical aspects of rock deformation, or to the 
mechanical properties of rock under stress This admuis- 
sion precludes any subsequent discussion of the reasoned 
syntheses on fold formation put forward by Biot, Ramberg 
and others Huis description of stress, stram and the 
deformation process 1s hardly adequate to do justice to 
recent interpretations of the formation of minor structures 
in deformed rocks Criticisms of a book on the grounds 
that ıt omits certam aspects of the subject might be 
regarded as unfair, but this work purports to be a modern 
synthesis and these omissions are a serious flaw. 

Many fundamental definitions of the geometrical 
characteristies of folds presented are at variance with those 
generally accepted ‘Taking a specific example from the 
second chapter, Professor Whitten’s definition of cylm- 
droidal folds (page 40) 1s weak and typical of the style 
of many sections of his work. “if enough points on the 
folded stratum are observed, some will be found to coin- 
cide with most parts of a cylinder” The fundamental 
parameters of fold wavelength and amplitude are nowhere 
described, and Professor Whitten gives an extremely 
confused exposition of the axial-surface and bisecting- 
surface of a fold He correctly defines the bisecting sur- 
face (page 40) as that which bisects the fold limbs and uses 
a figure (unacknowledged Fig 4-18 from Turner and 
Weiss Structwal Analysis of Metamorphic Tectonites) 
to illustrate that this surface need not comeide with the 
axial surface If the reader returns to an earlier section 
of the book (pages 6-8, Fig 4) where the term bisecting 
plane of the fold lambs 1s first introduced ıt will be appar- 
ent that Professor Whitten (1) has not bisected the fold 
lambs to derive this plane, he has drawn the axial surface 
of the fold, and (n) has misidentified the trace of the 
bisecting surface by drawing the line representing the 
projection of the hinge Ime of the fold m stratum « on to 
the horizontal plane 

The terms competent and incompetent are used by the 
geologist to deseribe the relative ductility of different rock 
materials Professor Whitten re-defines these terms, 
competent layers develop folds of large amplitude whereas 
mecompetent ones accommodate themselves to the spaces 
between the competent layers. The dimensions of a 
“large amplitude” are never specified, and ıb seems 
apparent that if adjacent competent and mcompetent 
layers are found together in a harmonically formed fold, 
they will both show the same fold amphtude One could 
proceed chapter by chapter through this book finding 
maccurate definitions and illogical development Struc- 
tural geology 1s one aspect of Earth Science which 1s 
ideally suited to the development and application of 
analytical techniques In the past so much work in this 
field has been entirely descriptive that any new book, 
if ıt 18 to have real value for present students, must 
surely encourage clarity of thought and precision of 
definition. At first sight Professor Whitten’s book might 
seem to do this, but I find ıt entirely ın sympathy with 
the older attitudes 

As well as being marred by poor explanation of the funda- 
mental geometrical features of folds, this book also 
presents some incorrect analyses when describmg the 
geometrical forms of more complex structures. For 
example, the section describing the effects of flexural slip 
folding on sediments with cross lamination (pages 522-526) 
is based. on the faulty assumption that the dihedral angle 
between the inclined beds remaims constant during folding 
Later m ths section Professor Whitten does note that 
this angle will change during folding, but he makes no 
comment as to how this might invalidate his previous 
solution to the problem 

Superimposed folding has been neglected ın many 
previous textbooks on structural geology Professor 
Whitten has remedied this defect and devoted nearly a 


NATURE, VOL. 217, JANUARY 20, 1968 


quarter of his text to a discussion of the subject He 
has adopted Sander’s classification, B, L Ba (penecon 
temporaneous and perpendicular fold axes) and B, AB, 
(unrelated and inclmed fold axes) as a framework to his 
descriptions He never establishes the reasons why 
penecontemporaneously developed fold axes need be 
perpendicular or desciibes the stram states which can 
lead to synchronous folding m several directions. All 
field workers are agreed that the timing of the development 
of superimposed folds can vary greatly, but Professor 
Whitten gives no mdication of the cmteria by which the 
field geologist determines these age relationships. Con- 
tradictory statements on the nature of B, AB, fold geo- 
metry are given, the geometrical relationships being 
described as “very complex” on page 327 and “relatively 
simple” on page 329 Professor Whitten illustrates the 
geometry of superposed flexural slip folds with a detailed 
investigation of a hypothetical area and makes the deduc- 
tion that the later fold axes he ın a plane normal to the 
compression He never defines what he means by com- 
pression in terms of stress or strain and he ignores Ram- 
berg’s (Norsk Geol Tad, 1959) and Flinn’s (Quart 
J. Geol Soc , 1962) pertinent studies on fold axis onenta- 
tion in buckled layers which do not accord with his own 
deductions on this orientation The chapter on “Examples 
of Superposed Folding” begs with 113 pages of illustia- 
tion of the second (B, A B,) of his and Sander’s two types 
of superposed folds He follows this with a section of 
only four pages examining described instances of the first 
type (B, 1 B,) most of which he suggests are not convincing 
examples and concluding that“ —. 16 13 not common to 
find mequivocal description of B, L B; folds”. The diffi- 
culty that Professor Whitten experiences in finding well 
documented examples of B, L B, folds leads to his com- 
ment, “This unsatisfactory situation should be viewed as a 
challenge to field geologists” I think that this “‘unsatis- 
factory situation” should have led the author to re- 
examine the validity and usefulness of Sander’s classifica- 
tory scheme, and not to accept 1t as some kind of irrefut- 
able dogma to which the geologist has consciously to seek 
out supporting evidence 

Much of Professor Whitten’s own research has been. 
centred on developing statistical techniques for determin - 
ing the significance of modal analysis in coarse gramed 
igneous rocks As reviewer of this book I looked forward 
to reading the chapter on ‘Models and New Methods for 
Quantitative Fold Description” to see how his techniques 
might be apphed in stiuctural geology This chapter 
proved a complete disappointment; what little 1t has to 
say 1s obscured by a mass of verbose writing and technical 
jargon The geologist 1s extorted to “structwe’’ his 
initial hypotheses into “conceptual process-response 
models” and eventually to evolve these into “a determims- 
tic model in which all relevant response characteristics 
are incorporated into a unifying mathematical equation”. 
Professor Whitten describes how statistical analysis 
has been used to describe the shapes of smgle folded layers 
and then proceeds to analyse the regional variability of 
these shapes withm a hypothetical area by the methods 
of trend surface analysis If he had applied these methods 
to the naturally deformed rocks wlustrated mm earher 
sections of his book, he would have discovered their limuta- 
tions, the separate layers in a single fold will practically 
always have different shapes, and so ıt will be impossible 
to establish a single set of statistical parameters character- 
istic of the folds at any one locality 

To summarize, this book 1s an uneritical compilation of 
some of the significant 1esearches into the geometrical 
forms of folded rocks. It 1s often wordy, yet makes little 
attempt at reasoned syntheses of the many works from 
which ıt quotes Because 14 ignores so much of the 
analytical development that has been made m the studies 
of folds during the past twenty years, 1b 1s my view that 
the book is unbalanced and dated in its approach It 
18, however, well ilustrated and does offer a good visual 
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compendium on the variations of the forms of folded 
strata to those geologists who do not have ready access 
to the original descriptions J G Ramsay 


HAMILTON’S PRINCIPLE 


Hamilton’s Principle and Physical Systems 

By B R Gossick Pp xm+247 (New York Academic 
Press, Inc., London Academic Press, Inc (London), 
Ltd , 1967) 688 


Mosr books on classical mechanics discuss the Lagran- 
gian formulation of mechanics and then usually include 
a demonstration that Lagrange’s equations can be derived 
fom Hamulton’s pımaple. Although ıt ıs often stated 
that problems of electrical systems can be expressed in a 
similar mathematical form this ıs not usually developed 
at any length in such books 

The author of this book 1s anxious to provide a text 
giving a treatment of mechanical and electromagnetic 
systems which emphasizes the similarity of approach 
used in dealing with problems arising ın both In brief 
he attempts to do this by giving a general form of 
Hamulton’s principle and using this to provide the 
appropriate framework for a discussion of the mechanical 
and electrical examples selected in the book 

There are six chapters The first consists of a three 
page historical mtroduction The second provides a 
background of mathematics (mostly concerned with 
Fourier series and Laplace transforms) which 1s used from 
time to time ın later chapters. 

The third chapter discusses the calculus of variations 
and gives an account of Hamulton’s principle for general 
physical systems The theory 1s given a concrete inter- 
pretation m the fourth chapter where conservative 
mechanical and electrical systems are considered 

The fifth chapter, which constitutes a third of the book, 
deals with non-conservative linear systems The only 
mechanical system treated here (which occupies two 
pages) 1s that of a rigid body with damping ‘The last 
chapter deals with the Lagrangian density. 

The author claims in the preface that a comprehensive 
and elementary presentation of mechanical and electro- 
magnetic systems 1s given Students unfamiliar with the 
material will not find this a suitable text The presenta- 
tion 1s not self-contained and ıs incomplete For example, 
when the Euler angles for a rigid body are introduced in 
the fourth chapter the only explanation 1s a diagram which 
would be unintelligible On the other hand, for those 
with an appropriate background of physics a considerable 
part of the book 1s redundant 

In view of the length and emphasis of the fifth chapter 
and a comment in the preface that the appheation of 
Hamuilton’s principle to non-conservative linear systems 
has not previously appeared in other texts 1t seems reason- 
able to suppose that this chapter 1s the main reason for 
the appearance of the book 

Although the book 1s well printed and clearly set out, 
I find ıt difficult to suggest what class of readers would 
find it of greatest value M J WILFORD 


TESTING IN SCHOOLS 


Teachers and Testing 
By David A Gosln Pp xıx+ 195 
Sage Foundation, 1967) $7 50. 


THe supposed advantages and alleged deficiencies of 
intelhgence and objective achievement tests (forced 
multiple-choice, true/false, matchmg, completion, and 


(New York Russell 
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so on) have been widely debated Less attention has been 
paid to the immediate social context ın which such tests 
are given particularly to how schools and teachers use 
tests, and are themselves influenced by them This book 
reports a well-conducted survey of these sociological 
aspects of testing Although American, it should 
be of relevance and interest to teachers, testers and 
education policy makers in Britam American children 
average three standardized tests every year of then 
schooldays If we aie following this trend, we should 
pay attention to how it will affect our schools and 
teaching 

A large sample of public secondary school teachers, 
counsellors and pupils 1ecerved questionnaires covermg 
a wide range of issues beliefs about tests, teachers’ 
psychometric sophistication, the mtended and actual 
use made of tests ın selection, grading and vocational 
guidance, the dissermmation—or lack of 1t—of test scores, 
the extent to which pupils are pre-tramed for testing, 
the weight of test scores in evaluation, and soon Numer- 
ous summary tables accompany the text but are not 
always adequately summarized within ıt 

Despite the thoroughness of the mvestigation there are 
three methodological deficiencies First, in this type of 
work the mteresting questions often emerge only after 
quantities of data have been collected A pilot study 
would have enabled subsequent concentration of resources 
and treatment of pertinent issues m greater depth 
Second, there ıs little said about how subjects perceived 
the investigation, although the author himself acknow- 
ledges the extent of extraneous social influences on expres- 
sion of opinion. It 1s not clear, for instance, whether o1 
not teachers thought their personal views on testing might 
filter back to their employers Third, there is reliance 
almost entirely on self-reported questionnaire data 
The one exception was an interesting experrment—using 
made-up school records—to see what weight teachers 
attached to test scores in contiast to other recorded 
information, ın placmg pupils m A or B streams There 
was a marked disparity between teachers’ reports of what 
they generally do, and what they did in the experiment 
It pmpomts the weakness of over-reliance on question- 
naires and the need for more imaginative and realistic 
methods of investigation It also undermines confidence 
in the rest of the study The author describes other pomts 
of dissonance and disagreement that seem to reflect an 
underlying sense of uncertainty among teachers about the 
place of testing ın their work There are many examples 
Of those teachers who strongly advocate letting their 
pupils have a general indication as to their IQ, a quarter 
had never given their pupils any such information The 
number of tests a school gives, and its stated test policy, 
are unrelated to how much actual use 1s made of test 
results ın the school Teachers generally want to withhold 
test scores from parents, while parents urgently want to 
know them 

Two major effects of testing on teaching are mentioned, 
but too briefly and peripherally for their mportance 
First, despite their protestations to the contrary, 1b was 
found that teachers do often coach pupils for tests 
Moreover, the more schools are oriented towards college 
admission, the more likely they are to give such prepara- 
tion and assistance The chances of gomg to college for 
pupils ın other schools may therefore be affected The 
second major effect ıs on the school’s own exammung, 
where the multiple-choice form of question has replaced 
other forms, such as the essay It 1s conceivable that this 
predommance may lead to students bemg rewarded for 
achieving complete coverage of the syllabus, rather than 
for exercising their individuality in selection and expres- 
sion The way in which exams mmpose their own con- 
straints and patterns on teaching, learning and subsequent 
intellectual development needs to be further mvestigated 
The dog should wag the tail, and not the tail wag the dog 

Matcotm PARLETT 
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OBITUARIES 


Dr H. R Nettleton 


HAroLo Repmayne NETTLETON, who died on December 
19, 1967, ın his eighty-fourth year, was a distinguished 
exponent of classical physics ın both teaching and research 

He took his London B Se from Leeds in 1903 and was 
appointed ın 1906 as an assistant lecturer at Birkbeck 
College, where he took his M Sec ın 1916 and D Se in 1922 

The raising of the status of the college to that of a School 
of the University of London in 1920, and the consequent 
establishment of chairs and readerships, owed much to 
the scholarly labours of a small band, among whom 
Nettleton was notable At this time his researches were 
largely on the determination of thermal conductivities of 
liquids and on the Thomson effect He continued to be 
active ın research during the professorships of P.M S 
Blackett and of J D Bernal, turning his attention latterly 
to the absolute determination of electrical resistance, 
here he devised and carried out, with very modest 
facilities, an elegant commutating d c. method, simular in 
some respects to that subsequently used by the US 
National Bureau of Standards. In one of his last papers, 
published jointly with the late Professor S Sugden ım 
1939, on the magnetic susceptibility of nickel chloride, 
he described a simple method, still too little known, for 
the accurate measurement of magnetic fields. 

A keen chess player and cricketer m his day, and an 
ardent champion of women’s suffrage, he was devoted to 
Birkbeck College, which he served actively until his 
retirement as senior lecturer ın 1952 During the Nazi 
period, he was a friend of the scholars who found a 
refuge at Birkbeck, and to generations of Birkbeckians 
a father confessor, a role in which he triumphed over 
formidable deafness But, above all, he will be remem- 
bered by his students for his superb lectures, minutely 
prepared and constantly revised, which delighted 
as much by ther clarity and by their apparent ease as 
by them nice touches of humour, delivered with dry 
seriousness. 

Both his students and his colleagues drew inspiration 
from his aesthetic flar for rational experimenta] design 
and from his absolute scientific integrity. Giving up 
active physics on his retirement, he kept to the very end 
his interest ın current affairs and m friendship, which he 
cultivated with the same devotion and attention to detail 
that characterized his scientific work He will be widely 
missed W EHRENBERG 


University News : London 


De M G M Jvxss, lecturer in the University of Edin- 
burgh, has been appomted to the chair of veterinary 
physiology tenable at the Royal Vetermary College 
The title of professor of botany has been conferred on 
Mr P R Bell in respect of his post at University College 


Appointments 


Mr Jamus Ian SMTH, under-secretary in the Department 
of Agriculture and Fisheries for Scotland, has been 
appointed a member of the Agncultural Research Council 
ım succession to the late Mr Ralph Hamilton Law 


Me J A NELDER, of the National Vegetable Research 
Station, has been appomted head of the Rothamsted 
Experimental Station’s Statistics Department in succession 
to Dr F Yates 


Meetings 


PrositEms of the Pebble Bed and Granular Matenials, 
March 6-7, Nuclear Research Establishment, Juhech (Dr 
D Bedemg, Brown Bover/Krupp Reaktorbau GmbH, 
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Expermentelle Entwicklungsabtellung, Postfach 589. 
D-517 Julich, Bundesrepublik Deutschland) 


THEORETICAL Mechanics Colloquium, April 2-5, University 
of Oxford (Colloquium Secretary, Dr A. B Tayler, 
Mathematical Institute, St Guiles, Oxford). 


Recent Developments in Flame Physics, April 30-May 1, 

Department of Chemical Engineering and Chemical Tech- 

nology, Imperial College (Professor F J Wemberg, 

Department of Chemical Engineering and Chemical Tech- 

nology: Imperial College, Prmce Consort Road, London, 
7) 


Fxurpics Conference, May 8-10, Torino (Mr H Stephens, 
British Hydromechanics Research Association, Cranfield, 
Bedford) 


PreEcision Electromagnetic Measurements, June 25-28, 
National Bureau of Standards Laboratories ın Boulder, 
Colorado (Mr Donald D King, Aerospace Corporation, 
PO Box 95085, Los Angeles, California). 


CHEMISTRY of Natural Products, July 8-18, London (The 
Secretary, 5th International Symposium on the Chemistry 
of Natural Products, c/o The Chemical Society, Burlington 
House, London, W1). 


COMPETING Spectrochemical Techmques, July 10-12, 
University of Keele (The Meetings Officer, The Institute 
of Physics and the Physical Society, 47 Belgrave Square, 
London, SW1). 


ELECTRICAL Contact Phenomena, July 15-18, Umversity 
College of Swansea (The Meetings Officer, The Institute 
of Physics and the Physical Society, 47 Belgrave Square, 
London, SW1) 


Puorosroroey, August 26-31, Dartmouth College, Han- 
over (The Secretariat, Vth International Photobiology 
Congress, Argonne National Laboratory—202, Argonne, 
Tiinois) 


Prosiems of Cooley’s Anaemia, September 9-11, New 
York City (Dr H Fink, Cooley’s Anaemia, Coney Island 
Hospital, Brooklyn, New York, NY 11235) 


VotcanoEs and their Roots, September 7-9, 1969, 
University of Oxford (Dr J D. Bell, Department of 
Geology and Mineralogy, Parks Road, Oxford) 


Erratum The communication “Electrophoretic Study 
of Glutathione Reductase m Human Erythrocytes and 
Leucocytes”, which appears on page 256 of this issue of 
Nature, 1s by Jean-Claude Kaplan and Ernest Beutler, 
and not only by Jean-Claude Kaplan as stated at the end 
of the article 


Erratum In Table 2 of the article “In vitro ‘Lipid’ 
Metabolism in the Developmg Human Foetus” by Jacques 
F Roux, A Grigorian and Y Takeda (Nature, 216, 819, 
1967), the figures under the column headed “Brain” 
should read 100, 300, —, 340 and 720. 


Erratum In the communication ‘Kinetics of Association 
of Carbon Monoxide with Haemoglobin at Low Tempera- 
ture” by R Banerjee, P Douzou and A Lombard 
(Nature, 217, 23, 1968) the second and third sentences 
of the srxth paragraph on page 24 should read ‘The 
value of this constant, which we shall call /’,, 13 found to 
be 7x 10° M~ sect at — 55°C This is not far from what 
would be expected from Gibson’s value of 69x 10% at 
19°C and activation energy (10 keal) determined in 
aqueous solution” 


Erratum. In the communication entitled ‘Detection of 
an Anisotropic Soft X-ray Background Flux” by C 8S 
Bowyer, G. B Field and J E Mack (Nature, 217, 32, 
1968) the formula m line 14 of the penultimate paragraph 
should read JN,? dl=07 and not fN,? dl=07 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the public) 


Monday, January 22 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
+t 10 a m —Colloquium on “Microwave Integrated Circuits” , “Microwave 
solid State Sources” 


INSTITUTE OF ACTUARIES (at Staple Inn Hall, High Holborn, London, 
WCl), at5pm—MrH A R Barnett “A Theory of Mortality” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
ut 5 30 p m —Discussion Meeting on ‘Microwave Electrostatic Wattmeter”, 
»pened by Professor H E M Barlow, FRS 


UNIVERSITY OF LONDON (ın Lecture Theatre A, Mechanical Engmeering 
Building, Imperial College of Science and Technology, Exhibition Road, 
Kondon, SW7), at 530 pm —Professor Berti] Matern (Roval School of 
“orestry, Stockholm) “Statistical Models of Two-Dimensional Variation” 
‘further lectures on January 24 and 26) 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), 
at 6 pm—Mr W B Gosney “Modern Refrigeration” (First of three 
Cantor Lectures Further lectures on January 29 and February 5 ) 


Tuesday, January 23 


UNIVERSITY COLLEGE LONDON (ın the Anatomy Theatre, Gower Street, 
London, wen), at 120 pm—Dr W G Chaloner ‘Evidence of Life in 
Meteorites” 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (in Lecture Theatre A, 
Department of Mechanical Engineering, Exhibition Road, London, SW7), 
= p 30 P m —Professor K F Roth, FRS “The Large Sieve” (Inaugural 

ecture 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 1 
Birdcage Walk, Westminster, London, SW1), at 6 p m —Discussion Meeting 
on ‘‘The Importance of Cleanlinessin Power Plant Erection” 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 14 
Belgrave Square, London, SW1), at 6 pm —Professor A M North “The 
a of Polvmer Chain Flexibility on the Rates of Fast Macromolecular 

eactions” 


SOCIETY FOR ANALYTICAL CHESOSTRY, SPECIAL TECHNIQUES GROUP (jo1nt 
meeting with the Polarographic Society at Imperial College, South Kensing- 
ton, London, SW7), at 630 pm—Meeting on “Stripping Techniques” 
Speakers Mr B Fleet and Mr P Kane 


Wednesday, January 24 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 530 pm—Mr F G Taylor and Mr J D S$ Hınchclhffe “Cables for 
Aircraft—Design and Development”, Mr P W C Jones “Cables for 
Aircraft—Installation Systems and Experience”, MrR F Brazier “Cables 
for Aircraft—Pressure-Type Connections” 


CHALLENGER SOCIETY (at the Linnean Society, Burlington House, Pieca- 
dilly, London, W1), at 5 45 p m —230th Scientific Meeting MrP R Walne 
“Artificial Cultivation of Shell Fish” (Buckland Lecture) 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, TELECOMMUNICA- 
TIONS GROUP (at 8-9 Bedford Square, London, WC1), at 6 pm—Mr G 
Parker “Studio Colour Equipment” 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, Westmin- 
ster, London, SW1), at 6 pm —Dr G E R Deacon “Progress in Ocean 
Technology” (Thomas Lowe Gray Lecture) 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL (Joint 
meeting with the Oils and Fats Group, at 14 Belgrave Square, London, SW1), 
at615pm—DraA Gorton “Some Biochemical Aspects of Oils and Fats” 


SOCIETY OF ENVIRONMENTAL ENGINEERS, PACKAGING GROUP (at the 
Euston Tavern, 73 Euston Road, London, NW1), at 630 pm—Mr J 
Raedum “Containerization, a New Environment for the Packaging 

mgineer” 


Thursday, January 25 


FERTILIZER SOCIETY (at the Geological Societv, Burlington House, Picca- 
dilly, London W1), at 2 30 p m —Professor E W Russell “The Place of 
Fertilizers ın Food Crop Economy of Tropical Africa” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
uy E 30 pm—Discussion Meeting on “Electrical Propulsion for Space 
ehicles” 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIC CONTROL GROUP, 
and the CONTROL AND AUTOMATION DIVISION of the IEE (at 1 Birdcage 
Walk, Westminster, London, SW1), at 6 p m —Discussion Meeting on “Orien- 
tation Control of Large Structures” 


Thursday, January 25—Friday, January 26 


CHALLENGER SOCIETY AND REPRESENTATIVES FROM THE MARINE LABORA- 
TORIES (Natural Environment Research Council Scheme) (in the Lecture 
Hall of the British Museum (Natural History), Cromwell Road, London, 
SW7)—Scientific Papers 


Friday, January 26 


BRITISH BIOPHYSICAL SOCIETY, PHYSICAL BIOCHEMISTRY GROUP (at the 
Laboratories of the Chester Beatty Research Institute, Clifton Avenue, 
Belmont, Sutton, Surrey), at 11 a m —Meeting on “Zonal Centrifugation— 
ie Application to the Isolation of Macromolecules, Viruses and Sub-Cellular 

Tganelles” 


COLOUR GROUP (Great Britain), PHOTOBIOLOGY GROUP (at the Middlesex 
Hospital Medical School, London, W1), at 2 p m —Meeting on “New Light 
Sources for Photobiology” 


Saturday, January 27 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
Forest Hull, London, SE23), at 3 30 p m —MrStanley Cramp “An Ornitholo- 
gist in Jordan” * 
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Monday, January 29 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT IEE/IERE 
Medical and Biological Electronics Group (at the Institution of Electrical 
Engineers, Savoy Place, London, WC2), at 6 p m —Colloquum on “Dia- 

ermy” 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORK- 
ING PARTY (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m — 
Discussion Meeting on “The Physics and Medical Applications of Lasers” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before the 
dates mentioned 

TEMPORARY ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF 
ENGINEERING tn the field of geotechnology—The Registrar, The University, 
Leicester (Januarv 22) 

ASSISTANT LECTURER ın the DEPARTMENT OF PHILOSOPHY—The Registrar, 
The University, Leicester (January 26) 

TECHNICIAN (with experience ın general histological techniques and at least 
HNC or equivalent) for the HISTOLOGY LaBoraToRy—The Secretary, 
Houghton Poultry Research Station, Houghton, Huntingdon (January 26) 

LECTURER IN THE DEPARTMENT OF MATHEMATICS to be responsible for the 
teaching of statistics to social scientists—The Registrar, The University, 
Nottingham (January 29) 

LFCTURER or ASSISTANT LECTURER (with a special interest ın protein 
crystallography) IN CRYSTALLOGRAPHY—The Secretary, Birkbeck College 
(University of London), Malet Street, London, WC1 (January 29) 

TEMPORARY LECTURER/SENIOR LECTURER (with a good honours degree or 
Dip Tech or equivalent in mathematics, and preferably some teaching 
experience) IN MATHEMATICS at Britannia Royal Naval College, Dartmouth, 
Devonshire—Munistry of Defence, Navy Department CE1(N), 368 Old War 
Office Building, London, SW1 (January 29) 

LECTURER (with muitial qualifications in either physics, mineralogy or 
chemistry, with experience of, or interest in, the application of modern 
techniques to soi} studies) IN Som. SCIENCE—The Secretary, The University, 
Aberdeen (February 3) 

CHIEF TECHNICIAN IN THE SCHOOL OF BIOLOGICAL SOTENCES to take charge 
of the Teaching Laboratories of the School, duties will include the super- 
vision of technical staff, the requisitioning of supplies and assisting 1n the 
organization of practical classes—The Laboratory Superintendent, School of 
Brological Sciences, University of East Anglia, University Plain, Norwich, 
NOR 248 (February 5) 

SENIOR LECTURER (I) or LECTURER (II) IN THE DEPARTMENT OF HIS- 
TOLOG@Y—The Registrar, The University, Liverpool, 8, quoting Ref RV/ 
305/N (February 7) 

CHAIR OF PHYSICS at CHELSEA COLLEGE OF SCIENCE AND TECHNOLOGY 
—The Academic Registrar (A), University of London, Senate House, London, 
WC1 (Februarv 9) 

JUNIOR RESEARCH FELLOWSHIP without restriction of subject—~The 
Secretarv, Merton College, Oxford (February 10) 

LECTURER or ASSISTANT LECTURER 1n APPLIED MATHEMATICS—The 
Registrar, The University, Liverpool, quoting Ref RV/236/N (February 10) 

RESEARCH FELLOWSHIP IN SCIENCE subjects (including Mathematics and 
Engmeering)—The Secretary of the Fellowships Committee, Trimity Hall, 
The University, Cambridge (February 15) 

UNIVERSITY LECTURER IN PHYSIOLOGY—The Deputy for the Waynflete 
Professor, University Laboratory of Physiology, Oxford (February 15) 

SECOND CHAIR OF APPLIED MATHEMATICS—The Registrar, The Unrversity, 
Newcastle upon Tyne (February 17 Sheffield 

effie! 


CHAIR OF GEOGRAPHY—The 
(February 19) 

SENIOR LECTURER Or LECTURER IN PSYCHOLOGY ın the DEPARTMENT OF 
PHILOSOPHY, University of Khartoum—The Secretary, Inter-University 
Council for Higher Education Overseas, 33 Bedford Place, London, WC1l 
(February 20) 

SENIOR LECTURER/LECTURER Grade I ın DIAGNOSTIC PATHOLOGY, a 
SENIOR LECTURER/LECTURER Grade I ın MORBID ANATOMY AND HISTO- 
PATHOLOGY, a LECTURER Grade I ın CHEMICAL PATHOLOGY, and a LECTURER 
Grade I/LECTURER Grade II in CLINICAL CHEMISTRY at the College of 
Medicine of the University of Lagos—The Inter-University Council, 33 
Bedford Place, London, WC1 (February 28) 

WAYNE KERR CHAIR OF MEASUREMENT SCIENCE with particular reference 
to ELECTRICAL METROLOGY—The Academic Registrar (LFG), University of 
Surrey, Battersea Park Road, London, SW11 (March 1) 
= ote BACTERIOLOGY—The Registrar, The University, Senate House, 

ristol, 

ASSISTANT PROFESSOR (with training and experience in the genetics of 
micro-organisms, particularly ın fungal genetics) ın the DEPARTMENT OF 
Botany—Dr C J Hickman, Department of Botany, University of Western 
Ontario, London, Ontario, Canada 

ASSOCIATE PROFESSOR (science or medical graduate with a Ph D in bio- 
chemistry, and several years of teaching experience) of BIOCHEMISTRY— 
Professor P H Jellinck, Head, Department of Biochemistry, Queen’s 
University, Kingston, Ontario, Canada 


Registrar, The University, 


REPORTS and other PUBLICATIONS 


(not included ın the monthly Books Supplement) 


Great Britain and treland 


Department of Education and Science National Lending Library for 
Science and Technology Current Serials recerved by the NLL, March 1967 
Pp vii+423 (London HM Stationery Office, 1967) 40s net (711 

Report on Concrete Practice Part 2 Site Supervision and Testing 


Pp 60 (London Cement and Concrete Association, 1967) 15s [811 
University of Manchester Calendar 1967-68 Pp xxxv+459 (Man- 
chester Manchester University Press, 1967 ) (811 


Road Research Laboratory RRL Report LR80 An Improvement to the 
Combination Method of Reducing Delays in Traffic Networks By D I 
Ropertaon Pp 6 (Crowthorne, Berks Road Research Laboratory, 1007) 

ratis 

Ministry of Technology and Fire Offices’ Comm:ttee Joint Fire Research 
Organization Fire Research 1966 Report of the Fire Research Steering 
Committee with the Report of the Director of Fire Research Pp vii+100 
+8 plates (London HM Stationery Office, 1967) 9s net {911 
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Office of Health Economics Early Diagnosis Paper, No 1 The Early 
Diagnosis of Raised Arterial Blood Pressure By W W Holland Pp 14 
2a 6d Early Diagnosis Paper, No 2 The Early Diagnosis of Visual Defects 
By E; A Graham Pp 14 2s 8d (London Office of Health Economie 

911 

Radio 1 and Radio 2 By Robin Scott (BBC Lunch-time Lectures Sixth 

Seres—1)_ Pp 16 Local Radio Some Questions Answered Pp 11 


(London British Broadcasting Corporation, 1967 ) [911 
University of Strathclyde Calendar 1978/68 Pp 580 (Glasgow Uni- 
versity of Strathclyde, 1967 ) (911 


Schools Counc:l Working Paper No 15 Counselling in Schoolse—a 
Study of the Present Situation m Great Britain Pp v+76 (London 
HM Stationery Office, 1967) 7s net (2011 

Road Research Laboratory RRL Report LR 65 Traffic Survey Equip- 
ment for Measuring Journey Time and Stopped Time By R A Vincent 
Pp 20 (Crowthorne, Berks Road Research Laboratory, 1967 ) Gratis [1011 

The Image of Technology By Sir Solly Zuckerman (The Fourth Maurice 
Lubbock Memorial Lecture) Pp 24 (London Oxford University Press, 
1967} 3s 6d net (1311 

The Great Debate Some Basic Issues ın US Foreign Policy Pp 14 
(London United States Information Service, 1967 ) 131 

Thirteenth Annual Report of the Tweed River Purification Board for the 
year ended 31st December, 1966 Pp 43 (Newtown St Boswells Tweed 
River Purification Board, 1967 ) (1811 

Cross-Channel Collaboration a Study of Agreements between British and 
Continental Firms By Charles de Hoghton Pp 64 (London Political 
and Economic Planning, 1967) 10 (1811 

Trade Unionsin France Pp 16 (London Ambassade de France, Service 
de Presse et d'Information, 1967 ) 1311 

Political and Economic Planning Annual Report 1966-67 Pp 25 
(London Political and Economic Planning, 1967 ) (1411 

Imperial College, City and Guilds College 1964-67 Research Report 
Pp x1+116+15 plates (London Imperial College, City and Guilds 
College, 1967 ) {1441 

Agricultural Research Institute of Northern Ireland Fortieth Annual 
Report, 1966-1967 Pp 32 Results of Recent Experiments Pp 26 
(Hulsborough, Co Down Agricultural Research Institute of Northern 
Ireland 1967 ) [1511 

The Severn Estuary The Key to the Future of a Region By T L Shaw 
and R G Morgan Pp 15 (Bristol T L Shaw and R G Morgan, The 
University, 1967 ) [1511 

Steelmaking Furnace Refractories—Proceedings of the 68th Steelmaking 
Conference, held at the Royal Hotel, Scarborough, April 25-26, 1967 Pp 
Hh (London The British Iron and Steel Research Association, ee 

s 


Meteorological Office Scientific Paper No 27 The Determination of the 
Extraterrestrial Constant of a Dobson Spectrophotometer By R A Hamilton 
are e Walker Pp U (London HM Stationery Office, kt 

8 ne 


Other Countries 


Reviews of National Science Policy—Japan Pp 231 (Paris Organiza- 
tion for Hconomic Co-operation and Development, London H M Stationery 
Office, 1967) 20 francs, 80s, $5 [1311 

Rubber Research Institute of Malaya Annual Report, 1966 Pp 112 
(Kuala Lumpur Rubber Research Institute of Malaya 1967) $3 [1311 

Transactions of the American Philosophical Society, New Seres—Vol 57, 
Part7 The Community Library—a Chapter in English Social History By 
Paul Kaufman Pp 65 (Philadelphia The American Philosophical 
Society, 1967) $2 1311 


Studia Forestalia Suecica Nr 51 Comparative Studies on the Germina- 
tion of Scots Pine and Norway Spruce Seed under Different Temperatures 
and Photoperiods By S K Kamra Pp 16 3kr Nr 52 Physiology of 
Pungi Attackng Birch and Aspen Pulpwood By Björn Henningsson 

p 


8 kr Nr 53 Interactions Between Micro-organisms Found m 
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Birch and Aspen Pulpwood By Bjorn Hennimgsson Pp 32 Nr 54 
Microbial Decomposition of Unpeeled Birch and Aspen Pulpwood during 
Storage By Bjórn Henningsson Pp 32 6 kr (Stockholm Skogshogs- 
kolan, Royal College of Forestry, 1967 ) {1312 
Institut Royal Météorologique de Belgique Statistiques Quinquennales 
Observations Aerologiques, Station d’Uccle, 1961-1965 Pp 175 (Uccle- 
Bruxelles Institut Royal Météorologique de Belgique, 1967 ) (1311 
Companhia de Diamantes de Angola (DIAMANG)  Servicos Culturais 
Dundo-Lunda-Angola Museu do Dundo Subsidios para o Estudo da 
Biologia na Lunda Publicacoes Culturais No 76 Estudos Diversos, XXXI. 
Pp 149 (Lisboa Companhia de Diamantes de Angola, 1967 ) {1311 
India Council of Scientific and Industrial Research Annual Report of 
the National Institute of Oceanography, 1965-66 (New Delhi National 
Institute of Oceanography, 1967 ) {1411 
Canada Department of Energy, Mines and Resources Geological Survey 
of Canada Memoir 347 Bache Peninsula, Ellesmere Island, Arctic Archi- 
pelago By R L Christie Pp 63 (18 plates) $2 Paper 65-29 Geology 
of the Passamaquoddy Bay Region, Charlotte County, New Brunswick 
By L M Cumming Pp v+36 (6 plates) $1 Paper 66-24 Geological 
Notes, Itchen Lake Map-Area, District of Mackenzie By H H Bostock 
Pp v+13 $150 Paper 66-28 Contwoyto Lake Area (North Half), 
District of Mackenzie By L P Tremblay Pp iv+19 $1 Paper 67-16 
Published References to Champlain Sea Faunas 1837-1966 and List of 
Fossils By Frances J E Wagner Pp v+82 $075 Paper 65-27 Mis- 
sissippian Subsurface Geology, Rocky Mountain House Area, Alberta By 
H L Martin. Pp v+14 $350 Paper 67-41 Canadian Upper Mantle 
Report, 1967 Pp vit+245 $350 aper 67~50 Field and Laboratory 
Methods used by the Geological Survey of Canada in Geochemical Surveys 
No 9 Tinin Soils and Stream Sediments ‘By A Y Smith Pp 11 _ $150 
Economic Geology, Report No 22 Geology of Iron Deposits ın Canada 
Vol 2 Iron Deposits ın the Appalachian and Grenville Regions of Canada 
By S A Gross Pp 111 (13 plates) $3 (Ottawa Queen’s Printer, 
196 
Annals of the New York Academy of Sciences, Vol 143, Article 1 Biology 
Pp 1-824 (New York any 


Imago baste of Euhanutermes light: Snyder, with descriptions of other 
Castes By P N Chatterjee and M L Thakur Pp 11 Rs 110, 2s 7d 
Indian Forest Records (Logging), Vol 1, No 1 Modern Logging Tools, 
Equipments and ‘Techniques as Introduced at the Logging Training Centre, 
Batote By S$ Niranjan Singh, M N Asthana and D N Bhatia Pp 
vit+655 Rs 385, 9s Indian Forest Records (Forest Pathology), Vol 2, 
No 8 Rusts on Indian Forest Trees Bv B Baksh and Sujan Singh 
Pp 1v+139-198+6 plates Rs 525, 128 6d (Delhi Manager of Pub- 
heations, 1966 and 1967 ) 1511 

India Meteorological Department Symposium on Hydrometeorology of 
India with special reference to Flood Forecasting and Warning, held at the 
Meteorological Office, New Delhi, 23-24 Mareh, 1964 (Indian Journal of 
Meteorology and Geophysics Supplement ) Pp 1v+878 (Delhi Manager of 
Publications, 1966) Rs 4150, 96s 1511 

Seibersdorf Project on Food Irradiation Research International Pro- 
gramme on Irradiation of Fruit and Fruit Juices—First Activity Report, 
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Economic Co-operation and Development, European Nuclear Energy 
Agency, 1987 ) {16]2 
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, In polyacrylamide gel electrophoresis, your ,  : 
choice is between flat gel slabs and cylindrical 
“discs,” Here are seven reasons why you may 
prefer using slabs: wie ot 


il Slabs yield more ‘accurate compan- 
sons Because conditions are identical across 
all slots Same gel, same temperature, same. 
voltage. 


® Slabs perut confident replication For > © 
the same reason. 


wre 


By Slabs don’t require special densitom~ 
eters. No meniscus, no third-dimension _ 
‘ complications 


» 


s -£h Slabs may be destamed rapidly with- 
_ out artifatts, Because they’re flat. N 


B Slabs make two-dimensional electro- 
phoresis possible Also because they're flat: 


Slabs take less tıme to prepare One 
mold takes the place of all those individual 
tubes ` 


i 

i 3 
% Slabs allow both continuous, and dis- 
continuous gel and buffer systems. 

{ 


+ If you're merely checking the punty of a 
protem, the unevenness of cylindrical “discs” 
may be unimportant But if quantitation and 
accurate comparison are among your basic 
goals in electrophoresis, you'll probably do 
better with flat slabs 


We'd.ltke to help you choose rationally. 
Just call us colfect and talk it over, Ask our 
Technical Service at (215) 382-9100 Or 
write for detailed information on “Vertical 
Gei Electrophoresis ” E-C Apparatus Corpo- 
ration, 755 St, Marks Street, University City, 
Philadelphia, Pa. 19104. 


preety Fa $ 


(EL 











- E-C helps you sort things out. - | 


for a specialist readership 


BIOCHIMICA ET BIOPHYSICA ACTA 


BIGENERGETICS 


ELSEVIER’S JOURNAL DEVOTED TO 
FUNDAMENTAL RESEARCH INTO THE 
ENERGY-RELAY PHENOMENA OF BIO- 
CHEMISTRY — 


Biological ox1do-reduction reactions - 
oxidative phosphorylation - photosynthesis - 
contractile and motile systems 


The following sample of forthcoming papers illus- 
trate the scope of this section of BBA 


Oxidative phosphorylation ın brown adipose mitochondria, 
RJ Guillory and E Racker (Ithaca, US A) 


On coupling factors of oxidative phosphorylation, R H 
Vallejos, SG van den Bergh and F C Slater (Amsterdam, 
The Netherlands) 


Studies on the respiratory chain-linked reduced nicotin- 
amide-adenine dinucleotide dehydrogenase I Effect of di- 
ethyl ether on particulate NADH dehydrogenase, Z 
Kanga, A Gardas and M Jakubiak (Warsaw, Poland) 


Induction of respiratory deficiency by repression of the 
respiratory system in a mutant of Saccharomyces cerevisiae, 
T Negrotti and D Wilkie (London, Great Britain) 


ESR of non-haem iron ın xanthine oxidase, J F Gibson 
and RC Bray (London, Great Britain) 


Light-induced electron transport ın Chromatium strain D, 
MA Cusanovich and M D Kamen (La Jolla, US A) 


Interactions between photosynthesis and respiration in 
Chlorella I Types of transients of oxygen exchange after 
short light exposures, A Ried (Stanford, US A ) 


Protochlorophyllide aggregation ın solution and associated 
spectral changes, CJ Seliskar and B Ke (Yellow Springs 
USA) 


Rapid publication 


World-wide circulation 
Available as a part subscription of BBA 


Subscription details for 1968 
Biochim Biophys Acta, Vols 153, 162 
(B3, B4), 8 issues, total price US $ 36 00, 
Dfl 13000 Airmail surcharge for USA and 
Canada US$0 80 


Send orders to your regular bookseller or to 


ELSEVIER PUBLISHING COMPANY 
PO BOX 211, JAN VAN GALENSTRAAT 335, 
AMSTERDAM (THE NETHERLANDS) 


& Elsevier 
Publishing 
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APPOINTMENTS VACANT 





LONDON BOROUGH OF ENFIELD 
EDUCATION COMMITTEE 


ENFIELD COLLEGE OF 
TECHNOLOGY 
QUEENSWAY, ENFIELD, 
MIDDLESEX 


(Proposed Polytechnic) 
Principal G S Brosan, TD, PhD 
FACULTY OF ARTS (Ref A 8) 


Suitably qualified and/or experienced Lecturer 
or Assistant Lecturer in Social Science/Techno- 
logy required to teach and develop a course in 
Technology on the B.A Business Studies and the 
Fundamentals of Accounting Courses The course 
1s intended to provide an appreciation of the 
influence of technological developments on busi- 
ness activity The person appomted will have 
access to assistance from both Arts and Tech- 
nology Faculties Salary Assistant Lecturer 
Grade B £955 to £1845, Lecturer, £1,875 to 
£2 140, plus London Allowance of £70 per annum 

Applicaton forms and further details from the 
Academic Registrar, to whom completed forms 
should be returned within two weeks 


D B DENNY, MA, 
Chief Education Officer 
{201) 


THE UNIVERSITY OF SUSSEX 
ASTRONOMY CENTRE 


RESEARCH 
APPOINTMENT 


Applications are invited for a post in a 
research group in theoretical astronomy 
working mainly in problems of stellar and 
galactic evolution The group ıs supported 
by the Science Research Council and forms 
part of the Astronomy Centre of the Uni- 
versity of Sussex The appointment will be 
for two years in the first instance, ıt will 
carry the status of Lecturer m the Unuiver- 
sity and the starting salary will be at a 
pont in the lecturers’ scale, £1,470 to 
£2,630 per annum, depending upon the 
qualifications of the person appointed He 
should be prepared to start work not later 
than October 1, 1968 

Applications (four copies), giving full 
curriculum vitae and the names of two 
referees, should be sent before January 31, 
1968, to the Assistant Registrar (Establish- 
ment), the Umversity of Sussex Essex 
House, Falmer, Brighton BN1 9 QQ quot- 
ing Ref 870/2 (220) 





SCOTTISH HORTICULTURAL 


RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE 
BIOCHEMIST/VIROLOGIST 


to study the biochemical behaviour of plant 
viruses (especially tobacco rattle virus) ın tissues 
Experience of handling nucleic acids desirable , 
research experience of plant viruses not essential 
The appomtment will be offered at the Scientific 
Officer or Semct Scientific Officer level and a 
first- or second-class Honours degree ıs the 
minimum qualification Salary scales SO £926 
to £1,547, SSO, £1,744 to £2,155 Superannua- 
uon under F.S.S U 

Further particulars may be had from the Secre- 
tary, with whom applications, giving age and full 
details of education and experience, together 
with the names of two referees, should be lodged 
by February 14 (259) 


Pharimacologist 


Mayor Pharmaceutical Company with research facilities located in Montreal, 
Canada, has an attractive career opportumty 1n Pharmacology. 


h 
THE JOB 
To mitate and/or develop screening and follow-up procedures m animals im order to 
discover new types of drugs for treatment of functional and degenerative respiratory 


disorders in man The abiluy to provide leadership to a supporting staff of 3-4 15 
essential 


THE MAN 


Young man with training in Pharmacology to the Doctorate level Some experience in 
industry or work under a Post-Doctoral Fellowship in the area of respiratory disorders a 
teal advantage 


BENEFITS 


Top Canadian salary and growth potential Comprehensive health, life insurance and 
reurement plan as well as paid passage to Canada 


You are invited to explore this opportunity in complete confidence Applications should 
be made promptly by air mail to 


The Director of Research, Merck Frosst Laboratories, 
P.O. Box 1005, Montreal 3, Quebec, Canada. 





CANCER INSTITUTE—AUSTRALIA 


(PETER MACCALLUM OLINIC) 


STATISTICIAN 


The Cancer Institute Board in association with the University of Melbourne, invites 
applications for the position of Statistician for research and consulting work 

The Board proposes to establish a Statistical Unit to advise ats research staff on 
Statistical aspects of their work, to investigate questions of design and interpretation of 


clinical data, and to carry out general statistical investigations The Statistician will be 
the head of the Unit and the first Officer appointed 


In addition to his duties at the Chnic of the Cancer Institute, the Stanstician will be 
given the opportunity to work in the Department of Staustics at the University of 
Melbourne This work may include research in statistical theory, some lecturing on topics 
related to his particular interests, and the supervision of research students, particularly 
those working ın related ficlds 


QUALIFICATIONS PhD or equivalent qualification in statistics Some research 
experience in the biometrical field would be an advantage 


SALARY Depending on qualifications and experience, in the range $8,000 to $10 000, 
within the range for Senior Lecturer or Reader in the University of Melbourne 


GENERAL CONDITIONS Superannuation (equivalent to FSSU) and generous long 
service leave annua) leave and sick leave provisions are included 

An overseas appointee will be granted first-class fares for himself and family, together 
with a removal allowance of $400 for furmiture and personal effects 


Further particulars may be obtamed from the undersigned at 278 Wuliam Street, Mel- 
bourne, Victoria, 3000, Australia, with whom applications close on February 29, 1968 


R K Churches, Manager and Secretary 
214) 


SCIENTIFIG EDITORS 


Unique opportunities have arisen for suitably qualified people to work as Editors in 
the Central London office of a leading technical publisher We are one of the worlds 
leading publishers of scientific literature documentation and we invite applications 
from people who are qualified in one or more of the following 


BIOCHEMISTRY « PHYSIOLOGY « PHARMACOLOGY 
PHARMACEUTICAL OR AGRICULTURAL CHEMISTRY 


Previous editorial experience is not essential, but some knowledge of foreign languages 
would be an advantage 


Salaries, which will be dependent on qualifications, are extremely attractive and . 
conditions of service are above average There are certain fringe benefits 


Please wnte giving an abridged curriculum vitae to 
General Manager, 
Derwent Publications Ltd 
Rochdale House, 
128, Theobalds Road, 
London, WC1 
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Keep Your Powder Clean 


Tue Russian and American disa1mament negotiators 
pulled a considerable rabbit out of the hat when they 
1eturned to Geneva a week ago and made public the 
agreement of then two governments on a draft of a non- 
proliferation treaty Only a few weeks earher, when 
the proceedings broke up for the holidays, 1t seemed 
very much as if the negotiators had reached yet 
another obstacle on the road along which they have 
been trudging for the best part of two years The new 
and more specific form of the treaty upon which the 
Soviet Union and the United States are apparently 
agreed 18 designed specifically to meet the now familar 
argument, put forward last year by the delegation from 
West Germany, that any non-prolferation treaty 
should allow the safeguards organization of Euratom 
to be responsible m Western Europe for the supervision 
of the safeguards procedures necessary to ensure that 
non-nuclear powers do not divert fisstonable material to 
miltary ends The German argument, supported by the 
Italan delegation, stems partly from the view that any 
other arrangement would be at once a slur on Euratom 
and an opportunity for mdustrial espionage The 
objection to this view, held most vigorously by the 
Soviet Union but supported by a good deal of logie, 1s 
that it would be improper to allow membership 
of a private club such as Euratom to exempt a nation 
from the rules and regulations of an international 
treaty 

The new draft of the treaty which has appeared at 
Geneva 1s not so much a solution of this problem as a 
means of postpomng it Instead of spellmg out the 
way in which a non-proliferation treaty would be 
policed, the new draft merely requires that signatories 
should accept some form of control and ispection 
which must be negotiated with the International 
Atomic Energy Agency begmnmg with sıx months 
of 1atification It 1s understood that nations will be 
able to negotiate with Vienna mdividually or m 
groups No doubt they will also be free to settle for 
whatever system of control the IAEA chooses to 
specify On the face of thmgs, this 1s a clever move 
For one thing, ıt will demonstrate that the IAEA 
remains ultimately responsible for the approval and 
design, of all systems of control At the same time, the 
new form of words will presumably enable the Euratom 
safeguards organization to assume responsibility for 
safeguards in much of Western Europe With luck, 
no doubt the members of Euratom (with the exception 
of France) will be anxious for assurances on this pomt 
‘before they are prepaied to sign They would, how- 
ever, be well advised not to push their luck too far 
It 1s still something of a surprise that the Soviet Union 
has been prepared to modify in any important way its 


earher msistence that the IAEA should be the only 
organization trusted with inspection 

Elsewhere, 1t 1s probably only fan to recognize that 
the loosening of the mspection clause in the draft treaty 
will eventually imply a somewhat less rigorous system 
of mspection than was originally foreseen, which n.23 
be a good thing and not the opposite For if the IAEA 
delegates control of fisstonable material m Westcin 
Europe to the safeguards organization of Euratom, ıt 
will be exceedingly difficult for ıt simultaneously to 
impose on mdependent signatories a system of mspec- 
tion operated by ıts own men There is evidence enough 
already that nations like India are exceedingly sensitive 
about the way m which the proposed treaty would 
make permanent the class distinction which at present 
exists between the nuclear powers and the others They 
ale unlikely to accept arrangements which would 
create another distinction between two classes of non- 
nuclear powers—those m Euratom and the rest In 
these circumstances, 1f and when the treaty 1s ever 
ratified, the IAEA 1s hkely to find itself encouraging 
the formation of regional self-mspection systems else- 
where than m Western Europe, perhaps reserving for 
itself chiefly the right of verification This is probably a 
sound development for its own sake, 1f only because 1t 
has never been easy to see how the integrity of the 
rapidly growmg nuclear power mdustry could be 
effectively guaranteed m fine detail from Vienna By 
playing its cards well m the months following the rati- 
fication of a non-prohferation treaty, however, the 
IAEA could easily establish for itself a commanding 
position mn the supervision of nuclear reactors through- 
out the world without meurrmg the trouble, the 
expense and the risks of a system of mspection which 1s 
meant to be thoroughly comprehensive In other words, 
a weaker system of mspection than was at first pro- 
posed should help not only to bring the non-prohfeia- 
tion treaty withm reach but to make mternational 
inspection workable 

That said, there can unfortunately be no assurance 
that an agreed text will emerge m the months imme- 
diately ahead from the disarmament committee at 
Geneva The representatives of the super-powers have 
been puttmg a cheerful face on things, but the con- 
ference has not yet begun to tackle what may prove to 
be the most serious problem of all—the unwillmgness of 
entirely peaceable countries to sign away their freedom 
to follow a course of military development which has 
become, as it happens, entnely respectable among the 
most powerful nations More practically, there aie 
questions of whether nations such as India can look for 
some degree of protection against attack in return for 
agreement to forgo the manufacture of nuclear weapons 
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If the smaller powers push these arguments strongly in 
the weeks ahead, the non-proliferation treaty could be 
held up for another year or more It ıs also only 
sensible to acknowledge that the smaller powers would 
be entirely within their rights m asking that the treaty 
should show either greater respect for their right to 
make decisions on defence policy on their own behalf 
or, preferably, that it should mclude some restriction 
of the right of nuclear powers to keep on manufacturing 
fissionable material for mihtary purposes The willmg- 
ness of the United States and the United Kmgdom to 


In for a Penny, in for a Pound 


Tur European Molecular Biology Organization (EMBO) 
has made a serious claim on public attention and even 
sympathy in the years smce its small beginning m the 
early sixties. From the start—which 1s conventionally 
taken to be a conference at Ravello m September 
1963—t has been plam that there ıs a valuable job 
to do m moving people from one European laboratory 
to another. EMBO has done well to collect enough 
money to start the ball rollmg (and the Volkswagen 
Foundation, which has provided most of the support, 
deserves not to be forgotten). It has been something 
of an object lesson for other informal societies seeking 
some means of influencmg events to see how much, in 
the last resort, depends on good organization Because 
EMBO seemed, at the begining, to be as much a 
cosy self-congratulatory club as a more conventional 
learned society, 1t 13 not surprising that ıt provoked 
scepticism and even resentment, one of the indirect 
benefits of the funds which have been made available 
for fellowships ın the past few years ıs that EMBO 
has been given a chance to demonstrate that it 1s a 
thoroughly open-mmded society That done, 1t 1s only 
natural that most European governments should now 
be willmg to support on a contmumg basis the scheme 
for a mixture of travelling fellowships of various kinds 
In spite of the devaluation of sterlmg, even the British 
Government seems cheerful about this prospect The 
chances are that an mternational agreement on con- 
tmuing support will be signed and sealed in April 

The laboratory on which EMBO has set its heart 
(see page 314) 1s altogether a different proposition 
This, at least, 1s what some governments have been 
tempted to suppose For one thing, a laboratory 
employing several hundred people 1s a much more 
permanent undertaking of the kmd from which 
governments almost mstinctively fight shy It has 
also mevitably been asked why the molecular biologists 
are so keen on having a laboratory when there 1s no 
ready-made excuse such as the need to operate an 
expensive piece of equipment in collaboration—the 
prime justification of CERN In this connexion, the 
sceptics are well withm their rights to pomt out how 
easy 1t 1s for laboratories which are established m a 
vacuum to remain in a vacuum more or less indefinitely 
The world is littered with stitutions lke that But 
a more powerful reason why governments have fre- 
quently hung back from the creation of an EMBO 
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throw their cıvıl nuclear plants open to mspection 1s 
a gesture but not a real concession on this pomt 
Tn the same way, the inclusion ın the new draft treaty 
at Geneva of a general undertakmg that signatories will 
press forward to the objective of general and complete 
disarmament (or GCD as it 1s known among the 
specialists) will be most often interpreted as a for- 
malty In these circumstances, even the more realistic 
draft treaty which has now been designed may prove 
too stiff a dose of segregation for many of the smaller 
nations The next few weeks should tell 


laboratory has been the fear that the establishment of 
a new centre of excellence m molecular biology could 
only serve still further to deplete the scarce supply of 
molecular biologists ın national universities This, of 
course, 18 an argument which carries weight only with 
countries which already have a significant stock of 
molecular biologists and are anxious to do everything 
they can to husband ıt, but even then the reactions of 
similar governments are not entirely predictable In 
Britam, for example, the feelng m the Medical Re- 
search Council that an EMBO laboratory would thm 
out still further the laboratories already crying out 
for experienced men and women has been one of the 
reasons why the British Government has been con- 
spicuously cautious in its discussions of the laboratory 
In France, by contrast, there have been no such m- 
hibitions, to tell from some of the thmgs which Mr M 
Schumann, the Mmuster of Scientific Research, says, 
the EMBO laboratory comes next m importance only 
to the force de frappe and the plan calcul 

What ıs the truth? And how should European 
governments react to the proposals now bemg made to 
them ? Perhaps the most obvious thing to say 38 that 
the documents which have been prepared m support 
of the case for the laboratory are an eloquent disproof 
of a good many of the doubts about the laboratory 
which have from time to time been raised The need 
for a concentration of resources 1s particularly well 
put For one thing, sheer propinquity is a blessmg in 
a field m which the most skilful operators are often 
specialists m quite unrelated discrplines But it is 
also clear that molecular biologists are itching to under- 
take a number of large scale projects which share 
something of the monumental character of undertak- 
mgs on high-energy physics Dr F Crick’s “Project 
K” for makmg an exceedmgly detailed study of the 
K12 stram of Escherichia coh 1s only one of many 
examples of how concentration may make ıt possible 
to tackle problems which have previously been ım- 
accessible. Given this, and the fact that EMBO has 
at present such a high reputation that ıt would prob- 
ably be able to attract the kinds of people necessary 
to ensure the success of an mternational laboratory, 
there 1s probably no need to fear that the project for 
an mternational laboratory would founder on intel- 
lectual grounds 

The fear that an mternational laboratory would 
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_drain scarce talent from existing institutions is neces- 


sarily harder to deal with, if only because so much is 


bound to depend on estimates of how studies in 
molecular biology are likely to be stimulated by the 
creation of an international laboratory. Professor V. 
_ Weisskopf (page 317) is able to claim that the growth 
_ of CERN has not been accompanied by a decline of 
high-energy physics elsewhere in Europe, and what he 
has to say is powerful reinforcement for the case in 
_ favour of the European laboratory. At the same time, 
however, it is only possible to guess at what would have 
happened to high-energy physics in Europe if CERN 
had not been built. Most probably, the thirteen mem- 
ber nations would have been egged on by competition 
to spend more, in aggregate, on this branch of physics, 
but would not have had such good value for money. 
And in this spirit, of course, the possibility that a 
European laboratory for molecular biology may drain 
‘away people from national laboratories—unrealistic 
though it may be—is almost irrelevant. What matters 
- is that the people concerned should remain in circula- 
tion as innovators and as teachers. If that could be 
assured, the EMBO laboratory would be at worst a 
‘more economical way of doing business than the present 
system in which funds for the support of research in 
< mo ar biology are dispersed throughout the uni- 
3 of Europe. In reality, there is probably a 
al in the claim of the EMBO council that a 
‘opean laboratory would be a means by which 
ontributing governments could gain markedly from 
ite small extra investments. In the long run, it 
i uld even be reasonable for them to expect that a 
__ successful EMBO laboratory would restrain the strictly 
national demand for an expanding budget. 
All this, however, is hair-splitting of a kind. The 
truth is that the sums of money necessary for the fund- 
ing of the EMBO laboratory, large though they may 
seem in comparison with the scale on which biological 
: laboratories are habitually financed, are an exceedingly 
small part of what Europe as a whole chooses to spend 
on research of all kinds. Even if the EMBO venture 
should turn out to be a sheer waste of money—and all 
the evidence runs the other way—no great damage 
would have been done. In the circumstances it will 
-be a great misfortune if the governments whose repre- 
sentatives are now trudging back from Geneva make 
too much of the issues of principle involved, and neglect 
the wider opportunities which the EMBO proposals 
offer. And these, in the long run, are plain enough. 
Sooner or later it will be necessary to organize a great 
deal of European science on a co-operative basis. The 
sooner it is possible to set about the building of common 
institutions, the sooner Europeans will begin to profit 
from their common geography. 
Tn that sense, EMBO and its laboratory are splendid 
opportunities for experiment. 
















No Academic Spending Spree 


Tux University Grants Committee has now published 
details of the allocations of recurrent grants to uni- 
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versities in Great Britain over the next five years. 
The figures, which were sent to universities at the end 
of last year, are published in the UGC Annual Survey 
for the academic year 1966-67 (HMSO, 3s. 3d.), together 
with the memorandum which the UGC sent the uni- 
versities to explain “the strategic attitude” which the 
UGC has had to adopt in order to make a division of 
the resources. Sir John Wolfenden is cheerful about 
the reception the memorandum received from the 
universities—at least, he said in presenting the report, 
there had been “no major explosion from the uni- 
versities” so far. The grants themselves confirm that 
the growth of universities is likely to move more slowly 
in the next five years than it has done in the last five. 
“Plain living and high thinking” was Sir John’s recipe 
for the next quinquennium. 





RECURRENT GRANTS FOR BRITISH UNIVERSITIES 


H 

i 

£ (million) i 

1967-68 150-79 f 

1968-69 152-85 | 

1969-70 158-57 | 
1970-71 164-82 
1971-72 171-10 


(From 1968-69 onwards, the figures make no provision 
for equipment for teaching and research, which will be 
dealt with by separate grants.) 





The memorandum lays emphasis on the need to 
expand undergraduate numbers, in particular in the 
arts and social sciences. Sir John defends this decision 
by pointing out that, in 1964, the actual numbers of 
science students in the first-year sixth forms of British 
schools declined. Despite this, the UGC has provided 
for a slight increase in the numbers of science students 
at universities. But social science and the arts, where 
the pressure on university places is greatest, must be 
allowed to expand the fastest. The UGC has not fixed 
limits on the number of postgraduates which uni- 
versities can provide for, but the grants awarded do 
make certain assumptions about the proportion of 
undergraduates to postgraduates. As the report puts 
it, “It is, of course, open to any university to admit 
more than the number of students indicated in its 
separate allocation letter, if by internal economies, 
increased. ‘productivity’ or any other means it thinks 
it can rightly do so”. 

The UGC has set in train a survey of the reasons why 
students entering universities fail to finish the course 
—the “drop-out” or wastage rate. At present in 
Britain, the wastage rate is running at about 14 per 
cent, but there is considerable variation both between 
departments and between universities. Suspicion has 
sometimes been voiced that some universities admit 
more students than they can possibly handle, and use 
the first year to weed them out. The survey, Sir John 
said, would try to sort out whether there was any 
truth in suggestions of this sort, and would try to 
make some estimate of the reasons for wastage. Vice- 
chancellors, he added, tended to be difficult about 
publishing this kind of information, so that discussion 
would be needed before it was finally decided what 
form the published survey should take. 

In making the allocations to universities, the prin- 
cipal criterion is the number of students in any uni- 
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versity. This year, for the first time, the UGC has 
also taken into account unit costs, and staff : student 
ratios. Veterinary students come out as the most 
expensive, with a unit cost of £1,136, and social 
scientists are the cheapest at £255. The staff : student 
ratio is most favourable in veterinary science, at 
1: 4-6, and least favourable in education, at 1: 12-5. 
Physical science, the report says, has a unit cost of 
£376 and staff : student ratio of 1 : 11-3, but biological 
sciences are more expensive, with unit costs of £518 
and staff : student ratios of 1: 8-7. 


Superannuated Dons 


Aw alternative arrangement to the Federated Super- 
annuation System for Universities receives considera- 
tion in a recent working party report, published by 
the Department of Education and Science. Headed by 
Sir George Maddex, the party represented a number of 
associations and committees and the government 
departments concerned. The alternative scheme which 
the committee considered is the terminal salary scheme. 

The existing FSSU system is based on policies of 
assurance so that benefits reflect the actual amounts 
received as salary during an individual’s career. This 
has led, the report maintains, to inadequate pensions. 
Aecording to the alternative arrangement, a scheme 
would be adopted under which pension benefits would 
be directly related to the teacher’s salary at retire- 
ment, thus giving weight to economic conditions at 
that particular time. The rates of benefit would be 
guaranteed, but the contributions would be fixed on 
a provisional basis. Because of a variety of reserva- 
tions from members, however, the working party 
has been unable to make a clear recommendation in 
favour of either system. 

The report includes an examination of the basic 
differences between terminal salary and insurance 
policy schemes, and it also considers the implications 
of tax and the National Insurance graduated pension 
scheme; the report compares them by working out 
the benefits in a number of typical cases. On a salary 
of £2,000 a year, for example, assuming a contribu- 
tion of 5 per cent, the net charge borne by a teacher 
according to the terminal salary scheme would be 
£67 188. 4d., whereas according to the existing scheme 
it would be £83 10s. Od. The saving in net outlay in 
this case is 0-75 per cent of salary. 

Figures of future FSSU benefits which are expressed 
as a percentage of benefits under a terminal salary 
scheme show that most teachers entering university 
service for the first time would do better with FSSU: 
the figures are, however, based on assumptions, certain 
of which, the report maintains, are of questionable 
validity. The working party agreed, however, that, if 
an alternative to the present system is required, the 
terminal salary scheme is the best that is possible in 
existing conditions. 


Marriage of Convenience 


Tue announcement that the British Motor Corporation 
and Leyland Motors are to merge provides Britain 
with a motor company of international size. It is 
also a company with several built-in handicaps, the 
most serious of which may turn out to be the way in 
which its factories are scattered about the countryside. 
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Although this alone is likely to be a limitation on the 
amount of rationalization that is possible, Sir Donald 
Stokes, by common agreement the dominant force in 
the new company, will have plenty of room left for 
manoeuvre. His principal limitation in the short term 
is likely to be a shortage of funds, and the £25 million 
dowry with which the Industrial Reorganization 
Corporation blessed the union will come in very 
useful indeed. 





Sir George Harriman (left) and Sir Donald Stokes. 


For this reason, it is fortunate that the early decisions 
Sir Donald, and his Chairman Sir George Harriman, 
will have to make will involve saving rather than 
spending money. It is almost certain that BMC’s 
extensive range of cars will be reduced quite rapidly, 
by the disappearance of the Daimler name and the 
phasing out of several other models, perhaps including 
the 1800. It has been said that the ranges of cars 
marketed by the two companies are complementary, 
but this is little more than the traditional incantation 
which is always murmured when two companies merge. 
In this case it is simply untrue—there is direct competi- 
tion both in the sports car and saloon car ranges (the 
Austin 1300 and the Triumph 1300, for example) 
and since BMC took over Daimler there is also some 
overlap in commercial vehicles and coaches. So 
there is little doubt that some models will have to go; 
others will have to be introduced to challenge Ford’s 
dominance of the middle of the range. Considerable 
economies are possible in dealerships and in export 
organization, and the intervention of Leyland makes 
it seem more likely that BMC will at last take advantage 
of the economies of scale which have been within its 
grasp since the formation of the Nuffield organization 
in 1952. 

In research, neither company has anything to match 
the £1 million research laboratory which Ford has 
built. In Leyland, research continues to be done by 
the individual companies, with Leyland itself perhaps 
doing the lion’s share. It has, for example, built a 
gas turbine truck, and has pooled its knowledge with 
Rover, which has also done a good deal of work on gas 
turbine propulsion. The twin problems of pollution 
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How BLMH Compares (1966 Production) : 
Commercial 
Cars Vehicles 
GENERAL MOTORS 5,557,000 934,000 
Forp 3,380,000 765,000 
CHRYSLER 2,118,000 211,000 
VOLKSWAGEN 1,219,000 84,000 
Friar 1,148,000 66,000 
BMC-HLEYLAND 788,000 173,000 








and safety have also added to the amount of research 
necessary, but so far the idea of a central research 
laboratory for the group ıs no more than talk The 
situation m BMH is very simular, although its body- 
making subsidiary, Pressed Steel Fisher, did open a 
central laboratory some months ago Like most 
engineering companies, the moto: companies have 
been slow to catch on to the benefits of large scale 
research This is not to say that no research work 1s 
done, but rather that 1t is done m a diffuse way, and 
probably on too small a scale for such an important 
industry In the short term there 1s httle chance that 
this can be avoided—the immediate need for the new 
company is for some substantial profits 


No Naked Socialists 


THE Industrial Expansion Bull, heralded by cues of 
horror from the Confederation of British Industry, was 
made pubhc last week (HMSO, 2s) And despite the 
advance pubhcity—Mr John Davies, Chairman of the 
CBI, called the bill “mischievous and absolutely 
childish” —it seems unlikely to allow the Government 
a very strong hand m private mdustry The bill 
provides in the first place for £100 million to be made 
available to help private mdustry m schemes which 
would benefit the national economy but would not be 
undertaken without support—the sort of support the 
Government has already made available to the com- 
puter companies, the aircraft companies, and more 
recently the alummium smelters The total amount 
available could be mereased to £150 million if Par- 
lament approved The effect of the measure will be 
to allow support of this sort to be grven without 
lengthy legislation, but ın each case an mdustrial 
investment scheme will be drawn up, approved by 
the Treasury and finally approved by the House of 
Commons The measure is hardly naked socialism, 
nor 1s 1t a licence for what 1s sometimes called “‘back- 
door nationalization” 

There will, for one thmg, be no power of compulsion 
vested in the bill, for only plans agreed between the 
Government and the company mvolved will be sup- 
ported The various ministries nvolved ın the mvest- 
ment schemes will be advised by a committee to be 
set up by the Minister of Technology, and the bill also 
empowers the National Research Development Cor- 
poration and the Industrial Reorganization Corporation 
to assist the committee and provide advice of then 
own The mmsters involved will have to report 
annually to Parhament on the workings of the scheme 

There 1s no doubt that the bill enables the Govern- 
ment a measure of discrimination—some companies 
will undoubtedly be supported while others will have 
to do without But this is hardly more than the 
Government aheady does through its purchasmg 
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function In the absence of a large space or defence 
programme, it ıs argued, purchasmg power alone is 
not enough to support the mdust1ies which need sup- 
port Hence the bill, which seeks to do m a mote direct 
way what is achieved by space and defence programmes 
in the United States Whether the attempt will be 
successful 1s uncertam—the intervention of government 
m private industry has not always been well yudged— 
but even the CBI would hardly claim, for example, 
that Britam would now have a viable computer 
industry without Government support at crucial 
moments in the past 

The bill also provides for a number of measures 
which had already been announced Among them 3s 
the loan to Cunard of £24 milhon to complete the 
Queen Ehzabeth II, and the increase of the borrowing 
power of the NRDC to £50 million The Shipbuilding 
Industry Board ıs to be provided with an additional 
£15 millon, and £1 million is set aside for the puı chase 
of the Beagle Aircraft Company 


Last Word on Torrey Canyon 


TEN months after the meident, yet another 1epoit 
on the Torrey Canyon disaster has been prepared— 
this time by the committee of scientists convened by 
the Chief Scientific Adviser to the British Government, 
Sir Solly Zuckerman Readers will be forgiven for 
asking whether they have heard it all before Admut- 
tedly the information 1s clearly presented and very 
detailed, but there will be many who wonder why it 
has taken the committee so long to report 

The object 1s to colleet the lessons learnt during the 
aftermath of the Torrey Canyon meident and to examine 
the measures to be taken ın future, but this also has 
a famıhar 1mg about ıt (see Nature, 216, 533, 1967) 
As outlmed m the report, the mcident.was tackled m 
six parts how to deal with the oil remaiming in the 
ship, how to dispose of oil on the sea, how to prevent 
oul reachmg the coastline, how to treat beaches which 
might be contamimated, how to reduce dangers to 
marine life and how to co-ordinate the efforts of other 
bodies dealing with the threat to wild lfe 

The sequence of events and counter-measures 1s 
famihar enough, but ıt 1s interestmg to note that 
methods for reducing pollution which were considered 
impractical ın Great Britam were in fact used in France 
For example, the French successfully sank oil with pow- 
dered chalk in the deep waters of the Bay of Biscay, 
where there seems to have been no damage to fisheries 
Despite the heavy and contmuous contammation of 
the coast of Brittany, detergent was not used and 
consequently there was far less damage to the flora 
and fauna 

What are the lessons learnt from the disaster ? 
At the top of the commuittee’s list 1s the fact that most 
of the decisions taken during the crisis had a scientific 
or technical basis It suggests therefore that :f there 1s 
ever another disaster on a similar scale, a team of 
scientists should agam be appomted to co-ordmate 
scientific advice Another recommendation 1s that every 
effort should be made to salvage a grounded vessel, 
and that the cargo should be removed by pumping 
wherever possible Failmg that, and 1f environmental 
conditions permit, the ship should be set on fire after 
opening the tanks, 1f necessary by bombing The 
committee hopes that much of the research work which 


304 


needs to be undertaken could be done on an mter- 
national collaborative basis, perhaps co-ordmated 
through the Intergovernmental Maritime Consultative 
Organization. 

Research 1s considered to be necessary into means of 
speedy transfer of the cargo from a stranded vessel 
and methods of firmg oil m a stranded tanker and on 
the sea surface The committee also recognizes the 
need to develop more effective but less toxic detergents 
and to mvestigate the effects of natural factors ın the 
movement, dispersal and destruction of oil at sea, as 
well as of the factors determming the stability and 
formation of different types of ol-water emulsion 
Other enquiries, 1t mamtams, should be directed to the 
disposal of oul by smkmg with high density material 
The possibility of developmg cheap, effective and 
floating oil-absorbent material and methods of collect- 
ing the oul-soaked material m open seas also needs to 
be examined Gellmg agents are at present expensive 
and cheaper ones need therefore to be developed 
Furthermore, suitable coastal tankers equipped to 
spray detergent and to ensure that 1t 1s mixed with the 
oll are also desirable. Cheap and effective booms, 
primarily for protecting harbours and mlets, are not 
yet available but could prove useful 1f improved, 
while mechanical methods for removing oN from 
beaches and rocks could be remforced by burning 
and steam cleanmg—the latter havmg been used suc- 
cessfully in France Finally, the committee mamtains 
that further research 1s needed mto the effect of oil 
and detergent on fish and other marne hfe, sea birds 
and coastal vegetation 


Too Much Steel 


STEEL production capacity 1s considerably greater than 
the demand for ıt in OECD countries This observa- 
tion 1s made im the recently pubhshed OECD review 
of the iron and steel mdustries in member countries 
(The Iron and Steel Industry wn 1966 and Trends in 
1967, OECD, 21s). 

Overcapacity m the steel dustry has been a source 
of increasing concern since 1958 and m Europe m 
1966 production of steel was 20 millon tons below 
capacity This imbalance between supply and demand 
has had destructave consequences To maintain large 
production runs manufacturers have been forced to 
set export prices at low levels, which has m turn 
affected domestic prices in many countries The down- 
ward pressure on prices has dimmushed profits and the 
abılıty to mamtain a level of essential investment has 
been seriously impaired 


WORLD PRODUCTION OF STEEL, MILLION TONS 











Per cent 

1965 1966 change 
ECSC 860 851 —1 0 
UK 27 4 247 —100 
OECD—Europe 1272 1243 —23 
Canada 91 91 00 
United States 1193 1217 +20 
Japan 412 478 +161 
OECD total 2968 3029 +20 
USSR 910 96 9 +65 
Other countries (excludmg Chma) 561 60 i +71 
World (excluding Chima) 4439 459-9 +36 
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World production of steel continued to increase 
1966 but in Europe showed a small decline Japan is 
the only large producer whose iron and steel industry 
experienced a significant mcrease in production In 
the first half of 1967 output m the OECD area con- 
tmued at about the same rate as that recorded for 
1966, the upward trend contmued ın Japan, but the 
decrease in the United Kingdom and Germany showed 
signs of levelling out 

Two basic trends discernible m the mternational trade 
in, steel are, first, a levelling off or even a decrease 
m exports to developmg countries, and, second, an 
merease m trade between imdustrialized countries 
Developing countries not only lack the foreign exchange 
to ımport steel but m many cases are supporting 
mdigenous industries. The mereasing volume of trade 
between industrialized countries 1s caused partly by 
the need to make good shortfalls m production m 
the countries concerned, and partly by geographical 
factors, price differences and such competitive con- 
ditions as quahty, delivery and after-sales service 

Investment expenditure ın 1966 agai reached high 
levels m Canada, the United States and Japan, but in 
Europe was lower than previous years (In the United 
Kingdom, at least, the impending nationalization of 
the dustry was probably one of the factors nmhibiting 
mvestment) Investment ın Europe was usually 
devoted to modernization and short-term improve- 
ments in productivity The report concludes on the 
melancholy note that the chronic overcapacity ın the 
steel mdustry seems likely to continue for many years 
to come International efforts to avoid or even 
alleviate the effects of overcapacity have been unsuc- 
cessful Instead, dividual countries have mcreasingly 
preferred to take steps to safeguard their own iron 
and steel industries 


Aluminium from Coal 


THe British Government’s plan to sell electricity 
cheaply to aluminium smelters ın the hope of starting 
a new industry ın Britam seems not to be gomg exactly 
as Mr Wilson intended. Alcan, an aluminium company 
based ın Canada, has decided that 1t would prefer to 
buy its coal cheaply and build its own power station 
The Government’s intention was that the smelters 
should share the output of a large nuclear power 
station with the electricity boards, after paymg a 
capital sum equivalent to the amount of electricity 
the smelter would need Alcan has lent credence to 
the National Coal Board’s claim that 1t 1s stall possible 
to generate electricity more cheaply with coal than 
with nuclear power, and has at the same time given 
the electricity boards the uneasy feeling that Alcan 1s 
getting better terms than they are. Neither the coal 
board nor Alcan 1s revealing the price agreed for the 
coal, but it will be supphed in substantial amounts— 
1 million tons a year when the smelter 1s operating fully 

The Coal Board has also had discussions with another 
alummium company, Alusuisse, which announced some 
weeks ago that 1t was mterested m tendering for a 
smelter So far these seem only to have been tentative, 
and no decision has been reached But, from the 
point of view of the alummium companies, there is 
much to be said for buildmg a small power station suffi- 
cient only for their own needs This spares them the 
need to satisfy the strmgent demands of the generating 
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boards, and makes the process of running the station 
very much easier. Moreover, for a small station, coal 
is likely to be competitive, while in the larger sizes the 
arguments in favour of expensive nuclear power 
stations are compelling. 

The argument has been further complicated, perhaps 
deliberately, by the suggestion that Alcan might be 
willing to pay back to the British Government money 
it borrowed during the war to build aluminium plants 
in Canada. The sum involved is £50 million, and half 
was to be repayed in 1971, the other half in 1974. 
Repayment of this debt in dollars would be welcome 
for the beleaguered British economy. The Alcan plan 
would also be welcomed by the mining industry, which 
is eager to find new outlets for its products. The Coal 
Board says that most of the coal for the Invergordon 
smelter would come from the north-east coal field, 
and possibly some might come from Scotland. 

So far the other aluminium companies which put in 
tenders’ for smelters—Rio Tinto Zine and British 
Aluminium—are standing by their original intention 
to use nuclear stations. Meanwhile Alcan has other 
fish to fry—it is also to build a smelter in Japan, on 
the island of Hokkaido. The smelter, which will have 
a capacity of 130,000 tons (more than twice the size 
of the smelter proposed for Invergordon), is expected 
to come into full production in 1972. Production will 
‘start in 1970, and Alcan says that the Japanese market 
is expanding more quickly than any other. Although 
the 20 per cent annual expansion experienced between 

1958 and 1967 is unlikely to be maintained, a more 
modest rate of expansion—perhaps 10 per cent a year 
should still make Japan the second largest consumer 
of aluminium by 1972, after the United States. 


Causes of Death 


Tae Area Mortality volume of the Registrar General’s 
Decennial Supplement gives an analysis of deaths in 
England and Wales for the five years 1959-63. With 
the total number of deaths in the period being just 
over 2-7 million, the annual death rate per thousand 
of the population was just over 12-5 for males and just 
under 11-3 for females. Figures known as the Standard- 
ized Mortality Ratios (SMR), which are given to aid 
comparisons, express the actual number of deaths as 
a percentage of the “expected” number. Thus for the 
country as a whole the SMR is 100. 
Deaths from all causes and from the sixteen most 
widespread diseases are first analysed into ten regions 
and conurbations, and then into the nature of the area, 
whether rural or urban of varying sizes. Then follow 
analyses for hospital regions, London and county 
boroughs and finally administrative counties, which 
are split into urban and rural areas. Seventeen diseases 

which cause fewer deaths are then listed and the figures 
analysed into three categories only for region, nature 
of area and hospital region. Separate tables are given 
‘for males. and females and, as well as totals for each 
- cause of death, the figures are split into six age groups 
"under l year, 1-4, 5-14, 15-44, 45-64 and 65 and 
over. A separate table. gives infant death rates from 
seven different causes, as well as the number of still- 
rths and the live birth rates for the various areas. 
e five year period the total number of live births 
was just over 4 million, indicating an excess of births 
_ over deaths of about 1-3 million for the five years. 
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This supplement continues the series that has been 
produced by the Registrar General since 1851. It also 
continues to show that mortality was highest in the 
north-western region, as was found in the 1951 supple- 
ment. In general, rural districts had the lowest death 
rates, but density of population did not always produce 
high mortality. The SMRs for Greater London were 
below the national average for all causes, although 
those for lung cancer in the area were very high. 

The large number of geological, economic and social 
factors involved in mortality figures complicate their 
interpretation. Official comment on the Area Mortality 
supplement is therefore to be published separately. 


Patients in Hospital 


THERE was an increase in the number of patients 
discharged from British hospitals in 1964, and a de- 
crease in the average length of stay in hospital com- 
pared with 1962 and 1963. Men and boys stayed in 
hospital an average length of 18-3 days in 1964; 
women and girls (including maternity patients) aver- 
aged just under two days less (16-7 days). Between 
1962 and 1964 there was also a drop in the number of 
beds occupied per million population. These are some 
of the findings in Part 1 of the Report on Hospital 
In-Patient Enquiry for the year 1964, which has just 
been published on behalf of the Ministry of Health 
and the General Register Office (HMSO, 31s.). 

The report contains detailed tables prepared from 
the 1964 ten per cent sample of discharges and deaths 
recorded by National Health Service hospitals in 
England and Wales, except those for psychiatric, 
pre-convalescent and convalescent patients. The 
hospital in-patient enquiry has two purposes which 
are closely related—to provide administrative data for 
the hospital services in terms of diseases treated and 
of the characteristics of the patients who had these 
diseases, and to provide information which can be of 
help in assessing the amount, distribution and effect 
of illness in the community and in various sections of it. 
Hospitals collect all the information by completing 
forms for one patient in every ten on discharge or 
death. 

The tables are a mine of information. They include 
analyses by sex, age, region of residence and diagnosis, 
and by source of admission (that is, whether from a 
waiting list, immediate or other type of admission) 
and diagnosis. Many of the tables are connected 
with length of stay in hospital, and from this the 
average number of beds used daily and in relation to 
the total population has been calculated. These 
figures are shown for diagnostic group, age, sex, 
marital status, region of residence and hospital depart- 
ment (speciality) and certain combinations of these 
factors. Significant conclusions could no doubt be 
drawn from these figures and those for 1962 and 1963. 
A discussion of the tables is in fact to be published 
later in a separate commentary volume covering the 
years 1962 to 1964. 

An innovation in the tables is the singling out of the 
place where accidents happened to people admitted to 
hospital. Injuries, poisonings and the like are all 
analysed in great detail according to whether they 
were caused by road traffic accidents, accidents in the 
home, or “other” mishaps. Not surprisingly, head 
injuries (excluding skull fractures) account for the 
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highest percentage (39-9 per cent) of the 102,830 
victims of road traffic accidents who needed hospital 
treatment. Fractures of different parts of the body 
made up most of the rest of the total; burns, however, 
accounted for only 0-1 per cent of road traffic injuries. 
Poisons caused a high proportion of accidents in the 
home—33-1 per cent out of the estimated total of 
133,490 home accidents noted in the enquiry. Figures 
are given for all kinds of poisons—-even strychnine and 
belladonna are included in the results. 


Agreement Signed 


A TECHNOLOGICAL agreement between the United 
Kingdom and the USSR which has been talked of for 
some time was signed last week by the technology 
chiefs of the two countries (see Nature, 216, 1060: 
1967). The Russian delegation, which spent four days 
in London completing negotiations with the Ministry 
of Technology, was led by Academician V. A. Kirillin, 
Deputy Chairman. of the Council of Ministers and Chair- 
man of the State Committee of the Council of Ministers 
of the USSR for Science and Technology. Mr Anthony 
Wedgwood Benn, the minister, and Mr Fred Mulley. 
Minister of State at the Foreign Office, signed on behalf 
of the British Government. The agreement provides 
for investigation of topics of mutual interest to the two 
countries at all levels, and is seen as the beginning of a 
“special industrial relationship’. Mr Wedgwood Benn 
hopes that each side will “discover what is interesting, 
and pursue it”. 

The ministers, or their deputies, will meet once a 
year to review the working of the agreement, with 
reference to the progress of scientific, technological and 
economic co-operation. Joint working 
parties will determine the fields for co- 
operation and will recommend specific 
subjects for investigation in the fields of 
research, development, technology and 
organization of industry. Contacts at all 
levels will be encouraged as a means of 
turning the agreement into action. Ex- 
change visits for studies, training and 
consultation will be arranged. Facilities 
will be provided for research and practical 
experience in each country and scientific 
and technical information will be ex- 
changed. It is expeeted that licensing 
arrangements will be made to suit circum- 
stances as they arise. The agreement 
places no limit on the joint work that can 
be done, as it provides for “any form of 
co-operation in applied science and tech- 
nology as may be mutually agreed”. 

Five subjects which have been agreed, 
and are to be investigated by working 
groups, are educational technology, trans- 
port technology, materials research, in- 
formation storage, processing and retrieval 
and non-conventional methods of food 
production. The ten items under the 
heading of industrial technology in- 
clude the topics already being investi- 
gated by the Confederation of British 
Industry following the visit of a delegation 
to Russia last autumn. i 
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Viking Ships on the Move 


from Angela Croome 

Sıx years ago the Danish National Museum recovered 
the timbers of five 1,000-year-old Viking ships from 
Roskilde Fjord in an intensive and precisely caleulated 
3-month exercise which followed several years of 
underwater investigation. The ships, dated by carbon- 
14 measurements of caulking material, were known to 
be expendable hulks stripped down to essentials and 
sunk with stones across the main navigation channel 
to block access to the rich settlement at the head of the 
fjord which later became the medieval Danish capital 
of Roskilde. The fjord was shallow, so that a low coffer- 
dam was enough to enable pumping out and salvage of 
the timbers (see picture). 

By now the first ship has completed the long and 
tricky “pickling” process needed to preserve its fragile 
timbers in air, and the work of turning these back into a 
ship can begin. This will take place in a specially built 
ship museum on the banks of the Roskilde Fjord where 
the first ship to complete processing is to move this 
week. Museum staff expect reassembly of the first ship 
to be completed this year when the new museum will be 
opening to the public. After that, visitors can watch the 
other ships assembled one by one. The ship being 
moved to the museum this week is made up of 5,000 
individual pieces of wood. These have taken from 6 
months to 2 years to be ‘“rehabilitated’’—the water- 
filled gaps must be filled with ethyl-glycol so that the 
wood, saturated for a thousand years in water, will not 
shrink when exposed to air. A cycling process in solu- 
tion tanks heated to 60° C has been employed and has 
taken longer than originally expected. It may yet be 
a vear or so before the remaining ships are ready for 





The skeleton of one of the five tenth-century Viking ships emerges from the 

mud of Roskilde Fjord. When this picture was taken, in August 1962, 

the work of clearing the ships of mud and stones was two-thirds complete. 
Garden sprinklers are in use to keep the exposed wood damp. 
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reassembly. Each timber must conform to the original 

‘tracing in horizontal shape and size before reconstruc- 
tion can begin. The third dimension can be produced 
by heating but not the stretching of basic length and 
breadth. 

Each of the five ships is different. The one being 
moved for reassembly this week is a 40-ft. ocean-going 
cargo vessel such as was used by Erik the Red and his 
successors for the early Norse voyages to Greenland and 
North America—‘Vinland” as the sagas called it. This 
is a stout, decked sailing ship of pine on an oak frame 
with a heightened freeboard. Another is a classical 
“Iongship” such as chieftains used on coastal forays, 
90 ft. long and built of oak. Another is the coastal 
assault craft which is well illustrated in the Bayeux 
tapestry of the Norman Conquest of England (the 
Normans were descended from the Norsemen). The 
best preserved of the Roskilde Viking ships is an oak 
ship thought to have been used for coastal freighting in 
the Baltic. And there is a smaller boat which remains 
something of a mystery—nothing similar has been 
found in the records. It may have been used for net- 
fishing. It has neither deck nor oar-holes and is built 
of pine which at that period was unknown in Denmark. 
This suggests that it may have originated in southern 
Norway. 

` Mr Ole Crumlin-Pedersen, the naval architect who 
- has been responsible for the finds, plans to build a full- 
- size replica of the Atlantic craft with identical materials 
and a set of Viking shipwright’s tools, to see how she 
-handles at sea. He has already done this for the 
assault craft shown on the Bayeux tapestry and found 
jt quite easy to load and land horses from the foreshore 
as shown in the tapestry. 


- Pattern of Research 
from Our Special Correspondent 


Tue MRC Metabolic Reactions Research Unit in the 
Biochemistry Department at Imperial College, Lon- 
don, under Professor E. B. Chain, shows a common 


pattern of research, as a public visit on Tuesday of 


this week illustrated. The pattern has four com- 
ponents: a belief that biochemistry done on complete 
-organs or tissues is likely to yield results nearer to the 

reality of living animals than can be got from enzyme 
preparations ; exceptional resources for making and 
_ processing analyses and counts of radioactive tracers 
in a multiplicity of materials; the facilities for pilot- 
scale fermentation on which Professor Chain insisted 
~ from the start; and the personal dominance which he 
still exercises. The unit has a scientifically qualified 
staff of 15 including attached workers and the depart- 
ment some 20. Interesting and potentially promising 
use of congenital obesity in mice is being made by 
Dr ©. Chlouverakis. His most recent experiment 
shows a difference in response to insulin between 
diaphragm muscle and adipose tissue in these mice, 
and also an age effect. Muscle does not respond to 
insulin; adipose tissue in five month old animals does. 
‘By the age ofa year the second response has disappeared 
and at the same time the weight of the animals levels 
out. Recent medical evidence on maturity-onset 

< diabetes and obesity suggests that Dr Chlouverakis’s 
-research may be relevant to man. He plans next to 
look for biochemical differences associated with the 
— tissue and age effects. Mr K. R. L. Mansford and others 
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are working on the metabolism of complete hearts. 
They are interested in the partial revival of activity 
which follows the initial severe drop induced by oxygen 
deficiency. Dr H. F. Bradford, Mr K. Corbett and 
Dr S. P. R. Rose have gone some way towards estab- 
lishing that the brain of the snail, which has cells 
at least ten times larger than the human brain, can 
be used as a simplified model from which a biochemical 
picture of the working of brains, including the inter- 
relation of neurones and glia, may be in time built up. 
Other research, at an early stage, follows the demon- 
stration by Dr P. Mantle in the department that 
agroclavin (closely related to the ergot alkaloids and 
in particular to LSD) has a central and specifie inhibi- 
tory effect on lactation. Because agroclavin is much 
less toxic than LSD, study of the mechanisms by 
which it produces central effects, some of which appear 
to be shared by LSD, may give some helpful leads on 
the latter. This research should be worth doing in 
any case because of the side effects of agroclavin 
that may be brought to light. There is also supporting 
development work on automated instrumentation and 
data processing applied to biochemical methods of 
analysis and separation. Because of the opportunities 
that the unit and department together provide, there 
will be a case (in better times) for more senior posts 
in the department. 


Applying to See Stars 


Tue Science Research Council has set up & panel, 
chaired by the Astronomer Royal, to allocate time on 
the three large telescopes which it will eventually be 
supporting. These are the 74-inch reflector at Pretoria, 
leased from the Radcliffe Trustees for seven years from 
1967, the 98-inch Isaac Newton telescope at Herst- 
monceux, now undergoing commissioning trials, and 
the projected Anglo-Australian 150-inch reflector at 
Siding Spring in New South Wales, half of the observing 
time on which will be available to United Kingdom 
astronomers. Observing time at the Radcliffe Observa- 
tory will be shared between the present staff, the Royal 
Greenwich and Cape Observatories and United King- 
dom astronomers in general. 

Astronomers based in the United Kingdom who 
wish to use the telescopes are asked to apply to the 
Secretary of the Panel, Dr A. Hunter, whose address 
is the Royal Greenwich Observatory, Herstmonceux 
Castle, Hailsham, Sussex. The panel’s duty is to 
consider applications on their scientific merits and to 
allocate time to individual users in accordance with 
SRC policy. Applications to use the Radcliffe reflector 
should be made one year in advance, and to use the 
Isaac Newton telescope six months in advance. 

The panel itself disposes only of time, not of money; 
applications for grant support should therefore be 
made in parallel to the Science Research Council. 


Cousin, not Cousine 


Cousty IsLAND is a small island of 67 acres (not to be 
confused with a neighbouring island, Cousine) in the 
Seychelles, about 800 miles north-east of Aldabra 
Island, which is shortly to be bought and turned into 
a nature reserve. That, at least, is the hope. For 
seven years the International Council for Bird Preserva- 
tion has been bargaining to buy the island and now @ 
firm offer for the island has been accepted. With the 
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help of the British national appeal of the World Wildlife 
Fund, it: is hoped that at least £50,000 will be raised 
to cover the purchase, to maintain the island as a nature 
reserve and set up a permanent research study centre. 

The Seychelles are important because of the large 
numbers of endemic land birds they support; the fact 
that the Seychelles are an archipelago has probably 
had something to do with this. In the early eighteenth 
century, when the islands were first colonized, there 
were about a dozen endemic species on most of them. 
As the human settlements became larger ard the islands 
more cultivated, the birds became rarer. Last century, 
at least three and possibly four of the species became 
extinct, and today the remaining endemic species are 
to be found on only one or two of the islands. The 
felling of trees and the introduction of rodents and cats 
by man are thought to have led to the disappearance 
and restriction in range of these birds. 

Cousin Island is still fairly well stocked with endemics 
and from all accounts it would be ideal as a sanctuary 
and as a centre for studying the whole archipelago. 
Unfortunately, pigs are being allowed to run wild in 
the scrub of the north-eastern plateau with disastrous 
results for the bird population. It is beeoming more 
urgent than ever, therefore, to buy the island for con- 
servation, so that control can be kept over the vegeta- 
tion and the introduced animals. 


on: 
nom macn oom Ta 






an 3 
ms on 
3 
v 
a 
wert 
ae a 
a 
E kA Roche Canon 
f a 
& 
ay 
ee 
& 
W 
Ne 
S < 3 
te ANSE {v 
% FREGATE a 
hen, ? 
ty 
“w ka 7 
A tua got 


Cousin Island (Crown copyright). 


It seems to be agreed that Cousin is particularly 
important because it is the only remaining home of 
the brush warbler (Nesillas (Bebrornis) sechellanis), 
of which only 50 are left. The bird breeds in dense 
cover, especially over the marshy area in the south- 
west of the island. The turtle dove, Streptcpelia pictur- 
ata rostrata, is also unique to Cousin. This endemic 
subspecies has been, swamped in the other islands by 
interbreeding with an introduced form, S.p. picturata, 
from Madagascar. On Cousin, however, the endemic 
characters are retained to a great extent. The island 
is also one of the three remaining places where the 
Seychelles fody or toq toq (Foudia seckellarum) is 
found, and it also the only breeding place in the Indian 
Ocean of the rare lesser noddy (Anous t. tenuirostris), 
which otherwise breeds only on a smal group off 
Western Australia. Apart from these rare birds, there 
are large colonies of the fairy tern (Anous alba monte), 
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shearwaters and nesting tropicbirds ` {Phaethon 1. 
lepturus). ones aU 

There are also some giant tortoises introduced to the 
island by a previous owner. These are a different 
shape from those on Aldabra. Unfortunately the 
young were removed a long time ago as pets so that 
today only six adults remain. Apparently each tortoise 
has to be bought individually along with the island: it 
is anyone’s guess how much each will fetch. 





| 
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In accordance with the advice of the Royal Society 
Conference of Editors that scientific journals should 
adopt the SI system of units (Nature, 216, 1272; 
1967), Nature will be using the recommended 
| Symbols. This means that some of our abbrevia- 
| tions will be changed, as shown in the table. This | 
| will apply to all communications now accepted for 
publication. 


| Symbols previously 





Symbols to be 





In the article referred to above, giga was shown 
as 10° and not 10°. 
| 101325 N m. 


| used in Nature adopted | 
| sec 8 
| amp A ! 
| candela ed 

steradian sr 

| coulomb C | 
| farad F 

| lumen Im 

! lux lx 

| cycles/sec Hz 

| parsec pe 

| c. (curie) Ci 

| 

l 


One atmosphere should be 





Parliament in Britain 


Forestry 

Mr Hay, joint Parliamentary Secretary at the Ministry 
of Agriculture, Fisheries and Food, gave the acres 
planted by the Forestry Commission in England, 
Scotland and Wales in each of the ten years 1958- 
1967. In 1967, of the 52,500 acres planted, 11,200 were 
in England, 34,500 in Scotland and 6,800 in Wales. 
Now planting in Scotland was planned to increase to 
50,000 acres a year by 1976. The planting programmes 
for England and Wales were under review. (Written 
answer, January 17.) 


School Leavers 

Tue Secretary of State for Education and Science, 
Mr P. Gordon Walker, stated that of school leavers in 
1965-66, 5-5 per cent went into universities, 3-1 per 
cent to colleges of education, 1-1 per cent to full-time 
(and sandwich) degree and HN D/HNC courses in 
further education establishments and 8-1 per cent to 
other full-time and sandwich courses at further educa- 
tion establishments, most of the latter courses being 
non-advanced. Between 50 and 55 per cent. of boys 
and girls were expected to remain at school voluntarily 
in 1969-70 for a full year beyond the minimum statu- 
tory school-leaving age. (Written answer, January 17.) 
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More Moon Pictures 


Pictures taken by the last of the United States Surveyor 
series of space flights have now been published. The space- 
craft landed successfully 30 kilometres north of the crater 
Tycho, and the picture above shows a wide angle view of a 
cluster of rocks near the craft's landing site. The horizon 
to the north-east of the vehicle is formed by a ridge charac- 
teristic of the topography of the region, which is in the 
Lunar Highlands. The picture on the left shows rocky 
fragments in the highlands, and the centre of the picture 
ig about 5 metres from the craft's television cameras. 
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NEWS AND VIEWS | 


No Smoking Licence 


THERE may after all be some justification for the 
claim sometimes made by smokers that indulgence in 
this habit can provide a feeling of wellbeing and 
increase efficiency. On page 331 Drs Armitage, Hall 
and Morrison discuss the pharmacological basis for 
the tobacco smoking habit, and show that, in rats and 
cats at least, the nicotine in tobacco smoke can have 
these effects. Small injections of nicotine, in roughly 
the same dose as the amount taken in by a smoker 
smoking two cigarettes and inhaling deeply, made 
thirsty rats, trained to press a lever to obtain water, 
press the lever more frequently. The effects on the 
electroencephalogram showed that the activity of the 
cortex of the cat’s brain was increased by a similar 
dose of nicotine. At the same time there was also an 
increase in the amount of acetylcholine produced by 
the cortex. These are both effects which characterize 
the normal physiological response of arousal; when 
animals, including people, rouse themselves from a 
state of decreasing consciousness, cortical activity 
increases and so does the output of acetylcholine from 
the brain. As Dr Armitage and his colleagues point 
out, it looks as though nicotine acts on the central 
nervous system, at least in small doses, by supplement- 
ing this normal arousal response and not by some 
effect peculiar to itself. 

Larger doses of nicotine do not necessarily have the 
same effects and it would be tempting to connect the 
seemingly pleasant effects of small doses of nicotine 
with the finding reported by Professor A. H. Beckett 
(Nature, 216, 587; 1967) that habitual smokers excrete 
less nicotine in their urine than non-smokers given the 
same dose of the drug; the smokers were metabolizing 
the nicotine to a greater extent than the non-smokers. 
It is of course impossible to say whether this has any 
connexion with the fact that it is small doses of nicotine 
which seem to give smokers their pleasure. There is no 
evidence that, like humans, cats or rats increase their 
capacity to metabolize nicotine after prolonged intake 
of the drug. l 

It would also be careless to say that these latest 
data indicate that smoking is at all a good thing. 
Nicotine is toxic in large doses; chronic poisoning, 
which usually arises from continued excessive smoking, 
can cause irritation of the respiratory tract, digestive 
and nutritional disturbances, narrowing of the blood 
vessels and increase in blood pressure. The carcinogenic 
effects of cigarette smoking are, of course, well docu- 
mented by now. So, too, are the other ill effects of 
the habit of smoking cigarettes and even the other 
devices in common use for the production of tobacco 


smoke. The incidence of various heart ailments, for 


example, is known to be increased by smoking. What- 
ever the beneficial associations of nicotine, there is no 
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question that it is best left alone. If that, however, 
is agreed, there may be great interest in what seems 
to be the rudiments of an explanation of why nicotine 
has such a hold on people. 


Atomic Oxygen High Up 
from our Upper Atmosphere Correspondent 


Most information on the neutral atmosphere of the 


Earth at heights above 150 km has been obtained from 


the analysis of the rate of change of the orbital period 
of satellites. This technique can only provide values 
of air density, however, and other atmospheric prop- 
erties have to be inferred by fitting a theoretical model 
to the density data. Current atmospheric models are 
constructed by assuming a fixed composition at a 
height of 120 km, which is taken as the lower boundary, 
and then adjusting the temperature profile to make the 
model densities agree with observational values. The 
densities derived from satellite drag analysis can be 
reproduced by a wide range of boundary conditions 
and temperature profiles; it is for this reason that 
reliable composition measurements are required at 
heights near 120 km and that a recent review of mass 
spectrometer measurements of atomic oxygen in the 
upper atmosphere by von Zahn (J. Geophys. Res., 2, 
5933; 1967) is of interest. 

In current models of the upper atmosphere, the ratio 
of atomic to molecular oxygen at the lower boundary 
is assumed to be close to unity, which is near the mean 
of all mass spectrometer measurements. Von Zahn 
argues that measured argon concentrations imply a 
turbopause height of about 105 km and an eddy 
diffusion coefficient of 1x108 em?/sec; these values 
suggest that the atomic to molecular oxygen ratio is 
about 4 at 120km. The measurement of a non-reactive 
species such as argon is much simpler than the measure- 
ment of atomic oxygen and more likely to be correct. 
It has been known for some time (J. Geophys. Res., 
71, 4121; 1967) that there is severe loss and not merely 
recombination of atomic oxygen in “closed” ion 
source gauges. The use of “open” ion sources reduces 
the effect, but does not eliminate it. An indication 
that atomic oxygen measurements are too low can be 
inferred from the appearance during flight of a mass 
44 peak, which follows closely the mass 16 peak. On 
the basis of laboratory calibration, only a negligible 
mass 44 peak would be expected and von Zahn con. 
cludes that it is produced in flight by atomic oxygen 
and can possibly be identified as N,O or CO,. 

The existence of loss processes seems well established 
and, until they are better understood, measurements 
of atomic oxygen by rocket-borne mass spectrometers 
should be regarded as a lower limit. Densities measured 
by instruments aboard the aeronomy satellite Explorer 
17 have been found to be systematically lower than 
those derived from drag studies. Since the same loss 
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processes can also affect pressure gauges, this latest 
mformation remforces the arguments already put 
forward (Smuthsoman Astrophys Obs Spec Rpt., 
217, 1966, Phil Trans Roy Soc , A262, 172, 1967) to 
explain this discrepancy ın terms of errors in gauge 
calibration 


Ends in Common 
from our Cell Biology Correspondent 


THE base sequence of the last eleven nucleotides at 
the 3’-OH termmı of the RNA from the closely related 
bacteriophages f2 and MS2 1s GpUpUpApCpCpApCp- 
CpCpA Weith and Gulham first reported this sequence 
for f2 RNA last October ın the Journal of the American 
Chemical Socrety (89 21, 5473, 1967), and deWachter 
and Fiers have now reported the same sequence for 
MS2 RNA (J Mol Bool, 30, 507, 1967) The two 
groups worked mdependently, and used quite different 
methods DeWachter and Fiers used a fairly orthodox 
approach, whereas Weith and Gilham adapted the 
periodate oxidation and base catalysed 8 ehmmation 
technique of Neu and Heppel (1964), and used columns 
of amino-ethylcellulose to absorb the 3’ terminal frag- 
ment (Lee and Gilham, 1966) 

The outstandmg feature of these 3’ termmal se- 
quences ıs the termmal triplet CpCpA It 1s well known 
that all transfer RNAs end with this triplet, and so 
does tobacco mosaic virus RNA (Stemschneider and 
Frankel-Conrat, 1966) The 3’ termmal triplet of 
ribosomal 5S RNA from Æ cols, however, 13 CpApU 
(Brownlee, Sanger and Barrell, Nature, 215, 735, 1967) 
and according to Lee and Gilham (1966) the 3’ termini 
of the majority of the ribosomal RNA from wheat 
germ ribosomes are GpU, GpG, ApA or ApC It 
is hard to believe that ıt ıs merely a comceidence that 
all the ‘RNAs and three viral RNAs that act as mes- 
sengers terminate m CpCpA, and if it is not a co- 
medence, then the CpCpA triplet must serve some 
function DeWachter and Fiers speculate about this 

They suggest the CpCpA triplet may be a device to 
protect the phage RNA chams from degradation by 
exonucleases m the cell, perhaps m the cell the 
CpCpA triplet acts ın the same way as 1t does in transfer 
RNA and receives an amino acyl group on its 3’ OH 
end But ıt 1s clear from the work of deWachter and 
Fiers and that of Sugiyama (1965) that the phage 
RNA extracted from mtact particles does not have an 
ammo acy] group attached If such a group exists, 1t 
must be cleaved from the RNA before 1t 1s encapsulated 
It would be of great interest to Inow whether the 
CpCpA triplet of f2 and MS2 RNA ıs subject to 
metabolic turnover as 1s the CpCpA of transfer RNA 
and whether or not mRNAs other than phage genomes 
termmate ın CpCpA DeWachter and Fiers further 
suggest that, 1f the CpCpA ıs not involved m protection 
from enzyme degradation, 1t may be part of a signal 
to DNA-dependent RNA polymerase to stop transerip- 
tion, m which case viral RNA could be an escaped 
mRNA which has evolved mto a bacteriophage but 
retamed this signal 

The other outstandmg feature of the termmal 
sequence 1s the absence of an ochre, amber or UGA 
cham termmating codon If, as genetic evidence 
suggests, UAA (ochre) 1s the normal cham termmating 
codon, 1b 18 perhaps surprising that this codon does not 
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occur at all close to the 3’ termmus In f2 and MS2 
the ochre codon must be at least eleven bases m from 
the 3’ termmus, and quite clearly the termmal sequence 
cannot be involved in polypeptide synthesis 


Inherited Neurological Disease 
from a Biochemistry Correspondent 


BrocHEmicaL pathways m bacteria have been estab- 
lished by the study of mutant organisms ın which a 
particular enzyme 1s missmg In the same way, 1b 1s 
often possible to learn much about normal human 
metabolism from mvestigations of human bemgs who 
lack some of the active enzymes present ın the normal 
human One of these “mborn errors of metabolism?” 
causes a neurological disease known as heredopathia 
atactica polyneuritiformis or Refsum’s disease 

In 1963, more than twenty years after Refsum first 
described this inherited condition, Klenk and Kahlke 
showed that the chief biochemical abnormality m 
these patients was the presence of comparatively large 
quantities of phytanmic acid (3,7,11,15-tetramethyl- 
hexadecanoie acid) in the blood The phytanie acid 
accumulates as a result of the partial breakdown of 
phytols fram vegetable substances m the diet A diet 
with no vegetables, frut, butter or meat-fat reduced 
the serum phytamic acid ın two patients who had both 
been ul for 18 years, but only after they had been on 
the restricted diet for sıx months (L Eldjarn, K 
Try, O Stokke, A W Munthe-Kaas, S Refsum, D 
Stemberg, J Avigan and C Mize, Lancet, 1, 691, 1966) 
The neurological symptoms of one patient seemed to 
ımprove as the phytanıc acıd level fell, but the other 
patient was too psychotic for neurological changes 
to be assessed 

Animal metabolism normally breaks down phytamıc 
acid by first oxidizmg the carboxyl group to form 
pristanıc acid (2,6,10,14-tetramethylpentadecanoic acid) 
which 1s then broken down completely by the normal 
B-oxidative pathway for the degradation of fatty acids 
The mutial oxidation 1s known as an a-oxidation, and 
the most recent observations on Refsum’s disease 
suggest that the enzyme for this reaction 1s present n 
normal humans but 1s missing m patients with the 
disease Stemberg and his colleagues (Sczence, 156, 
1740, 1967) showed that there was practically no 
production of labelled carbon dioxide when uniformly 
labelled phytanic acid was given to two patients, 
while normal human volunteers readily produced 
labelled carbon dioxide from phytanic acid Tissue 
cultures of the patients’ skin produced labelled carbon 
dioxide from pristanic acid as readily as tissue culture 
preparations from normal people, but did not oxidize 
phytanic acid to form labelled carbon dioxide The 
authors suggest that since a-oxidation of fatty acids has 
only been identified ın nervous tissues m animals, de- 
ficiency of this enzyme may adversely affect nerve 
metabolism and the phytanic acid accumulation 18 a 
secondary effect which does not cause the symptoms 

Because Karlsson, Norrby and Samuelsson (Biochim 
Biophys Acta, 144, 162, 1967) have now described a 
rapid and rehable method of identification of phytame 
acid m the serum triglycerides by thin-layer chromato- 
graphy, this test should be given to the blood of all 
patients with neurological symptoms whose origin 
is m doubt If restrictions on the vegetable mtake 
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of these patients do not reduce their symptoms, this 
would suggest that a-oxidation must be of great mpor- 
tance im, nervous tissue, and deserves further investiga- 
tion 


Staphylococcal Responses to Hormones 


from our Microbiology Correspondent 


AN aspect of animal pathology which appears to 
deserve more mtensive mvestigation 1s the effect of 
endocrine secretions on microbial pathogens It has 
been suggested that hormonal action may be mportant 
m the regulation of toxm and antigen production by 
staphylococci, and evidence exists that reactivation of 
latent mfections can be affected by hormones How do 
microbial infections mterfere with the normal func- 
tionmg of the endocrme system ? What eifects, both 
primary and secondary, do such hormones have on the 
course of a microbial mfection ? Answers to some of 
these questions have been provided recently by Dr 
Wuham Yotis, who has exammed the in vwo and in 
vitro response of certam bacteria to synthetic progestins 
and oestrogens (J Bact, 94, 1353, 1967) The pro- 
gestational contraceptive norethindrone was studied 
most fully m this context, but with the ever mcreasing 
use of this form of contraception the results are of wider 
relevance 

The growth of Staphylococcus aureus was mhibited 
significantly ın viro when cultured anaerobically mn 
the presence of 10-50 ug norethindrone per milhhtre 
The hormone caused a protraction of the lag phase and 
reduced the maximum population obtamed, these 
effects were severely lessened m the presence of oxygen 
In a developmg furuncle, however, anaerobic condi- 
tions will arise rapidly and the maximal bacteriostatic 
effect of norethmdrone, therefore, might be anticipated 
ın vwo The synthetic oestrogen mestranol exerted an 
insignificant effect on the staphylococci, but its com- 
bmed action with norethindrone was synergistic 
Although this potentiated activity was not realized 
with other androgens and oestrogens such as testo- 
sterone 17a-oestradiol and 178-oestradiol, progesterone 
showed an additive bacteriostatic effect m the presence 
of norethindrone In contrast to its effect on Gram 
positive cocor, norethindrone did not mbhibit the 
growth of the Gram negative enterobacteria screened 
This selective action may be due to differential perme- 
ability phenomena, or to transformation of the hor- 
mone Bacteria are well known to transform steroids, 
and the mability of norethindrone to mhibit staphy- 
lococe: after about 8 h of meubation may be related 
to such a detoxication mechanism 

The zn vivo activity of norethmdrone was tested by 
intradermal challenge of adult female rabbits with 
S aureus Prior treatment of the rabbits with the pro- 
gestin produced a marked retardation of lesion develop- 
ment, but once a staphylococcal mfection had become 
established norethmdrone was without therapeutic 
action The prophylactic action, on the other hand, was 
effective for as long as 6 weeks after infection Precise 
definition of the bacteriostatic effect of nozethmdrone 
and other hormones zn vwo cannot yet be made, but 
certainly a, complex interaction of factors 1s mvolved 
Considerable evidence now exists Imkmg the suppres- 
sion of sebaceous gland activity by hormone admmis- 
tration with an improvement in acne vulgaris, while 
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stimulation of connective tissue development 1s another 
hkely factor m lmitmg or suppressmg furunculosis 
Further analyses of the norethmdrone effect could be 
important to our understanding of the course of bac- 
terial nfections m animals while also providing a useful 
system for assessing the microbiological properties of 
oral contraceptives 


Classifying Algae 
from a Correspondent 


An International Symposium, “Algae, Man and the 
Environment”, sponsored by Syracuse University and 
the New York State Science and Technology Founda- 
tion, was held at the Sagamore Conference Center and 
mam campus of Syracuse University, New York, m 
June last year An mternational group of biologists 
who study freshwater algae and engineers who study 
waste disposal and pollution were able to discuss each 
other’s research and to consider the problems of con- 
trolling the growth of algae in a variety of situations 

One of the informal discussions was devoted to the 
classification of blue-green algae and the designation 
and. preservation of algal cultures A meeting under 
DrR A Opperman decided that though, hke bacteria, 
blue-green algae are prokaryotic, their classification 
should contmue to conform to the International Rules 
of Botanical Nomenclature This means that names 
should be accompanied by formal descriptions, with 
good illustrations of normal form and range, and that 
reference material should be preserved ın herbaria As 
additional mformation becomes available about bio- 
chemistry, physiology, fine structure, virus sus- 
ceptibility or the composition of the DNA, this should 
be meorporated mto the description, and used to 
improve the classification 

The problem of borderline organisms, more or less 
intermediate between blue-green algae and ordmary 
bacteria, 18 unresolved, and further detailed study is 
needed For practical reasons it seems simplest and 
best (at least for the present) to consider those organ- 
isms which most closely resemble blue-green algae m 
form—f not ın pigmentation—as apochlorotic algae, 
and to consider flexibacteria, along with myxobacteria 
and the hke, as organisms whose classification should 
conform to the International Code of Nomenclature of 
Bacteria 

Cultures of algae provide valuable mformation about 
the potential range of form which clones may exhibit, 
and physiological, biochemical and cytological charac- 
teristics are best obtamed from umalgal or axenic 
cultures It was therefore decided that critical experi- 
ments should be carried out on designated clones The 
date and source of isolation of strams or clones, accom- 
pamed by illustrations, should be meluded im the first 
full length pubhcations which report their use 

Numerical designation of strams and clones has 
hitherto been unsystematic and confusmg The meet- 
ing suggested a unified system which would necessitate 
a single world register of algal cultures, and 1s to 
prepare formal proposals for pubhcation and, it 18 
hoped, adoption at a forthcoming congress 

Many clones of algae are mamtaimed by seral transfer 
in. public and private culture collections, where spon- 
taneous mutations may arise and accumulate as sources 
of variation Cells which have been frozen and main- 
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tamed at the temperature of hquid nitrogen are now 
believed to be stable, more or less indefinitely, so that 
viable cultures preserved ın this way are preferable m 
the interests of reproducibility The meetmg recom- 
mended that rehable methods for the cryogenic 
preservation of algae be developed and adopted as 
soon as they are available 


New Ways in the Infrared 


from our Molecular Biology Correspondent 


Tux study of protem conformations m solution has in 
recent years become harder Except perhaps for 
protems containing a high proportion of a-helix, mter- 
pretation of optical rotatory dispersion and circular 
dichroism has become increasingly complicated, chiefly 
because of the discovery that various side chains can 
contribute sizable Cotton effects of thar own This 
uncertainty has made the development of other 
methods of observing polypeptide cham conformation 
and its changes mereasingly desirable The recent 
resurgence of infrared spectroscopy of aqueous solu- 
tions 1s therefore to be welcomed and, as will be seen, 
1t has already produced some promising results 

The new work ıs by Susi, Timasheff and Stevens 
(J Biol Chem , 242, 5460, 1967), who have looked at 
the mfrared spectra, primarily m D,O solution, of 
several synthetic polypeptides and protems It 1s 
already well known that the so-called amide I fre- 
quency of the polypeptide cham ıs conformation- 
sensitive, and that the formation of a pleated-sheet (8) 
structure causes a considerable shift to lower frequency 
A less familiar observation, which was recently reported 
by the same group of workers, is the distmet, though 
smaller, shift which occurs when the cham enters the 
a-hehical conformation Thus, ıt 1s shown that poly-L- 
lysme m D,O solution can exhibit an amide I band at 
1,635, 1,645 or 1,611 cm, depending on whether 1 1s m 
the random, the a-helical, or the antiparallel pleated- 
sheet state In the latter form there 1s also a characteris- 
tic weak component, due to another vibrational mode, 
at 1,680 cm! (In H,O solution there are corresponding, 
though displaced, frequencies, but experimental diff- 
culties generated by the high absorption of the solvent 
ın this range are prohibitive) These band positions 
may vary somewhat from molecule to molecule, and 
will depend, for example, on the strength of hydrogen 
bondmg In protems then a certam spread of frequen- 
cies 18 found for each conformation, but this does not 
appear to be sufficient to cause any serious ambiguity 

In a second article Timasheff et al (J Biol Chem , 
242, 5467, 1967) survey a large number of protems In 
the majority of cases the peak of the amide I band hes 
either at about 1,650 or near 1,637 cm! The first of 
these groups comprises those proteins known to have a 
substantial proportion of a-helical structure—as myo- 
globm and lysozyme, for example The second con- 
sists of protems known or thought to contain httle 
a-heheal, or other regular, structure In almost all 
cases, however, promment shoulders are observed 
which reveal the amide I band to be complex Thus in 
lysozyme, the mflexion at 1,632 cm~ must reflect the 
f-structure known to be present, and m many cases 
shoulders at 1,685 cm also mdicate the presence of 
antiparallel -forms Indeed, im all cases for which 
crystallographic data are available, the conformation 1s 
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qualitatively matched by the distribution of amide I 
frequencies In a few mstances partial resolution of 
components of the band maximum is observed 

Some striking effects engendered by denaturation are 
shown Insulin, for example, has been converted into 
three different denatured states m methanol solution, 
the position of the band-peak 1s unchanged, thus 
showing that the a-helica] structure persists, m alkalme 
solution 1t shifts to a position characteristic of a ran- 
dom coil, and on heatmg at low pH antiparallel §-sheets 
appear These effects are paralleled by changes ın the 
ultraviolet Cotton effects Agam, f-lactoglobulmn im the 
native state evidently contams a large proportion of 
£-structure, addition of methanol leads to denaturation. 
with progressive formation of a-hehx, though a different 
f-structure, associated with aggregation, also appears. 
Aga the transition follows optical rotatory dispersion 
changes The utility of this approach ıs obvious 16 
will assuredly find wider use 


Algae on Film 


by our own Correspondent 


“Micro-aLGaz—a Study of Movement and Multiplica- 
tion” 1s the title of a film shown to the Linnean Society 
ata meeting on January 18 The film, which 1s mtended 
primarily as a teaching aid, was made by Dr P E 
Brandham of the Royal Botanic Gardens, Kew 

The film is silent, with explanatory captions, and 
in the twenty-five mmutes for which ıt runs shows some 
very active fresh water algae Dr Brandham mmi- 
mized vibration, usually a big problem m cme-muicro- 
photography, by standing the microscope on a rubber 
pad and a sprung base plate For the slower movers 
and for showing cell division, time lapse photography 
was used, with apparent accelerations of from 30 to 
3,840 times 

First, flagellar action is shown in a dinoflagellate, 
Ceratvum, and m two euglenoid and three volvocacean 
genera Dark field microscopy shows the flagella 
particularly clearly, and ın the water around Volvos 
small particles can be seen moving as a result of 
flagellar action Phacus 1s seen moving by its charac- 
teristic roling motion, and lookmg like a sting ray 
domg contortions Euglena gives a perfect display of 
euglenoid movement 

Trme lapse photography makes ıt possible to see 
blue-green algae, cluding Anabaena, ghdmg around, 
and, among the Chlorophyta, the very slow movement 
which brings filaments of Spirogyra together for con- 
Jugation can be seen Diatoms are shown shunting to 
and fro—the ease with which they can change direction. 
1s clearly seen The desmid Closterzwm acerosum 
moves by a form of jet propulsion, by secreting mucilage 
from one end of 1ts thin body, lıke toothpaste from a 
tube The mucilage hardens and Clostervwm 1s pushed 
forward There are also some fine time lapse pictures 
of cell division ın several genera, meludmg colonial 
algae and desmids 


Crystalline Ribosomes 
from our Cell Biology Correspondent 


THE spatial organization of RNA and proteins in 
ribosomes will remam unknown until somebody man- 
ages to produce crystallme ribosomes which can be 
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analysed by X-ray crystallography Techniques other 
than crystallography, such as electron microscopy, dye 
bindmg and. spectroscopy, can of course be made to 
yield limited mformation about the structure of ribo- 
somes Cotter, McPhie and Gratzer (Nature. 216, 864, 
1967), for example, recently proposed a plausble model 
of mbosome structure based on spectroscopic studies 
Ther data mdicate that the outer surface of yeast 
ribosomes 18 predommantly RNA and from this they 
suggested what might be called a hedgehog model of 
ribosome structure, with the RNA loopmg out on to 
the surface of the particle and with the protem in the 
centre But, because the experimental data are so 
limited, such models can never be more than sensible 
speculation 

What are the possible sources of crystalline ribo- 
somes? The discovery m 1966 by Byers, working at 
Harvard University, that hypothermia ın vwo mduces 
the formation of crystallme sheets of mbosomes m 
chick embryo cells, caused great excitement because it 
raised the possibihty that enough erystallme mbosomes 
could be isolated from these cells to allow crystallo- 
graphic analysis Alternatively these rbosomes might 
be crystalhzed wm vtro Unfortunately both these 
approaches have so far failed The ribosome crystals 
which Byers has isolated from cells are too small for 
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crystallographic work, and lus attempts to produce 
large mbosome crystals ın vitro have not yet been 
successful 

Crystalline ribosomes-—in this case helices of ribo- 
somes—also occur in the cysts of the amoebae Ent- 
amoeba wwadens Onginally these helical structures 
were called chromatoid bodies, but since Barker’s work 
m 1963 ıt has been suspected that they are crystalline 
ribosomes In the current Journal of Cell Biology (86, 
45, 1968), Morgan, Slayter and Weller report experi- 
ments which firmly establish this, but 1t 18 disappomting 
that they have failed to isolate intact ribosome crystals 
Morgan et al find that the mbosomes extracted from 
cysts of Entamoeba under various ionic conditions 
are dimers, monomers, or 50 S and 30 S sub-units, 
but never crystals They calculate from the yield of 
monomer ribosomes that the chromatoid bodies must 
be dissociated mto monomer ribosomes during the 
extraction Ruibosome crystals can only be extracted 
after fixation of the cysts, and after fixation of this sort 
the crystals cannot be dissociated mto monomer 
ribosomes The fixation must irreversibly cross hnk 
and denature the ribosomes Thus although Entamoeba 
and chick embryonic cell ribosomes crystallize an vwo, 
neither material looks like providing a source of crystal- 
line ribosomes for X-ray crystallography 


EMBO’s Plan for a Laboratory 


This week at Geneva there has been a meeting of the council of 
the European Molecular Biology Organization (EMBO) and repre- 
sentatives of several European governments to discuss the long-term 


support of EMBO’s activities 


The most controversial part of these 


proposals ts that there should be a European laboratory for molecular 
biology, some countries—France, for example—have come out 
openly in favour of the laboratory, but others are known to be only 


lukewarm towards it 


The following is an extract from the docu- 


ments prepared by the EMBO council tn support of the case for a 


laboratory. 


MOLECULAR biology 1s a science rich with promise for the 
fature, with applications to medicme, public health, 
agriculture and industry Europe, m its own interests, 
should play 1ts full part in the development cf this field 
The idea that we Europeans might rely on advances at a 
fundamental level made elsewhere and lm our own 
efforts to application of these ıs unrealistic and would be 
a false economy Effective and competitive applications 
presuppose a wide base of fundamental knowledge and 
understanding In this interdisciplinary field the develop- 
ment of local laboratories and centres in the individual 
countries 1s not enough The establishment of a central 
laboratory ın Europe, of a size and scope beyond the 
present human resources of any single courtry, would 
have an ummense effect, not only because of 1ts direct 
contributions to basic knowledge, but also because of its 
influence on the local laboratories It would place 
European molecular biology in a unique position relative 
to any other country 

A central laboratory would provide a number of services 
to the European biological community at large, such as 
pioneering in the field of high powered instrumentation, 
the production on a large scale of rare materials such as 
enzymes and organelles, the mamtenance of pure strains 
of experimental organisms and the sponsoring of special 


courses and conferences In this respect, a single labora- 
tory would in the long run be a source of economy by 
eliminating useless duplication (since ıt would avoid domg 
the same thing over and over in different places) Also 
in the balance ıt would be a source of far more trained 
biologists than ıt would absorb 

We propose a laboratory with an eventual staff of about 
150 scientists and engineers (of whom about 20 would be 
of senor grade and have tenure), 60 visiting scientists, 
40 postdoctoral fellows, and 310 technicians and other non- 
scientific staff Its estimated that such a laboratory would 
cost between 8 and 9 million dollars a year to run 

The council’s argument starts from the view that the 
promise of molecular biology 18 far from exhausted with the 
working out of the genetic code and the determination of 
the structures of four enzymes On the contrary, “this 
approach to the study of wing organisms 8 still in ats 
infancy” 

First of all, many of the apparently simple processes 
taking place in hving cells are in fact of great complexity 
and are understood only ın the barest outline, or not at 
all, at the molecular level Thus we know the three- 
dimensional structure of a few protem molecules, for 
example, haemoglobin, but not how it expresses itself 
in the complex functioning of the molecule, we know in 
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great detail the double-stranded structure of DNA, but 
still very little of the forces involved in the dynamics of 
its replication The genetic code is indeed understood, 
as 1s the general scheme for its expression in the synthesis 
of proteins, but the actual mechanics of the assembly of 
the proteins being coded for 1s largely uncharted territory, 
taking place as 1t does through the mtermediary of 
the ribosome, a cellular particle of very great complexity 
probably consisting of at least 20 different kinds of protem 
molecule as well as of nucleic acid molecules of unknown 
function, about the structure of this complex assembly, 
let alone 1ts mode of functioning, we know virtually 
nothng At present our knowledge of these processes 1s 
for the most part purely descriptive and phenomenological, 
it 1s easy to draw diagrams with molecules and intracellular 
particles represented formally by shapes hke cottage 
loaves or twisted hairpins, and with processes shown as 
ingenious flowsheets full of arrows and feed-back loops, 
but 16 ıs quite another thing to relate these models to an 
actual physical process or a molecular structure 

When it comes to more complicated systems we are 
even more in the dark As human beings our pnmary 
interest lies in the functioning of complex organisms like 
ourselves and the plants and animals on which we depend 
—that ıs to say, of organisms characterized by highly 
differentiated tissues and by the possession of sophisticated 
inter-cellular organization Systems of this kind, although 
they transcend the cellular level of complexity, will 
demand for their understanding the same kind of thinking 
and the same experimental approach which has been so 
successful at the lower level After all, living beings are 
all constructed of the same basic ingredients, and the 
same principles are at work in the behaviour of the most 
complex as those governing the functioning of the simplest 

As Europeans we believe that Europe, in its own 
mterests, has a particular responsibility to take part m 
this activity on a regional basis Many of the key 
discoveries which triggered these developments were made 
in European laboratories Today, the initiative has to a 
substantial extent passed to America, where the very 
large resources available for scientific research have been 
hberally and wisely apphed ın this field The intellectual 
capital of Europe 1s not being exploited to the full on home 
ground EMBO has made a number of proposals to 
remedy this unsatisfactory situation, some of which 
(for fellowships, travel grants, summer courses, etc } 
have already been implemented on a small scale, and a 
more extended programme for future activities of this 
kind has been accepted ın principle by the European 
governments represented at the European Conference 
on Molecular Biology held in Geneva in April 1967 
In our opinion the most important remaining part of 
our proposals, without which the rest will not come to 
full fruition, 1s the establishment of a European laboratory 
of molecular biology 


Why a Laboratory? 

There are good reasons for establishing large laboratories 
m fundamental biology, both m the interests of good 
research and in the interests of good training in the 
methods of research In this field everyone 1s & specialist 
in some particular area or technique, the real advances 
come from cross-fertilization among specialists, from 
understanding other people’s ideas and techniques, and 
from day-to-day exchange of ideas—in short, from the 
mteraction of differmg attitudes and skills—and all of these 
are best achieved by propinquity As to traming m 
research, ıt may well be argued that at the predoctoral 
stage the scientist should often concentrate rather narrowly 
on acquiring a particular set of skills, but after the PhD, 
when he should be forming his own ideas and developing 
an independent research programme, the young post- 
doctoral fellow needs to be in a large laboratory where 
work 18 going on m many aspects of the field 

The argument for large mstitutes of fundamental 
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biology 1s not the same as that in the case of high-energy 
physics, where the need (now satisfied by CERN) was 
for a very powerful and expensive machine which could 
only be provided in a central mstitute, in biology the 
essential “plant” 1s, rather, an mteracting group of 
differing techmiques and talents, each only moderately 
expensive by itself, but in sum costing so much as to be 
beyond most national resources, financial or—especially— 
human 

The EMBO laboratory which we propose on the basis 
of this philosophy will have the followmg features 

1 It will provide a centre for the vigorous prosecution 
of basic research of the very highest quality within the 
framework of an integrated programme 

2 The senior staff of the laboratory, all of the highest 
calibre, will consist of a small group of permanent full- 
time scientists, together with a number of others who 
agree as a matter of principle to spend a part of each year 
there over a period of at least several years The bringing 
together, even for limited periods, of mvestigators from 
several countries will create a real European community 
of scientists, to the benefit of each dividual country 
It will make the EMBO laboratory the effective head- 
quarters of a concerted research programme 

3 The laboratory will perform valuable functions m 
connexion with the recruitment, the trainmg and the 
employment of scientists and techmeians 

There 1s another role which the EMBO laboratory will 
play, less fundamental perhaps, but of great practical 
and indeed financial significance Because of its size and 
resources, it will be in a unique position to offer to other 
laboratories a set of service facilities which at present 
are for the most part not available at all, or which, 1f they 
do exist, are dispersed over a large number of centies, 
with resulting loss of accessibility and efficiency 


The Scientific Programme 


Though ıb 1s in the very nature of scientific progiess 
that the precise directions cannot be forecast, we 
believe that there will be two main areas of attention, 
on the one hand the following up of what we know today 
at the simpler level of the macromolecule and the sub- 
cellular particle, and the extension of the analysis to the 
integration of the whole cell, on the other hand, a first 
application of molecular concepts to the problem of the 
relationship and co-ordination of cells in higher organisms— 
it goes without saying that this 1s a subject of far greater 
complexity and of extreme technical difficulty 

The concept of information hes at the very roots of 
any understanding of living organisms and indeed of 
human behaviour, and forms the core of the fundamental 
problems which we propose as the basis for the screntific 
programme of the laboratory However, the whole com- 
plex of issues which arises greatly exceeds the capacity of 
any single institution and ıb 1s necessary to be selective 
We accordingly propose for the present to limit the 
programme of the EMBO laboratory to five main assigned 
themes 

Structure of biological macromolecules It 1s of prime 
importance to explain the functional behaviour of the 
giant molecules of biology, at present understood only 
at a phenomenological level, ın terms of their three- 
dimensional structures Why 1s 1b that ın different haem 
protems the haem behaves so differently depending on 
its environment ? What ıs the nature of the conforma- 
tional effects that explain the way ın which activators 
and mbuibitors exert their mfluence on an enzyme so 
that ıt may either be brought into play or prevented from 
gomg too far? As a result of recent developments m 
X-ray crystallography we now know for the first time 
the three-dimensional structure of several respiratory 
pigments and enzymes at a resolution of about 2 Angstrom 
units, and there 1s every prospect that such knowledge 
will be extended to many other protems, nucleic acids, 
and so on ın the course of the next few years Further- 
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more, recent dramatic improvements mm methods of 
synthesis of protems and nucleic acids make ıt almost 
certain that we can soon produce long sequences to 
order 

The molecular basis of the immune response The capacity 
of an animal to develop an antibody ın response to & 
foreign protem, possibly resulting from the presence of a 
pathogenic organism, obviously represents one of the most 
important evolutionary adaptations Tho picture of what 
1s involved here 1s just beginning to emerge m its mam 
outlines—the way m which certam serum globulins of 
characteristic size and shape, which have the property of 
combining specifically with the foreign molecule, are pro- 
duced selectively Yet we have very litle detailed under- 
standing of what 1s involved, whether, for example, the 
antibodies are produced in some way de novo or whether all 
contingencies are provided for in the genetic make-up of 
the anımal, and, if so, Just what triggers the production of 
the antibody The antibody problem ıs in part a genetic 
one, ın part a matter of the relation of structure to function 
and in part a question of cellular regulation The practical 
consequences for medicine and public health of a better 
understanding of this subject can hardly be overestimated 

Viruses Closely related to the problem of the immune 
response, particularly in its implications for medic:ne and 
public health, 1s that of the nature and structure of the 
viruses Much ıs now known of the highly ordered struc- 
tures of these particles, which stand at the dividing line 
between hving and non-living matter, and of the organiza 
tion of the nucleic acids and protems of which they are 
largely composed It 1s now clear that the mtroduction of a 
virus particle mto an organism 1s equivalent to the intro- 
duction of a piece of foreign genetic information which 
takes control and diverts the cells from ther normal 
function The problems presented here are of the greatest 
interest ın relation to control mechanisms both at a genetic 
and a metaboliclevel, and on thepractical side lie at theheart 
of an understanding of many diseases Indeed, there is 
reason to thnk that a closer study of the viruses may 
provide a clue to the solution of the cancer problem 

Some aspects of the functioning of the nervous system 
The problem of the genetic code is now essentially solved 
However, this is only the simplest and most basic of the 
problems involving information theory presented by the 
organism The corresponding problem at a more complex 
and even more challenging level is the storage, transfer, 
reassortment and retrieval of information in the nervous 
systems of multicellular organisms Is the basis of these 
phenomena, lying as they do at the root of adaptation, 
learning, response and mdeed consciousness itself at all the 
sameas that of the genetic code, and 1f not, what ıs 1ts basis ? 
At present we cannot even hazard a reply to this out- 
standing question The answer will result from still unfore- 
seon developments in a vatiety of subjects such as the 
study of membranes and of the control mechanisms which 
govern their structures, electrophysiology, and the 
chemistry of the gate mechanisms involved ın the trans- 
mussion of impulses across the synapse 

Project K This theme takes 1ts name from a particular 
strain, known as K12, of the bacterr:um Escherichia cole 
Today for the first time it 1s realistic to contemplate 
embarking on a programme directed towards a total under- 
standing of the working of a smgle, characteristic um- 
cellular organism—of its chemical make-up, of the many 
complex chemical processes taking place within ıt, of the 
mechanisms of its energy production, of the storage and 
expression of its genetic mformation, of the mechanics of 
its reproduction, and of tts interaction with 1ts environ- 
ment Just because the genetic code 1s universal, because 
all kinds of cells use the same chemical pathways mediated 
by very similar catalysts (enzymes), 1t follows that this 
total understanding of one particular cell, even though 16 
be a micro-organism, would throw a flood of light on the 
whole domain of cellular organization, mcluding the 
economy and behaviour of a human cell The eventual 
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Table 1 RELATIONSHIP BETWEEN THE FIVE THEMES AND THE FIFTBEN GROUPS 


Structure Chemical 
an basis of the Nervous Project 
Working groups function of Viruses immune system 

proteins response 
Protein chemistry x x x 
Nucleic acid chemistry x x 
X-ray analysis x x x x 
Electron microscopy x x x x x 
Physical chemistry x x x 
Physical enzymology x x 
Genetics x x x 
Differentiation x x x 
Neurophysiology x 
Immunology x x 
Membranes x x x 
Computation x x x x x 
Production x x x x 
Tnstrumentation x x 
Antmal and plant house x x x x x 


rewards of such understanding would be the possibulities 
of practical control of cellular processes, with possible 
applications ın medicme, ın agriculture and in industry 

It should not be thought that these selected problems 
are fixed for all time, or even for more than a few years 
They have been chosen on the basis of the present state 
of biology, as well as their special suitability for attack at 
an international laboratory They will inevitably give 
place to others as the subject evolves For example, 
a problem not yet ripe for study at the molecular biologreal 
level 1s the mode of action of hormones, ın a few years this 
might well find a place among the major objectives of the 
laboratory. 

The counci’s document goes on to describe how the pro- 
posed laboratory would be organized into fifteen working 
groups of various sizes, and Table 1 shows how these would 
be linked with the five themes singled out for special treat- 
ment wn the nihal programme at the laboratory 

On the staff and site, the council’s document includes the 
following observations 

The overriding consideration in the appomtment of 
staff at every level should be ability “the laboratory 
would not succeed, and would not be worth establishing, 
unless its staff were of quite first class quality”. Only a 
few senior scientists and engmeers, for the most part 
group heads, would have tenure These would amount to 
something hke 10 per cent of the total scientific popula- 
tion, say, 25 individuals in all The rest would be appomted 
for hmuted terms, but there would be possibilties of 
renewal so that an occasional young man might look 
forward to making a career ın the laboratory. 

In addition to regular staff, the laboratory would have a 
large number of visitors and traimees, who would represent 
an equally umportant part of the programme To a 
large extent these would probably receve support fiom 
sources outside the laboratory, mcluding the EMBO 
Foundation 

Among the factors governing the eventual choice of a 
site for the EMBO laboratory are the followmg 

(1) Intellectual muleu The scientific work of the 
laboratory would greatly benefit from distinguished 
intellectual surroundings, both ın the strictly scientific 
and the general cultural sense 

(2) Other amenities—climate, housing, international 
schools, language, countryside Such factors would be 
important in attracting the senior visitors (and their 
famulies) whose presence in numbers would be essential 

(3) Attitude of the host country A positive and con- 
tmung welcome and enthusiasm by the host country 
would greatly assist the establishment and subsequent 
development of the laboratory 

(4) Accessibility A reasonably central position and 
good communications by air are important considerations 
in. view of the constant coming and going of visitors from 
all parts of the world 

(5) Local availabilty of services and matemals The 
laboratory would benefit greatly from bemg situated m a 
place where skilled labour, servicing facilities and normal 
supplies were readily available locally 
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On the bass of ws estimates of the scale on which the 
EMBO laboratory would operate, the council has been able 
to construct a budget for the construction and operation of 
the laboratory for the first decade or so of uts exrstence (Table 
2), It proposes that the head of the laboratory (as at 
CERN) should be a director-general, and the EMBO 
councel emphasizes that this offical should be appointed 
at the tme work 18 authorized When operating at full 
strength, the laboratory would employ 122 scientists as well 
as 30 “physicists and engineers™, would have 100 or so 
visiting fellows on the premses and would need some 300 
people as supporting staff 
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Table 2 ESTIMATED BUILD-UP OF EXPENDITURE 
Non-recurring 
Years expenditure Recurring expenditure 
from Initial Amortization Com- Run- Totals 
author- Build- equip- Build- Equip- Salaries puter ning Travel 
ization Ings ment ings ment rental costs 
1 05 — — — 01 — — — 06 
2 25 — — — 03 — — 28 
3 25 25 04 — 10 — — — 64 
4 07 25 08 05 25 05 06 02 83 
5 05 14 08 11 29 05 07 02 81 
8 05 07 09 14 32 05 08 02 82 
T 05 07 10 16 36 05 09 03 91 
8 — — 10 16 40 05 11 08 85 
Totals 77 78 


Mulhons of collars at 1967 prices Year 4 would be the first full operating 
year, and year 8 that in which the scale of operations reached a plateau 


CERN and the Proposed European Biology Laboratory 


In support of the case which the EMBO council has prepared, Profes- 
sor V. Weisskopf, director-general at CERN between [960 and 
1965, has provided the following argument tn favour of European 
laboratories. 


Ix connexion with the plans for an international biological 
laboratory in Europe, 1t might be useful to write down the 
experiences which we had ın running CERN, the inter- 
national high energy physics laboratory. I had the privi- 
lege of being the director-general during the tıme when 
the construction period of CERN was over and when 
the research activities were just about to start I there- 
fore had an opportunity to see the effect of research 
at CERN on European university life at a most critical 
time 

I remember that at the trme of the founding of CERN, 
university circles in Europe were seriously worried about 
the effect of CERN on the staffing of their own national 
laboratories Naturally ıt was feared that such a well 
equipped and attractive research opportunity would 
attract the best and the most productive people away 
from the national laboratories, and as such deprive the 
national laboratories of their most umportant people, 
and by this means of their most important educational 
effect on students of the universities It was also feared 
that the centre of ideas and discussions would be removed 
from the universities to Geneva, so that the great European 
research centres would be relegated to a second order 
position 


High Standing 

When CERN was developed, these reasons were taken 
very seriously, but they were set aside by the absolute 
necessity of having an international laboratory of gh 
energy physics because of the fact that no national institu- 
tion was able to collect the funds necessary to build 
accelerators of the size which CERN was able to provide. 
Although the danger for the universities was realized 
and appraised, 1t was thought that there was no other 
way to bring Europe back nto the first line of funda- 
mental physics research—a, position which ıt had imdis- 
putably held until the destruction of science in Middle 
Europe by the Hitler regime 

It was one of the most exhilarating and encouraging 
facts of the development of CERN that this fear did not 
materialize In fact, 1b turned out that the existence of 
CERN has had a positive effect on university hfe, far 
beyond any measure which could have been predicted at 
the outset Let me try to sketch this surprising develop- 
ment 


First of ull, the construction period of CERN did not 
take many of the first-class research people away from 
European universities Clearly a construction of this 
size mainly involves people of engineering interests who 
did not play a great part ın the process of education of 
physics itself However, a number of personalities who 
have been well known and important m physics education 
were taken away from a few universities, particularly in 
Switzerland, Germany, Italy and the Netherlands The 
number, however, was small enough not to make a decisive 
effect on the educational system of physics in these 
countries 


Young Leadership 


When CERN began its research activities, the situation 
had changed to some extent. It was, however, the 
conscious purpose of the CERN administration that leader - 
ship in that kind of modern research should be mainly 
in the hands of young people. This ıs why the additional 
research members who came to Geneva several years 
before the actual research—the people who were most 
active intellectually in the preparation of experrments— 
were only vartly people who had previously taught m 
European universities (It 1s clear that research of this 
kind must be prepared several years before ıb begins, 
CERN mace the mistake of neglecting this point to some 
extent and as a consequence productive research started 
later than might have been possible) To some extent 
they were people who had previously emngrated to 
America because of the much better facilities available 
and who had come back because of the promuse of having 
similar facilities in Europe. The admuuistration put 
special emphasis on giving these young people the greatest 
possible freedom of initiative I admit that this was not 
an easy task because 1b was against the general European 
tradition of leaving responsibility ın the hands of older 
persons We therefore did not always succeed, but we 
tried in many cases to do our best 


Slow Beginning 

Research at CERN started quite successfully but, as 
indicated here, somewhat later than would have been 
possible This delay had the consequence that some of 
the fundamental discoveries which could have been made 
at CERN were actually made in the Umted States at the 
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Brookhaven National Laboratory However, a few 
important discoveries, made at CERN but characteristic- 
ally with the small machine with which the European 
scientists had had more experience, had lifted morale 
and given those in the laboratory a sense of being in the 
forefront of research When, after two or three years of 
running, CERN had taken its place among the best and 
most productive institutions of its land, research was 
carried out by a large number of groups An important 
part of the research was undertaken with bubble chamber 
pictures taken at CERN and evaluated at installations 
placed at different national universities 


National Universities 

The influence of this type of research on the national 
universities was quite remarkable Activity ın high- 
energy physics increased all over Europe The European 
universities were no longer forced to beg for bubble chamber 
pictures from American institutions; they could get 
them directly from CERN The bubble chamber pro- 
gramme was always considered as a collective programme 
among the European countries, m which all institutions 
had a voice ın deciding what pictures should be taken at 
CERN Many university people spent a certain time at 
CERN installing facilities and thus became acquamted 
with the details of the set-up, an important condition for 
successful evaluation work In other kinds of experi- 
ments, such as spark chamber and counter work experi- 
ments, the chief activity was at CERN, where the partici- 
pation of the universities was, to begin with, relatively 
small 

The increase of interest ın high energy physics at all 
European universities produced a strong demand for new 
positions and professorships in this field in a surprisingly 
short time These positions were usually filled by young 
people who had worked for several years at CERN, either 
after some period of traimng in the United States or 
directly from their home countries For example, we 
have provided about sıx full professorships ın Germany, two 
full professorships in the Netherlands and several others 
in different countnes of Europe. More accurate statistics 
are available, ıt would be my estimate that at least 
fifteen positions around Europe were filled by young 
people who were trained at CERN Most of these people 
would have ended up in the United States were ıt not 
for CERN It should be mentioned that at least three 
senior physicists with the rank of full professor in the 
Umited States have since taken positions at CERN or m 
Europe 


Supplying Professors 

This ‘nvasion” of CERN professors into European 
universities had a very definite effect These professors 
did not stop their work at CERN when they Joined their 
universities They spend their free time mainly at CERN 
and they have sent assistants, graduate students and 
other younger helpers to CERN in order to continue their 
lines of research or start new and promising investiga- 
tions 

The effect was that, by the end of my period, more than 
half of the experrmental work at CERN was imitiated or 
prepared by people who had been trained at CERN but 
who had recerved professorships at national universities 
Thus CERN has never been and ıs less than ever an 
institution independent of the university life of Europe 
It 18 an integral part of ıt, and ıt has not only supported 
but has clearly mereased the activity and productivity 
of elementary particle physics in European universities 
It has successfully stopped and reversed the bram brain 
to the United States 

Let me add that this effect 1s by no means restricted to 
the large and rich countries such as France, Germany or 
England Quite the contrary, those countries have their 
own opportunities to perform high energy expe1iments 
with then national institutions such as Saclay in France, 
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ın Rutherford Laboratory ın England and DESY m 
Germany It 1s my conviction that the small countries 
have in fact taken advantage of CERN to a far larger 
degree—relative to the amount of money which they 
have put into the centre—than have the large countries 
Before CERN was active, 16 would have been almost 
unthinkable that countries like Norway or Austria could 
have maintained such a high degree of high energy physics 
for the amont of money which they actually pay to the 
CERN laboratory 

The narrow collaboration between universities and 
CERN has had an enormously stimulating effect on the 
universities and has increased considerably the number of 
students interested ın this fundamental field But 1t 
had also created certain admmmustrative problems for 
the universities Professors had to be absent from the 
university much more frequently than usual, costs of 
travel have had to be met, anew way of life for laboratory 
personnel has had to be created Most universities were 
not too sympathetic to these innovations They reacted 
shortsightedly, not realizing that the alternative 1s no 
modern science and the loss of their best professors, 
students and technicians to the United States New 
solutions must be found, though not much has been done 
so far I suggested double professorships, where alternat- 
ingly one of the pair ıs at the university teaching and 
caring for the students and the other 1s at CERN working 
at the apparatus This solution has never been tried out 
m Europe, although ıt works quite well in my present 
department at MIT I do not pretend that there are no 
other solutions to this problem Archaeologists have 
worked for ages at places far removed from their univer - 
sities 

This report may give the impression of bemg too san- 
gune and optimistic I cannot help feeling that one of 
the most gratifying experiences as director of CERN was 
to see the stimulating and invigorating effect which that 
institute had on European physics In comparing CERN 
with the proposal of a biological laboratory we must 
beware that the element of building a very large accelera- 
tor does not exist To my knowledge, there is no 
istrument in biology which a single nation could not 
afford to provide for itself if ıt considered this was 
necessary 

However, I have tried to show that the advantages of 
CERN go beyond the provision for European countries 
of a large accelerator A productive international intel- 
lectual centre has been created where young people have 
found a meeting place equipped with all modern facilities 
Here they were 1mmersed ın an atmosphere of active 
research, of the highest possible level Such a place is 
the best breeding spot for professors for national institu- 
tions, whose scientific level will by itself adjust to the level 
of the centre institution 


United Europe 

It is also important not to forget the importance of such 
centres for the idea of a united Europe The spirit of 
CERN and of a future biological institution is the spirit 
of a cultural European unity which exists but has had 
only all too few realizations 

I would fervently hope that the Biological European 
Institute becomes a reality, but I also hope that ıt will 
be situated in the neighbourhood of CERN These 
institutions should become the nucleus of a European 
graduate school The arguments brought forward by 
these remarks should have amply proved that a European 
Graduate School of Science would never weaken national 
institutions It could only have an mvigorating effect 
on each national university by raising the level of research, 
by providing a pool of potential candidates for jobs, and 
by reversing the bram drain It ıs Europe that has 
created modern science, 1t 1s high time that Europe 
becomes aware of the fact that ıt still could be the strong- 
est supplier of scientific intellect 
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Glaciology and the International 

Hydrological Decade 

by Snow and ice constitute an important part of the world’s reserves 


J W. GLENN 


Department of Physics, 
University of Birmingham 


of water 


THE great majority of the water on the surface of the 
Earth 1s in the form of salt water in the sea, but of the fresh 
water some 80 per cent 1s in the form of snow and ice, so 
that it 1s not surprising that a study of the snow and ice 
on the Earth should form an important part of the pro- 
gramme for the International Hydrological Decade Of 
course, most of this snow and ice 1s ın the great 1ce sheets 
of Greenland and Antarctica, about which much more 
knowledge has been gamed from work started m the 
International Geophysical Year, in paiticular, measure- 
ments of the depths of 1ce ın these ice sheets have provided 
some sort of an answer to the question of just how much 
water there 1s in this form This problem is not perhaps of 
immediate practical ymportance, but in many parts of the 
world where streams fed from melting ice and snow are a 
principal source not only of wate: but also of hydro- 
electricity, the problems of just how much snow and ice 
exists and how much melt water can be expected in any 
particular season aie of great importance in planning 
future needs 

In order to systematize the study of these problems, the 
International Hydrological Decade co-ordinating council, 
through the Scientific Committee on Water Research 
(COWAR) of the International Council of Scientific 
Unions (ICSU), has passed several resolutions concerning 
glaciological problems, and the Commission of Snow and 
Ice of the International Association of Scientific Hyd- 
rology has made plans to put these resolutions into effect 
In many cases considerable progress has been made, and 
documents are available setting out just what should be 
done ın order to provide the necessary information 


Permanent Recording 


One important requuement 1s for all nations which have 
permanent 1ce and snow, whether above the suface of the 
Earth or within ıt, to record what they have, and for this 
purpose a working party under Professor F Muller 
(McGill University, Canada) has prepared a guide to a 
world inventory This suggests that the inventory be 
conducted at two levels of sophistication, and that the 
results should be prepared in a digital form suitable for 
storage and handlmg by computer 

The technique has been tested by three pilot studies 
using the suggestions for the glacie: mventory in three 
areas of different nature, and results of these pilot studies 
were reported at the General Assembly of the Inter- 
national Association of Scientific Hydrology at Bern last 
autumn The first area was the south-west part of Axel 
Heiberg Island in the Canadian High Arctic, a region with 
moderate mountain relief and many different types of 
cold glaciers Some 250 glaciers were included in that 
study The second region was in the Waputik Range in 
the Canadian Rocky Mountains, where a number of valley 
glaciers descend from three small ice fields and where there 


What follows is a description of some of the plans which 
have been made within the International Hydrological Decade for 
the study of these reserves. 


are numerous cirque glaciers and glacierets About 100 
glaciers were meluded in that survey. Finally, there was 
the region of Mount Everest ın eastern Nepal, where most 
valley glaciers are fed by avalanches from precipitous 
slopes and where the ablation areas are often thickly 
covered with debris Some 450 glaciers were included in 
this study For each glacier a data sheet was filled in 
which identified and classified the glaciers and then gave 
its vital statistics such as elevation range, length, maxi- 
mum width, area, elevation of snow-line and so on This 
information was then put into a computer format for use 
on an IBM 7040/7044 computer which allows 131 charac- 
ters per lme, m the lower degree of sophistication each 
glacier required two lines On the basis of the experience 
of these pilot studies and of the comments of other experts 
on the draft, a final version of this guide has now been 
prepared 

It is hoped that, with this guide available, there will be 
a great merease in the available data on glaciers and 
permafrost Three volumes of the catalogue of glaciers of 
the USSR have already been published, and similar work 
is going on for the French Alps It 1s necessary that this 
work be undertaken by all countries with glaciers or 
permafrost on their territory If this can be achieved, 
we can improve greatly on the present position where 
estimates of the area outside the polar regions covered by 
ice vary by more than 20 per cent 

Another obvious requirement 1s to measure and map 
seasonal snow cover, and a working group under Dr M. 
de Quervain of the Swiss Federal Avalanche Research 
Institute has been preparing a guide to enable people with 
relatively little experience to make worthwhile measure- 
ments which will be comparable from place to place One 
of the requirements 1s to give clear definitions of the terms 
imvolved (just what 1s meant by snow-line, for example), 
and another 1s to give simple methods for measuring the 
total storage of water in a snow cover A similar prob- 
lem arises ın the case of sea, lake and river ice, and a 
guide 1s also being prepared by a workmg group, under 
Dr E R Pounder of McGill University, to cover these 
fields 


Glacier Fluctuation 


A further resolution of the IHD co-ordinating committee 
concerns a study of the fluctuations of glaciers This is a 
field with a much older history Observations of the 
advance and retreat of glacier fronts have been made for 
many yeas m many parts of the world, and the gradual 
development of co-ordination ın this field has culmmated 
in the recent establishment of a permanent service under 
FAGS (Federation of Astronomeal and Geophysical 
Services) Ing P ‘Kasser (Swiss Federal Institute of 
Technology) has produced the first report of this service 
recently The chef development since the early mter- 
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national reports has been the merease of interest ın 
changes of thickness and of mass balance of glaciers as 
well as of their lengths 

Another project, m many ways the most ambitious, 
calls for combined water, ice and heat balance studies at 
selected glacier basins A workmg group under Dr M F 
Meier, the present president of the Commission of Snow 
and Ice and a member of the US Geological Survey, has 
selected three chains of stations The first stretches north 
and south through the Americas and into the Antarctic 
Peninsula, a second runs east-west from Tien Shan m 
Soviet Central Asia through the Caucasus and Alps, with 
further pomts in Canada and the Pacific Northwest of the 
United States, while a further chain, also roughly east— 
west, goes through the Polar Urals, Scandinavia, Iceland, 
Greenland and the Canadian Arctic to Alaska At each 
of the selected basins 1t 1s hoped to have a comprehensive 
set of measurements to cover all three balances—of ice, 
run-off water and heat—so that their mterdependence 
can be studied Some countries are already domg a lot of 
this, about 30 of the stations being in operation in 1965- 
66, but often there is one of the elements left out By 
emphasizing the need for all to be measured on the same 
basins, ıt 1s hoped to encourage national authorities to 
support a really comprehensive programme 


Polar Ice 


The worst gap m our knowledge concerns the ice in the 
polar regions It ıs not known at present whether the 
amount of 1ce ın erther of the great 1ce sheets in Greenland 
and the Antarctic 1s increasing or decreasing In the case 
of Greenland, work at present bemg done by the Inter- 
national Glaciological Greenland Expedition may provide 
the answer, but for the Antarctic an even larger pro- 
gramme of work will be needed With the aim of preparmg 
a co-ordinated programme for the Internationa] Hydro- 
logical Decade ın Antarctica, the workmg group on 
glaciology of the Scientific Committee on Antarctic 


NATURE, VOL 217, JANUARY 27, 1968 


Research (SCAR) has prepared a document for the 
hydrological evaluation of glaciological research pro- 
grammes in Antarctica. This document is also now bemg 
considered by COWAR and the IHD Co-ordinating 
Council 

Two future mternatıonal conferences are planned to 
discuss scientific matters concerned with these pro- 
grammes Both are co-sponsored by the Commission of 
Snow and Ice The first, of which the other co-sponsor 1s 
SCAR, will be an International Symposium on Antarctic 
Glaciological Exploration, ıb will be held ım Hanover, 
NH, USA, m September 1968 The second, co-spon- 
sored by the Glaciological Society, 1s on the Hydrology 
of Glaciers, and will be held in Cambridge, England, ın 
September 1969 

It 1s plain that much of this work 1s still at the planning 
stage The manuals are m the final stages of preparation 
and the stage 1s set for a big mciease ın our systematic 
knowledge of the 1ce on the Earth The extent to which 
these plans will result in a completed programme will 
depend very largely on the extent to which the authorities 
in different lands realize the great advantages of knowmg 
just what resources of water there are tied up in their 
seasonal and permanent snow and ice, and therefore make 
available the relatively small amounts of money and man- 
power necessary to do the work Persuading people of 
the mportance of this ıs what the International Hydro- 
logical Decade 1s about 

I would like to thank Dr M F Meier and Dr F Muller 
for commenting on a draft of this report, and also Pro- 
fessor H Horinkes, the president of the Commission of 
Snow and Ice from 1963-67, for letting me see the manu- 
script of his presidential address to the Commussion last 
September, ın which he reviewed the position of glaciology 
in the International Hydrological Decade at greater 
length! 
1 Hoinkes, H, Union Géoditique et Geophysique Internationale, Assemblée 

Générale de Berne, September 25 to October 7, 1967 ün the press) 


Feasibility in Age Research 
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In several countries investment decisions are now being 
taken, or are about to be taken, about future support for 
research into problems connected with the process and 
manifestations of human ageing The desiralhhty and 
possible scope of an institute of age studies are under 
informal discussion with British universities and donors, 
and a committee of the United States Senate 1s recerv- 
ing evidence with a view to planning future research 
ohey 
: Developed countries have an increasing proportion of 
old citizens whose medical and social needs require study 
and palhation, and call for an mncreasing volume of ad hoc 
research At the same time, where a fundamental process 
18 probably comprehensive and possibly controllable, 
reasonable support for a radical attack on the biology of 
that process offers a chance (if the attack succeeds) of 
shortcircurtmg much piecemeal investigation or (1f 1t 


The present state of knowledge and the potentialities of the subject 
seem to justify fundamental research into the process of ageing. 


succeeds to the pomt of comprehending a process which 
then appears fundamentally or practically uncontrollable) 
of avoiding misplaced research. 

The aims of ageng research are presumably (a) to 
comprehend and if possible palhate the disorders which 
affect old human beings, and (b) to interfere, funda- 
mentally if possible, with the “clock” which determmes 
tamewise loss of vigour either by spmming out the entire 
process of cradle-to-grave development, so that, without 
reducing physiological activity, 16 occupies more years- 
or better, to produce an effect opposite ın sense to the 
effect produced ın mice by chrome low-dose irradiation 
or a single large dose in early hfe. These procedures 
appear to lop off a portion of the plateau of adult vigour 
proportional to the dose ıt 1s an open question whether 
this represents an intensification of the same processes 
which are seen in normal agemg, or only a simulation. 
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An ideal “remedy” for senescence would have the reverse 
effect, of prolonging the same plateau, so that the vigour 
and disabilities of a treated individual of 85 would resemble 
those of an untreated mdividual of 80, the effect bemg 
produced across the board and without reference to par- 
ticular genetic constitutions or causes of death. While 
1omedies depending on unknown biological facts cannot 
be synthesized to order, this appears to be the objective 
of choice provided that 1t 1s not manifestly impracticable 
on a basis of existing knowledge 

Projects based on the prolongation of life by mter- 
rupting bodily function (artificial hibernation, cold 
storage) complete the lst of theoretically possible 
approaches, but have little practical appeal ovtside the 
field of long-distance space travel Current priorities and 
predictions, for British research at least, should be drawn 
from less paranoid fields In these it 18 desirable not only 
to plan research for feasrbihty, but to predict possible 
changes ın demographic requirements which may, 
eventually, result from the research of others, should we 
fal to give our own biologists the support needed to 
make the relevant advances themselves 

Wider scientific and publie discussion of the prospects 
and direction of research into ageing 1s needed now, 
because the present state of the subject is not widely 
known to scientists outside the field, and planning decisions 
can easily be mfluenced by the optimistic or pessimistic 
tone of single theorists or papers Research planners 
require to know whether or not there is a reasonable 
prospect in the near future of identifying a single leading 
process in mammalian ageing which might be open to 
useful interference. The consequences would be similar 
to those observed in the dietary retardation of rodents, 
that 1s, a postponement of death from all causes or, 
better, a generalizcd retardation of all age-associated 
deteriorative processes leading to a longer period of adult 
vigour If there is not, or if the “leading process” 18, for 
example, one of exposure of un-eliminated late-acting 
genes, or otherwise an evolutionary or statistical process 
only, research money would better be applied to pros- 
thetics and geriatrics, the piecemeal alleviation of senile 
disabilities 

If, as I believe, the first of these alternatives 1s prob- 
able but by no means certain, the highest 1mmediate 
research priority ıs to concentrate resources on research 
designed to distinguish between, them 

I suggest that a choice between these hypotheses could 
be made within a reasonably short period of time, and 
that in view of the consequences for our long-term plan- 
ning of age research, this choice should be an immediate 
research priority 

In the early years of the present century ıt was a 
reasonable expectation of medical researchers that the 
“cause and cure” of cancer (meaning the malignancies 1n 
general) might, with reasonable application, be discovered 
within a short time-—on the model of earlier discoveries of 
the cause of bacterial infections A Nobel Prize was even 
awarded for the discovery of such a cause—prematurely, 
as ıb appeared Such expectations, which formed the early 
years of “cancer research”, no longer retain credibility 
in quite this form against the background of wider 
understanding 

It 1s necessary to ask whether there should be a similar 
reappraisal of the aims of research into the nature and 
control of human ageing A less popular topic than 
cancer research, gerontology too was begotten in sım- 
plistic optimism when Brown-Séquard attempted to 
rejuvenate himself with testicular extract Although the 
possibility of a single large-scale influence on the realizable 
human lifespan cannot be excluded, on the basis of what 
is now known, most workers would today consider the 
picture of mammalian senescence to be at least as complex 
as that of malignant change, and some, on evolutionary 
or genetic grounds, have suspected that 1t may be prac- 
tically or essentially unmodifiable by reason of diversity? 
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If the ‘loss of programme” which increasingly upsets 
homoeostasis with age represents the accumulation of 
postponed genetic effects mmaccessible to selection, this 
pessimism would be justified It may be that natural 
selection has increased lifespan where necessary, not by 
increasing the reliability of cellular stability but by pro- 
viding fallback “patch” mechanisms to compensate for 
disadaptive unreliability® Such an expedient would itself 
result in a divergent system, hke the borrowing of money 
to repay creditors, and one very difficult to stabilize 
artificially 

Judging by 1ecent congresses and publications, most 
research gerontologists now have a leading general hypo- 
thesis of agemg—that ıt 1s a cellular information loss, 
probably in fixed cells, and originally at the molecular 
level, dyshomoeostasis of other kinds through loss of 
neuronal, endocrine and immunological information being 
secondary This theory 1s based on the natural history 
of ageing im organisms generally, on radiation biology, 
and on stochastic mathematics apphed to the life-table 
The information-content of fixed-cell DNA at successive 
ages has not been measured, and so the theory may be 
wrong, but 16 must now be demonstrated or disposed of 

If molecular information-loss 1s the timekeeper of 
ageing, there are by consensus two hypotheses to explain 
its occurrence (a) that ıt 1s caused by the random 
accumulation of chemical noise in the cellular information 
system, and ıs itself unprogrammed, (b) that it is a 
built-in consequence of differentiation, caused by the 
switching-off of synthetic processes which cannot be 
switched on again without loss of differentiation, or to 
the evolutionary accumulation of late-acting deleterious 
enes 
a Prediction ın age studies 1s closely involved with these 
hypotheses, which are not mutually exclusive, and 1% 18 
now highly important to examine and dispose of them 
If human ageing as observed ın the intact subject 1s not 
tamed by genetic formation loss, the nature of 1ts 
leading “clock” and the accessibility of this to mter- 
ference remain wide open. If it 1s so timed, and hypothesis 
(a) 1s correct, the hkehhood of successful interference with 
the underlying random process ıs reasonably high Sug- 
gested sources of random damage include “hits” by 
radiation’ 5, cross-linking and colloid changes**, free- 
radical effects generally’, and release of lysosomal 
DNases*?-11_ All these are observable and, in model 
systems, modifiable Another consequence of hypothesis 
(a) is that ıt does not exclude at least a useful identity 
between the causes of ageing, for example, im insect 
ımagos and those observed m mammalhan fixed cells, 
with an increase in the number of possible test systems 
available The identity of low-dose radiation-induced life 
shortening with accelerated ageing remains a matter of 
controversy The resemblance is close but not complete?*, 
attempts to see whether radioprotectants abolish the 
life-shortening effect of chronic exposure to low doses run 
ito practical problems of maimtaiming drug-level with 
the agents now ın use, and no conclusive results have 
been published Accumulation of somatic point mutation, 
which was at one time favoured as an explanation of 
ageing, 18 now largely excluded on statistical and genetic 
grounds?*+14 as well as by the failure of chemical mutagens 
to produce radiation-hke lfe-shortening unless they are 
also capable of causing damage more extensive than 
point mutation—particularly crosslinking Where, as in 
numerous papers by Curtis!*-16, “mutation” 1s adduced as a 
source of programme noise in ageing cells, the term 1s 
used to include breakage, deletion and operon loss gener- 
ally Although the rate of mcrease in chromosomal 
abnormalities 13 greater m short than m long-lved 
strains!’?, the only age phenomena which seem likely to 
be explicable in terms of one or more point mutations are 
autoimmune divergence? 1218-20 and possibly some factors 
im malignancy® 1121 Radiation-type hfe-shortening can 
be induced in adult Drosophila, which are resistant to 
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low doses of radiation, by feeding amino-acid analogues 
during larval life*?*, before the postmitotic state 1s 
reached. 

Hypothesis (b) has been most fully stated by Med- 
vedev®? It mples that the suppression of mformation 
or synthetic capacity which upsets homoeostasis and 
leads to ageing 18 itself a necessary process in differentia- 
tion. If this is so, the prognostic consequences are con- 
siderable. It does not mean that artificial ‘“‘stretchmg” 
of the human lfespan 1s rmpossible, but that the only 
likely way of prolonging vigour will prove to be through 
stretching the development programme as a whole, on the 
analogy of rodent dietary restriction Such stretching 
would be biologically drastic, and would include (or even 
be confined to) the prolongation of mmaturity, rather 
than the preservation of “adult vigour” as a steady state 
—which, on hypothesis (b), 1t 1s not 

Medvedev’s argument includes a revival of the Weis- 
mannan idea that life-lmitation mught itself be an 
evolved adaptation, which has provided the organism 
with a destructor mechanism in the form of nose- 
generating genes Evolutionary jobbing-backward in 
relation to observed lifespans is particularly unrewarding, 
and I have already argued that the Weismannian advan- 
tages of senescence to a species depend on a circular 
argument*4, although a contrary view has been developed 
by Sacher’ WNoise-generator genes might or might not 
be accessible to mterference, and ıt seems as likely that 
the evolved attribute lmuting lifespan, if such there be, 
is the general stability of the informational system to 
noise-accumulation at this pomt the argument ap- 
proaches Pangloss’s theorem Leaving this aside, we are 
left with two questions which mfluence our expectation 
of probable interference with the rate of human senescence 
Is mammahan dyshomoeostasis with age timed by loss of 
molecular information? If so, is this loss a result of 
random noise-accumulation, m fixed or in clonally 
repheated cells, or of the fimitude of the switching- 
sequence involved in epigenetics, or of both ? 

Until these questions are resolved, further research on 
agemg and the likelihood and extent of any control of 
the human lifespan can only be assessed “blind”, and so 
the immediate programme of age research needs to be 
directed to them There ıs a fan body of evidence in 
favour of the concept of information loss, and of that loss 
bemg random in character, but there 1s a methodological 
bias ın favour of these conclusions built-in by the involve- 
ment of age studies with radiation effects (which may 
not be analogous to natural ageing) and the mathematical 
preoccupations of radiobiologists Direct examination of 
the functioning of fixed-cell DNA by the detection of 
nonsense-materials”* or by the evidences of compensatory 
synthesis to keep up with failing accuracy of copying®?-*° 
1s already ın hand, on the lines origmally suggested by 
Maynard Smith"™:27,31 Production of nonsense materials, 
if demonstrated, would accord better with stochastic 
damage than with the switching-off of genes The only 
conclusive short-cut experuments are those which might 
point the way by demonstrating that cellular formation 
can be protected, through the study of substances which 
prolong the life of fixed cells The complementary demon- 
stration, depending on life-shortening®*, 1s inconclusive for 
obvious reasons Attempts to prolong mammalian hfe 
with antiradiation drugs and antioxidants have so far 
been unsatisfactory® ın execution rather than ın concep- 
tion Apart from the papers of Harman®*, whose longest- 
lived mice on, antioxidants faled to equal the best un- 
treated performance for the stran, the single, and rela- 
tively small, prolongation ın lifespan so far reported in 
mammals followed the admimstration of an mmmuno- 
suppressants? 

There is available a repertoire of treatments which 
could, if the practical difficulties of administration to a 
suitable and standardized organism can be overcome, 
dispose both of the general hypothesis of noise-accumu- 
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lation, and of sub-hypotheses coneerning the parts played, 
for example, by cross-lmkmng, lysosomal DNase, and con- 
sequent autoimmune phenomena 

If ıt could be shown that a theoretically accountable 
substance (antioxidant, anti-cross-linking agent, DNA 
ligase potentiator or lysosome stabilizer) 1s capable of 
prolonging the mature hfespan of a simple organism 
beyond the maximum normally observed in outbred 
individuals, this would ın itself constitute a useful ad- 
vance Demonstration of Medvedev’s alternative hypo- 
thesis would involve considerably subtler techniques, 
recent work on serial gene expression m ciliates** fore- 
shadows these, and indicates that the hypothesis could 
be extended from fixed cells to clones Meanwhile the 
whole question of clonal stability m somatic cells, an old 
gerontological source of optimism datmg from Carrel, 
remains open. 

Concentration of fundamental projects ın these ques- 
tions could at least dispose of them, and a concerted 
attack on these lines seems desirable—gerontology at the 
moment has more bricklayers than architects, and the 
most important new evidence might well come from 
outside the circle of age researchers, provided the general 
biologists ın other fields are aware of the situation In 
view of the mmportance of work on cellular mformation 
and epigenetics to biology as a whole, there ıs httle msk 
of wasting a research investment at such a fundamental 
level If within 10 years ıt has become evident that pro- 
tection of cellular mformation at the level demanded by 
“adult vigour”, or useful stretching of development to 
extend that vigour, 1s fundamentally or practically 
unlikely m man, researchers on age processes would at 
least be released to pursue palliative concerns, such as 
the re-examination of autoimmune divergence or the 
correction of hormone deficits, traditional topics of ger- 
ontology which in any case require re-examination, while 
the chances of a degree of control over the timing and 
sequence of age changes as a whole seem at least good 
enough to merit a substantial and co-ordmated effort on 
a world basis 
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Cocos Island les ın the eastein Pacific Ocean on the crest 
of the Cocos Ridge, a well defined linear bathymetric 
high with an average depth at its crest of about 1,000 
fathoms! Extending south-west from Costa Rica to the 
Galapagos Islands, where 1t joms the Galapagos Fracture 
Zone, Cocos Ridge appears to be a fracture zone similar 
to the Tehuantepec Ridge, which branches from the 
Chpperton Fracture Zone, and to the Nasca Ridge, which 
branches from the Easter Island Fracture Zone. The age 
of Cocos Island ıs of geophysical interest as an indication 
of the age of the volcanism associated with the fracture 
zone, and as a measure of the mmimum age of the sea 
floor m this tectonically active region The age ıs also of 
biogeographical interest because of the possibility that 
Cocos Island served as a stepping stone for plants and 
animals migrating to the Galapagos Islands from Central 
America The visit of the Galapagos International 
Scientific Project to Cocos Island on March 8-9, 1964, 
gave one of us (A C) an opportunity to collect rock 
samples in the vicinity of Chatham Bay (Fig 1) The 
results of potass1um—argon age determinations, palaeo- 
magnetic measurements and chemical analyses are re- 
ported here 

In spite of more than 400 treasure-seeking and scientific 
expeditions to Cocos, surprisingly little ıs known about 
its geology Merrill? published a description and partial 
chemical analysis of an “andesite” collected by Agassis 
from the vicinity of Chatham Bay Chesterman® described 
two olivine basalts, one latite, one lapıllı tuff-breccia and 
one “ohgophyre” composed mostly of oligoclase, collected 
on earlier expeditions The most complete report of the 
geology of Cocos 1s that of Chubb‘, who spent 24 h there 
in 1924 He noted that the island was composed. chiefly 
of massive lava flows and described an agglomeratic 
tuff from the south side of Wafer Bay From a study of 
beach pebbles collected near Wafer Bay, he concluded 
that the rocks there are prmerpally labrado1rte—andesite 
and hornblende labradorite-andesite Chubb presented 
chemical analyses of two typical specumens and described 
them as similar to those of the Galapagos and especially 
of Rapa Macdonald’, however, recognizing the m- 
adequacy of the geological formation from Cocos Island, 
did not melude the Cocos rocks m the mid-Pacrfie voleanic 
province 

The botanist Alban Stewart found that the flora of 
Cocos was that of a typical oceanic island, and that there 
was no botanical evidence for a land bridge connecting 
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Geological evidence obtained from samples of rocks from Cocos 
Island, Costa Rica, seems to agree with the idea that this island 
could have been a stepping stone for organisms migrating to the 
Galapagos Islands 


Cocos with the Galapagos Islands? He concluded that 
Cocos Island was younger than the Galapagos Islands 
because the percentage of endemic plants 1s smaller, an 
argument that seems tenuous in view of the fact that 
Cocos 1s only half as far from the mainland, has a different 
chmate and 1s in different oceanic and atmospheric 
current systems Vinton inferred a Pleistocene age for the 
island from the thinness of the souls, the ungraded charac- 
ter of the streams and the scarcity of beach deposits’? He 
further concluded that, during the Oligocene and Miocene, 
Cocos Ridge was a peninsula extending from Central 
America to within less than 200 km of the Galapagos 
Islands but that the penmsula submerged well before the 
formation of Cocos Island Channels have been discovered 
on the sides of Cocos Ridge, but Wilde® concluded that 
these were formed by turbidity currents rather than by 
subaerial erosion Furthermore, the crust underlying the 
ridge seems to be oceanic rather than contimental®, and 
the absence of guyots on the ridge indicates that ıt has 
remained submerged at least since the tame of the volcanic 


Table 1 CHEMICAL ANALYSES AND MOLECULAR NORMS OF TRACHYTE (40400) 
AND ALKALI BASALT (40401, 4C402 AND 40404) FROM COCOS ISLAND 
Average 
40400 40401 40402 40404 oceanic!? 
alkalı basalt 
$10, 584 48 3 48 8 486 474 
AlO, 19 0 190 186 191 180 
Fe,0, 47 65 53 83 42 
FeO 19 28 37 11 58 
MgO 0 69 37 38 26 48 
Cad 17 70 72 62 86 
NaO 55 34 32 42 40 
20 45 17 20 23 17 
H0- 0 81 18 16 18 06 
H,O + 14 18 13 15 08 
T10, 11 34 35 33 29 
P0; 0 25 0 59 051 061 09 
MnO 0 09 0 20 017 019 02 
co, <0 05 <0 05 <0 05 <0 05 — 
Total 100 0 997 99 7 99 8 999 
Molecular norms 
Q 52 32 33 — 
(e 26 03 — — 
On 266 101 119 13 8 
Ab 465 28 9 27 2 356 
An 68 310 306 265 
Ne = = — = 
Mt 32 — 23 — 
Hm 25 85 37 83 
qn 21 64 67 27 
A 06 14 1? 14 
oO ~~ — — — 
Di — — 15 = 
Hy 17 92 88 65 
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activity that produced the numerous seamounts on the 
ridge. 

The rocks in the vicinity of Chatham Bay, like those 
studied by Chubb at Wafer Bay, include flows, tuff and 
agglomerates. East and south of Chatham Creek the flows 
are thick, massive and nearly horizontal and seem to 
extend several kilometres along the coast These flows are 
capped by a thick sequence of volcanic ash ın the basın at 
the head of Chatham Creek In contrast, the flows north 
of Chatham Creek are thm and are interbedded with 
crystal lithic tuff probably of subaerial origm. Most of 
these flows dip seaward away from present topographic 
highs, suggesting muitial dip rather than deformation The 
northern tip of Cocos consists of bedded tuffs that dip 
northward Nuez Island is composed primarily of agglom- 
erates, which also dip northward away from the central 
mass of Cocos, but there the dips are sufficiently steep to 
suggest the possibility of some deformation 





Fig 1 Index map of northern Cocos Island showing locations of analysed samples 
Inset shows the relationship of Cocos Island to the bathymetric features discussed in the text 


ın stratigraphic order 


The marks of extremely active erosion characterize the 
present surface of Cocos Island Despite the rapid growth 
of vegetation, many landslide scars are present m the 
vicinity of Chatham Bay Mudflow and landslide deposits 
clog the lower reaches of the steeply mesed canyon of 
Chatham Creek, and fans contaiming subangular boulders 
up to 2 m in diameter extend into the bay at the mouth 
of Chatham Creek, indicatmg that there has been recent 
mudfow activity 

For this study, samples were collected from thin flows 
north of Chatham Creek and from one of the thick, 
massive flows on the south side of Chatham Bay (Fig 1) 
Samples 40401, 40402 and 40404 from three of the thm 
flows are nearly identical alkali olivine basalts These 
samples are porphyritic with a trachytic texture and 
contain phenocrysts of plagioclase, olivine and, rarely, 
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diopsidic augite The plagioclase phenocrysts are com- 
plexly twimned and strongly zoned, most of them are 
labradorite (Angs-.;), but a few are as calce as Ang, The 
groundmass is composed of plagioclase of composition 
Ansa Olivine, diopsidic augite, rron—titanrum oxides and 
apatite. Almost all of the olivine ıs altered to :ddingstte 
A modal analysis of sample 40401 gave 56 per cent 
plagioclase, 18 per cent pyroxene, 13 per cent olivine, 11 
per cent opaque minerals and 1 per cent apatite The 
chemical analyses of these three rocks also do not differ 
significantly (Table 1). They all contain less than 50 per 
cent silica, a relatively large amount of alumima and total 
alkalis, and are oxidized, as can be seen by ther mgh 
Fe,0,/FeO ratios More than 175 per cent titania 1s 
present, which 1s typical for oceanic basalts ın contrast to 
circumoceanic basalts, which usually contain less T10, 
(ref 11). 

Sample 40400 from one of the thick massive flows 1s 


ERTON FRACTURE LỌ 
SSSSSDEE HOLT SS 


GALAPAGOS 
ISLANDS 


Samples north-west of Chatham Creek are shown 


a shghtly porphyritic, granular trachyte that consists 
primarily of sodic plagioclase and samdine with small 
amounts of olivine (altered to iddingsite), hypersthene, 
iron—titamium oxides and apatite Petrographically and 
chemically, 1t resembles the specrmen from Chatham Bay 
described by Merrill? as an andesite 

The alkah basalts which were studied are plotted on a 
K,0-S10, diagram (Fig 2) together with previous analyses 
by Chubb‘ The analyses all fall within the field of the 
alkali oceanic basalts’? No tholente has been reported 
from Cocos Island The alkah basalts compare closely 
m composition with average “oceame” alkali basalt", 
and A E J Engel and © G Engel? have poimted out 
that rocks of this composition predominate on the islands 
and the upper parts of seamounts associated with the 
East Pacific Rise Petrologically, Cocos Island ıs thus 
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Fig 2 K,O-S10. diagram for rocks from Cocos Island Solid circles 

are analyses from this study, open circles are data from Chubb‘, and 

triangle 1s average oceanic alkali basalt?* Vertically and horizontally 

ruled areas are approximate Belda or fie oceanic tholente and alkali 
Asa 


oceanic, strengthening the conclusion that Cocos Ridge 1s 
not a submerged part of the continent 

The polarity of four or more omented samples from 
each flow was measured in the field with a portable flux- 
gate magnetometer™ and found to be internally consistent 
These field measurements were confirmed by remeasuring 
the remanence of one sample from each flow m the 
laboratory'® and checking its magnetic stability m alter- 
nating magnetic fields'* (Table 2) The three flows north 
of Chatham Creek are reversely magnetized (Table 2) 
Two of these, flows 4C401 and 40402, are underlaim by 
baked tuffaceous material that 1s also reversely magnet- 
ized, indicating that the reversed remanent 
magnetism is a result of reversals of the 
Earth’s field and not muneralogically con- 
trolled self reversal The massive trachyte 
flow (40400) 1s normally magnetized The 
intensity of magnetization of the alkah olivine 
basalt samples 1s typical of basalt’, whereas 
that of the trachyte (40400) ıs much smaller 
This 1s probably because the trachyte contains 
fewer grains of iron oxides 

An examination of thin sections showed 


18 


that three of the four flows were suitable! for § 
whole-rock potass1um-argon age measure- è 
ments Argon analyses were by standard x 19 
isotope dilution techniques using methods Y% 
and techniques previously described’? Potas- 3 
stum was determined by flame photometry <4 
using a lithium internal standard The ages 1 7° 


(Table 3) of flows 4C401 and 40402 are 
consistent with their stratigraphic relations, 
and the ages of all three flows are tightly 
grouped near 2x 10° yr 

Recent studies of the history of geomag- 
netic reversals indicate that the polanty 


structure consists of polarity epochs, which 22 


Africa 
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Table 2 PALAEOMAGNETIO DATA FOR ROOKS FROM COCOS ISLAND 
After partial 
Sample Original magnetization demagnetization Polarity 
No D I J D I J 

40400 003° 21° 802x10 008° 24° 297x10* Normal 
40401 182° 00° 251x10 182° 06° 181x10 Reversed 
40402. 173° —07° 241x10- 173° —08° 120x10° Reversed 
40404 170° -01° 427x10® 170° —01° 230x107 Reversed 


D, Dechuation, I, melnation, J, intensity ın emujce. 
Partial demagnetization wasn a c field of 400 gauss 


Table 3 ANALYTICAL DATA FOR POTASSIUM-—ARGON AGE DETERMINATIONS 
ON VOLOANIC ROOKS FROM COCOS ISLAND, COSTA RIOA 


Argon 
40 
AT x 100 
Sample Sample Ar Ao ig 2 rad" Calculated 
No K,0 weight 40 age?’ 
{per cent) (g) {moles} total {10° yr) 
40400 4 78,4 81 9 956 1 480x108 62 8 209+004 
40401 212,213 10000 0 637 x 107% 259 2 03+0 08 
40402 2 22,2 22 8 624 0 632x107) 190 1934+009 


* R= 0 585x100 yr, 4g =472x10- yr, K/K =1 19x 10“ mole/mole 

The + values are estimates of the analytical precision at the 68 per cent 
confidence levelt? 

Analyses were made on whole-rock samples 


duration®*#2, One of the best documented events 
13 the Olduvai normal event which occurred about 
20to19x10°yrago The normal polarity of this event 
is recorded (Fig 3) ın lava flows from Olduva: Gorge, 
Tanzania?3-*4, the Pribilof Islands, Alaska?5, Réunion 
Island in the Indian Ocean% and Victora, Australia?’ 
From the polarity and age of sample 40400, Cocos Island 
also appears to be a locality where volcanism occurred 
during the Olduvai event The duration of the Olduvai 
event has been estimated to be about 0:14 x 10° yr (refs 
28 and 29), whereas the spread in potassium—argon ages 
is nearly twice this Although undoubtedly partly caused 
by dating errors, the spread m ages suggests that the 
Olduvai event consists of multiple, widely spaced shorter 
events, for which some evidence has already been found 
ın deep-sea sediment cores”®, 

In a similar study on the Galapagos Islands”? we found 
that voleanism began at least 24x 10° yr ago and has 
continued to the present tıme ‘Thus there ıs at least 
some overlap between the volcanic activity on the Gala- 


pagos Fracture Zone and that on the Cocos Ridge On 
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are periods of tame during which the Earth’s 
magnetic field was predominantly or en- 
tarely of one polarity, and polarity events, 
which are like epochs but of much shorter 


Fig 3 Comparison of data from Cocos Island rocks with worldwide palaeomagnetic— 

radiometric data from rocks having ages between 17 and 22%x10° yr (refs 23-27) 

Solid circles indicate normal polarity, open circles indicate reversed polarity, and vertical 
bars are estimates of standard deviation of analytical error where available 


326 


both Cocos and the Galapagos Islands, ıt 1s possible that 
older rocks may exist beneath a surface cover of younger 
flows, so that the time when individual islands first 
emerged from the sea cannot be determined with certainty 
The geological evidence, however, does not contradict 
the idea that Cocos Island may have served as a stepping 
stone for organisms migrating to the Galapagos Islands, 
even though it 1s unhkely that the Cocos Ridge was ever 
a land bridge 

We thank Edward Mankinen and Wilfrid Davis for 
assistance with the palacomagnetic and potass1um—argon 
measurements Chemical analyses were under the direc- 
tion of Leonard Shapiro This work and the Galapagos 
International Scientific Project were supported by grants 
from the US National Science Foundation 
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We wish to discuss m this article some astrophysical 
mmplications of soft X-ray observations Our discussion 
18 motivated by new evidence which mdicates that the 
galaxy may be more transparent to X-rays than was 
previously believed, and that extragalactic radiation of 
wavelength ~ 50 A (or even longer) may penetrate to us 
without severe attenuation 

The X-ray opacity of the galaxy 1s straightforwardly 
1elated to the column density of matter along the line of 
sight It has traditionally been thought that 21 cm radio 
measurements yield a direct measure of the column 
density of hydrogen atoms: the optical depth of the 
galaxy to X-rays can then be calculated, making allow- 
ance for contributions from molecular hydrogen, from 
helum, and from heavy elements m mterstellar space 
This calculation leads to the conclusion that the optical 
depth at 50 Å z 1 ın almost all directions There 1s now, 
however, some evidence which suggests that the amount 
of hydrogen in interstellar space may be significantly 
lower than the value mferred from 21 em data Some 
recently obtained ultraviolet spectra of stars in the 
direction af Orion reveal that the Lyman « absorption 

* On leave from the Institute of Physics, University of Bologna 


The opacity of the galaxy to soft X-rays may be less than previously 
supposed This may permit a variety of extragalactic objects to be 
observed at ~50 A Some implications of this situation are discussed 


line 1s surprisingly narrow! Fuischel and Stecher? have 
made a proposal which may resolve the discrepancy 
They show that “pumping” by blue-shifted Lyman a 
radiation can lead to population mversion in the hyperfine 
states of atomie hydrogen. Because 21 cm radiation would 
be amplified by the ensuing maser action, a lower column 
density of hydrogen 1s then needed to produce a given 
intensity m the 21 em line 

Further evidence that the interstellar hydrogen density 
may be lower than the conventional estimates was recently 
reported by Bowyer, Field and Mack®, who have measured 
the X-ray flux m the 44-70 A range over a wide area of 
sky They have discovered a background flux, stronger 
towards the Galactic Pole, which probably originates 
outside the galaxy If this flux ıs truly isotropic (as is 
the X-ray background at shorter wavelengths), the 
observed latitude dependence mdicates that the opacity 
of the galaxy should be about three times lower than the 
usual estimates In consequence, the optical depth at 
50 A would be <1 over a wide area of sky at high galactic 
latitudes Although the optical depth goes roughly as 2°, 
observations at even 100 A may be feasible in certam 
directions where there are “windows” in the hydrogen 
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density Our aim ın this article ıs to emphasize the 
potential importance of very soft X-ray observations 
While ıt will clearly be valuable to extend the spectra of 
non-thermal X-ray sources towards longer wavelengths, 
the chief interest of such observations lies ın the possibility 
of detecting thermal emission by hot gas Whereas such 
gas would need to have a temperature approaching 10? °K 
to be detectable at wavelengths shorter than 10 A, very 
soft X-ray observations may reveal thermal sources at 
~10° °K. Moreover, absorption by diffuse intergalactic 
matter may become detectable We shall also make some 
tentative inferences from the results of Bowyer, Field 
and Mack, which provide the only published information 
on ~50 A X-rays 


Diffuse X-ray Background and Intergalactic Absorption 


Bowyer et al observed an X-ray flux near the Galactic 
Pole of ~5x 10-35 erg cm-? sec") ster-! (Hz)-1 at ~44 A 
(uncorrected for galactic absorption) Even according 
to the conventional estimates, the optical depth of the 
galaxy is only ~1 in this direction Unless this 1s a 
serious underestimate, we can set a limit to the mtensity 
of background X-rays incident on the galaxy, and we 
can infer that, 1f the density of the intergalactic medium 
1s n~ 10-5 particles cm~, 1ts temperature T must satisfy 
T(z) s 5x 105 (1+2z)° K at all red-shifts z 

A background flux of X-rays with a spectrum v-a, with 
a~ 1:2, 1s known to exist at shorter wavelengths‘ This 
background 1s isotropic to within 10 per cent, and 1s 
probably universal It has been commonly interpreted 
as inverse Compton radiation resulting from scattering 
of the primeval black-body radiation by relativistic 
electrons®* If this interpretation ıs correct, the spectrum 
would be hkely to maintain the same slope right down to 
the very soft X-ray range (A spectrum which flattens 
at longer wavelengths could be explamed, but a steepening 
would not be expected ) A straightforward extrapolation 
of the observed X-ray background spectrum to ~50 A 
leads to a flux of the order of three times greater than 
that observed by Bowyer etal We can therefore conclude 
that either (a) the optical depth of the galaxy at ~50 A 
does mdeed have the conventionally assumed value ~ 1 
at high galactic latitudes, and we are observing a back- 
ground flux with a straight power-law spectrum*, or (b) 
the opacity of the galaxy 1s lower, but the background has 
a spectrum which flattens at long wavelengths, either 
intrinsically or because of extragalactic absorption In 
both cases 1t follows that the optical depth of the inter- 
galactic medium to soft X-rays 13 $1, out to a red-shift 
of at least z~1 As Bowyer et al point out, this imphes 
that, for ~~10-5 particles cm~”, hydrogen and helium 
must be at least ~ 99 per cent ionized. If the ionization 1s 
collisional, this requres 2%'215x105 °K at least out 
toz~l 

An interesting limit can also be set on the abundance 
of heavy elements ın intergalactic space If all elements 
are present with their “cosmical’’ abundance in a cool 
gas, Bell and Kingston’ have calculated that the heavy 
elements contribute about 50 per cent as much as hydro- 
gen and helium together to the opacity at ~50 A (and 
proportionately more at shorter wavelengths) Whereas 
the intergalactic gas can be hot enough for hydrogen and 
helium to be almost completely ionized, however, 1t cannot 
Gf n~ 10- particles cm-*) be hot enough to strip the heavy 
elements of therr K-shell electrons which are responsible 
for the X-ray opacity. If the optical depth <1, heavy 


*If we adopted alternative (a) we could determine how the apparent 
discrepancy between the hydrogen column density and the X-ray opacity 
depends on direction by correlating the observed X-ray flux with the 21 cm 
intensity One might thus obtain some insight into the cause of the 
discrepancy 


This approach contrasts with that used bv Bowyer et al who supposed 
that the X-ray opacity was proportional to the 21 cm intensity—which 18 
equivalent to assuming that the process causing the anomalous 21 cm 
emnon 18 eqnally efficient in all directions (the inferred discrepancy being 
a factor ~3 
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elements ın intergalactic space must have less than 2 
per cent of their “cosmuical’’ relative abundance (with 
correspondingly weaker limits 1f n 1s lower) We would 
not expect them to be present with their full local abund- 
ance relative to hydrogen’, but this ıs nevertheless a 
Inghly significant result, because 1t sets a limit to the 
cumulative contamination of intergalactic space by 
galaxies and exploding objects durmg the lfe of the 
universe 

If the inverse Compton explanation for the X-ray back- 
ground 1s the correct one, 1t 1s probable that most of the 
observed X-rays were emitted at very early epochs corre- 
sponding to z2 5 (ref 6) This 1s because the black-body 
radiation would then have been more intense, and also 
because 1adio sources (and thus presumably relativistic 
electrons) may have been produced more profusely in the 
past? We may therefore be able to set limits on the opacity 
of the intergalactic gas at these very large red-shifts, 
which would be especially imteresting because all the 
other direct evidence for the state of 1on1zation of nter- 
galactic gas—the absence of Lyman « absorption in the 
spectra of quasi-stellar objects!*, and the 21 cm observa- 
tions!'—refers only toz<2 In calculating the absorption 
at very large red-shifts, we must allow for the facts that 
no(1+z)°, that the cross-section for absorption of a 
photon of observed wavelength 4 by hydrogen or helium 
atoms 1s roughly proportional to 4? (that 1s, to (1+2z)-3) 
and that the effective path length (in the Emstem-de 
Sitter model)a«(1+z)/2 As a result of these effects, we 
can only conclude that the degree of ionization of hydrogen 
and helium is >95 per cent for z~2-5—a rather less 
sensitive result than for smaller red-shifts We still obtam 
an upper limit of ~2 per cent for the heavy element 
abundance relative to its ‘“‘cosmical’ value, however 
(if n ~ 10-5 cm~), because absorption by these elements 1s 
relatively more important at shorter wavelengths 

If an accurate spectrum of the X-ray background 
between, say, 1 A and 50 A were available, we might be 
able to decide whether the long wavelength flux 1s reduced 
by intergalactic absorption, and, 1f so, where the absorption 
is taking place The possibility that the intergalactic gas 
was highly 1omzed at epochs corresponding to z~ 5, imply- 
ing that T z2 5x105 °K, ıs an mteresting further con- 
straint on its permitted thermal history It would also 
umply that radio waves from distant sources had an appre- 
ciable chance of being Thomson scattered by the gas?® 


Intergalactic Gas in Clusters of Galaxies 


It 1s possible that the intergalactic medium 1s chiefly 
concentrated within clusters of galaxies, rather than being 
distributed smoothly. It has, for example, been suggested 
that the gas density within the Local Group (whichis ~1 
Mparsec in extent) may be as high as ~ 10- cm~? If this 
quantity of gas ıs indeed present, 1ts temperature must 
be below 10° °K otherwise ıt would emit a flux of soft 
X-rays ın excess of what ıs observed If other clusters 
of galaxies are simular to ours, however, they will, col- 
lectively, make a larger contribution to the X-ray 
background than the Local Group, because there would 
be several clusters with z<1 along any line of sight We 
can therefore place an upper lmıt on the temperature 
of the gas within a typical cluster, which 1s slightly more 
stringent than in the smoothed-out case because the 
radiative losses per particle are proportional to the gas 
density The lmits on absorption would, however, be 
the same 

We consider separately those exceptionally large 
clusters, such as the ones ın Virgo and Coma, which may 
contain large quantities of intergalactic gas, needed to 
satisfy the virial theorem’? Coma, for instance, would 
require ~3x 1048 g, and if this mass of gas were spread 
uniformly through a sphere of ~3 5 Mparsec diameter 
and had a temperature ~10° °K, the 50 A flux at our 
galaxy would be ~4x 10-** erg cm- sec"? (Hz)-* 
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The Coma cluster hes near the Galactic Pole, where, 
according to Bowyer et al, the optical depth of the 
galaxy ıs $1/3, and such a ugh flux would easily have 
been detected by these workers, despite the fact that 
their beam covered ~5 times the solid angle subtended 
by the cluster Even if the higher conventional estimate 
for the opacity of the galaxy 1s correct, this flux would 
still be detectable There ıs no evidence for enhanced 
emission from the Coma direction on the map published 
by Bowyer et al , so we can presumably conclude that, if 
the “missing mass” in the Coma cluster 1s mdeed in 
gaseous form, its temperature must be $5x 105 °K, 
The expected X-ray intensity would be even greater 1f, 
as Woolf“? has considered, the gas were concentrated 
towards the centre of the cluster or were distributed 
inhomogeneously If the gas were present, but cool and 
neutral, its optical depth would be at least 60 The Coma 
cluster should then cast a shadow on the X-ray back- 
ground* which would be observable by a detector with 
two or three times better angular resolution than that 
used by Bowyer et al In this case, however, the cluster 
would be observed as a strong 21 cm emission feature and 
1b is notë If the temperature were a few times 10° °K, 
the hydrogen and the helium would be almost all ionized, 
but there would still be a “shadow” effect caused by heavy 
elements 1f they had more than 2 or 3 per cent of their 
“cosmical” abundance 


Quasars and Radio Galaxies 


The only two extragalactic objects which are already 
known or suspected to emit detectable X-rays at shorter 
wavelengths are Virgo A and 30 273 (refs 16 and 17). 
Although ıt 1s difficult to identify discrete X-ray sources 
without better angular resolution than that used by 
Bowyer et al, a strong source might still be detectable 
above the background One of the patches of strong soft 
X-ray emission on the map published by Bowyer et al 
seems to coincide with the position of 3C 273 (J = 290°, 
b= +64°) Although this may be a comeidence or 
(in view of the quoted errors) a chance fluctuation, 1b 18 
worth considering the possibility that the excess flux 
from this patch of sky does indeed come from 3C 273 
Although this source 1s at a high galactic latitude, 1t les 
m a direction where the 21 cm emission israther high the 
optical depth of the galaxy in this direction ıs ~ 1 accord- 
ing to the analysis of Bowyer et al and ~3 on the 
conventional analysis Taking Friedman and Byram’s 
estimate of the intensity of 3C 273 at 1-10 A, we have 
calculated what spectrum the source would need to 
have ın order to produce ~8 counts/sec in the detector 
used by Bowyer eż al , assuming that there 1s no absorption 
along the lne of sight apart from that caused by the 
galaxy We find that, if the spectrum ıs a power law, 
the slope has to be ~ —3 if the opacity has the conven- 
tionally assumed value, and ~ —1 5 1f the lower estimate 
of Bowyer et al for the galactic opacity 1s taken 

We do not, of course, know whether the spectrum of 
3C 273 1s a power law (as would be likely if the X-rays are 
synchrotron or inverse Compton radiation) or an expon- 
ential thermal spectrum It does not prima facie seem 
unreasonable, however, to suggest that the excess counts 
reported by Bowyer et al ım the direction of 30 273 are 
in fact emitted from this source If this 1s mdeed so, 
other interestmg consequences follow Koehler and 
Robmson!* have reported 21 em absorption in the radio 
spectrum of 3C 273, which they attmbute to neutral 
hydrogen in the Virgo cluster If these observations are 


* Gould and Sciama™ suggested ın 1964 that galaxies might cast shadows 
on the X-ray background An angular resolution better than 1 degree would 
be needed to detect this effect Ifit were possible to observe a shadow cast 
by a nearby galaxy, such as Andromeda, which has been mapped at 21 em, 
one would be able to test whether amplification is causing a discrepancy 
between the 21 cm intensity and the X-ray opacity similar to that which 
may occur in cur own galaxy Of course such observations would also test 
whether the X-ray background i8 truly extragalactic 


NATURE, VOL 217, JANUARY 27, 1968 


correct, they ımply a H I column density of ~1 3x 10” 
T atoms cm-*, where T's 1s the spm temperature The 
optical depth at 50 A caused by this gas alone 1s therefore 
~4x10-* Ts, if there are ~10 per cent of helrum atoms 
im the cloud. Assuming that the X-ray opacity resulting 
from the cloud ıs $ 1, we deduce directly that Ts s 25° K 
Such a low value for T, 1s not unreasonable (and was in- 
ferred by Koehler!® from other considerations), but this 
1s a significant constraint on the properties of the H I 
cloud responsible for the 21 cm absorption 

Although Virgo A was found by Friedman and Byiam' 
to be ~5 times stronger than 3C 273 in the 1-10 A 
wavelength range, there 1s no evidence on the map of 
Bowyer e¢ al for enhanced soft X-ray emission from its 
position Koehler and Robinson found that the 21 em 
absorption from this source was 25 per cent weaker than 
in 3C 273 Koehler’? pomted out, however, that there 
may be, within the galaxy M87, a large amount of gas 
with too high a spin temperature to contribute to the 21 
cm absorption ‘This material would absorb X-rays, and 
an extra optical depth as low as ~ 2 would suffice to make 
Virgo A appear weaker than 3C 273 at ~ 50 A, even if 
its intrmsie spectrum were similar. Soft X-ray observa- 
tions of extragalactic radio sources would thus not only 
extend our knowledge of their intrmsic spectra, but also 
place restrictions on the permitted properties of the 
diffuse intervenmg medium It has recently been 
reported?’ that the X-ray spectrum of Virgo A is fairly 
flat at ~8 A This may indicate appreciable absorption 
even at ~8 A, or an intrinsically flat spectrum. If either 
of these alternatives 1s correct, Virgo A would be too weak 
to have been detected at ~50 A by Bowyer et al 


Accretion Wakes of Galaxies 


Another possible source of soft X-rays 1s the accretion 
wake of the galaxy (and possibly of other galaxies) 
Ruderman and Spiegel”? have discussed the flow pattern 
which would arise from the galaxy’s motion, with supet - 
sonic velocity, through the general intra-cluster gas 
They show that there would be a weak gravitationally 
enhanced conical shock behind the galaxy, and that, in 
a direction opposite to that of the galaxy’s motion (that is, 
along the axis of the shock), there would be a “tal”? of 
enhanced density, where the temperature could exceed 
10° °K. They pointed out that this “tal” could be a 
source of soft X-rays Its position m the sky can be 
estimated from an analysis of the velocities of galaxies 
in the Local Group”!, and 1t turns out to he in the direction 
M ~ 340°, bI ~ + 20°. Bowyer et al. do in fact find intense 
X-ray emission from this direction, as well as enhanced 
emission from the whole surrounding area of sky This 
coimeidence 1s suggestive, although ıt may, of course, be 
merely due to chance 

An apparently unrelated coincidence 1s the following 
the centre of the radio feature known as the North Polai 
Spur also lies in the same direction®? The Spur 1s widely 
believed to be the envelope of an old supernova remnant** 
(although there are difficulties associated with this inter- 
pretation"), so an alternative theory to explain the X-rays 
from M ~ 340°, bII ~ + 20° would be to say that they come 
from the debris of the same explosion which gave rise to 
the Spur It would then be pure chance that the centre 
of the Spur lies in the expected direction of the accretion 
wake of the galaxy This last remark does, however, 
suggest a radically different interpretation, according to 
which the radio Spur either delineates the conical shock 
wave predicted by Ruderman and Spiegel?® or results 
from the impact on the galactic disk of gas streaming m 
from the accretion wake The fact that the centre of the 
Spur, the observed region of enhanced X-ray emussion, 
and the expected accretion wake all he in the same direc- 
tion would not then be accidental. Furthermore, such a 
theory would account for the strong 21 em emission from 
this direction and for the fact that the zone of avoidance 
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seems to extend further from the galactic plane in this 
direction 


High Velocity H | Clouds 


Another source of diffuse X-rays near the galaxy 
might be associated with gas accreted by the 
galaxy from directions other than that of the accretion 
wake High velocity clouds of neutral hydrogen have 
been detected by 21 cm observations in the general 
direction I= 70°-170°, bH = +30°-+60° (ref 25) These 
clouds all seem to be falling into the galaxy with typical 
velocities of ~ — 120 km sec~!, and Oort?* has suggested 
that they have an extragalactic origm If they have 
been captured by the galaxy’s gravitational field, how- 
ever, they should now have velocities of the order of 
500 km sec"! towards us, unless their speeds have been 
reduced ın some way They may have been braked by 
cosmic ray pressure’, but an alternative possibility 1s 
that the clouds have been braked by interaction with gas 
in the galactic halo?! In the latter case, they would almost 
certainly impinge on the halo with supersonic velocities, 
so their motion would lead to the formation of shock 
waves, n which temperatures of a few milion degrees 
would be attained** The gas behind these shocks would 
then emit soft X-rays The observed clouds he ın direc- 
tions where the opacity of the galaxy 1s not too great, and 
calculations show that, if the gas density ın the halo ıs 
adequate to produce the required deceleration, X-rays 
from the associated shocks may be detectable These 
X-rays may contribute to the flux observed by Bowyer 
etal away from the Galactic Pole, and future observations 
should enable us to set restrictions on the mass of the 
clouds, and perhaps to decide whether the braking is 
more likely to be caused by the halo gas or by cosmic 
rays The temperatures behind the shock waves are 
determmed chiefly by the cloud velocities, and we would 
expect only very soft X-rays These would not be detect- 
able except by the long wavelength observations which 
now for the first tume seem feasible if the opacity of the 
galaxy has indeed been overestimated 


Conclusions 


Our discussion shows that important information on a 
variety of extragalactic phenomena could be obtamable 
from soft X-rays (~ 50-100 A) if the column density of 
hydrogen ın our galaxy were a few times less than 1s 
implied by a straightforward analysis of the 21 cm data 
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Preliminary observational and theoretical considerations 
suggest that this 1s a very real possibilty In view of the 
importance of the X-ray observations which would become 
possible, and also of the interstellar questions involved, 
we would urge that further observational and theoretical 
studies of this problem be carned out 

We thank Dr C S Bowyer for communicating to us 
before publishing the results of his work with G B Field 
and J E Mack, and Miss S H Storer for advice on the 
problem of the column density of galactic neutral 
hydrogen 
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Directed Emission Model for Quasars 


by 
N A PORTER 
University College, 


Dubhn, 
Ireland 


Ir quasar red-shifts are assumed to be cosmological, con- 
siderable difficulties arise in reconciling short term varia- 
tions with the magnetic and particle energies’ If, on the 
other hand, the quasars are assumed to be local?, 1t 1s very 
difficult to find a satisfactory explanation of the red- 
shift It would therefore seem that alternative and 


The difficulties of accounting for the powerful emission of energy 
from quasars can be resolved if the emission is assumed to be 
concentrated in one direction 


even somewhat artificial mechanisms may be worthy of 
consideration The possibility of a directed emission 
has been informally suggested, but its implications 
have not been considered in detail Coherent but 
isotropic emission has been suggested by Gmzburg and 
Ozernoy* 
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If the radiation 1s assumed to be lsotropic, an energy 
emission of the order 1048 ergs per second 1s required in the 
continuum from 107-1015 Hz Mechanisms may exist, 
however, by means of which a beam of narrow angular 
spread could be produced We shall assume a number of 
sources of this type distributed with random orientation 
throughout the untverse and havig a characteristic beam 
width of the order of 0 1 sec of arc, 5x 10-7 radians We 
will take account only of those which are directed towards 
use The value of 6 1s chosen somewhat arbitrarily, the 
beamwidth feould ın fact be considerably larger than 
the observed angular diameter of the source In the 
mechanism which will be proposed, our choice 1s limited 
—chefly by the very small proper motions which are 
observed 

Accepting the specified value, however, the energy 
requirement for each source is now E=10*¢ x 62/4 = 1033 
ergs/sec This is comparable only with the radiation from 
the Sun, so that the phenomenon becomes stellar m scale, 
rather than galactic The number of such sources must be 
very much larger than the number of quasars which have 
been observed About one hundred have been seen m a 
volume which is about one-tenth of the observable uni- 
verse. Assuming that this 1s not a gross underestimate of 
the true density, the total number which 1s now required 
1s about 10°x 4/6?=10'*, If the phenomenon is mtra- 
galactic, 10° sources are required for each galaxy, but the 
probability of observing one in our own or an adjacent 
galaxy ıs only about 10-7 because of the narrow beam 
width Quasar phenomena are therefore rather common 
occurrences in this model, they are stellar ın magnitude, 
and may be individually quite short-lived 

Expermentally, the lifetime of each quasar need only 
be about 100 years, and large variations in intensity are 
observed on time scales which are significantly shorter 
than this The energy requirement per quasar 1s therefore 
about 10% ergs, and the power expended in each galaxy 1s 
about 3 x 1038 ergs per year This value is independent of 
the assumed beam width and 1s modest compared with the 
cosmic ray energy in our galaxy, which requires an estim- 
ated mjection power of 104 ergs/yr! The simulanty of 
these orders of magnitude is itself striking 

A mechanism for such emission presents difficulties 
which are not insuperable The injection of a stream of 
high energy particles into a region of uniform magnetic 
field could possibly produce enough power ‘The expan- 
sion of a relativistic gas in the presence of magnetic fields 
will be along the field Imes’, and ıt has also been shown 
that non-spherical expansion of shock fronts from super- 
novae 18 possible? In these cases, the beam width and 
energy requirement would be much greater than in the 
example which 1s grven here, and the number of sources 
would be correspondingly less 

An alternative possibility could be a phenomenon which 
1s analogous to the extensive air shower, developmg over 
distances of galactic order of magnitude and imtiated by @ 
single high energy particle or coherent bunch of particles, 
as suggested by Hayakawa’? In such a cascade, the 
medium of development is the isotropic microwave flux? 
Electron-photon development would be determined by the 
inverse Compton and photon-photon pair production 
cross-sections’, and the nuclear development by the 3/2, 
3/2 resonance cross-section!? Loss of electrons by syn- 
chrotron radiation would be relatively rapid, and the 
principal directed continuum synchrotron emission would 
come rather from mesons, nucleons and anti-nucleons 
Multiple scattermg would arise only from mregulartties of 
the magnetic field, so that the disk of particles would 
remain thin in the hne of sight, and lateral spread or 
curvature would be small The angular beam width would 
be of the order mc?/E, where H is the typical particle 
energy, but at radio wavelengths phase coherent dipole 
emission from the whole disk might occur, modifying both 
the beam width and frequency spectrum In models of 
this type, the power requirement 1s considerably less than 


NATURE. VOL. 217, JANUARY 27, 1968 


10®° ergs/sec This 1s because, as m the case of Cerenkov 
radiation from an air shower, the radiation travels with 
the disk and ıs deposited m a time short compared with 
the transit tıme The effective time contraction factor 
could, ın principle, be as large as 1/6?, but m practice 
would probably be determined by differences m path 
length, with a possible contribution from the differential 
recessional velocity over the path traversed If the 
phenomenon 1s confined to galaxies, the contraction factor 
would be of the order of 1,000 for an apparent hfetame of 
100 years For extragalactic emission, 1b could be as large 
as 108, a mt bemg set by the Hubble constant Large 
fluctuations m power?’ would be caused by transit through 
field irregularities, but these would also be contracted 
m time scale Power output requirements for the 
continuum are about 10% W for a galactic effect, 
or for an extragalactic effect could be as low as 10% 
WwW 

For protons, lower limits on particle energies are set by 
the requirement that the deviation of the shower paths m 
magnetic fields must be less than 01 sec of arc over the 
total path length observed With B=10-* gauss, particle 
energies of about 10% electron-volts are required, but 
because synchrotron losses are large, at these energies, 
even for protons, rapid degradation would occur, both by 
nucleon-photon collisions? and by synchrotron losses, to 
effective energies ın the region 1018 electron-volts The 
critical frequency for protons would be in the soft X-ray 
region The total energy of the phenomenon must, of 
course, be about 104* ergs, and a very large number of 
particles—about 10?°—must be radiatmg at any given 
time Because of the coherent dipole character of the 
radiation at long wavelengths, some apparent structure 
would be expected, but this would arise from the over- 
lapping of coherent wavefronts rather than from a real 
lmear separation. 

To satisfy observational requirements, line spectra must 
be excited coherently as the flux which 1s observed in such 
lines as Hf 1s of the order 10* erg/sec, assuming isotropic 
emission The mbherent diffraction width for coherent 
radiators, spread over a distance T, 1s 0 = (2/7')*, so that, at 
optical frequencies, phase coherence must be preserved 
over distances of about 108 cm The short wave radiation 
of the continuum traversing a galaxy would excite inter- 
stellar gas atoms By analogy with the laser, these would 
then emit stimulated emission as a result of being triggered 
by the appropriate wavelength of the contmuum ‘The 
continuum consists of wave trains which, although not 
mutually coherent, would be of sufficient length to con- 
strain the line emission into an angular distribution similar 
to that of the continuum The power requirement is about 
1022: W, and emission would be observed from a cylin- 
drical volume of about 10% cm’, which in a normal galaxy 
contains enough atoms to give the requued emission. 
Because of the time contraction of the continuum, the 
excitation power 1s sufficient If the shower disk traverses 
the galaxy, some excitation would be caused by the 
particles also, but because the diameter of the disk would 
only be about 10° em, the number of atoms which would 
be affected would be relatively small Line broadening 
would arise from differential red-shift across the emitting 
galaxy, and the overall red-shift would be that correspond- 
ing to the distance of the galaxy 

Not all the quasar lines which have been observed™ have 
been found in mterstellar spectra, but because the con- 
ditions of excitation are unusual, this difficulty may not 
be serious Rapid changes ın line intensities, again time 
contracted, would be expected, as the contmuum traverses 
interstellar clouds The presence of lme emission does not 
necessarily ımply that the continuum is produced m 
galaxies, for there 1s a significant possibility that radiation 
originating at cosmological distances will mtersect a 
galaxy on its path to the observer 

The polarization which would be expected m coherent 
phenomena, or m meoherent radiation from particlés 
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traversing the same magnetic field, would remain im this 
model, but would change rapidly Complete polarization 
would not be expected at any time as the wave trains from 
different regions will overlap 

There are, of course, very serious difficulties in explaining 
the acceleration of cosmic ray particles, even to the 
energies of about 10% electron-volts which have been 
observed It would probably be necessary to invoke 
particles such as the magnetic monopole’, with subsequent 
production of monopole pairs, to obtam a sufficiently 
high energy 

The possible contributions of monopoles to the primary 
cosmic radiation have been pomted out previously?*, and 
it would seem that there 1s now some tentative evidence 
for their existence’? Fermi acceleration mechanisms and 
production cross-sections for cosmic ray monopoles have 
been considered by Goto! and Alvarez!’ 

In the present case, we postulate a cascade proceeding m 
a region of reasonably lmear magnetic field The prinerpal 
production cross-section for monopole pairs for meident 
monopoles of 1018-10? electron-volts, in galactic or halo 
regions, 1s probably with the microwave flux If v 1s the 
average production multiplicity, and l the distance 
traversed in interaction lengths, the number of monopoles 


i 
N= (3) » because only one sign of pole will contribute to 


the cascade Opposite poles will be decelerated, come to 
rest and initiate individual cascades of their own 

The rate of extraction of energy from the magnetic field 
is NgBD ergs per yr, where N 1s the number of monopoles, 
g the pole strength (assumed 3 3x 10-8 emo), B the field 
and D one light year Ina field of 5x10-® gauss, 10°? 
monopoles are required to extract 107° Watts If we 
assume v=20, and a cross-section 10-25 cm?, for mter- 
action with the microwave field, the required value of N 
will be reached in 3x 104 yr These assumed values are, 
of course, arbitrary, but not entirely implausible (Because 
g?/he = 34, multiple production 1s expected, even in electro- 
magnetic interactions ) Effects of radiation damping and 
magnetic space charge are complex, and could slow down 
significantly the development of the process Indrvidual 


331 


particle energies greater than 10*° electron-volts are not 
required in this model, for collimation would be preserved. 
by the monopole component, and the electromagnetic 
radiation would be emitted by a rapidly degraded second- 
ary electron component The diameter of the disk m 
this model ıs 106 to 10 em, and the magnetic field 
energy swept out is sufficient to provide the observed 
power Asin the proton cascade, time contraction occurs 
and structural changes may be seen at a speed appar- 
ently greater than the velocity of light 

If we wish to explain the normal cosmic radiation 
withm our galaxy as the degraded residue of this process, 
the total number of monopoles required to extract 10% 
ergs/yr from the magnetic field 1s about 104 This 
corresponds to an average density of 10-*4 monopoles/em*, 
which ıs compatible with the experimental upper 
limıtg!7. 20,21 
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Pharmacological Basis for the Tobacco Smoking Habit 


by 

A K ARMITAGE 

G H. HALL 

CATHLEEN F MORRISON 


Small amounts of nicotine injected intravenously usually increased 
the lever pressing activity of rats and caused a change tn the EEG 
of cats indicative of cortical activation These results ın experimental 
animals are consistent with the subjective impression of some smokers 


that inhalation of tobacco smoke causes them to be more alert and 
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Tobacco Research Council Laboratories, 
Harrogate 


efficient 


ALTHOUGH the pharmacology of nicotme has been studied 
m considerable detail smce Langley’ first showed that 
nicotine stimulated and then paralysed ganglion cells, 
many of the published data are of little or no relevance to 
the pharmacology of tobacco smoking? It 1s generally 
agreed that nicotine plays an important part ım the 
tobacco smoking habit, but ın spite of much discussion 
and research the precise action of nicotine remains 
unknown? Johnston‘, however, showed clearly that the 
cravings of habitual smokers could be successfully 
appeased by nicotine injections instead of smoking We 


believe that our findings in recent experiments with 
micotine on cats and rats provide an objective pharma- 
cological explanation for the tobacco smoking habit. 


Nicotine Absorption during Cigarette Smoking 


The micotine content of a puff of tobacco smoke is 
dependent on the way ın which a cigarette 1s smoked. 
As a result of a survey carned out in the United Kingdom 
on behalf of the Tobacco Research Council, 1t has been 
found that most smokers take between one and two puffs 
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Table 1 NICOTINE CONTENT OF THE MAINSTREAM SMOKE OF STANDARD 
CIGARETTES 
Average time Average nicotine in the smoke 
Putt volume to smoke per cigarette per puff 
(ml) (min) (mg) (mg) 
35 9 25 025 
30 104 23 0 20 
25 102 196 017 
20 1i 184 014 


The cigarettes, made from a blend of several different tobaccos currently 
used in the manufacture of British cigarettes, were smoked on an apparatus 
described before by Armitage® to a butt length of 20 mm with a puff dura- 
tion of 2 sec and a puff frequency of 1/min 


each minute, a puff lasting about 2 sec with an average 
volume of about 25 ml We used a pump chat would 
smoke cigarettes in this way and which was capable of 
introducing any selected puff volume into the lungs of an 
anaesthetized catë Table 1 shows how the meotine 
content of a puff of cigarette smoke varied with the puff 
volume when the puff duration and frequency were kept 
constant The larger the volume of the puff the quicker 
the cigarette was smoked, with more nicotine appearing 
in the smoke each puff With a 35 ml puff volume there 
was nearly twice as much nicotine in each puf& compared 
with a puff volume of 20 ml In this way, a smoker takes 
into his mouth a total of about 1-2 mg of nicotine during 
a smoking time of approximately 10 min A biological 
experiment ıs necessary to ascertain how much nicotine 
1s absorbed and how quickly 1t 1s absorbed We therefore 
compared the rise in blood pressure caused by a puff of 
tobacco smoke administered to the lungs of an anaesthe- 
tized cat with the rise in blood pressure caused sy micotine 
injected intravenously Fig 1 shows the effects of 40, 80 
and 120 ug of nicotine injected into a femoral vein on the 
femoral arterial blood pressure of a cat anaesthatized with 
chloralose, compared with the rise in blood pressure 
caused by the third puff of a cigarette (25 ml paff volume, 
lasting 2 sec) The time course of the rise in blood pressure 
caused by the puff of tobacco smoke was almost identical 
with that resulting from an intravenous injection of 
nicotine This shows that inhalation of tobacco smoke in 
man 1s an extremely efficient way of admunistering 
nicotine The amount of nicotine in the “man sized” 
puff of tobacco smoke in this and other experiments 
caused a rise in blood pressure simular to 120 ug of mcotine 
base injected intravenously, that ıs, a dose of about 
30 ug/kg If the average man weighs 70 kg, every time 
he inhales a, puff of tobacco smoke he can be expected to 
receive a dose of nicotine roughly equivalent zo between 
l and 2 ug/kg administered intravenously It 1s worth 
noting that someone smoking a cigarette hus literally 


i 
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3rd puff 120 


200) 
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100 ~~ 
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40 80 


Fig 1 Record of mean femoral blood pressure of a cat weighing 4 kg, 
artrficrally ventilated, under chloralose anaesthesia In the first, second 
and fourth panels, nicotine (N) was injected into a femoral vein, the dose 
being 40 ug, 80 ug and 120 ug, respectively In the third panelis shown 
the rise in blood pressure caused by a 25 ml puff of tobacco smoke 
administered to the lungs by means of a pump 
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finger tıp control of how much nicotine he takes into his 
mouth; by reducing the puff volume or mbhaling less 
frequently he absorbs less nicotine 

It seems hkely that some people smoke in order to 
dose themselves with nicotine, and our particular concern 
has been to find out what effect these small amounts of 
nicotine have on a smoker ‘Tobacco smokers have fie- 
quently stated that they are either ‘“‘tranquillized”’ or 
“stimulated” as a result of smoking a cigarette, and 
although this evidence ıs purely subjective ıt cannot be 
dismissed To investigate this experimentally 1t was 
necessary to administer micotine to a conscious un- 
restrained animal in a series of small intravenous doses 
and to observe its effect on some measurable aspects of 
behaviour The behaviour of thirsty rats which have 
been traimed to press a lever to obtain water is particularly 
sensitive to the effects of drugs acting on the brain, and 
we therefore decided to examıne the effects of mcotine 
on this type of conditioned behaviour which was first 
deseribed by Skinner! A rat, once trained, gives a con- 
sistent day to day performance and thus serves as its 
own control 


Effects of Nicotine on Behaviour 


Small subcutaneous doses of nicotine have been shown 
to increase the rate at which thirsty rats will press a lever 
for water rewards?! This effect 1s most clearly seen when 
rewards are made available at varying intervals, under 
which condition the rats press the lever ata steady rate In 
a number of similar experiments, we gave nicotine intra- 
venously as a series of small injections to a conscious 
unrestrained rat while 1t was pressing the lever in a Skinner 
box For this purpose a cannula made out of polythene 
tubing was placed in the jugular vem during an aseptic 
operation and was exteriorized from the back of the 
neck where 1t remained undisturbed by the rat? Fig 2 
illustrates the effect of intravenous nicotine on the lever 
pressing behaviour of a rat which had been trained to 
press a lever to get water The lever pressing records of 
3 consecutive days are shown and these were charted 
automatically by a pen recorder which moved upwards 
each time the lever was pressed The steeper the slope 
of the record the faster was the rate of lever pressing 
Records a and c show the lever pressing performance of 
the rat on 2 control days when for the first 20 min of the 
90 min session the rat was given saline intravenously in 
a volume of 0005 ml every 30 sec The rat pressed the 
lever 558 and 714 times on these 2 days On day 2 
(record b) the rat was given 0 5 ug of mecotine every 30 sec 
for 20 mm, that 1s, forty doses of about 2 ug/kg Under 
the influence of nicotine the rat pressed the lever 1,133 
times durmg the 90 min session, an increase of 78 per cent 
over its average score for the 2 control days This dose 
of micotine (2 pg/kg every 30 sec) increased the lever 
pressing activity of most of the rats (eleven out of 
eighteen, mean increase of 62 per cent), had no effect on 
four rats and decreased the activity of the remaiming 
three 

Not only do the behavioural effects of mecotme vary 
fiom animal to animal but they are also dependent on the 
1ate at which the drug ıs injected Experiments have 
been made ın which the same total amount of nicotine 
(80 ug/kg) was administered at different rates over a 
period of 20 mın In the same rat, 4 pg nicotine/kg 
injected every 60 sec usually caused less stimulation than 
2 ug/kg every 30 sec In a few experiments, the effects 
of the two regimes were the same When the nicotine 
Injections were given more frequently (1 ug/kg every 
15 sec) the lever pressing activity of some rats was 
mereased but the behaviour of others was depressed 
although they had been stimulated when the mecotine 
was injected more slowly 

It seems probable that the increased activity of these 
animals under the mfluence of nicotine 18 a manifestation 
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of some kind of central stimulation The effect 1s sumilar 
to that caused by low subcutaneous doses of micotine, 
and Bovet et al have shown that these doses can improve 
the learning ability of rats and mice m several different 
testst021 


Effects of Nicotine on the Electroencephalogram 


MacIntosh and Oborin! first showed that acetyl- 
cholme was spontaneously released from the surface of 
the bran They collected the acetylcholme m a small 
cup placed on the exposcd cortex and measured the 
amount that accumulated in a given time This important 
finding initiated much research into the role of acetyl- 
choline ım the central nervous system, as a result of which 
there 1s now substantial evidence that one of 1ts functions 
1s that of a transmitter substance for the propagation of 
nerve impulses in the cerebral cortex It has also been 
shown! that the rate of release of acetylcholme from the 
cerebral cortex of the cat can be related to its state of 
activation—in the awake animal the output of acetyl- 
cholme mereases and in the sleepmg animal it de- 
creases Srmultaneous recording of the brain electrical 
activity confirms a positive relationship between the 
rate of release of acetylcholine and states of con- 
sciousness 

In an attempt to ascertam whether the mcreased 
activity of rats under the influence of nicotine was a 
manifestation of stimulation, we have made a series of 
experiments on anaesthetized cats m which acetylcholine 
was recovered from the cortex, using the technique 
deseribed by Mitchell, with simultaneous recordings of 
the electroencephalogram 

Fig 3 shows the result of a typical experiment, on the 
left the acetylcholine release from the left parietal 
cortex in ng/20 min/em? and on the night records of the 
electroencephalogram from the left and right parietal 
cortex (LPC and RPC) at various times during the 
experiment In this experiment, the resting output of 
acetylcholine was ın the range 2 5-4 ng/20 mm/cm? and 
throughout this period the typical electroencephalogram 
18 shown in a-d The pattern recorded from both hemi- 
spheres resembled light sleep and consisted of slow waves 
punctuated by bursts of spindle activity At the black 
bar, nicotine was given intravenously ın a dose of 2 pg/kg 
every 30 sec for 20 min so that altogether forty injections 
of this amount were given Shortly after the start 
of the 20 min injection period the electroencephalogram 
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showed a dramatic change indicating cortical activation 
The spindle bursts became less frequent 1n occurrence 
and the accompanying slow wave activity was reduced 
mamphtude This electrocortical desynchromzation was 
accompanied by an mcreased release of acetylcholine into 
the cortical cup which persisted until the end of the 
experiment It should be noted, however, that the 
electroencephalogram had assumed its original pattern 
while the acetylcholine concentrations were still elevated 
When twenty mjections of nicotine (4 pg/kg) were given 
every minute for 20 min, that 1s, a larger dose given less 
frequently but the same total dose as in Fig 3, similai 
effects were usually observed In one experiment, how- 
ever, there was a decrease in the acetylcholine output 
from about 5 ng/20 min/em? before the nicotine was given 
to about 2 or 3 ng/20 mm/cm? after the nicotine, and the 
output of acetylcholine remaimed at this level for more 
than 2 h. The electroencephalogram changed from the 
typical pattern of spindle bursts and slow waves before 
nicotine to one m which spmdle burst activity was 
reduced and the amplitude of the accompanying slow 
waves was increased These changes were indicative 
of a reduction m cortical activity In ten experi- 
ments m which nicotine (2 ug/kg/30 sec) was given 
as a series of small intravenous injections, there was an 
increase in cortical acetylcholine output im seven of these 
experiments and there was always a positive correlation 
with the change ın the activity of the electroencephalo- 
gram In six experrments m which a larger dose of 
nicotine was given less frequently (4 ug/kg/muin), cortical 
activation with an increased output of acetylcholine 
occurred in three experiments, and ın two experiments 
there was a decrease in cortical acetylcholine output 
accompamed by depression of cortical activity One of 
us (& H H ) has also shown that nicotine (2 ug/kg/30 sec) 
causes cortical activation and behavioural arousal m the 
unanaesthetized encéphale ısolé preparation and in the 
conscious unrestrained cat 

It therefore seems that nicotine can have two effects, 1b 
can. cause either an increase or a decrease in the amount 
of acetylcholine released from the parietal cortex and can 
cause changes ın the electroencephalogram consistent 
either with increased or decreased cortical activity It 
seems likely that the effect varies from cat to cat, and 
even with small changes in the dose of mecotine and the 
rate of injection 

There are good reasons for believing that forty mtra- 
venous injections of 2 pg/kg of mcotine given every 
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Fig 2 The effect of intravenous nicotine (2 g/kg every 30 see for 20 min) on the lever pressing performance of an mtravenously cannulated 
rat Ordinate is number of times the lever was pressed, and abscissa i8 tıme ın minutes The small blips on the records indicate the occasions on 
which water was presented to the rat 
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Fig 3 Records of electrocortical activity and acetylcholine release from the left parietal cortex of a cat weighing 3 5 kg under ‘Dial’ anaesthesia, 
At the black bar, nicotine was given intravenously in a dose of 2 ug/kg every 80 sec for 20 min Note the change ın electrocortical activity 
(e and f) caused by the nicotine and the more prolonged changes in the amount of acetylcholine released 


30 sec for 20 min ıs roughly the nicotine intake of a 
smoker, smoking two cigarettes and mhaling deeply An 
increase 1n alertness on smoking a cigarette, that 1s to say 
an increase ın cortical activity similar to that caused by 
intravenous nicotine in the cat, might be the explanation 
of the subjective impression that concentration and 
efficiency of the smoker are improved We suggest that 
such effects of nicotine ın man probably depend critically 
on the dose and rate of self-administration and also on 
~whether he 1s excited or depressed In this restricted sense 
the nicotine probably merely brings about a normal 
physiological response which can oceur without inter- 
vention of a drug 

We are aware of the fact that the effects of nicotine 
that we and others (notably Domino’ and Bovet?) have 
shown to occur i animals have not yet been con- 
clusively demonstrated ın man, and some carefully 
controlled experiments ın human pharmacology are 
clearly needed 
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Formation and Chemical Pumping of OH Molecules 


by It has been suggested that maser amplification may be the cause of 
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RECENTLY there have been extensive astronomical obser- 
vations of four radio lines at 1612, 1665, 1667 and 1720 
MHz, arising from transitions between levels of the A 
doublet in the ground state of OH The radiation m the 
lines 1s extremely strong and seems to come from small 
sources with brightness temperatures as high as 102 °K 


intense OH lines observed in some small sources 
body pre-association of hydrogen and oxygen may lead to the forma- 
tion of OH and the population inversion needed for maser amplifica- 


An efficient two 


The hne intensity ratios deviate strongly from those 
expected in conditions of thermodynamic equilibrium. and 
the lne width ıs extremely narrow In addition, the lines 
exhibit varying degrees of circular and lmear polamzation 
In order to account for the extraordinary nature of these 
observations, the existence of maser amplification has 
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been suggested Recent reviews by Barrett! and Robinson 
and McGee? discuss the detailed observational evidence 
leading to this conclusion 

Tn addition to the existence of a mechanism which leads 
to population inversion (and therefore a maser), there 
must also be a process producing the OH in approprisie 
astrophysical conditions In this article I suggest that 
the process responsible for both formation and population 
inversion 18 the relatively efficient two body pre-associa- 
tion of oxygen and hydrogen atoms takmg place at 
moderately high temperatures of the order of 1,000° to 
2,000° K The processes of destruction of OH must also 
be taken into account, for it 1s precisely the nature of the 
destruction processes which leads to the conclusion that 
chemical pumping as opposed to optical pumping must 
be responsible for the population mversion 

The pre-association reaction leadıng to the formation 1s 


A?S) + OCP) — OH(?2-) > OH(?Zty— 2) 
—> OH(*Il) + hv 


(1) 


The potential energy diagram of the molecular states 
1s shown in Fig 1 


E (eV) 








R(A) 


Fig 1 Potential energy curves for OH, showing the formation of ground 


state molecules by inverse pre-dissociation 


Evidence for this reaction was first obtained by Charton 
and Gaydon’, when they noticed that in low pressure 
flames an extremely high emission mtensity originated 
from the v’ = 2 level of the OH band #2+—*II Many 
characteristics of an inverse pre-dissociation (pre-associa- 
tion), such as a strengthening of lines origmating from fı 
levels and the existence of the effect only at low pressure, 
led to the conclusion that reaction (1) was responsible 
This was confirmed in an experiment by Kaskan‘, who 
found that the intensity of the bands ıs proportional to 
the square of the free atom density, and thus proved 
that a two body reaction was responsible The rate 
coefficient and temperature dependence measured by 
Kaskan ıs K, = 3x 10-5 exp(—3,700/7') cm? sec- where 
the rate of production of molecules is given by Now = 
NoNuk, lt should be noted that while this 1s slow in 
comparison to chemical reactions 1t 1s two to three orders 
of magnitude faster than other known radiative associa- 
tion processes® 

The two basic types cf destruction processes are 
chemical exchange and photodissociation Because of 
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the large cosmic abundance of hydrogen the major 
chemical exchange reaction will be 


(2) 


with a rate coeficient? K, = 10x 10-1 exp (—3,700/T) 
Formation and destruction of OH by reactions (1) and (2) 
have the effect of cycling the oxygen atoms through OH. 
and then making them available again for the production 
of OH Thus at any time the ratio [OH] [H] 1s nde- 
pendent of the density, but the rate of production of 
OH per em? is proportional to the square of the density 
There 1s an uncertaimty 1n the activation energies involved 
of several hundred degrees, but to withm expermmental 
error the temperature dependence 1s the same In con- 
ditions where (2) 1s the dominant destruction mechanism, 
the abundance of OH 1s [OH] = 3 x 10-*[0] = 3x 10-7 [H] 

Recently Hughes’ made a suggestion, based on experi- 
ments by Spindler et al *, that OH may be formed through 
pre-association in the v’ = 0 level The rate coefficient 
for this process ıs (see ref 8) 3x 10-7 om? see- This 18 
five orders of magnitude smaller than the pre-association 
through v’ = 2 at a temperature of 2,000° K A consistent 
interpretation of these data 1s that the level crossing 1n- 
volvea in these reactions occurs at an energy correspond- 
ing to v’ = 2, and the much lower rate at v = 0 18 a 
result of the inefficiency of tunnelling through the poten- 
tial barrier In the analysis of the production of OH in 
interstellar conditions, Hughes? completely neglected any 
destruction mechanism and thereby concluded erroneously 
that the OH abundance could build up indefinitely In 
fact, the production of OH with a rate coefficient of 
3 x 10-21 cm? sec} 1s negligible because the rate of either 
collisional destruction or photodissociation will be ten 
orders of magnitude greater 

The rate of photodissociation of OH, and the pumping 
mechanism responsible for the mveision, are closely 
related questions Optical pumping of OH thrcugh 
absorption and re-emussion (at 4 = 3080 A) in the X*II > 
A*X+ bands has been suggested by Perkins et al® and 
Litvak et al?° The total f value for this band, however, 
1s only 8x 10-4 (ref 11) Considerations of the photo- 
dissociation rate in HII and HI regions, near hot stars, 
show that the molecule will be destroyed more rapidly 
than 16 will be pumped If the OH exists in an HIT 
region, 1b will be exposed to radiation at A <912 A which 
1s capable of photoionizing 1t with a total f value of 1 
The rate of destruction of the molecule by photoion- 
ization in the radiation field of a hot star will therefore 
exceed the pumping rate by three or four orders of 
magnitude The lifetime of a molecule after entermg the 
E II region will be only 1 year, 1t 1s therefore impossible 
to have OH molecules in an HII region unless they are 
shielded from the radiation m a cooler cloud, ın which 
case they will not actually be m an HII region but 
surrounded by ıb 

The question of photodissociation in an HI region, 
where there 1s no radiation at à <912 Å (E >13 6 eV), 1s 
more complicated because the potential energy curves 
for the unbound states can only be approximated Fig 2 
shows the potential energy curves for the two bound 
states (X°II,,. and A?X+), the unbound ?Z- and the 
B?S+ state which has a very low binding energy The 
curves for the X and A states and the bound portion of 
B(r>14A) are empirical curves based on the RKR 
method from Fallon et al 1? The unbound °X- curve has 
been estimated on the basis of a crossing of the A state 
at v=2, and the portion of B with r<1 4A has been 
obtamed by extrapolation The shaded area represents 
the range of internuclear separation in which transitions 
fiom the ground state must take place according to the 
Franck—-Condon principle Al transitions to repulsive 
curves in this region will lead to photedissociation (All 
possible cases for E > 13 6 eV have been neglected because 
there are no photons of this energy m HI regions) It 


H + OH->H, +0 
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can be seen from the diagram that transitions to both 
B*x+ and *D- states occur at about 115 eV and 7 eV, 
respectively In the case of the *2- state, 1f the identifica- 
tion with the level crossing 1s correct, there can be no 
doubt thav photodissociation will take place at energies 
less than 136eV ‘The f value for these transitions 1s 
unknown, but the transitions *J1 —> *X+ and *II > *Z- are 
both permitted sub Rydberg transitions and should 
therefore have similar strength 





E(ev) 





R(A) 


Fig 2 Potential energy curves of four OH electromic states demon- 
strating photodissojation Seems Mom the ground state to *2- 
an 


All the strong OH emission regions are observed near 
hot stars on the borders of HII regions, m these 
conditions the radiation field will be characterized by a 
temperature of approximately 30,000°K The rate of 
photodissoaation R, for a molecule in a radiation field of 
this temperature, with a dilution factor W=10-'* has 
been calculated for the processes 


OH (*TI) + Av(7 eV) > OH(?2~) > O(P) + HES) (3) 


and 
OH(*II) + hv(11 5 eV)-+OH(B?2E+) OP) + HS) (4) 


assuming that the f value for each transition 1s 8x 10-4. 
The total rate of photodissociation R =R, (1 2x 10-4) + 
R,(06x10-4)=18%x10- sec? ıs greater than the 
maximum pumping rate P=055x10- sec! (at A= 
3080 A) calculated ın the above conditions for a 
strong imverting transition, with a strength equal 
to half of the total electronic f value Actually the 
dissociating transition 1s at a higher frequency than the 
absorption lines responsible for the pumping, and the 
dissociating f values and rates may even be greater 
than estimated 

The rate for collisional destruction, per OH molecule 
by chemical exchange (reaction (2)) 18 Nyx 10-1 exp 
(~3,700/T) Ths exceeds the ultraviolet pumping and 
photodissociation rates when Ny exp (—3,700/7) >18 
For temperatures °f 1,000 and 2,000° K, collisions will 
dominate at number densities Nqg>70 and Ng>11, 
respectively When the rate of chemical reactions exceeds 
that of photo-reactions the pumping mechanism must 
also be chemical 


NATURE, VOL. 217, JANUARY 27, 1968 


An alternative to pumping by ultraviolet radiation 18 
the selective formation of OH in the upper state of the 
A doublet. The ultraviolet pumping mechanism which 
has been proposed?! works by selective absorption into 
levels of the A*X* state Because this 1s the state that the 
molecule is forming in, a population inversion could result 
directly from preferential formation ın those levels (of 
A?Z+) which decay mto the upper level of the A doublet 
As an example of the possibilities mvolved ıt can be 
shown by consideration of the selection rules involved 
that formation into the J=4, K=1 negative state of 
A*Xt leads to a very strong population mversion with all 
cascades direct to *IIs,. going into the upper level of the 
A doublet In the ultraviolet pumping scheme”, absorp- 
tion 1n this line leads to very strong anti-inversion because 
the upper level is depopulated A more complete analysis 
and theoretical understanding of the formation process 
are necessary in order to predict the population inversion 
as a function of physical conditions, but the existence 
of a mechanism leadmg to population mversion by 
selective formation makes ıt possible to achieve high 
pumping rates without requrmg that all strong OH 
emission sources be extremely close to unobservable 05 
stars 

In the case of the extremely strong sources such as W3, 
the pumping rate required to explain the observations 18 
approximately 0 01-1 0 cm~? sec? As has been pointed 
out by Shklovsky, this could not be realized by ultra- 
violet pumping even if the star were ın the centre of the 
concentration If it ıs assumed that each formation 
leads to 05 to 10 radio photons, then the formation 
mechanism suggested here requires an average number 
density of Ng=10° to 10° cm at a temperature of 
approximately 1,000°-2,000° K One of the predictions 
that can be made from this requrement is that OH 
sources should be strong emitters m the infrared. 
Raimond“ has pomted out that the OH emission 
source in Orion 1s comeident with a strong infrared 
source 

The operation of the OH formation mechanism sug- 
gested here implies that the presence of OH 1s a necessary 
consequence of high temperature and density in mter- 
stellar matter resulting duectly from the nature of atomic 
processes in these conditions The astronomical object 
which meets these physical conditions most readily 18 a 
protostar The highly complex OH emission sources are 
far more likely to be a result of the poorly understood 
yet universal proccss of stellar formation, rather than, as 
has been suggested by Barrett, the completely unknown 
and rare, later stages of evolution which may be called 
super-intelligent lıfe 

I thank Professor G Field and Dr P Thaddeus 
for useful discussions This work was supported in 
part by the US National Aeronautics and Space Admini- 
stration 
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MANY micro-organisms are supersensitive to the lethal 
effects of exposure to ultraviolet light when irradiated at 
low temperatures in the frozen state’ The possible nature 
of this supersensitivity has been discussed? with the 
conclusion that damage to the DNA not associated with 
the thymine dime: was probably involved The lesion 
induced by ultraviolet light at low temperatures 1s not 
amenable to repau by the normal repair processes present 
in most bacteria, nor 1s 16 photoactivable (ref 3 and un- 
published results of J Wiulcockson) The induction of 
mutations in Escherichia cola when irradiated with ultra- 
violet light in the frozen state 1s increased at low tempera- 
tures In a manne: similar to the lethal response m that 
there is an increasing number of induced mutations with 
decreasing radiation temperature* 

Ashwood-Smith and Bridges! reported that the spores 
of Bacillus subtils were supersensitive to ultraviolet 
induced killing at —79°C Donnellan (personal com- 
munication), however, had noted that the spores of 
Bacillus megatervum were much more resistant to ultra- 
violet radiation at —196°C than at normal room tem- 
perature We confirmed this observation with the spores 
of two strains of B megatervum irradiated at liquid nitro- 
gen temperatures, but also demonstrated that these same 
spores when radiated at — 79° C were nearly three times 
more sensitive than at 25°C These results led us to 
examine, ın considerably more detal, the effect of tempera- 
ture in the solid state on the ultraviolet sensitivity of the 
spores of B subtils and the vegetative cells of the 
extremely radio-resistant bacterrum, Micrococcus radio- 
durans The response of E colt ın similar circumstances? ’, 
although already well known, has been included in the 
present results for comparative purposes 

The irradiation piocedures used in this study were 
essentially similar to those reported eailier‘ The ultra- 
violet source was a low pressure mercury lamp about 
98 per cent of the output of which was at 2537Å The 
ultraviolet flux at a distance of 30 cm from the source 
was 65 ergs mm~* sec"! All the experiments were carried 
out in a darkened room as a precaution against photo- 
reactrvation The spores of B subtus were piepared on 
Schaeffer agar plates, collected and freed of vegetative 
cells by treatment with sodium lauryl sulphate and lyso- 
zyme according to the method of Yoshikawa’ These 
spores were stored at 4°C in distilled water until used 
E col Bjr WP2 (tryptophan-requiring) was grown in 
nutrient broth (Oxoid) at 37° C until the latter part of the 
logarithmic growth phase had been reached The celis 
were collected and suspended in M/15 phosphate buffer 
(pH 68) for nradiation Micrococcus radiodurans 


At low temperatures, bacterial spores and Micrococcus radiodurans 
show paradoxical changes in sensitivity to the lethal effects of 
ultraviolet irradiation 


(National Collection of Industrial Bacteria, Aberdeen, 
Scotland, NCIB code number 9279) was grown m nutrient 
broth to which had been added 0 5 per cent glucose, and 
these cells were also collected and suspended in phosphate 
buffer when in the latter phase of logamthmic growth 
Suspensions of cells or spores were cooled to — 196°C as 
previously described? and then warmed to the irradiation 
temperature Immediately after irradiation the frozen 
suspensions were thawed quweckly by immersing the 
irradiation vessel in water at 37° C and colony counts for 
viable cells were made on nutrient agar plates for all 
three micro-organisms, 05 per cent glucose was added 
to the plates used for estimating colonies of M radvo- 
durans Corrections were made for cell death associated 
with the freezing and thawing procedures About 70-90 
per cent of the cells of E col survived the freeze-thaw 
cycle Survival of M radsodurans and the spores of B 
subtilis was nearly 100 per cent Each experiment was 
repeated three times and complete survival curves were 
constructed The D,» values were extracted from the 
curves and the average values in ergs mm? were plotted 
on a logarithmic axis against the irradiation temperature 
for the three bacterial types Presentation of the results 
in this manner (Fig 1) permits easy comparison. of the 
differmg sensitivities to ultraviolet radiation and the 
effect of temperature on these sensitivities 

The survival of Æ colt suspended in phosphate buffer 
and plotted as a function of the irradiation temperature 
1s similar to that already published! in that there 1s a 
plogressive increase in sensitivity with decreasing tem- 
perature down to about —80°C At lower temperatures 
the sensitivity, although still considerably greater than 
at 25°C, becomes progressively but rather slowly less 
marked Similar observations have been made by Smith 
and O'Leary? The spores of B subtilis are nearly four 
times more resistant at 25° C than the cells of E cols at 
this temperature With decreasing temperature increas- 
ing sensitivity m the solid state to ultraviolet irradiation. 
is apparent At —79°C the spores are 25 times more 
sensitive than at 25°C The increased sensitivity becomes 
progressively less marked with temperatures lower than 
— 80°C, and at —140°C the spores possess the same 
sensitivity to ultraviolet hght as they do at room tempera- 
ture As the irradiation temperature continues to fall 
a marked and logarithmic merease in resistance 18 
apparent This logarithmic increase in resistance, repre- 
sented by the equation y=a-+ bt when y =logiy Doo, would 
indicate that the resistance of B subtes spores to ultra- 
violet hght at —269° C would be 31x 10° ergs mm“? 
(Do), and at — 273° C, 4x 108 ergs mm-* (Ds) It 1s 
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interesting that the resistance of the spores of B subtilis 
at — 190° C is the same as that of the extremely resistant 
bacterum M radiodurans at 25° C 

The behavıour of M radiodurans at low temperatures 
is unlike that of any other bacterium thus far studied? 
There 1s little change in the sensitivity of this bacterum 
with phase change and low temperatures until an increase 
in resistance 1s seen at temperatures below —60°C The 
very large increase in resistance between — 60°C and 
— 196° C follows a quadratic function represented by the 
equation y=a+bt+ct? At — 269°C the estimated value 
for the Ds 18 17x10? ergs mm~’, and at absolute zero 
22x10’ ergs mm- These figures assume no alteration in 
the shape of the dose response curve at temperatures at 
or neat absolute zero, this assumption may well be in- 
correct as photochemical events at these very low tem- 
peratures could be anomalous A small number of experi- 
ments with Serratia marcescens indicate that ıt behaves 
towards irradiation with ultraviolet light at low tempera- 
tues in a manner simuar to that of E cole in that the 
supeisensitavity at — 196°C 1s less than at —79°C The 
spores of two different strains of B megatervum and the 
spores of the fungus Aspergillus nidulans are considerably 
more t1esistant to lethal effects of ultraviolet light at 
— 196°C than at 25°C Rahn® has reported that the 
DNA of Haemophilus mfluenzae irradiated wm vitro in a 
purified state 1s much more resistant to the inactivation 
of its tiansforming properties when iradiated with 
ultraviolet hght at — 196° C than at 25° C 

Why do the spores of B subtils, the cells of E cola 
and the cells of M radiodurans behave so differently to 
irradiation with ultraviolet light at low temperatures ? 
When E col is nradiated with ultraviolet light at — 79° C 
fewer thymine dimers within its DNA are produced than 
at 25°C (ef 3), the lethal damage 1s much less photo- 
reactivable? and there ıs an merease in the amount of 
protem cross-linked to DNA?3 Many bacteria, several 
bacteriophages and at least one species of yeast, Sac- 
charomyces cerevisiae, are supersensitive to the lethal 
effects of ultraviolet light at — 79° C and ıt has been sug- 
gested that death 1s associated with the formation of a 
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Fig 1 Comparison of sensitivities to ultraviolet radiation and the 
effect. of temperature on these sensitivities ©, Merococcus radio 
durans, @, Bacillus subis (spores), A E coli WP2 
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photoproduct not amenable to normal repair systems? 
It would seem probable that the lethal effects of ultia- 
violet radiation at subzero temperatures in the frozen 
states are dependent on the relative contribution of the 
three known events previously mentioned and the ability 
o1 lack of ability of an organism to repair the qualitatively 
different damage resulting fiom low temperature radiation 
M radiodurans is known to possess very efficient mechan- 
isms for the repair of thymine dimer lesions and it may 
well be able also to repair low temperature lesions as well 
as to excise the smaller amounts of thymine dimer within 
DNA formed at low temperature An alternative pos- 
sibility is that the low temperature lesion formed in most 
bacteria 1s not formed in M radzodurans We cannot 
explain the interesting biphasic response of spores It has 
been reported that a large amount of the thymine in the 
DNA of spores is converted into a photoproduct which 15 
not of the usual type of cyclobutane dimer (personal com- 
munication from J Donnellan) At irradiation tempera- 
tures lower than — 80° C it ıs possible that the formation 
of the spore photoproduct or products is less efficient 
than at higher temperatures 

Are the results presented im this account of any 1ele- 
vance to problems associated with solar nradiation of 
airborne micro-organisms ? Sunlight 1s very effective in 
lilling a number of viruses at normal temperatures? A 
recent study has demonstrated that the number of muta- 
tions induced by solar radiation at the surface of the Ea: th 
1s as much as fifteen times greater when E colt 1s exposed 
at — 60° C than at 30°C (ref 8) 

Quantitative analyses of the atmosphere at altitudes 
ranging from 3 to 27 km for various micro-organisms hax e 
been helped by studies with balloons’ Yeasts, various 
moulds and several different species of bacteria, with the 
Micrococe: predominating, were found at these heights 
At heights varymg from 9-18 km the average number of 
mic1o-organisms 1s probably 6 per 100m* At 18-27 km the 
average number is 1 5 per 100m? At much lower altitudes 
considerable numbers of micro-organisms may be found 
Analysis of air over the Atlantic Ocean has revealed fungi 
to be widespread at concentrations as high as 200/m? at 
3 km above sea level!® The temperature of the atmo- 
sphere decreases in the International Standard Atmo- 
sphere by 65° C/km up to Il km At altitudes greater 
than 11 km the temperatures encountered by mucro- 
organisms will vary in a complex manne: At the outer 
limit of the stratosphere (48 km) the temperature will be 
approximately 10° C, but at the outer limit of the meso- 
sphere (100 km) the ambient temperature will be as low 
as ~75°C Mucro-organisms exposed to the increased 
ultraviolet flux, which will include a proportionately 
larger amount of the very damaging shorter wavelength 
1adiations not filtered by the ozone, will almost certainly 
be in a desiccated, frozen or freeze-diied condition Little 
is known about the sensitivity of micro-organisms to 
ultraviolet light in these conditions The results with 
M radiodurans and bacterial spores suggest that great, 
caution must be exercised before speculating on the ultra- 
violet sensitivity of amborne micro-organisms when a 
number of factors such as temperature and the state of 
the cell water are not considered 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Microwave Background in a 
Steady State Universe 


Ir is widely believed that the microwave background 
radiation!” disccvered by Penzias and Wilson had its 
origin in a hot, early phase of the expanding Universe 
The possibility has recently been considered!1*, however 
that 1t 18 instead a result of the thermalization of starlight 
by interstellar dust grains It is claimed that this could 
explain the fact that the energy density of the 3° K 
radiation is very close to those of starlight, magnetic fields, 
turbulent gas motions and cosmic rays, all measured in 
the galactic disk, and also of the energy produced? by 
the conversion from hydrogen to helium of one-third the 
mean density of visible galaxies—a fraction which cor- 
responds to the ratio of helium to hydrogen in young 
stars™ A paper by Zeldovié and Novikov™ has already, 
in fact, considered and discounted this possibility, and 
the purpose of this communication ıs to draw attention 
to some difficulties particularly associated with the sugges- 
tions of Hoyle and Wickramasinghe?! and of Narhkar and 
Wickramasinghe 

One obvious problem is that of accounting foi the 
detection of the radiation at decimetre wavelengths be- 
cause interstellar dust giains are likely** to have graphite 
cores surrounded by ice mantles with a diameter of about 
10-5 cm These grans would not usually be expected to 
iadiate efficiently at wavelengths about 10° times their 
physical dimensions Hoyle and Wickramasinghe", how- 
ever, note that certain doped alkyl halide crystals 
have??18 narrow absorption bands at frequencies near 
300 GHz and they suggest that interstellar dust grains 
would also be expected to contain impurities which 
might radiate at these or lower frequencies Narlikar and 
Wickramasinghe!” develop this train of thought and claim 
that dust grams n a galaxy could absorb optical and ultra- 
violet radiation from stars and re-emit the energy as 
strong infrared 1achation in frequency bands at about 
300 GHz with an intensity equivalent to about one-thu d 
of the entne luminosity of the galaxy The observed 
microwave radiation 1s then, in their view, attributable 
to the integrated and red-shifted infrared emission from 
all the galaxies in a steady state univeise It 1s, in any 
case, apparent from the observed isotropy?® of the radia- 
tion and the absence of any detectable galactic absorption 
in the microwave spectra of radio sources that the meio- 
wave background radiation cannot be merely a pheno- 
menon confined to our galaxy They show that such an 
integrated radiation component would have a spectrum 
9 (v)ocv® and they believe that the difference between 
this and the observed spectrum _{(v)cv? could be a 
result of distinct impuiities oscillating at particular 
frequencies such that the observed spectrum depends ın 
a fortuitous manner on the frequencies of observation 

There are serious weaknesses in this interpretation 
which must be overcome before ıt can be regarded as a 
remotely plausible model for the origin of the radiation 

(1) Nathkar and Wickramasinghe carry out a calcula- 
tion intended to show that the observed brightness 1s not 
inconsistent with the integrated thermalized optical radia- 
tion from galaxies in a steady state universe Because the 
total energy density of the microwave radiation 1s about 
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6x 10-15 erg cm-*, ıb follows that the total optical radia- 
tion from galaxies in a steady state universe would have 
to be of at least this value if there were no thermalization. 
A calculation of this quantity 1s to be found ın a recent 
review by Davidson and Narlikar®® and is given as 
24x 10-15 erg cm7, that ıs, more than two orders of 
magnitude less than that of the microwave 1adiation 
This discrepancy was noted in the review where it was 
said to be “by a factor of at least 400” (p 587) but 1s not 
mentioned by Narlikar and Wickramasinghe They do, 
however, suggest that because of the present uncertainty 
in the ultraviolet output of a galaxy ıt may be that the 
total ultraviolet emission of young spiral galaxies exceeds 
that of the visible emission by a factor of 10 to 100 
Subsequent thermalization, 1t 1s suggested, could produco 
microwave radiation and the “microwave power could 
exceed the visible power by a factor of about 100” II 
this 1s so for our own galaxy, then the microwave fre- 
quencies emitted must avoid all frequency bands in which 
observations have so far been carried out Penzias and 
Wilson?! for example, have measured the brightness of 
the microwave iadiation from the galactic disk at a 
frequency of 4 08 GHz and have shown ıt to be entirely 
consistent with lower frequency observations which set a 
value of ~ 10°! erg/sec on the total galactic radio emission, 
at least four orders of magnitude less than the total 
optical emission An upper limit on the galactic 1adiation 
at 94 GHz can also be set from the measurements by 
Partridge and Wilkinson?’ which are again consistent with 
this value At still higher frequencies (10? GHz) 
Hoffmann et al ?? have put low upper limits to the bught- 
ness temperature of any discrete source in the northern 
sky. that 1s, <10° K for a black-body subtending 2° o1 
more and <0 6° K for an optically thm ‘“‘grey-body” 
which gives a Rayleigh-Jeans (v*) spectrum in this fre- 
quency range Any substantial merease in the energy 
density of microwave radiation in the galaxy would be 
extremely difficult to reconcile? with the observed energy 
spectrum of cosmic ray electrons which interact with 
radiation quanta by the Compton effect and would also 
of course, destroy the agreement with the various energy 
densities of starlight and cosmic rays which the theory 
was put forward to explain 1n the first place 

(2) Neither paper includes a discussion of the obvious 
and vital differences between the optical properties of 
alkyl halide crystals and of interstellar dust grains of the 
1ce coated graphite type proposed by Wickramasinghe'* 
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Fig 1 The plotted points show the measured values of the brightness 


of the “excess” microwave background radiation’-!° That at 115 GHz 

18 derived from cyanogen excitation*** The solid line is a Planck 

spectrum corresponding to a temperature of 2 68° K and the dashed 

lines”? show the type of emission which Narlikar and Wickramasinghe 

believe could origrmate in interstellar dust grains The units of brightness 
are W m- Hz- ster and of frequency are Hz 
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Because graphite ıs a semi-metal with a low resistivity*4 
at the temperatures'* of the grains, these will behave as 
Hertzian dipoles in this frequency range and radiate with 
power Oy! rather than in discrete bands cr lines There 
may, of course, be impurities in the ice coating, but if 
these behave as do the impurities ın the potassium chloride 
studied by Sievers’, the absorption coefficient (~2 5 
cm~?) is negligible compared with that of the graphite 
(3) At the time of submission of the communication 
by Narlika: and Wickramasinghe, measurements of the 
brightness of the microwave background had already 
been published! for five wavelengths, two of which were, 
admittedly, very close In trying to fit the observed v? 
spectrum with the calculated v? spectra reference was 
made to two of these only At the present time, measure- 
ments!“ at twelve wavelengths over a frequency range 
of 90 1 (or 280 1 1f the cyanogen excitation results?5»*6 
are included) are available They are all, with one possible 
exception®, consistent with a Planck spectrum’ at a 
temperature of 268° K (see Fig 1) It would clearly 
require a very special distribution of impunity oscillators, 


each producing a spectrum _ĝ (v)c<v°, to fit the observed 
values 
We conclude with Zeldowé and Novikov that radia- 
tion from dust grains is not a satisfactory alternative to 
the primordial origin of the cosmic microwave radiation 
We thank Professor J C Phillips for a helpful discus- 
sion on the optical properties of crystals 
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New 


3C€390°3, a Second Variable N-Galaxy 


Oket and Sandage? have shown that the N-galaxy 3C371 
is variable This communication reports the discovery 
that the simular system 30390 3 has been varying by up 
to about 1 5™ during the past 70 years Thus is inter- 
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Fig 1 Inght curves of 30390 3 for 1894 to 1910 and for 1966-67 The 
larger pomts have errors of less than 007m, the smaller ones have 
larger errors The arrow denotes a lower limit to the magnitude 


preted as showing that at least some quasais are cosmo- 
logical 

The radio source 30390 3 1s listed by Wyndham? as 
being identified with an N-type galaxy Sandage* has 
obtamed a spectrum of the galaxy which shows nine 
emission lmes, some of which are 50 A broad, giving a 
red-shift of 0 0569 It also shows a large ultraviolet excess 
similar to those found in other N-galaxies and quasars 
We obtained one plate of the galaxy durmg August 1966 
on the 26 in f10 refractor at Herstmonceux Following 
the discovery that 30371 was variable, we have obtained 
a further series of plates of 30390 3 on the same instru- 
ment These showed that 30390 3 had varied by about 
1™ in 16 months This discovery prompted a search for 
old plates of the field of 30390 3 We discovered a number 
of plates taken on the 13 in astrographic refractor at 
Greenwich between 1894 and 1908 in connexion with the 
astrographic charts, eght of which were of sufficient 
depth and quality for photometry These showed that 
30390 3 had also been vaiying at that tame A photo- 
graphic transfer plate taken on the same 13 in refractor, 
now at Herstmonceux, was used to transfer the photo- 
electric standards set up by Sandage® in the nearby field 
of the cluster NGC 188 into the field of 303903 Past 
experience? shows that this technique yields comparison 
sequences good to about 01™ All plates were measured 
on a Sartorms Iris diaphragm photometer The resulting 
measures were reduced to give magnitudes for the galaxy 
by a computer programme fully described elsewhere’ 

The full results of this reduction are listed in Table 1 
and displayed ın Fig 1 The modern plates were taken 
on Eastman Kodak IJeO emulsion without filter which 
gives approximate B magnitudes The old plates were 
taken on a variety of blue sensitive emulsions, so there 
may be small differences of system The observed varia- 
tion, however, 1s so large that ıt 1s not ın doubt, pair- 
ticularly because plates taken on different emulsions m 
the same month agree withm their errors Some modern 
plates (marked with an asterisk in Table 1) were taken 
deliberately out of focus m order to show that the non- 
stellar nature of the galaxy does not affect our results 
That this 1s so can be seen from the agreement of plates 
taken on the same mght In fact, 30390 3 and other N- 
galaxies are only just non-stellar on the Palomar Observ- 
atory Sky Survey (POSS) charts Also listed in Table 1 
are the photoelectric B magmtude published by Sandage’ 
and a magnitude estimated by eye from the blue POSS 
chart The most rapid variations we have recorded are 
0 6™in 10 months during 1899-1900 and 0 8m in 16 months 
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Table 1 
Method Plate No Date Julian day B Error 
13 in astrographic 
chart plate 2191 1894/ 8/31 241 3071/2 14 47 015 
š b 3548 1897/ 6/23 241 4098/9 1493 012 
s m 4810 1899/ 8/11 241 4877/8 1519 007 
+ tó 4675 1899/ 9/20 241 4917/8 15 09 0 05 
» a 5023 1900/ 7/12 241 5212/3 15 69 013 
PF a 5054 1900/ 7/26 241 5226/7 1571 0 05 
a S 5056 1900/ 7/28 241 5228/9 15 58 O11 
A s 6910 1907/ 7/31 241 7787/8 >153 — 
is 7062 1908/ 7/31 241 8153/4 1534 015 
POSS + 78°18h24mM 1953/ 7/11 243 4569/70 ~150 ~02 
Sandage pe — ?1966 ? 1530 ?002 
261ın plates E9909 1966/ 7/24 243 9331 15 97 0 03 
a3 9 E11175* 1967/11/28 243 9823 1514 001 
aE oy B11183 1967/12) 4 243 9829 15 08 0 02 
” se E11184* 1967/12/ 4 243 9829 15 06 0 02 
<a + H11212* 1967/12/ 7 243 9832 15 04 018 
131m transfer plate D5188 1967/12/ 7 243 9832 1494 005 
Table 2 
Name pit z B B Sire S'in 
30390 3 +27 0 0569 14 46 14 46 43 43 
Ton256 +45 0131 1671 15 15 <2 <12 4 
PHL1194 -51 0 298 17 43 14 39 <2 <72 
3047 —41 0 425 18 15 14 25 21 2,150 
30371 +29 0 0508 1475 14 75 95 75 


during 1966-67 Its also probable that the 0 1™ increase 
durmg November and December 1967 ıs real 

Sandage? has published a two colour diagram which 
shows that the vanable N-galaxies 30371 and 30390 3 are 
the two N-galaxies which most closely resemble quasars ın 
their observed colours He also points out the similarity 
of colours and spectra of 30390 3 and the quasar Ton256 
(ref 4) These sumilarities and the so called “continuity” 
arguments of Heeschen* and Ryle and Longar’ raise the 
question of the relation between quasars and N-galaxies 
In Table 2, we present the properties of 30390 3 and 
30371 together with three sources sted as quasars by 
Barbier: et al 1° and Burbidge! These three quasars he 
nearest to the Hubble relation in the magnitude—red-shift 
diagiam. 

We give the observed galactic latitude (61), red-shift (z), 
B magnitudes—at maximum for the N-galaxies—and 
flux density at 178 MHz (8,,,) We also present B’ and 
Sia, the B magnitude and flux density at 178 MHz 
which would be observed if the other sources were in the 
same position ın space as 3C3903 To compute B’ we 
have assumed that the red-shift 1s cosmological, that the 
K-correction for quasars given by Sandage}* applies and 
that the absorption ın the galaxy is given by Az=0 12m 
cosec bI We have computed S'i similarly assuming @ 
cosmological red-shift and a K-correction based on a 
straight spectrum (Sav-¢ for 3C47 «=0 82 from Conway 
et al 8, otherwise no values of « are available in the 
literature and we have assumed «=07) Note that for 
Ton256 and PHL 1194 the limit S,,,<2 1s based on the 
absence of these sources from the fourth Cambridge 
catalogue of radio sources™:15 

It 1s noticeable that the values of B’ of all these sources 
are closely similar If the N-galaxies were at a distance 
given from the red-shifts of the quasars by the Hubble 
law, they would probably not seem to possess any 
nebulosity Indeed, one might otherwise ask why we 
have not observed N-galaxies at much greater distances 
Thus ıt 18 quite possible that the “quasars” hsted in 
Table 2 are at cosmological distances and if brought 
closer would appear very similar to the N-galaxies We 
note that a very deep plate of another quasar, 3048, by 
Sandage and Miller’? does show nebulosity but beyond 
the range of the Palomar Observatory Sky Survey plates 

The situation 1s not so clear in the case of S8’,,3, none- 
theless 1t ıs apparent that the flux density of 3C390 3 ıs 
bracketed by other sources hitherto regarded as quasars 
It is also interesting that both 30390 3 and 3047 are 
radio doubles with very sumilar physical separations® 

It seems that the arguments for the continuity of 
quasars and radio galaxies understate the case We pro- 
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pose that these three “quasars” and possibly others are, 
in fact, N-galaxies and so are at cosmological distances 
It ıs perhaps particularly provoking that 3047 ıs an 
archetypal quasar, bemg the third’* to have had its red- 
shift determmed It may be, however, that quasars com- 
prise more than one type of object so that whether the 
red-shifts of all quasars are cosmological 1s still an open 
question 

We thank Miss Rosemary Brett for assistance m 
measuring the plates and Dr D. Lynden-Bell for directing 
our attention to the old astrogiaphic plates We aie 
also grateful to Mr M Rowan-Kobinson for first direct- 
ing the attention of one of us to the problem of N-galaxies 
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Alfven’s Critical Velocity Hypothesis 


In his theory on the ongin of the solar system!, Alfvén 
makes an assumption which 1s central to the entire 
theory? This assumption 1s that when there 1s a relative 
velocity between a plasma and a neutral gas in the 
presence of a magnetic field, a strong iomzation process 
will set in when the relative velocity reaches a critical 
value Uent such that 


{Mmg U orit = eV, 


where mg and F, are the mass and ionization potential of 
the gas atom Using this assumption, Alfvén has been 
able to predict fauly accurately the mass distmbution 
of the planets and satellites in the solar system A study 
of the 1onization mechanism leads to some difficulties, 
however, first, the threshold energy for 1omzation in a 
collision between a gas atom and an ion of the same gas 
is 2e]7; (ref 3) and, second, the ionization cross-section 
of ions 1s very small compared with that of electrons, 
except at very high energies It has been suggested 
that the ionization must be caused by the electrons and 
that energy 1s transferred from the tons to the electrons 
by some kind of space charge mechanism which 18 not 
discussed in detail The purpose of this communication 
1s to point out three simple ionization mechanisms which 
lend support to the critical velocity hypothesis 

In Alfvén’s theory the situation considered 1s that of a 
plasma held stationary by a magnetic field in a stream of 
neutral gas The electrons in the plasma will be heated by 
collisions with the gas stream, and the equipartition 
prineiple shows that with elastic collisions only the average 


342 


energy of the electrons 1s given in terms of the gas stream 
velocity U by 


ame <> = 4m,U? 

Inelastic collisions will tend to reduce the electron energy, 
but this relationship shows that when U 1s near Ucrit the 
eleetron energy 1s an appreciable fraction of eV, and 
consequently 1onization 1s to be expected By using an 
equivalent field technique® which ıs closely related to the 
equivalent pressure technique of Blevin and Haydon‘, 
the electron 1onization frequency can be found as a fune- 
tion of U alone from the data available on the electrons’ 
diift velocity and ionization frequency in the absence of a 
magnetic field The electron ionization frequency for 
helium is shown in Fig 1, which also gives Uont for 
helrum 

The relative kinetic energies of interest measure- 
ments’ show that the charge transfer collision cross-section 
for atomic helium ions m helium is much larger than the 
elastic cross-section, and at these energies elastic collisions 
show pronounced forward scattermg® For these reasons, 
charge transfer collisions are the most 1mportant, and 1t 1s 
a characteristic of these collisions that after the collision 
the ion has very nearly the same velocity, that is, U, as 
the atom had before ıt The ion will then move through 
its Larmor orbit in the magnetic field with a constant 


velocity and the 10n energy 1elative to the gas stream will 
then be (m,= mg) 
m,U? (1—cos wit) 

The average ion energy is MgU? and this equals the 
threshold energy for 1omzation (2 eVi) when U= Uert 
The peak energy ıs 2m,U?, which is 98 eV in helium 
when U=Uert, and these high energies can lead to 
appreciable ionization by the 10ns The ionization fre- 
quency of the 1ons can be averaged around the orbits® of 
the 1ons and the result, based on Rostagni’s® ionization 
cross-sections, 18 shown in Fig 1 1t can be seen that the 
1omzation frequency of the ions 1s greater than that of the 
electrons although the 1onization cross-section of the 1ons 
1g much smaller than that of the electrons This 1s because 
the energy of every 10n 1s above threshold ın part of its 
orbrt, ıf U 1s large enough, while only the small fraction 


of elections in the high energy tail of the electron energy 
distribution can 1omze 
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Fig 1 Plot of ionization frequency against relative velocity U between 
the plasma and the neutral gas for electrons and tons of helium 
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The atoms formed in charge exchange collisions will 
move in straight lines with almost the same velocity as 
the 10n had before the collision This means that these 
atoms will have on average an energy, relative to the gas 
stream, which ıs roughly equal to the ion energy (In the 
constant mean free time approximation the “new” atom 
and 1on energies are equal’) Also the 1onization cross- 
section for atom-atom colhsions* is similar to that for 
ion-atom collisions, so that the ionization frequency of 
the “new” atoms 1s simular to that of the1ons The “new” 
atoms may contribute more to the total 1omization than 
the ions, depending on the density of ‘‘new’ atoms in 
comparison with that of the ions 

Tt 1s suggested that the critical velocity hypothesis 1s a 
consequence of the fact that the 1onization frequencies of 
the electrons, ions and atoms formed in charge exchange 
collisions all become appreciable and increase rapidly 
with U when U 1s near Uent By lending support to the 
critical velocity hypothesis these results induectly support 
Alfvén’s theory of the ongin of the solar system, but it 1s 
pointed out that the details of Alfvén’s theory might have 
to be modified to take account of the possible effects of 
the ionization caused by the ions and atoms formed by 
charge exchange 

Results from experiments with partially 1onized crossed 
field homopolar discharges’ 1? can be explained if the 
relative velocity between the gas and plasma is limited to 
a value near Users (ref 12) If the theory of Droby- 
shevsku!? ıs extended to include the effects of 1onization 
by the ions and atoms formed by chaige exchange col- 
lisions, fair agreement with experiment 1s obtained’ It 
turns out that ın these experiments the density of “new” 
atoms 1s higher than the 10n density so that most of the 
1onization 1s caused by the atoms formed by charge 
exchange 

J C SHERMAN 
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University of Oxford 
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PLANETARY SCIENCE 


Northward Drift of India—Examination 
of Recent Palaeomagnetic Results 


INITIAL surveys! of the palaeomagnetism of the Deccan 
traps showed that there 1s an apparent decrease of palaeo- 
magnetic inclination with altitude above sea level This 
was interpreted?* as indicating a continuous northward 
movement of India during the time when the tiaps were 
beng extruded It was pointed out however, that tho 
observations could also be explained in terms of partial 
magnetic instability causing the directions to be pulled 
towards the present geomagnetic field Sahasiabudhe® 
has now made a very extensive palaeomagnetie study of 
the Deccan traps using magnetic cleaning techniques 
His aim was to try to use the palaeomagnetic duections 
for stratigraphic purposes and he did not attempt to 
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Fig 1  Stereographic projection of directions of magnetization at 
ninetv-two sites in the Deccan traps @, Lower hemisphere, O, upper 
hemisphere 


analyse his data for normal palaeomagnetic purposes I 
have made a complete analysis of his data and the purpose 
of this communication 1s to demonstrate that the earlier 
results are more likely explained in terms of viscous 
magnetization This conclusion leads to some conse- 
quences regaiding the northward drift of India durmg 
the Tertiary 

Approximately a thousand samples were analysed by 
Sahusrabudhe from seventy-one sites in a minimum of 
thirty flows and fiom thirteen dykes intruding them The 
sites were spread over the length and breadth of the area 
at present covered by the tiaps and over the entire thick- 
ness of about 4,000 ft Flows below an altitude of 2,000 ft 
were usually reversely magnetized (positive dips) and 
those above this level were usually normally magnetized 
(negative dips) The more detailed collection coupled with 
magnetic cleaning studies shows that there 1s no sys- 
tematic change in inclmation through the sequence as was 
suggested by the earlier results The lower (reversed) 
traps range in inchnation in no systematic manne: from 
+70° to +27° and the upper (normal) traps likewise 
range fiom —77° to —19° Normally magnetized dykes 
intrude both the lower and upper traps, but reversely 
magnetized dykes were not found intruding the normal 
ones Because the normally magnetized traps always 
overlie the reversed ones and are therefore stratigraphically 
younger, a distinction can be made between the lower and 
upper tiaps on the basis of polarity and the overall means 
for the two groups are given in Table 1 This analysis 
was not cained out by Sahasrabudhe, and for complete- 
ness I have also included results from eight sites in four 
areas not sampled by him*? In each case, magnetic 
cleaning techniques were also carried out 

Table 1 shows that nmety-two sites have been sampled 
in the flows and dykes of the Deccan traps and this 1s 


tible 1 PALADOMAGNETIC RESULTS FROM THE DECCAN TRAPS, INDIA 


Thrections Pole position 
No Resul- Estimate 
ot Declin- Inclin- tantof ofpre- a, Lat Long 
site ation aton WNunit cision N E Asn 


vector (ref 11) 
Upper traps 


(negative dips) 29 335 —45 27185 154 7 37 102 8 
Lower traps 

(positive dips) 63 152 +53 61105 327 3 30 101 3 
Overall mean 92 153 +51 88114 234 3 33 102 3 


a, and Ag, ate the radi of 95 per cent circles of confidence 
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now one of the most thoroughly sampled formations in 
the palacomagnetic literature The means of the two 
groups differ by 172+ 8°, so that they both represent the 
same axis of rotation within the experimental errors 
The directions of magnetization are illustrated in Fig 1 
The scatter of directions can readily be explamed m 
terms of secular variation’, and m neither case can it 
be shown? that the distribution of directions is non- 
Fisherian!! The data therefore strongly support the 
contention that little or no polar movement took place 
during the period of extrusion of the Decean traps and 
that the centre of the Indian subcontinent was situated 
about 30° § throughout this time 

Recently, some potassium-argon age determinations 
have been made at the Department of Terrestmal Mag- 
netism, Washington!? Although the five determinations 
range from 42 to 65x 10° yr, the oldest age 1s from the 
overlying Pavagarh basalt, so there ıs the possibility of 
argon loss from some of the samples Assuming the age 
to be represented by the oldest determination, this places 
the traps at the Cretaceous-Tertiary boundary? Some 
clue as to the time covered by the extrusion of the traps 
is given by the fact that in spite of very detailed sampling 
only one reversal of the geomagnetic field 1s recorded in 
the 4,000 ft sequence Recent observations from mag- 
netic anomalies and ocean-floor spreading since the late 
Cretaceous haveled Hertzler and his colleagues" to deduce 
a possible geomagnetic time scale back to 75x 10° yr. 
This analysis suggests that periods of normal or reversed 
polarity have persisted for no longer than 2x 10° yr at a. 
time since the late Cretaceous If this is the case, then 
it seems unlikely that the Deccan traps cover a period of 
much longer than 5 x 10° yr 

Polar movement with respect to India smce the Upper 
Permian 1s illustrated in Fig 2 It 1s not clear from 
the available data whether there 1s any real difference 
between the Upper Permian and Jurassic poles, although 
there 1s a significant difference between the Jurassic and 
Cretaceous poles It is quite clear from Fig 2, however, 
that the important polar shift with respect to India 
occurred between Deccan trap times and the present 
During this tıme the cential part of India moved from 
latitude 30° § to 20° N If India had reached its present 
position by the time of formation of the Himalayas m, 
say, the Miocene, then this 50° change of latitude took 
place over about 50x105 yr This corresponds to an 





Fig 2 Phanerozoic polar wander curve for India’® Pole numbers refer 

to Kamthi beds 1, Upper Permian, 2, Svihet traps, Jurassic, 3, Raj- 

mahal traps, Jurassic, 4, Tirupati sandstones, Cretaceous, 5, Lower 
6, Upper Deccan traps 
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average rate of duft of India of 10 em/yr during the 
Tertiary This ıs considerably greater than the average 
rate of about 5 cm/yr which I suggested’* occurred 
between the Gondwanie continents during the break-up 
of Gondwanaland smce the Upper Cretaceous It will be 
interesting to see in future whether these palaeomagnetic 
deductions of dmft rates are substantiated by sea floor 
spreading rates south of India 
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Glasgow University Exploration Society 
Expedition to Inishtrahull 


A Grasaow University Exploration Society expedition 
to the island of Inishtrahull (lat 55° 26’ N , long 7° 14’ 
W ), which 1s 5 miles from the northern coast of Donegal, 
was made during June 23-July 4, 1967, under the leader- 
ship of John Smazt The rocks of the island have been 
both compared and correlated with the Lewisian gneisses 
of north-western Scotland!*, and the geological investi- 
gations carried out by the ten members of the expedition, 
under the duection of Dr D R Bowes and Dr A M 
Hopgood, are in continuation of Lewisian investigations 
being carried out ın the Departments of Geology of the 
University of Glasgow and the University of St Andrews 
The island ıs approximately 1 mile long, in an E N E- 
WSW direction with almost uninterrupted clean coastal 
exposures on a broad wave-cut platform or on accessible 
cliffs Inland elevated parts (up to 141 ft above sea levol 
at the western end), with outcrops of gneiss and related 
rocks, occur on either side of a low central area The 
island 1s less than 200 yd across in part of this central 
area and the gneiss complex largely covered by post- 
glacial bedded raised beach deposits (at approximately 
40 ft OD) and soil On the high ground at the western 
end of the island stands the Inishtrahull Light 
Quartzo-feldspathic and related gneisses make up much 
of the rock outcrop Some are strongly foliated and have 
a well developed mineral lineation other lithological 
units show httle expression of planar or hnear fabric 
elements One masstve umt of calcrum-rich epidote- 
bearing gneiss has a chemical composition similar to that 
of a calcareous pelite Its occurrence among a litho- 
logically layered assemblage of gneisses suggests that the 
metamorphic complex largely represents a supracrustal 
series, possibly of sedimentary derivation There ıs 
evidence of metamorphic reconstitution at amphibolite 
facies, but over large areas the results of retrogressive 
deformation accompanied by considerable cataclasis con- 
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stitute the dominant fabric elements of the rocks Among 
these crushed units are long narrow zones of cataclasite 
and small veins of pseudotachylite have been observed 

Amphibolite occurs as small lensoid rock masses and 
im parts as fragments m agmatite A narrow, elongate 
lens of mafic rock with relict pyroxene and a ribbed out- 
crop, resembling that of layered ultrabasic bodies in the 
Lewisian of north-western Scotland*, suggests that there 
was igneous activity before the development of the 
dominant foliation There are minor intrusions, including 
two sets of pegmatite vems Then respective times of 
emplacement in ielation to the history of the gneiss 
complex can be determined from the various effects of 
metamorphic reconstitution and deformation exhibited 
In one case the evidence 1s based on the presence of an 
exceptionally well-displayed set of folded joints <A 
number: of unmetamorphosed dolerite dykes with an 
approximately easterly trend cut the gneiss complex 
They are presumed to be of Tertiary age 

The effects of six phases of folding and associated 
deformation have been observed in the gneiss complex 
Of these, the earliest recognized was broadly co-eval with 
the formation of the gneissose foliation The structures 
which exert the dominant control on the distribution of 
the hthological units, and with which the development of 
the strong retrogression and cataclasis are related, were 
formed during the second deformational phase These 
structures deform both lithological layering and gneissoge 
foliation The effects of the thnd and fourth deformational 
phases include some new mineral growth as well as the 
warping of the major structures while the final two 
phases are only locally expressed as very open folds In 
summary the sequence of geological events shown by the 
gneiss complex 1s as follows 

(1) The formation of a hthologically layered sequence, 
possibly as the result of sedimentary processes 

(2) The emplacement of mafic-rich igneous masses 

(3) The development of gneisses associated with tight 
isochnal folding of the lithological layers and tectonic 
disruption, in parts with the formation of agmatite 
Metamorphic reconstitution took place and the dominant 
foliation developed parallel to the axial planes of the 
isoclinal folds, hence generally parallel to the lithological 
layering 

(4) The emplacement of basic igneous minor intrusions 

(5) The formation of folds of varying style (soclinal, 
asymmetrical, chevion, open) which fold the foliation and 
exert the most imrortant control on the distribution of 
the lithological units Statistical analysis of fabric 
elements confirms field observations that the folds have 
sub-vertical axial planes and indicates that they plunge 
at approximately 15° towards 055° The style of the 
structures and the related cataclasis indicate deformation. 
at a relatively shallow level in the crust Subsequent 
uprise of quartzo-feldspathic pegmatitic material from 
deeper levels was controlled by the axial planes of these 
folds 

(6) Successive emplacement of acid and intermediate 
minor intrusions at the close of the second deformational 
phase Quartzo-feldspathic sheets, much sheared parallel 
to their margins, are cut by more mafic material which 
shows some planar alignment of minerals parallel to the 
intrusion walls 

(7) The development of open folds with sub-vertical 
axial plane cleavage which trends N N E-S 8S W and cuts 
the mmor intrusions of (6) These structures were super- 
imposed on an already deformed fohation, and so the 
angle of plunge of the folds varies 

(8) The formation of open folds with sub-vertical axial 
planes which trend NW-SE These folds are expressed 
on map scale as warps on the steep limbs of the 55° 
trending structures and have an associated fine planar 
mineral growth In one place a fold of this phase has 
been observed to deform the axial plane of a fold formed 
during event (7) 
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(9) The locahzed development of open concentric folds 
with sub-vertical E -W trending axtal planes No related 
linear or planar fabric elements have been observed but 
crescent-shaped patches of quartz occur in some fold 
crests and troughs 

(10) The localized development of very open folds 
plunging at low angles towards the north-east These 
folds are apparent only where they are superimposed on 
parts of the principal structure with flat-lying foliation 

Quaitzo-feldspathic pegmatite veins and, more com- 
monly, quartz veins, occur and these follow the fohation 
on vertically disposed limbs of second generation folds 
They seem to be unaffected by events (7) and (8) but 
their relationships with events (9) and (10) are not clear 

In the absence of radiometric dates, the absolute age 
of the gneiss complex of Inishtrahull cannot be determined 
There 1s, however, great sumilarity, both ın rock types and 
also in tectonic and metamorphic histories, to the Lewisian 
of parts of the north-west Highlands of Scotland‘ and 
particularly to the Lewisian of Barra® and Mingulay*’? in 
the Outer Hebrides In each case (a) the earliest recog- 
mized phase of tectonics 1s associated with intense shear 
folding and the development of the dommant foliation 
and of autochthonous granitic rocks, (b) the principal 
structural pattern is related to deformation of the 
dominant foliation, the development of asymmetrical 
folds by a combination of concentric and shear movement 
and the later uprise of pegmatitic material along the axial 
planes of these folds Also (c) the open folds, formed 
largely by concentric movement, but with related 
development of fracture cleavage, deform both the 
dommant fohation and the major structures, and in the 
case of Inishtrahull, Mingulay and Barra, precede the 
further uprise of pegmatitic material Also in the case 
of the gneiss complexes of the thiee islands, the final 
tectonic phase 1s shown by very open concentric folds 

While such similarities do not constitute defimte proof 
of a correlation, and comparable features have been 
observed in other metamorphic terrain, 1t seems likely 
that there 1s general correspondence of geological histories 
of the Lewisian gneiss complex of the southern regions 
of both the north-west Highlands of Scotland and the 
Outer Hebrides* and the gneiss complex of Inishtrahull 
If this ıs proved to be the case, both the existence of 
Lewisian rocks as far south as Imshtrahull and the dis- 
tinctave features of the gneiss complex there (particularly 
the evidence for a moderately shallow depth during the 
second deformational phase) will add considerably to our 
knowledge of the Lewisian. 

The expedition received financial assistance from the 
University Court of the Umversity of Glasgow and help 
from the Commissioners of Irish Lights We thank the 
British Egg Marketing Board, Erin Foods, Ltd , Guinness 
Group Sales (Ireland), Ltd, I H Lavery and Co, Ltd, 
A Massey and Sons, Ltd, Thos Miutchellhull, Ltd, J 
Paterson and Son, Ltd , Unigate, Ltd, A Wander, Ltd, 
and the University of Glasgow Student Health Service 
for their assistance 
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Characterization of Carbonaceous 
Material from the Puerto Rico 
Trench of the Atlantic Ocean 


Samerzs of two types of rocks containing organic material 
wore collected from 65° 41’ 24” W , 20° 15’ 58” N during 
a cruise of the RV Chain of the Woods Hole Oceano- 
graphic Institution to the north wall of the Puerto Rico 
Trench (Fig 1) One of the samples 1s soft material, pre- 
dominantly orgame (Ch 34-D3) The other sample is 
hard material, a mudstone mto which organic maternal 
seems to have migrated and subsequently been sulicified 
(Ch 34—D3-182) This organic material and the associated 
basalts, lmmestones, cherts and siliceous mudstones were 
collected from depths of between 3,350 and 3,450 
fathoms!? These are the first orgamic samples obtained 
from ocean depths of this magnitude The limestones 
collected m the same dredge haul are Cenomanian m 
age®, however, the age of the organic material ıs unknown 

Characterization of the carbonaceous material 1s 1n- 
teresting because of its possible relationship to the prin- 
erpal types of terrestrial liqmd and solid carbonaceous 
material such as coal, petroleum, and shale oil Charac- 
terization of the organe materal may present clues to 
its origm It may have been transported to the site of 
deposition by hving organisms, such as marme worms, 
which live ın the deepest part of the Puerto Rico Trench, 
or ıt may have been deposited concurrently with the 
other sedimentary rocks, however, the carbonaceous 
material present ın the siliceous mudstone indicates that 
the organic material postdates the sedimentary rocks 

Another pomt of mterest 1s the possible economic value 
of the carbonaceous materials at the bottom of the ocean, 
although it 1s very unlikely that such materials will have 
economic value ın the foreseeable future 

The original sample of semi-consohdated substance (soft 
material) was 15 em x 8 cm x 3 cm m size, light m 
weight (real specific gravity of 150), porous, biown to 
brownish black in colour and easily igmted Thin-section 
analysis indicated that morgamic particles the size of 
clay made up 2-4 per cent of the sample X-ray diffraction 
analysis showed that the clay mineral was montmortl- 
lonite (expanded to 17A on treatment with ethylene 
glycol, but gave a broad peak indicatimg that the mont- 
morillonite 1s poorly crystalline) The total content of 
minerals ıs appreciable, as indicated by the ash yield 
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Table 1 MISSION SPEHOTROGRAPHIC ANALYSIS OF SOFT MATERIAL (SEMI- 
QUANTITATIVE) 
Element Weight 
per cent 
Silicon 5 
Magnesium 1-5 
Aluminum 1 
Tron 1 
Calcium 05 
Sodium 0 05 
Titanum 0 05 
Vanadium 005 
Manganese 0 05 
Chromium 001 
Copper 001 
Boron Trace 


determined by combustion, 275 per cent The metallic 
elements determined by emission analysis are given in 
Table 1 

The onginal sample of silicified carbonaceous mudstone 
(hard material) was 135 cm x 10 cm x 25 cm in size 
was very fine grained and black to olive grey m colour, 
with the dense black portion (real specific gravity of 2 25) 
being surrounded by porous olive grey material which 
was poorly consolidated (real specific gravity of 2 42) 
The carbonaceous material withm the black portion 
appeared to have dissemmated into the siliceous mudstone 
and was then concentrated there as a hard, dense matenal 
as a result of subsequent silicrfication of the central 
portion of the sample The mineral portion of this sample 
consisted of 45 per cent quartz with minor tridymute. 1 
per cent calcite that was less than 0 002 mm im size and 
subhedral in shape, 1 per cent smectite which was dis- 
semunated throughout, and 1 per cent chlorite which 
occurred as strmgers and blebs Infrared spectra of the 
original rocks substantiated part of the X-ray diffraction 
analyses, but added no further mformation The car- 
bonaceous material representing about 10 per cent of the 
sample was yellowish brown in plane light and isotropic 
between crossed polarizers Poorly preserved micro- 
fossils consisting of radiolaria, which were replaced by 
quartz, comprise 20 per cent of the sample Unfor- 
tunately, the mucrofossils were too poorly preserved for 
identification 

Of several solvents investigated for extraction in organic 
studies, pyridine seemed to give the best results The 
yield of pyridine extract was 15 per cent for the soft 
material and 0 82 per cent for the hard materal Dioxane 
extraction of the portion of the soft material soluble in 
pyridine gave a yield of 80 per cent of maternal suitable 
for ultraviolet spectral measurements Ultraviolet and 
visible and mfrared spectra were obtamed from the 
original and extracted material 

Ultraviolet and visible spectra for the extracts of the 
soft and hard materials were identical The spectrum of 
the soft maternal is grven in Fig 2 Two strong bands at 
412 and 658 mu were observed in the visible spectrum 
(pyridine solvent) Moderate bands were found at 695, 
600 and 502 my, and a weak band at 557 mu In the 
ultraviolet region moderate bands occurred at 250 and 
301 mp (dioxane solvent) Because of the strong bands 
observed in the visible spectrum an attempt was made to 
obtain a visible spectrum of the orıgmal rock The spee- 
trum obtained (Fig 2, curve C) indicates that mtense 
absorbers are present, 1t 1s not usual to obtain structured 
visible spectra directly on carbonaceous rocks 

The spectra seem to be similar to spectra of porphyrins, 
or the related bile pigments‘ or the metal complexes of 
these The strongest band, 412 my, 1s the Soret band 


Table 2 
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from the Puerto Rico Trench, curve A, pyridine extract of soft 

material, 1 cm path, curve B, dioxane solubles from pyridine extract 

of soft material, 2 cm path, curve C, potassium bromide pellet of 
original soft material 


fammliar ın spectra of porphyrms and related materials 
Semi-quantitative measurements based on pure compound 
spectra for metal complexed bile pigments and porphyrims 
yield results ın the range of 1 per cent for the content of 
the material produemg this spectrum The bile pigments 
and the porphyrins have simular structures, both involving 
a group of four pyrrole rmgs* The nitrogen content of 
the carbonaceous matenals 1s high enough to accom- 
modate such structures as shown by the ultimate analyses 
(Table 2) A high sulphur content 1s also indicated in 
Table 2 

A visible spectrum of the kerogen concentrate from oil 
shale (not shown) also shows weak bands at 412 and 
270 mu and very weak bands at 637 and 312 mp ‘The 
specimens do not fluoresce under mercury 2537 A light 

Infrared spectra of extracts of the ocean rocks initially 
indicated some interference caused by traces of mineral 
matter From dilute solutions of the extracts the mmeral 
matter was allowed to settle out, the solutions were 
decanted and spectra nearly free of mineral interference 
were obtained These spectra, shown in Fig 2 along with 
a spectrum of kerogen from oil shale (kerogen sample 
supplied by J Cummins, Bureau of Mines, Petroleum 
Research Center, Laramie, Wyoming), mdicate intense 
OH absorption (about 3,400 em), intense aliphatic CH 
(about 2,900 em-!), very weak aromatic CH (3,030 cm~), 
strong carbonyl absorption (1,700 cem-), strong absorption 
caused by -CH, groups (or -SO,- groups or both) (1,375 
em~), strong absorption ın the region indicating carbonyls 
in either acids or esters (1,200 to 1,250 cm-!) and weak 
absorption m the aromatic band region (650 to 900 em-!) 
There 1s some indication of aromatics but the spectrum 1s 
principally that of aliphatic substances The infrared 
spectra of the origmal rocks were also recorded (not shown), 
the spectra of the rock samples are apparently identical 
to the spectra of the extracts obtamed from them For 
the soft material ıt was possible, ın spite of the spectral 
interference of the minerals, to obseive all the principal 
spectral bands produced by the entire carbonaceous 


ULTIMATE AND PROXIMATE ANALYSIS OF OARBONACEOUS ROCKS* FROM PUERTO RICO TRENCH (SPECIFIO GRAVITIES) 


Moisture and ash-free basis Volatile Fixed Specific 
Weight per cent Hydrogen Carbon Nitrogen Oxygen Sulphur Moisture matter carbon Ash gravity 
Soft material 81 66 6 18 156 79 20 533 172 275 150 
Hard material 8 57 2 22 11 10 72 11 907 242 
(outside part) 
Hard materia! 8 56 2 26 8 33 87 15 865 2 26 


(mside part) 
* Tdentification Ch 34-D3 
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109 prens rot E S E of the ocean samples and those of the 
30 4 _| kerogen concentrate, comparison of the 

spectra shows the chemical entities that 
60 | predommate m the spectra of the ocean and 

3 2 kerogen materials 

3 40 1 When the visible spectra of the ocean 

S 20|- J samples were compared with spectra of 

$ porphyrins, chlorins, bile pigments, and the 

2 si ; PETEN} hay fi 1o o4 L metal complexes of these, the substance 

8 ' found to have a spectrum most similar to 

g 60 -| those of the ocean samples 1s pheophytin 

3 a0 a®, a chlorin which is a well known degrada- 

a 7 | tion product of chlorophyll a formed by 
wt ‘ the simple loss of magnes1um ‘This mdi- 

| cates that the orgamic material in the ocean 
20 j- f -| samples is closely related to degradation 
à ! products of plants, rather than of animals 
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ig 3 Infrared spectra of potassium bromide pellets 


centrate from oi! shale 


sample Jor the hard material only the very imtense 
absorption bands of the carbonaceous material were 
observable 

Mass spectra of the rocks and of their pyridine extracts 
were obtained, but they were not mformative Mass 
peaks of nearly equal intensity were observed at all masses 
investigated 

The organic material obtained from the Puerto Rico 
"Trench seems to be more nearly similar to kerogen from 
oul shale than to petroleum or coal This conclusion 1s 
based on the infiared spectra of both the extracts and the 
original carbonaceous rocks Neither petroleum nor coals 
possess intense absorption bands at the carbonyl position, 
1,700 cm~, which are shown by the spectra of the ocean 
samples and the kerogen concentrate The highly al- 
phatic characte: of the ocean samples and the kerogen 
also differs from the more aromatic character of petroleum 
and coals The material is m a highly oxidized state, as 
shown by tho oxygen contents and the intense OH and 
C=O bands in the infrared spectrum There does not 
soom to be any laige amount of oxygen in ether type or 
heterocyclic structures according to the infrared spectra 
Two auptising findings are (1) there are many methyl 
groups o1 —SO,- groups or both, and (2) there is no 
indication in the infrared spectrum of the absorption 
characteristic of long, unbranched chains; the typical 
spectral band at 720 cm~ does not appear The 1,375 cm~ 
band in the spectra of carbonaceous materials 1s usually 
assigned exclusively to -CH, groups For curves A and B, 
however, the assignment 1s questionable because the 
1,375 em-? band ıs unusually strong relative to the 
-CH,- band at 1,460 cm- The band shoulder at 2,950 
em partly substantiates the assignment of 1,375 em- 
to -CH, groups But, because of the presence of appre- 
cablo concentrations of sulphur and oxygen, plus the 


spectral mdication of many oxygenated groups, it is 
beheved that the 1.375 cm- band 1s partly produced by 
-80,- groups 
Ocean Kerogen 

Aromatic CH Greater 

CH, groups (or -SO,- groups or both) Greater 

Long alkyl chains Greater 

OH Greater 

Aromatics Greater 


The infrared spectrum (Fig 3) of the soft materal 
curve B, resembles somewhat the infrared spectrum of a 
kerogen concentrate from oil shale, curve C This re- 
semblance, however, cannot be considered definitive The 
infrared absorption bands of both substances are too 
broad and ill-defined to be considered as proof of struc- 
ture ‘There are distimct differences between the spectra 


curve A, pyridine extract 
ot hard material, curve B, pvridine extract of soft material, curve O, kerogen con- 





The discovery of a high magnesium content 
in the soft maternal (Table 1) tends to sub- 
stantiate the close relationship of the 
organic portion to chlorophyll a 
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Trend in the Harmonic Energies of the 


Diurnal Variation at Two British 
Observatories 


SEVERAL workers, the earhest of whom seems to be 
Schuster}, have extensively analysed the world-wide 
distribution of the daily magnetic field variation, in 


l nergy densitv 


order to obtain estimates of erustal electrical conduc- 
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Wig 1 A spectrum of energy for variitions in the vertical magnetic 
field for Hskdalemuir The perhs for 24 12, 8 and 6h can be seen clearly 
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Fig. 2 The shape of the 24, 12, 8 and 6h peaksin Fig 1 at full spectral resolution 


tivity Much of this work was done before the advent 
of high speed computers, and may have been affected 
by subjective errors. The object of this communication 
1s to present the results obtamed by a full Fourier analysis 
of a year’s data from two British observatories Compari- 
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Fig 3 Results of a comparison of energy (bottom) and phase (top) for 
the two observatories (Eskdalemur and Stonyhurst College) 





, Eskdalemunr, ~ - -~ - , Stonyhurst 
son of these allows the errors in amplitude and phase of the 
spectial peaks to be estimated 

The year 1964 was chosen as the most recent for which 
results are readily available The values used were 
(J D Jacobs and Father V E Worthy, private commun.- 
cations) measured at Eskdalemuwr (lat 55° 19’ N , long 
356° 48’ E ) and at Stonyhurst College (lat 53° 51‘ N, 
long 357° 32’ E ) which are separated by 200 km along a 
line runnnmg NNE Both are removed from the coast, 
and so should be free from tidally generated fields The 
data used were the hourly values of the vertical field 
variation, and all the values taken durmg a year were 
used except for those on the disturbed days This gave 
a total of 7,344 hourly values A Fourier transform 
programme due to A Douglas (private communication) 
was used, and this gave estimates of energy and phase at 
frequency intervals of 1 22x 10-4 cycles/h A smoothed 
spectrum 1s shown in Fig 1, the only lines which are 
clearly distinguishable from noise are those at periods of 
24, 12,8 and 6 hours The shape of these lines at the full 
spectral resolution 1s shown in Fig 2 It ıs apparent 
that there 1s good agreement between the estimated 
component energies, so that a detailed comparison between 
the two observatories should be meaningful ‘The results 
of this comparison, in energy and in phase, are shown 
in Fig 3, where a correction has been applied to the 
phase estimates to allow for the 07° West relative 
longitude of Eskdalemuir 

The first pomt about this comparison is the good 
consistency obtained This is particularly striking in the 
case ofthephase The phase zero for each frequency occurs 
at the time of the first reading each year and the indivi- 
dual phase estimates vary rapidly between + 180° despite 
this the differences between. the phases at the observator- 
1es are small and vary regularly It 1s estimated that the 
relative standard deviation of the estimates at the peak 
energies 13 +14 per cent in energy, +1 2° in phase 

Riddihough? has shown that the variation with 24 h 
period in 1957 was higher at Eskdalemuir than at Stony- 
hurst, and the present work confirms this 1t1s mteresting 
that this difference falls to nothing for the 12 h variation 
and becomes negative at shorter pemods Although 
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the effect of oceamie edge currents would be expected 
to be of shorter range at shorter periods, this would not 
give a negative gradient in variation energy, 1t would 
only reduce the excess at Eskdalemuir The effect might 
be caused by the presence of a more highly conducting 
region beneath Eskdalemuir, which would reduce the 
coastal energy enhancement at all periods 

R J Lampen 
UKAEA, 
Blacknest, Brimpton, Berkshire 
Received December 20, 1967 
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PHYSICS 


Circulation within Monolayer Films 
on Aqueous Substrates at Low 
Surface Pressures 


ALTHOUGH at hıgh surface pressures, up to about 20 
dynes/em*, films of long chain fatty acids on water form 
uniform monolayers, at zero surface pressure the film 1s 
no longer uniform but has been described by some authors 
as consisting of “islands”? held together by the van der 
Waals forces of cohesion between the hydrocarbon 
chains! An examination with an electron microscope of 
surface films of stearic acid prepared at a surface pressure 
of 3 dynes/cm? has provided some evidence that these 
irregularly shaped islands exist? 

Radıo-tracer studies of oleic acid and other films on 
water have revealed an interesting phenomenon lending 
eredence to the existence of islands An apparent 
circulation of large film elements in a regular periodic 
manner has been observed Although oleic acid 1s usually 
considered to be “insoluble” in water, surface films after 
spreading to a pressure of 5-20 dynes/cm? do proceed to 
chssolve at a rate which ıs a function of the surface con- 
centration As the diffusion process contimues the surface 
pressure drops substantially and radioactive counting of 
the remaining surface film gave the results shown in 
Fig 1 

The experiments were conducted as follows A ‘Pyrex’ 
glass dish 9 em in diameter was cleaned and placed in a 
polyethylene holder Dzistilled water (50 ml) was then 
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Fig 1 Counting rate of a 50 A*/molecule oleic acid film versus time 
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added to give a water depth of 08 cm A Baird-Atom 
model 8218 counting tube, 3 cm in diameter, was placed 
over the dish, and the background radioactivity counted 
for 1 h in 10 mn mtervais The entire apparatus was 
suspended on a heavy steel plate attached by springs to 
a frame m order to block out vibrations Finally, a 
measured amount of radioactive oleic acid in hexane 
was spread on the water surface with an Alga micrometer 
syringe The counting rate was monitored for 24 to 170 h 

In many of the experrments, such as that shown in 
Fig 1, an oscillatory character was discovered in the 
counting rate The oscillations were attributed to an 
instability in the system termed the Marangon: effect? 
As the surface film diffuses into the water, the film remam- 
ing on the surface begins to form islands, a process 
which simultaneously gives mse to tension gradients 
engendered by the followmg mechanism 

At equilibrium there would be islands but no surface 
tension gradients, because the islands would be sur- 
rounded by surface active molecules and smaller islands 
acting more or less mdividually, but nevertheless present 
in sufficient numbers so as to maintain a constant surface 
pressure over the entire surface Thus at the start of the 
experiment we have a picture of islands amid a distribu- 
tion of smaller film segments without surface tension 
gradients If we permit molecular transfer by diffusion 
from the surface into the bulk, then rt ıs easy to picture a 
situation ın which the loss of a few molecules from an 
island into bulk will have httle effect on the local surface 
pressure whereas the diffusion into the bulk of some of 
the individually acting molecules will result ın a local 
increase in the surface tension, thus mducing a gradient 
Indeed, ıt ıs our opmion that the diffusion from the 
surface into the bulk of surface active maternal existing 
as a configuration of islands surrounded by molecules 
will be mherently unstable and always exhibit the 
Marangon: effect 

Ths work was supported by a grant from the US 
National Science Foundation 
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Transport Processes and the 
Chemical Potential 


MELET? has proposed a theory of transport phenomena, 
based on a claim that the chemical potential for each 
constituent 1s not a constant everywhere in a system 
which ıs ın thermodynamic equlbrium He argues that 
the usual proof of its constancy everywhere 1s invahd, 
and that, in any case, 1ts consequences are contrary to 
experiment For example he states! that the net work in 
transferring a particle between two points, whatever the 
gravitational or electrostatic potential difference may be, 
would be zero on the usual theory, that 1s, the transfer 
would be at constant energy Some consequences would 
be the denial of the existence of such effects as the Peltier 
effect and the necessity in thermal equilibrium for the 
conduction bands to lne up throughout a crystal contam- 
ing a non-degenerate p-n junction 

I criticized? his theory, using a new method to validate 
again the constancy of the chemical potential, i+ 9, 
throughout a system at thermodynamic equilibrium, p: 
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being the intrinsic chemical potential and 9 the potential 
energy per unit mass of the long range gravitational or 
electiostatic forces I also showed that, m considering 
the work done ın transferring a particle from one point A 
in the system to another point B, Melehy had neglected 
the contribution to the work done in changing the volume 
occupied by the particle from that at A to that at B 

In a futher communication’, Melehy has applied his 
theory to obtain a formula for the current—voltage relation 
at a p-n junction His formula undoubtedly gives good 
agreement with the experimental results quoted. His 
reply to my eriticism of his theories however, consists of 
the statement that his theory does account for the work 
contribution mentioned earlier He gives two reasons 
for this, the first that ıt ıs accounted for in the “‘subtle 
arguments” used in developing his theory, the second 
that his formula gives good agreement with the experi- 
mental results used Both reasons clearly do not assist 
scientific discussion, especially as in his arguments he 
postulates an expression for the diffusion force (see 
equation (28) of ref 1) 

No comment 1s made on my defence of the constancy 
of the chemical potential at equilibrium, which ts basically 
important because his theory 1s explicitly based on a 
contradiction of this well known result 

In section (6) of ref 2 the following statement 1s made 
“The conclusion that du#0 whenever dPÆ0 in the 
two preceding examples ıs an inevitable consequence of 
equation (16) 


{du = —sdT + (1/n)dP} 


It might be of historical interest to state that the example 
of an atmosphere in thermal equilibrium happens to 
have been treated by Gibbs?!, who also has concluded 
that for that case du30 in thermal equlbrium Clearly, 
it may now be stated that, under thermal equilibrium 
conditions, dz will never vanish in any system wherever 
dP0, that ıs wherever dn40” 

On further study of ref 2, and taking into account 
especially this passage and the two examples cited, ıt 18 
certen that the principal error has been a confusion 
between what Gibbs® called the intrinsic chemical poten- 
tial and the chemical potential of a system under long 
range forces, which, for electme forces, ıs known as the 
electro-chemical potential It 1s, of course, well known 
that this latter quantity p+ ọ 1s a constant everywhere 
at equilibrium and that its constancy determmes the 
hning up of Fermi-levels It 1s also well known (see, for 
example, ref 3) that in a quasi-static isothermal displace- 
ment Sr of a mass element m the work done ıs 


sv = èr {y (Pv) + yo m 
de {y (Pv) — yp} m 
= — môr vis (1) 


where ws, fi are the intrinsic chemical potential and 
intrinsic Helmholtz free energy per unit mass 
Thus at equilibrium 


Vur = -VP (2) 


and -Vu may ın some way be regarded as a fictional 
force balancıng that caused by the long-range forces 
The work done in a quasi-static isothermal displacement 
however, 1s not solely that arising from these forces but 
ig given by (1) If yf; 1s regarded also as a fictional force 
it is, of course, trrotational 

A further confusion occurs in section (8) of 1ef 2 
concerning the thermodynamic pressure and the pressure 
obtained from the Viral theorem in liquids and vapours 
It ıs claimed that in liquids if P is calculated by the 
Vinal theorem ıt could be magnitudes Ingher than in the 
vapour This is wrong, as reference to any good text 
(for example, Hirschfelder, Curtiss and Bird‘) on hquid 
theory would show, ın fact the pressures according to 
either kinetic theory or thermodynamics are the same 
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and this does not conflict, as imphed, with the fact that, 
ım the classical case, Maxwell—Boltzmann statistics 
applied 

The agreement with experiment of the formula obtained 
by Melehy for the current—voltage relation of a p-n junc- 
tion 1s interesting and this communication 1s written in 
the hope that a valid explanation may be made of the 
new terms introduced in the formula 

A G McLetrian 
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CHEMISTRY 


Simplification of the Synthesis of 
Tetramethyldipicrylamine 


BECAUSE the antibactenal agent, tetramethyldipicry!- 
amine, which we reported recently! has aroused wide 
interest we have developed a modification in the synthesis 
of the intermediate, 3,3’,5,5’-tetramethyldrphenylamine, 
which will make ıt possible for 1esearch workers to prepare 
experimental quantities of pure material in good yield 
without the necessity of elaborate equipment The 
methods reported previously imvolyved heating 3,5-di- 
methylamlne and its hydrochloride ın erther a glass? or 
metal? autoclave at 235°-250° C or heating a mixture of 
3,5-dimethylamlme and 3,5-dimethylphenol at 300°-400° C 
under 50 to 300 atmospheres pressure 

It was found that a sealed tube reaction was feasible 
when a slurry of equal amounts of 3,5-dimethylamlme 
and its hydrochloride, not exceeding a total of 7 g, was 
packed into a glass tube by means of a glass wool plug 
The tube, selected to have a volume of 3 ml /g of material, 
was sealed and heated in a constant temperature oven 
for 72 h at 230°-240°C A 74 per cent yield of good 
quahty 3,3’,5,5’-tetramethyldiphenylamine was obtamed 
This was washed with warm 7 per cent hydrochloric 
acid, extracted with exthe: benzene or ether, dried over 
anhydrous sodium sulphate and nitrated without further 
purification to give a 72 per cent yield of the antibacterial 
agent, tetramethyldipicrylamine, melting point 232° C 
dec, reported 231°C dec We have extended the use 
of this simplified sealed tube method to the synthesis of 
3,3’-dimethyldiphenylamine in 64 per cent yield and to 
3,3’ bes- and 3,3’,5,5’-tetrakzs-trifluoromethyldipheny1- 
amine in lesser yields 
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ao - BIOCHEMISTRY 

: Action of ‘Atomic Hydrogen on 
_ Aqueous Bacteriophage T, 


WE have examined the action of hydrogen atoms on 
bacteriophage T, in aqueous suspension, and found the 
mechanism of inactivation to be premature release of 
the DNA. 
“The experimental procedure for treating with hydrogen 
atoms, using simple compounds and enzymes, was 
described earlier’-*. Hydrogen atoms produced in a 
<80 Mes electrodeless discharge in pure hydrogen gas at 
27mm of mercury were swept through the solution at 
“4°C. The hydrogen gas flow of about 50 1./min excluded 
oxygen from all experiments. Control experiments showed 
that bubbling hydrogen alone did not produce significant 
‘effects, 

‘The dose rate of hydrogen atoms, of about 1-5 x 10-4 
moles/l. min, was exactly determined before and after 
each experiment using the ferricyanide dosimeter’:’, 
< Bacteriophage are more sensitive to ionizing radiation 
- when they are in dilute aqueous suspension than when 
` protected by gelatine or broth from the action of radicals 
formed in the watcr*. The protective action of oxygen 
in these conditions suggests that the reducing species 
“produced in water may be responsible for bacteriophage 
| inactivation”, ana preliminary experiments by Shapira 
and Stein on the effect of hydrogen atoms on phage T. 
-indicates that this is so. 

- We used bacteriophage T, because Freifelder’® has 
` already shown that the DNA extracted from this phage 
= has an extremely uniform sedimentation coefficient. 
Damage to the DNA can easily be measured with. an 
ytical ultracentrifuge. 
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cco Wig. d ‘fhe efect of hydrogen atoms on the plaque forming ability of 
phage T,. Solid circles indicate the survival of phage suspensions given 
- -gaceessive.small doses of hydrogen atoms. Two large single doses are 
: represented by hollow circles. The fact that these are above the line 
-imay be caused by small droplets thrown from the suspension by the gas 
“bubbling and not falling back till after the irradiation. The lack of 
“effect: on phage in 1 per cent nutrient broth is indicated by the solid 
2s square. 
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Fig.2. Phage 7’; at various concentrations treated with hydrogen atoms, 

The numbers are the log concentration of phage/ml., For example, 8 

represents the surviving fraction after treating a phage suspension con- 

taining 10* phage/m!. The enclosed numbers refer to treatment of the 

phage in the presence of added magnesium sulphate. ©, 10-' Motar 

magnesiun. [J], 10 molar magnesium; ©, 2x 10-* molar magnesium. 
The line is taken from Fig. 1. 


The experimental details of growing, purifying and 
assaying the phage on Æ. coli B have been described'!+#4, 
The bacterial debris was removed by centrifugation at 
4,000g for 10 min. Phage was recovered by treatment at 
75,000g for 2 h; the caesium chloride buoyant density 
purification procedure was carried out at 150,000 for 14 h. 

Figs. 1 and 2 show the effects of atomie hydrogen on 
T, at various concentrations with and without 1 per cent 
broth and with and without various concentrations of 
added magnesium ions. It will be seen that phage T, in 
0-01 molar phosphate buffer at pH 7:8 and 0-1 molar 
NaCl was inactivated in triple distilled water by atomie 
hydrogen with a strict exponential relationship between 
survival and dose. The results in Figs. 1 and 2 
show clearly that there is no initial shoulder which has 
sometimes been observed with X-rays by others’. The 
absence of a shoulder is consistent with a mechanism of 
inactivation which involves only one crucial event: per 
phage. This does not exclude the possibility that some of 
the hydrogen atoms reacted at a number of inessential 
sites on the phage. 

The almost complete protection by broth (Fig. 1) is 
consistent with competition for the available atomic 
hydrogen. In our system, hydrogen atoms are introduced 
into the liquid from the gas phase and their reaction 
with phage (Ph) competes with their reactions with other 
substrates (S), and also with the recombination of hydro- 
gen atoms 


H: + Ph — HPh — unknown products 
H + §— HS — unknown products 
H +H —H, 

As shown in Fig. 2, the D, for the loss of plaque- 
forming ability is about 1-2x10-* moles of hydrogen 
atoms/l., and is independent of phage concentration 
between 107 and 10'° phage/ml., with possibly a very 
slight increase at 101! phage/ml. We considered three 
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Transmitted ultraviolet light 





G 


Fig. 3. Tracings of the ultraviolet absorption patterns of the DNA from 


phage 7’, in an analytical ultracentrifuge. The contro! DNA (dotted 

line) has been superimposed on the DNA from phage treated with 

hydrogen atoms (solid line) after suitable adjustment of magnification 

to allow for differences in concentration and differences in film develop- 

ment. The shaded area shows where the two lines diverge because of the 

slower sedimentation rate of some of the broken DNA released from phage 
treated with hydrogen atoms. 


possible mechanisms of action of hydrogen atoms on 
phage. (a) Damage to the DNA. This assumes that 
atomic hydrogen penetrates the protein coat or that one 
electron equivalent is transferred to DNA from the 
protein after hydrogen atoms have been added to the 
protein coat. (b) Bond formation between protein and 
DNA. This might prevent efficient injection of DNA 
into the host bacterium. (c) Action on the protein coat 
only. This might either inhibit the injection mechanism 
or cause premature release of DNA in the absence of a 
host bacterium. 

To distinguish between these possibilities we studied 
the sedimentation patterns of the DNA from T, using an 
ultracentrifuge. Phage T, was induced to release its 
DNA by heat treatment in the presence of 0-001 molar 
EDTA (ref. 14). Very sharp Schlieren boundaries were 
obtained and the microdensitometer traces of ultra- 
violet absorption photographs also indicated a single 


sharp moving boundary consistent with the presence of 


only one component. 

By spinning down the sampie which had been treated 
with hydrogen atoms and which had not received the 
heat release treatment, we found indications that material 
had been released from the phage. A very 
diffuse Sehheren picture was obtained, and 
the microdensitometer traces of the ultra- 
violet photographs were consistent with an 
inhomogeneous population of smaller mole- 
cular weight fragments, which might have 
resulted from the breaking up of released 
DNA. Finally, when samples which had 
been treated with hydrogen atoms were also 
heat-released in the absence of magnesium 
ions (to release any DNA still retained 
within the protein coat) a mixed population 
was obtained in the ultraviolet mierodensito- 
meter trace, indicating the presence of both 
intact and broken DNA. The ratio between 
intact T, DNA and broken fragments was 
approximately the same as that between 
surviving and inactivated T, in the particu- 
lar treated sample (Fig. 3). 

Further evidence to suggest a mechan- 
ism of DNA release actuated by hydrogen 
atoms was obtained by studying electron 
microscope photographs of untreated and 
hydrogen atom treated T, phage. The 
results, shown in Fig. 4, are consistent with 


Fig. 4. Photographs of uranium shadowed phage T, 
at 100 kV. 
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the view that after treatment with hydrogen atoms 
we are observing hollow shells of the protein coat, from 
which DNA has been ejected into the solution in the 
absence of bacteria. 

To correlate our results with the effect of ionizing 
radiations in similar conditions of water purity and 
absence of competing scavengers, we examined the action 
of caesium-137 gamma rays on T, phage. If gelatine or 
broth is present to remove the effects of radicals formed 
in the water by ionizing radiation, high doses are needed 
to inactivate phage T, (ref. 13). At the low doses used 
in these experiments the direct target type action is 
negligible. The results are shown in Fig. 5. The D, for the 
0-6 MeV gamma rays is about 500 rad. Thus in our 
experimental conditions the sensitivity to radiation 
is higher than previous data in the literature, For the 
raciation experiments, too, the strict exponential rela- 
tionship holds and there is no shoulder. 

The caleulation of reaction velocities and rate constants 
of a very large molecule, such as T, phage, with hydrogen 
atoms in our experimental conditions cannot be justified, 
because of the many assumptions required. Qualitatively. 
however, the number of radicals needed to inactivate 
phage irradiated with gamma rays and with hydrogen 
atoms, respectively, are comparable, when allowance is 
made for the non-homogeneous kinetics in the case of 
hydrogen atoms!. 

There is a slow spontaneous release of DNA from 
phage T, which is prevented by the presence of mag- 
nesium ions'!. To see whether the only action of hydrogen 
atoms is to speed up the rate of spontaneous release, we 
examined the effect of added magnesium ions on the 
effectiveness of hydrogen atoms. There was no effect of 
added magnesium, as Fig. 2 shows. Thus the role of 
hydrogen atoms in inactivating phage 7’, is not connected 
directly with magnesium ions as a stabilizing factor. 
although it may have to do with that part of the protein 
responsible for the binding of magnesium. 

To determine the sensitivity of E. coli bacteria to treat- 
ment with hydrogen atoms, compared with the sensitivity 
of phage 7',, bacteria grown on Difco nutrient broth were 
twice centrifuged, washed with triplo distilled water, and 
brought to a concentration of 105 bacteria/ml., in 0-01 
molar phosphate buffer at pH 6:8. A dose of 6x 10-4 
moles/l. of hydrogen atoms gave no measurable effect. 
The same dose reduces phage T, to less than 1 per cent 
of its original value. This shows that phage may be 
selectively inactivated by a method which has almost 
no effect on E. coli. 

Hydrogen atoms act in the systems now investigated 





taken on an RCA electron microscope 
¿x 47,600.) a, Control untreated phage; b, after treatment with hydrogen 
atoms (3-6 x 10-4 moles/1.), 
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- Figs6. Inactivation of phage T, by caesium-137 gamma rays. The phage 

“were diluted to 10°%/ml, in phosphate buffer pH 7-8 using the same triple 

idistitled water as was used for the hydrogen atom experiments. The 
samples were saturated with hydrogen gas before irradiation. 


as simple one electron equivalent reagents. Other one 
electron equivalent chemical reagents as well as electro- 
lytic reduction may be expected to behave in the same 
way. An advantage of hydrogen atom treatment is that 
at the end of the experiment no additional chemical 
‘other than inert hydrogen gas remains in the system. 
. We thank Professor Simon Klein for valuable advice, 
and Amos Lanier, Eli Hattab and Peter Yanay for 
assistance. This research was supported by the US 
Atomic Energy Commission, Biology Division. 
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Gene Conversion: Temperature Data 
from Sordaria fimicola on the 
Correction of Mis-paired Bases 


CORRECTION of mis-paired bases in hybrid DNA is a basie 
postulate of current models of gene conversion and recom- 
bination!-*. Although some models invoke different 
origins of hybrid DNA, they involve similar repair 
processes. At each heterozygous site in a region of hybrid 
DNA, there are three possibilities: repair to wild type, 
repair to mutant and non-repair. 

The temperature dependence of correction processes in 
gene conversion has been studied by obtaining data 
relating to these possibilities from visual scoring of asci 
with different ratios of wild type (+) to mutant (m) 
spores in crosses of the ascospore-pigmentation mutants 
grey (g) and hyaline (h) in Sordaria fimicola. These 
mutants were crossed with their respective wild types at 
different temperatures, at 2°5° C intervals, for the range 
10°-31° C. using methods already described*. To test 
for phenocopies as a cause of apparent conversion, 
spores were isolated from crosses made at 10° C, 20° C 
and 30° C: h spores were inviable but none of about 2009, 
g* and h* spores which germinated to produce fertile 
colonies were phenocopies. Large changes in total 
conversion frequency with temperature were observed 
but will be discussed elsewhere, for they are not directly 
relevant to the correction data. 

Effects of temperature on the direction of correction 
(that is, whether correction is to wild type or to mutant) 
were determined from the observed frequencies of correc- 
tion to wild type (one such event in 5+ : 3m asci and two 
in 6+ :2 m asci) and of correction to mutant (one such 
event in 3+ :5 m asci, two in 2+ :6 m asci). The 
relative frequencies of these two kinds of correction did 
not change significantly at any of the temperatures used 
for either locus, although the ratio differed for each locus 
(Table 1). The constancy of these relative frequencies 
indicates that the direction of correction of mis-pairing 
is independent of temperature. If there is one enzyme 
that can excise a base from any of the eight possible pairs 
of mis-paired bases, this evidence would suggest that the 
affinity of the excising enzyme for one base rather than 
another is unchanged by temperature; this applies both 
to conversion at the hyaline site, where correction in either 
direction was equally frequent (heterogeneity x)= 0-4, 
P=0-5-0:7), and to the grey site, where a preferential 
correction to wild type was found (y{=12-5, P< 0-01). 
Alternatively, if there is more than one enzyme, each 
excising different bases, then the present data indicate 
that their relative effectivenesses—which would depend 
on their relative concentrations, rates of action and 
affinities—are unaffected by temperature. The one 
enzyme hypothesis seems more probable than the multi- 
enzyme hypothesis because the former requires fewer 
variables to be independent of temperature. 


EFFECT OF TEMPERATURE ON RATIOS OF ABERRANT ASCI IN OROSSES 
OF Sordaria fimicola 


Table 1. 


Hyaline (+) locus Grey (g) locus 


Asci Ratio of: Asci —— Ratio of: 
with Conver- with Conver- 
Temp. Total 5:3 sions to 6:2 Total 5:3 sions to 6:2 
ee) asci or +: asci: asci or +: ai: 
6:2 convs. 5:3 6:2 convs, 5:3 
ratios toh* asci ratios tog* asci 
31 5,022 45 1:0 14 Infertile 
30 8,381 112 0-9 13 4,267 30 1300 Oô 
275 7,375 75 08 17. 6,887 73 15 1-6 
25 7,932 64 1-2 1-9 6,079 44 16 05 
22-5 7,063 52 10 21 5,932 41 1:3 0-9 
20 8,150 44 0-8 24 8,229 34 150 «0-7 
17-5 7,245 36 0:8 2-3 8,033 27 16 0-8 
15 7,659 27 1-1 2-0 7,126 12 1-0 t5 
12-5 8,286 50 0-9 18 076 9 13 13 
10 8,158 74 11 13 13,014 12 1-8 1-0 
Totals and 
averages 75,271 57 0-98 1:77 68,643 282 1-40 0-79 


* The same trend is shown if this value is calculated separately for 6 :3 
and for 6 : 2 asel. 


354 


There are three frequencies pertinent to the efficiency 
of correction: that of no. correction (giving post-meiotic 
segregation in 4: 4 asci), that of correction in one chroma- 
tid (giving 5 : 3 asci) and that of correction in both chroma- 
tids (giving 4 : 4 and 6:2 asci). Post-meiotie segregation 
was not distinguishable from spindle overlap at the 
third division in the ascus, so the first of these frequencies 
could not be determined. The 4: 4 class from correction 
n both chromatids is not distinguishable from other 4: 4 
asci, so the 6 : 2 class can only be used here as a measure 
of correction in both chromatids if the proportions of 
6:2 and 4:4 asci from correction did not vary with 
temperature. If the direction of:correction is independent 
in both chromatids, these proportions will depend solely 
on the relative frequencies of correction to wild type and 
to mutant, which were here independent of temperature. 
Changes in the relative frequencies of 6 : 2 and 5: 3 ratios 
can therefore be used as a measure of changes in the 
relative frequencies of correction in both chromatids, or 
in only one chromatid, respectively. For the grey locus, 
no consistent change with temperature was observed for 
this value (Table 1) but at the hyaline locus it was highest 
over the range 17-5°-22-5° C and lowest at the two 
temperature extremes. Although the data are not hetero- 
geneous as a whole for this value (y3=4:9, P=0-8-0-9 
for hyaline, %j= 5-0, P =0-7-0-8 for grey), hyaline values 
at high temperatures are significantly different from 
those at medium temperatures (y7=4:0, P=0-02-0-05 
for pooled values at 30° and 31° C versus pooled values 
for 17-5°, 20° and 22-5° C). These results suggest that 
correction at the hyaline site is impaired at extreme 
temperatures but a similar trend was not found for the 
grey site. The difference observed between loci could 
possibly result from the different genetic backgrounds 
in the two sets of crosses, or perhaps correction is not 
independent in both chromatids. 

Another difference between conversion at the two sites 
is that for grey 5 : 3 asci are significantly more frequent 
than 6:2 asci (y?= 5-7, P=0-01-0-02), while the reverse 
is true for hyaline (y?7=33-4, P<0-01). If allowance is 
made for undetected conversion resulting in asci with 
4+ :4 m ratios, correction in both chromatids is more 
frequent than correction in only one chromatid for grey 
as well as for hyaline, but the difference between the two 
sites in the relative frequency of the two kinds of corree- 
tion becomes still greater. This suggests that correction 
is more efficient at the hyaline site than the grey site. 
Allowance for this undetected reciprocal conversion 
class would also result in values closer to unity for the 
ratio of correction to + : correction to m. 

From these studies it is concluded that the direction of 
correction of base mis-pairing is independent of ternpera- 
ture; in other respects, different trends were observed 
for conversion at the grey and at the hyaline sites. These 
differences may result from different bases being mis-paired 
in hybrid DNA at each site but other explanations are 
possible. 
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Indospicine, a New Hepatotoxic 
Amino-acid from Indigofera 

spicata 

Indigofera spicata Forsk (previously I. endecaphylla Jacq.) 
would be a useful tropical pasture legume without its toxic 
properties (for review, see ref. 1). It has been shown to 
be hepatotoxic to sheep, cows and rabbits, and has caused 
abortion in pregnant animals®?. Hutton et al.>* showed 
that the leaf and seed were hepatotoxic to rabbits and 
mice and that 8-nitropropionic acid, which occurs only in 
the leaf, did not account for these liver lesions. Britten 
et al.* found that 8-nitropropionie acid or a compound 
closely associated with it in the leaf was toxic to chicks, 
which were not affected by the hepatotoxin(s) present in 
the seed. 

We report here the isolation from sced and leaf of a 
new amino-acid, designated indospicine, which produces 
characteristic liver lesions in mice. Indospicine is shown 
to be L-a-amino-e-amidino caproic acid, corresponding to 
structure (I). 

A rapid, semi-quantitative bioassay in mice was 
developed for testing the hepatotoxicity of the various 
extracts and fractions. It was based on the accumulation 
of fat in the liver produced by a single subcutancous 
injection of a toxic aqueous extract of seed*®. Further 
experiments were carried out in which groups of four 
female mice were injected with graded doses of the same 
extract and then killed at intervals. Frozen sections of 
the livers stained with sudan IV for fat were examined 
microscopically in random order and fat accumulation 
was graded from 0-4. Based on this method of grading, 
the maximum accumulation of fat occurred about 48 h 
after injection and was related to the amount of extract 
used. Repeated tests showed that the results were repro- 
ducible. This bioassay was then used to compare the 
hepatotoxicity of various extracts and fractions from 
extracts during the isolation 

Earlier work® showed that the hepatotoxin behaved as 
a cation on ion-exchange resins, and further experiments 
indicated that the hepatotoxicity was associated with the 
strongly basic fraction of the seed. This fraction was 
isolated from the ground seed on a preparative scale by 
a modification of the adsorption-dialysis method?*® in 
which Zeokarb 226 (H) was used inside the dialysis tubes. 
The bases were eluted with 2 normal acetic acid and the 
extract concentrated to a small volume (1 ml.=10 g of 
seed). Some of the bases present were tentatively identified 
by paper chromatography in several solvent systems and 
by the use of a wide range of detecting reagents’. Can- 
avanine, arginine and several unidentified guanidino- 
compounds were present, but the principal ninhydrin- 
positive substance was an -amino-acid with properties 
different from those of the known amino-acids. The 
ninhydrin-positive substances present in the extract were 
isolated by one-directional chromatography of aliquots of 
the extract (0-25 ml.) on 400 sheets of Whatman 3 MM 
paper. Isopropanol/2 normal hydrochloric acid (78 : 22 
v/v) was used as the solvent. The various bands, located 
by ninhydrin treated test strips, were cut from each 
sheet; corresponding bands were bulked and extracted 
with water. The separate extracts were concentrated and 
excess hydrochloric acid was removed. Part of each 
extract was assayed for hepatotoxicity. The toxicity of 
the original extract was almost quantitatively located in 
one band which contained the new amino-acid, now 
named indospicine, and a small amount of arginine. 
Indospicine was isolated from the remainder of this 
extract as the sparingly soluble monoflavianate which, 
after repeated recrystallization from water, was converted 
to the hydrochloride which still contained a small amount 
of arginine. This was removed by ion-exchange chromato- 
graphy’. Indospicine was also isolated from an aqueous 
extract of leaf by a modification of the method of Awapawa 
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et al.44, The flavianate and hydrochloride were identical 
with the corresponding derivatives from seed. 

Indospicine monohydrochloride crystallized from aque- 
ous ethanol as white needle-like crystals of the mono- 
hydrate, melting point 131°-134° C, (a)$+18° in 5 
normal hydrochloric acid (C, 1-1). (Found: C, 37-4; 
H; 81; N, 185; Cl, 16-0 per cent. Caleulated for 
C,H,,0,N;-HCLH,O :C, 37-0; H, 80; N, 185; Cl, 
15-6 per cent). Analyses of the monoflavianate and 
monopicrate completely supported the empirical formula 
C;H,,0,N, for the free base. The picrate ion absorption 
at 380 mu. indicated a molecular weight of approximately 
176 for indospicine. It gave a purple colour with nin- 
hydrin on paper chromatograms and behaved as an 
g-arnino-acid when treated successively with cupric 
acetate and ninhydrin. With the nitroprusside—alkaline 
ferricyanide reagent® it gave a yellow colour similar to 
that given by acetamidine and quite different from the 
red colours shown by mono-substituted guanidines. It 
moved as a positively charged ion on paper ionophor- 
esis in the range pH 2-10-5 and decomposed at higher 
pHs. : 

“The free base, prepared by chromatography on a 
‘eolumun of ‘Dowex 2’, was degraded to distilled water at 
120° C or in 0-1 molar sodium carbonate at 40° C to 
“ammonia (1 mole) and a neutral z-amino-acid C,H,,0,N). 
‘This compound was shown to be an amide by hydrolysis 
‘in 1 normal hydrochlorie acid at 120° C to ammonia 
(1 mole) and L-«-amino-pimelic acid (APM). Indospicine 
was also degraded in 6 normal hydrochloric acid at 120° C 
‘to APM (1 mole) and ammonia (2 moles). APM and its 
amide were identified by melting point, optical rotation, 
elemental analysis, infrared, nuclear magnetic resonance 
‘and. mass spectra. The chemical and spectroscopic 
evidence ‘is in agreement with formula (I) for indo- 
< Bpicine. 


uf 











H,N—C—CH,- CHCH y CH,—CH—NH, (I) 


l | 
NH COOH 
Indospicine hydrochloride produced liver lesions in mice 
-identical with those produced by various crude extracts 
of the seed. Canavanine and arginine did not cause fat 
accumulation in the liver, nor did they interfere with the 
indospicine assay. Pearn? has recently demonstrated the 
“presence of a new type of cleft palate teratogen in the 
same seed extract from which we isolated indospicine. 
The teratogenic activity of the extract is caused by indo- 
spicine (unpublished results of Pearn and Hegarty). 
Indospicine is the first naturally occurring hepatotoxic 
amino-acid to be isolated. Compounds containing the 
simple amidine system have not previously been found in 
plants although the grouping occurs in the antibiotics 
congocidin and distamycin A (ref. 13). 
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Relative Binding of Strontium and 
Calcium in Protein and Non-protein 
Fractions of Serum in the Rabbit 


WE have reported a discrimination between the ratio of 
strontium to calcium in rabbit plasma and that in bone’. 
We reasoned that this discrimination could be the result 
of a difference in this ratio in the protein and non-protein 
fractions of the plasma. If the ratio of strontium to 
calcium in the non-protein fractions was lower than 
that in the plasma as a whole, then the ratio in the 
extracellular fluid might be expected to be lower and 
hence account for the lower ratio which has been observed 
in bone. To test this hypothesis a double tracer experi- 
ment using strontium-85 and calcium-47 was earried out 
in two rabbits which were of the same strain and age 
(7 months) as those used before. The protein and non- 
protein fractions were separated in an ultracentrifuge 
and the ratio of strontium-85 to calcium-47 was de- 
termined for these fractions as well as for the whole 
serum. These measurements showed that the ratio was 
the same for all fractions within the limits of experimental 
error. 

Two rabbits were injected intravenously with 30 ye./kg 
of caleium-45 and 85 ue./kg of strontium-85 into the 
marginal vein of the ear and killed 24 h later, when 
about 40 ml. of blood was collected from each animal 
after severing the jugular vein. The blood was allowed 
to clot and the serum decanted off. A sample of serum 
(10 ml.) was spun at about 200,000g (40,000 r.p.m.) in an 
ultracentrifuge? to separate the protein and non-protein. 
A thin layer of liquid paraffin was floated on top of the 
serum to prevent changes in pH during centrifugation, 
because changes in pH have been shown to alter the 
proportion of calcium bound to protein®. The non-protein 
component, which appeared clear at the top of the 
centrifuge tube, was removed with a syringe in two 
fractions, the first fraction being just below the layer of 
paraffin; the second fraction, the bottom of which was in 
contact with the protein, was removed separately to 
prevent mixing during transfer. The protein component, 
which was a gelatinous semi-solid (yellowish at the top 
and merging into a reddish-brown colour at the bottom), 
was also removed with a syringe into a counting dish for 
radioactive assay. 

Strontium-85 and calcium-45 were assayed on the same 
sample using a scintillation counter with a sodium iodide 
crystal. The energy spectra for the two isotopes standards 
were run independently to determine the optimum con- 
ditions for distinguishing between them. The discriminator 
bias was set so that only pulses from calcium-47 were 
counted. Strontium-85 was counted using a single channel 
at a lower discrimination level; the counts in this channel 
caused by calcium-47 were subtracted. The amount of 
this isotope injected was chosen to be about one-third of 
the amount of strontium-85, thereby reducing the inter- 
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STRONTIUIORS AND CALGIUM-AT IN DIFFERENT FRACTIONS oF 
SERUM 24 h AFTER INJECTION 
Caleinm-47 
(per cent | 
Jeeted dose/ml.) 









Table L 





Strontlum-85 ; 


Sample 
K calcium-47 














Whole serum 1623 2-30 x 10% 5-69 x 10-5 O41 

1624 2-70 « if? 6-12 x 10-5 O44 

Fraction I 1826 158x107 3-82 «10° OA 
1624 ae —— — 

Fraction II 1628 : oe 4-08 x 10> 0-42 

1624 210x107 $80 x 16-4 O44 

Fraction HI 162: 3-01 x 10% 7-25 x 10-8 0:42 

(protein) 1624 376x107 8-02 x 104 O47 


ference of the calcium isotope in this channel. All the 
samples used for measuring radioactivity were made up 
to a standard volume for counting. 

The results for the different fractions of serum (Table 1) 
show that for rabbit 1623 the ratio of strontium-85 to 
calcium-47 is the same to within 3 per cent in the whole 
serum as in both the protein-bound and the protein-free 
fractions. In rabbit 1624 the ratio is somewhat greater 
but is the same for all fractions within experimental error. 
It is therefore clear that the previously reported! dis- 
crimination of 1-6 against strontium in the transfer 
between blood and bone cannot be attributed to the 
difference in the ratio of strontium to calcium between the 
protein-free plasma and the plasma as a whole. 

The discrimination might be explained by the fact that 
the measurements were made of naturally occurring levels 





of the stable isotopes when the animals were in a state of 


equilibrium, rather than of the radioisotopes shortly after 
administration. Recent measurements made at longer 
intervals after administration suggest that there may be 
a difference between the relative behaviour of strontium 
and caleium soon after administration and after a longer 
interval, 
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Detection of Insulin 
Antibodies 


THERE are various immunological techniques for detect- 
ing antibodies to peptide antigens, but the detection of 
precipitating antibodies to small peptide hormones which 
are poor antigens may be difficult. Preparations of 
crystalline insulin from a variety of species are quite 
similar and only a few differences in amino-acid composi- 
tion have been found, which in addition to the smaller 
molecular size may aecount for its poor antigenicity. 
Nevertheless, the Ouchterlony technique! has revealed 
precipitating antibodies to insulin (for example, refs. 2-5). 

With guinea-pig insulin antisera, we were unable to 
see clear insulin—anti-insulin precipitates by the agar-gel 
immunoelectrophoretic technique*:? but have demon- 
strated several antigen~antibody precipitin lines by a 
modification of this procedure. A new immunological 
technique has been developed which involves (a) electro- 
phoretic separation, (b) immunodiffusion and {e) exelu- 
sion of antigen-antibody complexes by the addition of 
the water-soluble polymer dextran. 

Pork insulin (24 10/1 mg) ten times recrystallized (gift 
from Novo) was used to immunize guinea-pigs. The 
hyperimmune sera obtained by cardiac puncture were a 


Precipitating 
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Fig. 1. Fig. 2. 
Fig. 1 Immunoelectrophoretic run of insulin and guinea-pig insulin 
antisera in agar medium. (Control experiment.) 
Fig. 2. Immunoelectrophoretic run of insulin and guinea-pig insulin 


antisera in agar medium. (Infusion with dextran solution.) 


gift from Dr U. Lundkvist. Five different hyperimmune 
insulin antisera were tested and they gave identical 
results. 

Immunoeleetrophoresis was carried out on microscope 
slides in LKB apparatus. The slides were coated with a 
L-5 per cent agar solution (agar-noble, Difco) made up 
iv veronal buffer (pH 8-6, ionie strength 0-03). The anti- 
serum used was shown to contain insulin antibodies by 
the radioimmunoassay technique of Wide and Porath*. 
After antiserum had diffused into the agar gel, ‘Dextran 
10° (mean molecular weight 10,000, Pharmacia AB) was 
povred into the trough and allowed to diffuse (infusion 
procedure). The dextran used in these experiments was 
dissolved in a veronal buffer solution (pH 8-6 and ionic 
strength 0-1). The final concentration of ‘Dextran 10° 
was 8 per cent (w/v). 

The microscope slides were then placed in a moist 
chamber and incubated for 2 days at 37°C in an air- 
incubator. During incubation the dextran solution was 
placed three times (at equal time intervals) into troughs 
(altogether 0-75 ml. of 8 per cent ‘Dextran 10° per slide 
or per 1-4 ml. of agar was added), After 2 days of incuba- 
tion at 37°C, the slides were placed in a cold room at 
4° C for 3 days. 

After 13 h of incubation at 37°C, antigen-antibody 
precipitates could be seen in agar-dextran media, while 
in the control experiment (only agar) a very faint and 
broad, cloudy precipitate was just detectable. In agar- 
dextran medium a sharp and distinct precipitin line 
was seen on the side nearer the well, while the second 
precipitin line underneath (nearer the trough) was rather 
diffused, but easily seen. Both lines showed the same 
anodic movement. After 40 h of incubation at 37° © 
the precipitin bands sharpened and a new and sharp 
precipitin band appeared below the broad cloudy pre- 
cipitate. After a further 3 days of incubation at 4° C, the 
immunoprecipitates were observed again and photo- 
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graphed. Results of the control experiment are shown in 
Fig. 1, while Fig. 2 shows the precipitin lines of antigen— 
antibody in agar medium which was infused with dextran 
solution. 

The time sequence of the appearance of precipitin 
lines was as follows: first, the less diffusible antigen(s) 
precipitated out, while lastly the most diffusible antigen(s) 
formed a precipitate. Possibly the aggregated part of 
insulin, if any, was precipitated first, while the precipitin 
reaction between less aggregated insulin molecules and 
the antibody took longer. 

It has ben suggested®-** that polysaccharides may 
exclude some proteins from solution rather than interact- 
ing with them. Dextran seems to decrease the solubility 
of immuno-complexes in agar gel medium and helps to 
exclude them. 

M. CESKA 
Department of Biochemistry. 
Pharmacia AB, 
Uppsala, Sweden. 


Received November 24; revised December 22, 1967. 


L. Ouchterlony, ©., Acta Pathol. Microbiol. Scand., 25, 186 (1948). 

2 Moloney, P. J., and Aprile, M. A., Canad. J. Biochem, Physiol., 37, 793 
1059). 

«Jones, V. E., and Cunliffe, A. C., Nature, 192. 136 (1961). 

‘Steigerwald, H., Spielman, W., Fries, H., and Grebe, 8. T., Klin. Woch., 
38, 973 (1960). 

* Birkinshaw, V. J., Randall, S. S., and Risdall, P. C., Nature, 198, 1089 
(1962). 


© @rabar, P., and Williams, C. A., Biochim. Biophys. Acta, 10, 193 (1953). 

7 @rabar, P., and Williams, C. A., Biochim. Biophys, Acta, 17, 67 (1955). 

* Wide, L., and Porath. J., Biochim. Biophys. Acta, 180, 257 (1986). 

* Ogston, A. G., and Phelps, C. F., Biochem. J., 78, 827 (1961). 

1 Laurent, T. C., Biochem. J., 89, 253 (1963). 

1 Laurent, T. C., Acta Chem. Scand., 17, 2664 (1963). 

1: Hellsing, K., and Laurent, T, C., Acta Chem. Scand., 18, 1303 (1964). 

1 Fverius, P, H., and Laurent, T. C., Biochim. Biophys. Acta, 188, 371 (1967). 


Occurrence of Haemocoelic Erythrocytes 
containing Haemoglobin in a 
Wood Boring Mollusc 


` Dugine recent studies of the rock and wood boring 
molluses of the super-family Adesmacea (Mollusca : Bival- 
via) the occurrence of haemocoelie erythrocytes in the 
blood of Xylophaga dorsalis Turton was noticed while 





A group of haemocoelic erythrocytes in a blood sinus of 
Xylophaga dorsalis. 


Fig. L 
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examining serial sections. The erythrocytes are slightly 
flattened disks of diameter 10-12n, each containing a 
prominent nucleus (Fig. 1). 

The blood of this species possesses a light pinkish colour, 
and our observations suggest that this tint is a conse- 
quence of the presence of haemoglobin in the erythrocytes. 
Dried smears of the blood gave a positive result to the 
benzidine reaction! which stained only the erythrocytes 
dark blue, while a dilute solution of the pigment in 
distilled water showed a major absorption peak at 415 my, 
and indications of « and 8 peaks at 578 my, and 540 mu. 
Treatment with carbon monoxide caused a shift in the 
major absorption pesk to 420 my and of the æ peak to 
568 mu. These changes are consistent with the trans- 
formation of oxy-haemoglobin to carboxy-haemoglobin 
and with previous knowledge of absorption spectra of 
molluscan haemoglobins*, and are therefore taken as 
confirmation that the pigment in Xylophaga is a haemo- 
globin. 

The possession of haemoglobin by a member of the 
Adesmacea has not been reported before, although myo- 
globin occurs in the adductor muscle of species of Bankia 
and Teredo*. The isolated instances of the occurrence 
of haemoglobin in solution in the haemolymph, in the 
ctenidium, and in haemocoelic erythrocytes elsewhere in 
the Bivalvia, have been reviewed recently‘. Interpreta- 
tion of the function of the haemoglobin of Xylophaga, a 
species which is usually found attacking submerged 
waterlogged timber’, must await more detailed biochemi- 
cal and physiological investigations of its properties. 

This work was carried out during the tenure of a Royal 
Society and Nuffield Foundation Commonwealth bursary 
held by one of us (N. B. N.). 
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Specific Method for Estimating 
Cell Numbers in Tendons 


Sruptes of growth, ageing and functional adaptation of 
dense regular connective tissue of tendons and ligaments 
are limited because of the lack of a simple accurate method 
for the estimation of the cell populations involved’. 
Standard histometrie techniques for cell counting are 
especially difficult to apply to tough intractable, fibrous 
tissues, and there is an obvious need for a simpler quantita- 
tive method which is accurate, reproducible and rapid. 

If the amount of DNA in the somatic diploid cell nucleus 
is known, and if total tissue DNA can be extracted, cell 
numbers can be readily calculated, for it has been shown 
that the diploid amount of DNA in the cell nuclei is 
constant for a particular species*. This fact is the basis of 
a number of growth and cell population studies involving 
whole animals and tissues? These methods have, how- 
ever, never been applied to dense, fibrous, relatively 
acellular tissues such as tendons and ligaments. 
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Fig. 1. Rate of development of colour at 100° C. Equal parts of 0-04 

per cent indole-H{Cl reagent and sample were used. ©. Tendon organ 

extract-indole; A, DNA-indole, Read at 490 mu. Cell length was 1 em. 
The concentration of the saniple was 30 agimi. 


This communication describes a specific method, and 
its use in determining cell numbers in rabbit tendons. 
First, the diploid amount of rabbit nuciear DNA was 
established by counting and analysing three morphologic- 
ally distinct populations of rabbit cells, namely, peritoneal 
leucocytes, thymocytes and nuclei extracted from kidney 
cortex. Cells and nuclei were suspended in physiological 
medium and vach population was counted in a haemocyto- 
meter. Aliquots of the same individual cell suspensions 
wore homogenized and analysed for DNA content using 
a modification of the Schmidt-Tannhauser procedure’. 
The desoxyribose fraction was measured in a Unicam 
S$P500 spectrophotometer using the modified reaction 
with diphenylamine® against a standard calibration curve 
prepared from serial dilutions of a pure solution of 
desoxyribose treated in the same way. (The curve was 
linear up to a sample concentration of 0-1 umoles/ml.. 
giving a useful range over 0-02-0-1 umoles/mi.) 

The DNA content was then calculated on the basis 
that the purine/pyrimidine base ratio is unity, that the 
diphenylamine reacts with the sugar residues originally 
combined with purines in the DNAS, and that the DNA—P 
eontent is 9-4 per cent. 

Table 1 shows the range of rabbit diploid nuclear DNA 
values measured in pg (1 pg=10-!2 g) obtained from the 
three cell populations examined. 

Fresh portions of adult rabbit tibialis anterior and 
peroneus longus tendons, freed from their sheaths. were 


Table 1 
Peritoneal Peritoneal 
leucocytes Gross % error leucocytes Gross % error 
6:33 6-9 &78 32 
557 7 Thymocytes 
5-91 1-0 59 1-2 
578 3-2 5-61 6-0 
6-38 6-9 5-56 6-9 
5:98 0-3 6-17 34 
6-19 37 Kidney cortex nuclei 
6-28 §-2 6-03 r 
6-07 17 
Mean is 5-97; mean gross error 3-8 percent, standard deviation 5-97 + 0-28: 


error 4-7 per cent, 


Table 2. RECOVERY OF DNA FROM TENDON ORGAN EXTRACT BY INDOLE REAC- 


TION DNA OF TENDON EXTRACTS 


DNA added Total DNA Recovery % Recovery 
{ug/ml.) (ug/iml.) (ug/ml) (ug/ml) 
(1) 17-2 41-2 4] 99-9 
BAG 58-5 60 102-5 
i2) 17-2 54:8 57 102 
34-5 72-1 70 97 


(1) Concentration 24 ag/ml.; (2) concentration 37-6 ngimi, 
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finely sliced and submitted to the fractionation procedure 
outlined by- Munro and Fleck’. DNA content was. de- 
termined using the indole reaction! and a standard calibra- 
tion curve prepared from serial dilutions of a solution of 
purified calf thymus DNA reacted with indole (a linear 
curve for the range 10-80 ug/ml.). 

The specificity of the method was tested by comparing 
the absorption spectra of the tendon extract—indole com. 
pound with a pure DNA~indole compound’. Both wave 
forms showed the characteristic flattening at 460 my 
with a maximum peak absorption at 490 my, suggesting 
that the compounds formed in each case were identical. 
Further confirmation of this was obtained when rates of 
colour development were compared (Fi g. 1). Table 2 
gives results of recovery experiments with digests of 
tendon. Measured amounts of DNA were added to tendon 
extract solutions of known DNA concentration and the 
total recoveries were measured after the reaction with 
indole. 

Although a number of factors will govern the choice of 
a particular method for cell population determination in 
a given tissue, the method described here ig probably 
the most satisfactory one available for measuring cell 
numbers in tendon and other forms of dense, regular, 
connective tissues such as ligaments or aponeuroses. 

K. G. Rep 

Department of Human Anatomy. 

University of Oxford, 

Oxford. 
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IMMUNOLOGY 


Gamma Globulin Production and 
Antibody Synthesis in Chickens 
bursectomized as Embryos 


DEVELOPMENT of the immunoglobulin producing system 
of cells is controlled by the avian bursa of Fabricius'?. 
Elucidation of the role of the bursa in developing immuno- 
logical potential began with the discovery that surgical 
removal of this hindgut lymphoid organ in the newly 
hatched chicken prevents later development of normal 
antibody response*. Depression of antibody response is 
greatest when the bursa is removed immediately after 
hatching. After 8-10 weeks, bursectomy alone no longer 
has a demonstrable effect on antibody response?. Ib was 
discovered later that normal embryonic development of 
the bursa could be inhibited by testosterone or other 
androgens®, Chickens which are given testosterone during 
embryonic life are often even more immunologically de- 
ficient than chickens which are subjected to bursal 
removal at hatching. Chickens which are surgically or 
hormonally bursectomized have reduced numbers of 
plasma cells and decreased levels of circulating gamma 
globulin. Near lethal whole body irradiation of newly 
hatehed chicks in addition to bursectomy completely 
prevents later development of germinal centres and 
plasma cells and such chickens are agammaglobulin- 
aemic®?”, Germinal centres, plasma. cells and immuno- 
globulin synthesis can be restored in bursectomized- 
irradiated chicks by injection of their unirradiated bursal 
lymphocytes*. These observations suggest that the 
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bursa could be the only source of the germinal centre 
and. plasma cell line but that some radiosensitive bursal 
cells leave the bursa before hatching. 
¿In these experiments with embryonic bursectomy, we 
_ show that the role of the bursa in development of a com- 
petent immunoglobulin-producing cell system is a sequen- 
tial process in a qualitative way: bursal support of 
development of capacity for 78 immunoglobulin synthesis 
-occurs after the integrity of the 198 immunoglobulin 
synthesis system has been established. 
- All experimental chickens were from a single hatch of 
Ghostly Pearl White Leghorn eggs. The bursa of Fabricius 
was surgically removed on the nineteenth day of incuba- 
tion in one group of birds and on the day of hatching in 
< another. Birds in another group were subjected to a 
sham bursectomy procedure on the nineteenth day of 
incubation. The rest of the hatched chickens were kept 
as an unoperated control group. 

Bursectomy of the 19 day old embryo was performed 
» by cutting a 1-5 x 2 em hole in the egg shell overlying the 

tail; the tail was pulled out through a small opening in 
the ‘vascular chorioallantoic membrane. Through a 
lateral incision, dorsal to the cloacal vent, the bursa was 
dissected and removed by cutting the base of its stalk 
cattachment to the posterior cloacal wall. Following 
-bursectomy the embryo was replaced in the egg, the 
opening was sealed with transparent tape and the egg 
was returned to the incubator. In sham bursectomies. 
“the entire procedure was carried out except for cutting 
the bursal stalk. All procedures were performed aseptic- 
ally: 
cco COE thirty-six embryos which were bursectomized on 
< the nineteenth day of incubation, twenty-five hatched; 
one of these was destroyed because of a herniated gut. 
; All the twelve embryos which were subjected to sham 
“bursectomy hatched as normal chicks. All groups of 
birds survived equally well until the fifth week after 
tehing (Fig. 1). By this time, most of the maternal 
S immunoglobulins derived from the yolk had been 
atabolized. After the sixth week, there was a sharp 
decline in survival of both groups of bursectomized 
< ehickens. 

Chickens surviving at 4 weeks were weighed, bled and 
injected intramuscularly with 10° washed sheep erythro- 
cytes. One week later the chickens were again bled and 
injected with 10° sheep erythrocytes. Bleeding was 
repeated on days 14 and 17 after the initial injection. The 
sera which were collected at these times were tested for 
the ability to agglutinate sheep erythrocytes by a micro- 
agglutination technique? and were assayed for 19S and 
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pig. 2. Antibody titres before and after immunization of 4 week oki 

chickens with sheep erythrocytes on day 0 and day 7. The curves show 

the mean agglutinin titres for the chickens which were buraectomized as 

embryos (19 days), buraectomized poat-hatching, sham bursectomy, anid 
normals. 


7S immunoglobulins by immunoelectrophoretie analysis 
using specific antiserum to chicken 198 and 78 gamma 
globulins prepared in goats’. 

The agglutinating antibody responses of the oxperi- 
mental chickens are shown in Fig. 2. Birds which were 
subjected to bursectomy at hatching had depressed 
antibody responses after primary immunization with sheep 
erythrocytes but, as others have found’®: 1, they responded 
as well as controls did to secondary immunization. 
Birds which were deprived of their bursae at day 19 of 
embryonic life had barely detectable primary antibody 
responses and had feeble responses even after secondary 
immunization. The mean levels of antibodies in this 
group of birds were significantly lower than those of 
all other groups of birds after both primary and secondary 
immunizations. 

Analysis of circulating immunoglobulins showed a 
striking reduction of 78 immunoglobulin content in each 
bird which was subjected to bursectomy at the nineteenth 
day of embryonic life. Even in this group of birds, 
however, 198 immunoglobulin levels were normal. A 
typical immunoelectrophoretic pattern of the serum 
of one of these dysgammaglobulinaemic birds is shown 
in Fig. 3. By contrast, less than 30 per cent of the birds 
from this strain which were bursectomized at hatching 
had this serum pattern of low 7S but normal 198 immuno- 
globulins (Table 1). 


Table 1. GAMMA GLOBULIN PATTERNS AS EVALUATED BY IMMUNORLEOTRO- 
PHORESIS OF SERUM FROM BURSECTOMIZED CHICKENS DURING THE SIXTH 
WEEK AFTER HATCHING 


Group Normal 19S low 78 Normal 198 and 78 
Bursectomy at 19 days 10* 0 
Bursectomy at 21 days 4 10 
Sham 0 10 
Norma} 0 ii 


* No. of sera tested. 


Tissue sections of the spleens and caecal tonsils from 
birds which died or which were killed on the conclusion of 
these studies were histologically examined with particular 
reference to germinal centre and plasma cell development. 
The number of germinal centres, and probably plasma 
cells, were reduced in the tissues of both groups of bursee- 
tomized animals. Both germinal centres and mature 
plasma cells were present in tissues from all groups of 
experimental animals, however. and the cells seemed 
morphologically normal. 
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Fig. 3. Immunoelectrophoresis pattern of normal chicken serum (top) 

and typical embryonic bursectomized chicken serum (,0ttom) at 6 

weeks of age. The amount of 7S gamma globulin in the embryonic bur- 

sectomized chicken was only 15 per cent of that found in normal chickens. 
Goat antiserum to chicken gamma globulin in the trough. 


Severe depression of 78 immunoglobulin contents in 
birds showing intact 195S immunoglobulin synthesis has 
occurred after surgical bursectomy at hatching®:7)12, 
after hormonal bursectomy®, and rarely as a genetically 
determined spontaneous event™, Over the past several 
years in studies involving many hundreds of bursectomized 
chickens in our laboratory, we have found that approxi- 
mately 20 per cent of birds which are subjected to bursee- 


tomy as newly hatched chicks, develop this type of 


experimental dysgammaglobulinacmia, but the incidence 
has varied from 5 per cent to 50 per cent in different 
experimental groups of birds. In the present experiments, 
we consistently produced this dysgammaglobulinaemic 
pattern by removing the bursa 2 days before hatching 
whereas bursectomy immediately after hatching led 
only to a 30 per cent incidence. The observations indicate 
a bursa-controlled sequential maturation of the immuno- 
globulin-producing system of cells somewhat analogous 
to that observed in differentiation of the haemoglobulin- 
producing system of cells15-17, 

A central question raised here is how the bursa regulates 
this stepwise differentiation pattern. One pessibility is 
that 109 immunoglobulin-synthesizing cells arise from a 
source other than the bursa. Against this interpretation, 
the developing immunoglobulin-producing system vigor- 
ously springs back after heavy total body irradiation 
but fails completely after bursectomy and irradiation®?, 
Furthermore, unirradiated bursa! lymphoid cells from 
newly hatched chicks are capable of restoring tke immuno- 
globulin-producing cell system in bursectomizec.-irradiated 
birds’. Chickens restored in this manner synthesize 
both 198 and 7S immunoglobulins strongly suggesting 
that, by the time of hatching, bursal cells are capable of 
differentiating into both 199 and 78 imm noglobulin 
producers. Another possibility, which seems unlikely 
to us, is that the bursa secretes a hormone which regulates 
a differentiation of lymphoid cells resulting in the shift 
from only 198 to both 198 and 7S immunoglobulin synthe- 
sis. Evidence favouring a hormonal functien for the 
bursa has been presented!*, but we have recently shown 
that the proposed bursa hormonal action might be 
attributable to bacterial contamination of bursa explants 
by means of endotoxin enhancement of the remaining 
potential of recipient bursectomized animals. 

Two remaining alternatives seem attractive. The first 
is that the difference in immunoglobulin synthesizing 
capability after bursectomy at 19 compared with 21 
days merely reflects the numbers of stem cells which 
were seeded from the bursa before its remcval. The 
second alternative is that the earliest stem cells seeded 
from the bursa are qualitatively different in that they are 
only capable of differentiation toward IgM synthesis 
whereas stem cells residing within the bursa fer a longer 
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period of time can give rise to an ancestral line of cells 
eapable of either 19S or 78 immunoglobulin synthesis. 

Theoretical support for the first alternative might be 
provided by Sterzl’s contention that supersaturation of 
antigen-committable immunoglobulin-producing cells by 
antigen promotes differentiation to 19S antibody synthesis 
while suppressing the cell division necessary for the activa- 
tion of 7S antibody synthesis??? According to this 
view, the small number of stem cells seeding from the 
bursa by the nineteenth day might easily be saturated 
by environmental antigens with preferential enhancement 
of 19S immunoglobulin synthesis. This interpretation 
would suggest that administration of large amounts of 
antigens beginning at hatching would increase the incid- 
ence of dysgammaglobulinaemia in birds which were 
bursectomized at 21 days; we have not, however, been 
able to alter the incidence of dysgammaglobulinaemia 
by such treatment. 

In support of the latter alternative we have found that 
there is a difference in nucleie acid ratios of bursal lym- 
phoid cells at different stages of embryonic life. The 
ratio of RNA to DNA in these cells drops sharply on 
about the nineteenth day}. Further evidence has been 
provided by Thorbecke and Warner? who have found 
that bursal fragments of 19 day old embryos produced 
only 198 immunoglobulins in short term tissue culture 
whereas small amounts of both 198 and 78 were produced 
by bursal explants obtained from chickens later in life. 
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PATHOLOGY 


Asthma and the High Frequency 

Sound Environment 

ASTHMA is a disturbance of the respiratory mechanism 
involving reversible, partial obstruction of the airway. One 
symptom is a raised sensitivity in human relationships. In 
a previous communication it has been shown that sufferers 
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from. asthma: are unusually sensitive to high frequency 
sound waves between 10 and 30 kHz?. In this communica- 
tion, an investigation of the high frequency sound environ- 
ment is described, from which it may be inferred that 
these frequencies play a part in human communications. 
‘The instruments which were used were the Holgate 
ultrasonic detector, which transduces high frequency 
‘sound to more audible low frequency signals, and the 
Bruel and Kjaer sound spectrometer, which was used to 
record the root mean square of the amplitude of the 
sounds which were tested. The microphone (a 0-5 in. 
condenser) was suspended in an anechoic chamber, some 
55 em from the sound source, and the amplitude of the 
eg was measured at 10, 12-5, 16, 20, 25, 31-5 and 40 
iz. 
Initially, it was found that high frequency sound 
formed an important component of sounds which were 
associated with disturbances of an arresting or irritating 
nature, for example, the rustling of paper, the ringing of 
alarm bells or the sudden opening of metal catches. 
¿Certain children’s toys, such as baby rattles or toy 
xylophones, also produced significant amounts of high 
frequency sounds. Various human activities were also 
found to involve the production of high frequency sound, 
‘such as eating an apple or lettuce, snapping the fingers, 
coughing, scratching the skin and, particularly, shouting 
and screaming of children. Examples of spectrograms of 
some of these sounds are shown (Figs. 1 and 2). 
The voices of a few volunteer subjects were then tested 
_to find short words of definite emotional content which 
_ could be analysed by the spectrometer. The words chosen 
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Se > Fig, 1.: The sound spectrograms of: A, a child screaming; B, forced 
-o e breathing: C, coughing; D, baby's rattle; Æ, toy xylophone; F, alarm 
: “hell all recorded at 10, 12-5, 16, 20, 25, 31-5 and 40 kHz. 
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Fig. 2. The sound spectrograms of: 4, eating an apple; B, scratching 

the skin; C, snapping the fingers; D, rustling paper; E, yes; E, no; 

G, please; H, stop it; J, mummy; J, daddy, all recorded as in Fig. 1. 

E to J are test words and the equivalent percentage of ultrasonics (dB) 
are shown as histograms (right hand ordinate). 


were “mummy”, “daddy”, Christian names, “‘yes”’, “no”, 
“please”, “stop it”, and, in addition, it was thought that 
the letters of the English alphabet covered most of the 
sounds which were used in lettered speech and, being well 
known, could be easily recited even by young children. 

From the preliminary results which were obtained, an. 
experiment was designed to contrast the high frequency 
content of the speech of normal and asthmatic families. 

An asthmatic family was defined as one possessing 
one or more members who had, at one time or another, 
exhibited asthmatic attacks. The control families had 
no such members. The asthmatic attacks were not all of 
the same severity, persistence and frequency, and some 
asthmatic subjects had not had attacks for many months. 
The children in both groups were classified as first born, 
second born, third born, and so on, but their age and sex 
were not taken into account. The youngest child it was 
possible to test was 4 yr old, and the oldest adolescent 
which was classified as a child was 18 yr old. 

All the members of any family were asked to say into 
the microphone the words and letters suggested. The 
parents also said their own and each other’s Christian 
names. It was then possible to contrast not only the way 
in which a parent in either group of families spoke the 
same test words and letters, but also the way in which 
succeeding children in a family were addressed. This was 
done because of the odd frequency distribution of asth- 
matics in the test families: 48 per cent first born, 35 per 
cent second born, 13 per cent third born, 4 per cent fourth 
born, 0 per cent fifth born; a circumstance which, although 
it could result from chance, aroused suspicions (7° = 
7-4, n=4, P=0-12). 

The subjects were seated so that they spoke some 55 em 
from the microphone at the same height; they were told 
to speak directly into it and not to drop their heads while 
they were speaking: this is important, as high frequency 
sound is very directional. They were tested as far as 





362 


possible in the presence of the rest of the family, and in 
a random order. Each word had to be spoken seven times 
so that the seven frequency bands which were tested 
between 10 and 40 kHz could be analysed by the spectro- 
meter. Seven times was found to be the limit a short word 
could be repetitively and consistently spoken. With the 
apparatus used it was not possible to analyse all seven 
frequency bands simultancously. The letters of the 
alphabet were spoken once only and were analysed at the 
single frequency of 20 kHz because repetition would 
eause tiredness and loss of interest by the subject. 

In all, 106 subjects were tested and comparisons were 
made on the basis of the percentage of sound (dB) above 
20 kHz in each spectrogram, that is between the relative 
amount of ultrasonics produced by each subject when 
saying the test words. 

An example of the conversion of six test word spectro- 
grams into the equivalent histograms of the ultrasonic 
percentage is shown in Fig. 2 In order to reduce the 
influence of particular letters, the results. from saying 
“yes”, “please”, “no” and “stop it’? were summed. In 
each group, the mean histograms of each parent, hoth 
parents together, and the four classes of children are 
plotted in Fig. 3. With the aid of a digital computer, the 
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Fig. 3. These histograms represent the relative percentages of ultrasonics 
(dB) which were produced when the following were spoken: Af , Mummy; 
D; daddy; the Christian names of (1) the first born child; (2) the second 
born child; (3) the third born child; (4) the fourth born child; W, 
mother; H, father; SN, average of stop it and no; YP, average of 
yea and please, White columns refer to the asthmatic group and black 
columns to the control group of subjects. Class A consists of the mean 
histograms of seventeen asthmatics and ten control mothers; class B 
consists of fourteen asthmatic and ten controi fathers: class C represents 
the mean of the subjects in (4) and (B) combined into one class as 
parents; class D is the mean of thirteen asthmatic and nine control first 
born children; class Æ is the mean of thirteen asthmatic and seven control 
second born children; clasa F is the mean of eight asthmatie and two 
control third born children; jelass G is the mean of two asthmatic 
fourth born children and the histogram of one fourth born child. 
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ABCDEFGHIJKLMNOPQRSTUVWXYZ 
, Fig. 4. The histograma of sound pressure levels which were produced 
ı when pronouncing the letters of the English alphabet recorded with a 
third octave band analyser at 20 kHz. 4. White columns represent 
mean of twenty-nine asthmatic group parents, and black columns 
represent the mean of twenty control group parents. B, Left hand white 
column represents the mean of the seventeen children in the asthmatic 
group who have had asthmatic attacks, and the centre black column 
represents the mean of the en children in the asthmatic group 
who have not had asthma. The right hand white column represents 
the mean of the twenty-two children in the control group, 


significance of the differences between the histograms of 
the different classes was investigated and it was found 
that with respect to the control group, the following 
differences in the asthmatic group were statistically 
significant. 

In class A (Fig. 3) the mothers produced more ultra- 
sonics than controls did when saying: (1) mummy (f= 3-3, 
n= 25, P=0-01); (2) daddy (¢= 2-26, n= 25, P= 0-04); (3) 
the Christian name of the father (t= 3-85, n= 20, P= 0-001). 

In class B (Fig. 3) the fathers produced more ultra- 
sonics than controls when saying: (1) mummy (t= 2-2, 
n=22, P=0-05); (2) the Christian names of the third 
child (¢=3-27, n=10, P=0-01); (3) the Christian name 
of the fourth child (¢= 5-19, n= 4, P=0-01). 

In class C (Fig. 3) both parents together produced 
more ultrasonies than controls did for the words : (1) 
mummy (¢=3-6, n=50, P=0-001); (2) the Christian 
name of the third child (¢(=3-8, n=24, P=0-01) ; (3) the 
Christian name of the fourth child (¢= 3-4,n=1 1, P=0-01); 
(4) the Christian name of the father (¢= 2-9, n=44, P= 
0-01). 

In classes D (Fig. 3) to G no significant differences were 
found between the children of the asthmatic and control 
groups. Mean histograms of the sound pressure levels of 
letters of the alphabet, recorded with a third octave band 
analyser, at 20 kHz are plotted in Fig. 4. The only 
difference which occurs is between children of the 
asthmatic group who have had asthma and children of 
the normal group and this is for the two letters Q and Z 
(¢= 2-34, n=27, P=0-04; t= 2-25, n=27, P=0-04) (Fig. 
4): otherwise there were no significant differences between 
the groups. 

The results were obtained by testing subjects for a 
short time with a few words and letters in the somewhat 
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artificial conditions of the laboratory. Although the 
circumstances surrounding the test were made as routine 
‘ag possible, the procedure is in practice not very easy, 
particularly for children. Thus the conclusions to be drawn 
ean only be tentative. 
“In my opinion, the results which I obtained support 
the clinical impression that the voices of parents in the 
-asthmatic group sound different to the ears of the observer 
from the voices of the parents in the control group, and 
they retain a childlike quality. If the very young asthmatic 
child with its unusual sensitivity to high frequency 
sound could instinctively perceive this difference, it 
might explain some of its behavioural characteristics. 
‘Much information could be obtained by the very young 
child, if he or she noted the frequency at which sound 
waves from a particular source were no longer perceived, 
that is if it followed the upper limit of the total band width. 
Thus it is possible that the high frequency content of 
speech, hitherto supposed to be of negligible importance’, 
might be of use, particularly to children, in the communica- 
tion of emotional states as observed by Sewell in the rat. 
I thank the Medical Research Council for providing 
the Holgate ultrasonic detector, and for kind advice 
and encouragement; B. R. Webster, C. 8. Henson and 
B. G. Sweet for providing the sound spectrometer, 
for allowing me to use the digital computer and for 
help and advice; Dr I. Sutherland for advice and tech- 
nical help; G. Battin for aid in the preparation of the 
‘drawings; and Professor E. J. Denton and Dr Q. Bone 
for helpful discussions. This work was supported by the 
Plymouth College of Technology. 
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Lack of Complement Fixing Antigens 
in DMBA-induced Leukaemia of Rats 


Mouse leukaemia viruses have not induced overt cyto- 
- pathic effects in tissue cultures and so the complement 
“fixation technique has been used to detect virus antigens 
in tissue cultures'. The technique involved sera of rats 
which were carrying transplanted tumours originally 
induced by leukaemogenic virus, and extracts of rat 
tumours. Germ-free and normal rats developed lesions 
of myelogenous leukaemia after repeated intraperitoneal 
administrations of sterile 7,12-dimethylbenz(a)anthracene 
(DMBA) in fat?*, Viral flora could not be detected in 
their tissues by electron microscopy, nor by other exten- 
sive examinations‘. This communication describes the use 
of the complement fixation technique in a search for 
“disease-related antigens in rats with DMBA-induced 
leukaemia. 

Nineteen Lobund germ-free rats with lesions of primary 
leukaemia which was induced by DMBA, and twenty 
normal rats with transplanted leukaemia induced by 
DMBA, were examined. The rats were of three strains: 
Sprague-Dawley, Wistar and Fischer. Blood, leukaemic 
tumour and infiltrated liver and spleen tissues were col- 
lected from each rat. Serum was separated, inactivated 

-at 56° C for 30 min and stored at — 20° C. Tumours and 
< other organs were homogenized in Eagle’s medium with 
icillin and streptomycin to a concentration of 10 per 
“eent, centrifuged at 2,500 r.p.m. for 30 min and the 
supernatant fluids were stored at — 70° C until they were 
cused. 
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Germ-free Wistar rat embryos were dispersed with 
trypsin at 15 days of age and confluent cell sheets of prim- 
ary or secondary cultures were used for production of 
antigens. Rat embryo tissue cultures in 32 ounce bottles 
were seeded with 2 c.c. of organ and tumour extracts, 
and Eagle's medium with streptomycin and 10 per cent 
heat-inactivated calf serum was added as nutrient 
medium. The seeded and control rat embryo tissue 
cultures were incubated at 37° C for 21 days without 
changing the nutrient fluid, but the pH was adjusted by 
adding a 5 per cent solution of sodium bicarbonate. 
At the end of the incubation period, three test antigens 
were prepared from each tissue culture’: (a) nutrient 
fluid; (b) ten-fold concentrated nutrient fluid; and (c) 
cells scraped from the glass and re-suspended in 2 ml. of 
nutrient fluid. The preparations were frozen and thawed 
three times, centrifuged at 2,500 r.p.m. for 30 min, and 
stored at — 70° C until they were used. 

A suspension of thymoma cells from a Sprague-Dawley 
rat which was infected with Gross leukaemia virus was 
injected subcutaneously into conventional weanling rats 
of the same strain. ‘Tumours appeared at the site of 
injection after one week, and 6 weeks later the rats were 
bled and sera were collected. Each serum was examined 
by complement fixation test according to the micro-titre 
technique®, with antigen prepared from a 10 per cent 
extract of the tumour. All the sera were positive and 
the titres ranged from 1:16 to 1:64, Sera were pooled 
accordingly and stored at — 70° C for use as reference anti- 
Gross leukaemia sera. 

The four preparations from the organs and the tumours 
of DMBA and of rats inoculated with Gross virus were 
tested as antigens with antiserum which was collected 
from rats with (a) primary leukaemia which was induced 
by DMBA, (b) transplanted leukaemia which was induced 
by DMBA and (c) lymphoma induced by Gross virus 
(Table 1). 


Table 1. COMPLEMENT FIXATION TESTS WITH VIRUS AND WITH PMBA-INDUCED 
LEUKAEMIA OF RATS 


Complement fixation antibody in rats with 
Primary Transplanted Gross virus 


Antigens 
DMBA tumour DMBA tumour lymphoma 


Organ extracts 
(1) Primary - ~ ea 
(2) Transplanted = 
(3) Gross lymphoma - _ + 


Tissue culture preparations 
(1) Primary 
(2) Transplanted - ~ jez 
(3) Gross lymphoma ~ - + 


Examinations of antigens from Gross lymphoma and 
antiserum from rats with Gross lymphoma were the only 
combinations in which complement was fixed. Antigens 
which were prepared from leukaemia induced by DMBA 
did not fix complement with sera collected from homolo- 
gous rats nor from rats with Gross lymphoma. Further- 
more, antigens prepared from Gross lymphomas did not 
fix complement when examined with sera from rats 
with DMBA-induced leukaemia. Sera from twenty 
normal germ-free rats were examined for complement 
fixing antibodies against Gross lymphoma antigen, and 
four gave reactions of + at 1:2dilution of serum. Similar 
results were reported to us by Dr Wallace P. Rowe of 
Bethesda. We cannot explain the presence or the nature 
of the antibodies to Gross virus in the germ-free rats. 
Virus has not been detected in the rats and the latter did 
not develop lymphatic leukaemia unless they were inocu- 
lated at birth with Gross leukaemia virus‘. 

Gross and FMR complement fixing antigens have been 
detected in tissue cultures by Hartley and Rowen, 
Complement fixing antigens and antibodies from Gross 
virus-inoculated rats were shown by us and were used as 
positive reference reagents for the tests of the unknown 
sera and antigens. Sera and antigens from DMBA- 
leukaemic rats were examined with Gross virus reference 
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reagents, but complement fixation was not observed. 
Negative results in the complement fixation tests on the 
experimental rats would indicate that they did not 
produce antibodies or antigens to Gross virus. Further- 
more, negative results were obtained when homologous 
DMBA related antigens and antibodies were examined, 
which suggested that they did not produce complement 
fixing antigens at all. These results support the concept* 
that the myelogenous leukaemia which is induced by 
DMBA in rats bears no relation to Gross leukaemia virus 
or to other antigenic viruses and can be considered as 
virus-free. : 

We thank the Upjohn Company, Kalamazoo, Michigan, 
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Transport Piece in the Urines 
of Premature Infants 


In 1965 Tomasi et al.t presented evidence that the IgA 
in saliva and colostrum are similar but differ from serum 
IgA in that they have a higher sedimentation coefficient 
and an additional antigenic determinant. Later, South 
et al.* confirmed and extended the discoveries of Tomasi 
et al. and observed that IgA can be selectively transported 
from serum into saliva and that salivary IgA can be 
dissociated into two antigenically distinct components 
by reduction with 2-mercaptoethanol. One of the com- 
ponents was immunochemically similar to serum IgA, 
and the other immunochemically identical to a protein, 
the transport piece demonstrable in saliva of patients 
lacking both serum and salivary IgA. They noted that 
transport piece is present in an unbound form in the 
saliva of most children and some adults. During the 
course of a longitudinal study carried out to determine 
the nature of proteins in urine of premature and full- 
term infants (our unpublished work) the experiments 
described here were carried out to determine if transport 
piece is present in the urine of premature infants. 

Twenty-four hour urine samples were collected into a 
bottle packed in ice from premature infants in the Pre- 
mature Research Center at the Palo Alto—-Stanford 
Hospital and from full-term infants in the regular nursery. 
Bladder urine was also collected immediately after birth 
from ten full-term infants. All urines were dialysed 
against deionized water at 4°C for 24-48 h and then 
lyophilized. The resulting dry powders were reconstituted 
with 0-15 molar sodium chloride to effect a 200-400-fold 
concentration of the original urine sample. 

Antiserum against human serum IgA was purchased 
from Hyland Laboratories, Los Angeles, California, and 
adsorbed with serum from an individual lacking serum 
IgA. When reacted against normal human serum, saliva, 
colostrum, urine, nasal secretion or sweat in immuno- 
electrophoresis or gel diffusion, this antiserum gave a 
single precipitin are and a reaction of identity between 
the precipitin arc of serum and those of the various body 
secretions. An antiserum against secretory IgA was pro- 
duced in rabbits using IgA isolated by chromatography 
of normal human colostrum. The antiserum was adsorbed 
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Table 1. -PRESENCE OF URINARY TRANSPORT PIECE AND SECRETORY IgA 
IN INFANTS 


Weight at time Days after Free Seere- 
Group of urine No.of birth urine transport tory 
collection infants* collected piece IgA 
Premature 860-1,100 5 8-17 + 0 
infants* 1,101-1,500 12 8-42 + 0 
1,501-2,000 16 5-56 + 0 
2,001-2,500 13 28-77 + + 
2,501-2,800 3 43-93 + + 
4,850-6,500 5 111-195 + + 
Full-term 2,948-3,827 5 6 + 0 
infants 
Bladder urine 2,951-3,632 10 1 + +f 
of newborn 
infants 
Older children —- 9 8-12 yr + + 


* Figures represent the number of infants in the designated weight gronp 
whose 24 h urine samples were pooled. 


t See text. 


with human serum devoid of IgA. In gel diffusion experi- 
ments this antiserum gave a single precipitin band with 
normal human serum, a reaction of identity between the 
precipitin arcs of colostrum, saliva, nasal secretions and 
spurring of the precipitin lines obtained with each of 
these secretions over the serum IgA preeipitin are. 

An antiserum specific for transport piece was made by 
adsorbing the antisecretory IgA antiserum with serum 
IgA; similar antiserum was supplied by Dr Richard Hong 
of the University of Minnesota School of Medicine. These 
antisera gave no precipitin arcs when reacted by double 
diffusion in agar with normal human serum, 1 per cent 
serum IgG or l per cent serum IgA. 

Table 1 summarizes data from pooled urine obtained 
from premature and full-term infants. The weight groups 
represent data from infants tested once and from infants 
who were studied repeatedly as they grew and gained 
weight in the nursery. Transport piece was present in 
urines collected from premature infants in each of the 
six weight divisions as well as from full-term infants and 
older children. Secretory IgA was demonstrable in the 
pools of concentrated urines and in a number of individual 
urines of premature infants weighing more than 2,000 gand 
of older children. Only one of ten individual bladder 
urines from full-term infants revealed IgA, but each con- 
tained transport piece. Examination of individual and 
pooled urines of premature infants in the first three weight 
groups did not reveal IgA. When urines of individual 
infants weighing 860-1,500 g were reacted with the anti- 
body against purified colostral IgA, a single precipitin band 
formed (transport piece) which gave a reaction of complete 
non-identity with serum IgA and of partial identity with 
colostral and salivary IgA. Urines containing IgA often 
showed two precipitin bands with this antiserum, one of 
which gave a reaction of identity with colostral IgA and 
the other (nearest the antiserum well) a reaction of identity 
with the transport piece precipitin arc of urines without 
demonstrable IgA. Thus free transport piece was demon- 
strable in urines which contained secretory IgA, a finding 
similar to that described by South et al.? in saliva of new. 
born babies. Using the antiserum against colostral IgA 
and this same antiserum after it had been adsorbed with 
serum IgA, the transport piece in these urines was seen 
to migrate in immunoelectrophoretic patterns with the 
electrophoretic mobility of a fast gamma globulin. 

Longitudinal studies were carried out in the five infants 
weighing between 860 and 1,100 g to determine whether 
transport piece persists in the urine and to determine the 
onset of appearance of secretory IgA. At birth, this group 
weighed between 947 and 1,134 g, representing gestational 
ages of between 25 and 31 weeks, based on the weight. 
estimates of Lubchenco et al.*. Representative data in 
two of these infants (the lightest and heaviest in this 
weight group) and in one infant in the third weight group 
are shown in Table 2. The appearance of IgA in the urine 
of these infants did not appear to be related so much to 
the number of days after birth as to the weight of the 
infant. 

Amniotic fluid was obtained, free of contamination by 












NATURE, VOL. 217, JANUARY 27. 1968 


Table 2, LONGITUDINAL STUDIES OF URINARY TRANSPORT PIECE AND IgA 
IN PREMATURE INFANTS 


0 Q 0 + # 


Patient 1 Weight t 860 1,220 1,540 2,018 2,230 2,497 
BW, 947 g get 8 26 40 54 61 195 
(25-20 weeks)* Transport piece + + + + + + 

IgA 0 0 0 + + + 

Patient 2 Weight t 1,100 1,380 1,640 2,200 2,300 2,724 
BW, 11342 Age} 13 27 42 54 65 194 
(26-31 weeks)* Transport piece t + + + + + 

g 


Patient 3 Weightt 1,980 2,220 2,644 2.790 
BW, 1,588 g Aget 25 33 43 49 
(29-35 weeks)* Transport piece + + + + 

IgA 0 + + + 


BW, Birth weight. 
* Figures in parentheses are the range of gestational ages based on the 
weight estimates of Lubchenco et al’. 
t Weight at time urine collected. 
t Age in days after birth at time of urine collection. 
maternal blood, from seven pregnancies, by amniocentesis. 
Approximate gestational ages of the foetuses at the time 
of amniocentesis and volumes of fluid obtained were 14 
weeks (150 ml. and 48 ml.), 17 weeks (141 ml.), 19 weeks 
(135 ml. and 74 ml.) and 40 weeks (134 ml. and 9 ml.). 
The fluid was dialysed for 24 h, lyophilized and recon- 
stituted in 0-15 molar sodium chloride to obtain a con- 
centration approximately 100 times the original. Trans- 
port piece was not demonstrable in the amniotie fluid 
obtained from the five foetuses less than 19 weeks old but 
was found in the two fluids from the 40 week old foetuses. 
- Individual serum samples from four infants in each of 
- the premature weight groups were tested for the presence 
- of IgA, which was not demonstrable in the serum of 
infants weighing 860-1,100 g but was present in the 
serum of two of the four infants weighing 1,101-1,500 g 
© and in all of the sera tested from the infants in the other 
four weight. groups. 
< The studies described here demonstrate the presence 
of transport. piece in the urine of premature infants and 





: . suggest that transport piece is produced im utero. 
ae These data do not define the origin of the transport piece 
demonstrable in these urines which may have originated 








-in either the infant's urinary tract or serum. Because 
_ transport. piece has been described in the saliva of older 
fants?, it may be that this protein is cleared by the 
‘kidneys after its passage into the blood stream from 
-multiple sites (such as nose, gut and salivary glands). 
Infants weighing as little as 2,001-2,500 g had secretory 
IgA in their urine, and IgA was also detectable in their 
- sera. The inability to detect IgA in urine of infants of 
lower weight despite the presence of IgA in their sera 
may have been a result of the smaller volumes of urine 
available from these infants for concentration. 
< South et al. stated that newborn babies, although they 
- have no IgA in saliva, have transport piece. The present 
studies support their findings of the presence in newborns 
of transport piece and suggest that transport piece is 
produced in utero, probably at least as early as the 
“sixth to seventh month of gestation. 
“Tt is interesting to note that a transport protein was 
present in utero, of certain of these infants and foetuses 
in the absence of the material to be transported—igA. 
‘We wonder if the presence of transport piece is a remnant 
of a phylogenetically important protein and represents a 
mechanism of host resistance to early invasion by patho- 
gens. In utero infection can stimulate in utero production 
of IgA‘ which might then be transported to the infants’ 
seeretions by means of transport piece already present. 
It would thus be interesting to know whether high con- 
centrations of secretory IgA are present in the saliva or 
‘urine of newborn infants who had been exposed to in 
< ulero infection when localized IgA response in the secretory 





glands could be very strong. That infection may be 


- necessary for this to occur, if it does at all, is suggested 
- by the findings of Haworth and Dilling’. They noted the 


ce ‘presence of IgA in the sera, but not saliva, of seven infants 


7 who had received exchange transfusions at birth. IgA 
-appeared in the saliva of these infants at the same age as 
dn infants who did not have transfusions. 
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During this study, Bienenstock and Tomasi’ reported 
the presence of secretory IgA in human urine and found 
it to be identical to the IgA of saliva and colostrum. Free 
“secretory piece” was found in all normal urines tested 
including agammaglobulinaemic urine. 
If transport piece is produced during gestation and 
excreted into the urine, it might be expected in amniotic 
fluid’. Unfortunately, amniotic fluid was not available 
from foetuses in the 6-8 month gestational age but rather 
from younger or older foetuses. Transport piece was 
demonstrable only in the amniotic fluid obtained from the 
two 40 week old foetuses. The origin of transport piece in 
the premature infants remains to be defined. There are 
no published data on foetal synthesis of transport piece, 
on placental transport of maternal transport piece or 
on placental production of this protein. 
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Hartford Foundation, Inc., and the US National Institutes 
of Health. 
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6-Alaninuria in Patients with 
Tuberculosis 


A HIGH incidence of a high voltage electrophoretic band 
which is visualized with ninhydrin was noticed in the 
urine of patients with pulmonary tuberculosis during a 
study of the excretion of §-aminoisobutyric acid by 
patients with various pathological conditions. The 
mobility of the band was identical to that of 8-alanine, 
and the identity was confirmed by paper chromatography 
and isolation. 

Early morning urine was collected and a sample con- 
taining 1 mg of creatinine was evaporated in a vacuum 
desiccator over sulphuric acid and potassium hydroxide. 
One tenth of the solution of the residue was subjected to 
paper electrophoresis at a voltage gradient of 100 V/em 
for 30 min at pH 3-4 (pyridine: acetic acid : water, 
1:10: 189). As standards, 2, 5 and 10 ug of 8-alanine 
were run together with urine specimens. The dried strip 
was immersed in 0-25 per cent ninhydrin in a mixture of 
acetone, pyridine and acetic acid (17: 1: 2) and heated at 
90° C for 5 min. A bluish purple band of 8-alanine was 
eluted with 4 ml. of 50 per cent aqueous ethanol, and the 
eluate of the ninhydrin negative area was taken as a 
blank. The optical density was read at 590 my. An 
amount of less than 2 ug/mg creatinine was below the 
sensitivity of the method of determination and was 
expressed as zero in the tables. Recovery for 20 yg of 
§-alanine added to urine was 100+5 and 102+ 4 per cent 
in five urine specimens from patients with tuberculosis and 
fifteen specimens from normal subjects, respectively. The 
eluate of the band corresponding to B-alanine contained no 
ninhydrin positive substance other than 8-alanine when 
urine specimens from tuberculous and normal subjects were 
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examined by paper chromatograms, but urine specimens 
from patients with liver diseases occasionally contained 
another ninhydrin positive substance as well as 8-alanine. 
The contaminated substance in the urine of patients with 
hepatie dysfunction could be removed by the adsorption 
of the urine on a column of ‘Amberlite JR-120’, H+ form, 
followed by elution with 1 molar pyridine; the dried 
residue was used for the determination. The recovery of 
known amounts of §-alanine added to urine was 98+3 per 
cent in fifteen estimations. The amounts of 8-alanine in 
some urine specimens were determined simultaneously 
with an amino-acid analyser!. The amounts in six urine 
specimens were 0, 5, 0, 50, 55 and 50 ug/mg of creatinine 
with the electrophoretic method which are compared 
with 2-5, 4-0, 3-0, 48-3, 55:1 and 48-1 ug, respectively, 
found with the analyser. A reasonable agreement of the 
values obtained with the two methods provides support 
for the validity of the method of determ:nation with 
electrophoresis. 

Patients with pulmonary tuberculosis excreted, on 
average, more $-alanine than normal healthy subjects, 
and the concentrations of the amino-acid were beyond 
the normal range in two thirds of urine specimens of 
the patients. There was no significant difference in the 
concentration of creatinine in urine from patients with 
pulmonary tuberculosis and normal subjects. The 
Increase in the amount of 8-alanine in the patients was 
not related to drug treatment. The concentrations of 
$-alanine in the urine of patients who had not received 
any treatment were as great as those of the patients 
receiving antituberculous treatments, and there was no 
correlation between the amounts and kinds of drugs. In 
addition three patients with lung cancer who had received 
antituberculous drugs after the mistaken diagnosis of 
tuberculosis excreted less than 5 ug of B-alanine/mg of 
creatinine. 

The identity of 8-alanine was confirmed by the isolation 
of the amino-acid from 7 1. of pooled urine from patients 
with pulmonary tuberculosis. The urine was passed 
through a 6x45 em column of ‘Amberlite 7R-120 x 8’, 
H+ form, and the resin was washed with 3-5 1. of water. 
The adsorbed amino-acids were eluted with 1 molar 
pyridine. A fraction of the eluate between 2-3 and 3-7 1. 
was evaporated to dryness in vacuo and the residue was 
applied to a 6x35 em column of ‘Amberlite 7R-120’, 
pyridine form. Each 1 1. of water and 0-2 molar pyridine 
was passed through the column and a fraction of the 
eluate (between 900 and 1,720 ml.) was cclleeted and 
evaporated to a dried residue whieh contained -alanine 
and B-arninoisobutyric acid. The residue was applied to 
a 6x75 em column of ‘Amberlite 7R-120’, equilibrated 
with a mixture of pyridine, acetic acid and water (2:8:123) 
and chromatographed with 10-5 1. of the same buffer 
followed by a mixture of pyridine, acetic acid and water 
(14:40: 615). Tho eluate (between 12 and 13-2 1.) was 
evaporated to dryness in vacuo, and the residue was 
crystallized from aqueous ethanol to give 187 mg of a 
erude product. 

It was further treated with charcoal and recrystallized 
twice from aqueous ethanol to obtain 93 mg cf colourless 
plates, melting point 189°-192° C (synthetic 191°-192-5°C). 

Found C: 40°35%, H: 8-04%, N: 16833% 
Saleulated for CH, NO, C: 40-44%, H: 792%, N: 16-72% 

The results summarized in Table 1 suggest that 
B-alaninuria is a common phenomenon among patients 
suffering from tuberculosis of various tissues and is not 
specifically related to affections of pulmonary tissue. 
Other amino-acids were measured with an amino-acid 
analyser in urine specimens from three patients with 
lung tuberculosis and three normal subjects. 8-Amino- 
isobutyric acid (two-fold) and glycine (two-fold) also 
increased in addition to 3-alanine (ten-fold), but amounts 
of other amino-acids remained normal. The increase ‘in 
the first two amino-acids cannot be taken as significant 
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Table 1, CONCENTRATION OF f-ALANINE IN THE URINE. OF PATIENTS WITH 
VARIOUS DISEASES 
Amount of f-alanine No. of cases 
(ug/mg of creatinine) of more than 
Subject No, of Age ean 8 ugimg 
Cases value Range creatinine 
Normal 51 14-72 14 0-8 0 
Pulmonary tuberculosis 141 16-72 22 0-130 94 
Tuberculous arthritis 
and ostitis 16 13-67 19 0-49 18 
Tuberculosis of cervical 
lymph nodes 14-65 11 0-38 4 
Pulmonary cancer 82 37-73 11 0-8 0 
Bronchiectasis and 
pneumonias 15 17-52 07 0-5 @ 
Liver diseases 12 18-40 0-8 0-5 8 
Renal diseases 11 7-82 2-2 0-8 0 
Others 26 8-72 09 0-8 6 


Table 2, CONCENTRATION OF §-ALANINE IN URINE AND PLASMA 


B-Alanine in urine f-Alanine in 


Subject (vg/myg of creatinine) plasma (zg/ml,) 
Norma! 1 0-27 
3 045 
2 0-40 
Pulmonary tuberculosis 20 0-67 
21 0-78 
Table 3. CONCENTRATION OF B-ALANINE IN LUNG TISSUE 
§-Alanine Pathological Normal 
in urine tissue tissue 
Subject (egimg of == (ug/g of wet. (ug/g of wet 
creatinine) tissue) tissue) 
Pulmonary tuberculosis 49 9 4 
Pulmonary tuberculosis 35 Wi == 
Bronchiectasis (not tuberculous) 1 l4 14 


because only a small number of specimens were examined 
and because the concentration of these two amino-acids 
in human urine varies widely between individuals because 
of genetic influences. 

Concentration of B-alanine in plasma was determined 
with an amino-acid analyser after passing an extract of 
plasma with trichloroacetic acid through a column of 
‘Amberlite 1R-120°, H+ form, followed by washing with 
water and elution with 1 molar pyridine. The result is 
shown in Table 2, which shows an increased concentration 
of B-alanine in plasma from patients with §-alaninuria. 
Concentrations of §8-alanine in extracts with trichloro- 
acetic acid of the lung tissue were low both in apparently 
normal and pathological tissues as Table 3 shows, sug- 
gesting that @-alaninuria in patients with tuberculosis is 
not the result of increased production of ®-alanine in the 
pathological lesion of the hing. To determine the extent. 
of breakdown of §-alanine, 500 mg of $-alanine was 
administered orally to two patients with pulmonary 
tuberculosis who had excreted moderately large amounts 
of -alanine and two normal subjects. Urine specimens 
were collected every hour for 12 h. When administered 
to the patients the amount of 8-alanine in urine increased 
significantly and returned to the original concentration in 
8h. §-Alanine increased during this period by 60 and 100 
mg in the two patients, and in normal subjects by 18 and 
10 mg, respectively. This suggests a disturbed meta- 
bolism of 8-alanine in the patients with tuberculosis. 
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immune Response of Rabbits during 
Short Term Exposure to High Altitude 


THERE is evidence that both a hypoxic stimulus, such as 
high altitude exposure, and an immunogenic stimulus act 
by inducing cell differentiation of some pluripotential stem 
cell’, It may or may not be the same pluripotential 
stem cell on which these stimuli act, the former causing 
_ differentiation into erythrocytes, the latter into lymphoid 
cells which produce antibody (Ab). Recent results have 
shown that a hypoxic stimulus also increases the immune 
response of animals exposed to chronic high altitude**. 
This suggests that perhaps there is a synergistic action 
between the two stimuli on a common target cell or organ. 
If cell differentiation is involved in the synergistic action. 
then two simultaneous stimuli of equal duration applied 
to undifferentiated stem cells would be expected to be 
more effective in producing a demonstrable increase in the 
immune response than separate, successive applications of 
the two stimuli. 
_ To test this assumption we subjected rabbits to a short 
time high altitude stress (72-82 h, which approximately 
corresponded with the time needed for the expression of 
the primary immune response) and to an immunogenic 
stimulus simultaneously or successively. The conditions 
of these experiments were very different from those 
involving exposure to chronic high altitude*-*, and con- 
sequently their interpretation may be different. 
_ New Zealand white male rabbits, weighing between 2-1 
“and 2-6 kg, were used in the experiments. The rabbits 
| were immunized with crystalline ovotransferrin (Sigma). 
One mg of this protein in 0-1 ml. of saline, emulsified with 
an equal volume of Freund’s complete adjuvant, was 
injected into each foot pad of the rabbits, and another 
_ Img was injected intraperitoneally. After 31 days, 0-5 mg 
of ovotransferrin, emulsified with Freund’s adjuvant, was 
_ injected into the left hind foot pad of the rabbit. Some 
rabbits were immunized with a single 0-2 ml. injection of 
| packed sheep erythrocytes into their right foot pads and 
< with ovotransferrin, as described, into their left foot pads. 
These rabbits were used in determining the number of 
Ab forming cells by the haemolytic plaque technique. 
In these. conditions of immunization the popliteal lymph 
“node is stimulated primarily. 

The rabbits were exposed to a simulated 20,000 ft. 
(350 mm of mercury) altitude in a 30 ft. long, 10 ft. 
diameter, double pressure lock chamber (Pittsburgh 
DesMoines Steel Company). The pressure was maintained 

within. + 20 mm of mercury throughovt the experiments. 
_ The temperature was kept at a constant 74° F, and the 

relative humidity between 45 and 60 percent. (During the 
- early stages of this work the malfunctioning of the air 
conditioning system caused a rise in temperature up to 
-82° F and in humidity up to 92-96 per cent.) The experi- 
mental design is shown in Table 1. 

Serum antibody titre was determined by the passive 
haemagglutination test of Stavitsky and Arquilla’. Ovo- 
transferrin (2 mg) in 0-2 ml. of 0-1 molar phosphate 
buffer, pH 7-3, was first added to 0-05 ml. of packed sheep 
erythrocytes, then 0-5 ml. of bis-diazotized benzidine 





Table 1, EXPERIMENTAL DESIGN 
Time in days 





Groups 9 1 2 3 4 31 32 33 34 
1 et | Ie 
2 pa J Temm 
3 , eee 
$ Pe > 
6 Tt Laan 
7 T 


I, Time of injection with ovotransferrin as described in the text. 


c1% Tmniunization with both ovotransferrin and sheep erythrocytes. The 


< horizontal arrows indicate the duration of exposure to simulated altitude of 
96,000 ft. in the chamber. Groups 1-5 contained seven rabbits each, groups 
< Gand 7 contained four each, The rabbits were always immunized outside the 
: hamber S immediately preceding or immediately following exposure in 
; e chamber. : 
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. (BDB, 0-36 mg/ml.) diluted fifteen times was added for 


optimal conjugation. Less ovotransferrin resulted in 
spontaneous haemagglutination, whereas less BDB de- 
creased the specific haemagglutination titre. 

The haemolytic plaque test was carried out as described 
by Jerne and Nordin®. The right popliteal lymph node 
was removed from the rabbits 5 days after immunization 
with sheep erythrocytes. The haemolytic plaque forming 
lymph node cells were observed and counted under a 
Bausch and Lomb stereoscopic microscope. 

Haematocrit and haemoglobin assays were taken 
throughout the experiments to act as a routine check on 
the effect of high altitude on the number of erythrocytes 
in the circulating blood. To have some measure of ery- 
thropoietic activity we also measured the activity of 
delta-amino-laevulinie acid dehydrase (DALAD) in the 
spleen and in the femoral bone marrow by the technique 
of Mauzerall and Granick??. DALAD is the key enzyme 
in haemoglobin biosynthesis and it may be an excellent 
indicator of erythropoietic stimulus and erythropoietic 
activity™. 


40,000 
30,000 


20,000 


Haemagglutination titre 





0 5 10 15 20 25 30 35 
Days 
Fig. 1. Haemagglutination mean titre in immunized rabbits and rabbits 


exposed to altitude. The mean titres were determined from three assays 
foreach rabbit (3 x 7=21 samples). ©,Group1; B, group 2; @, group 
3; A, group b. 


We have found that the humoral antibody production 
was stimulated significantly in the altitude stressed 
rabbits only if the immunogenic stimulus coincided with 
the altitude stress (Fig. 1). Only group 3 rabbits had a 
significantly increased. haemagglutinin titre compared. 
with the ground control (group 5). If immunization took 
place 40 h after exposure to altitude (group 2), there was 
a slight increase in the haemagglutination titre, but if 
immunization took place after 82 h altitude exposure 
(group 1) the immune response was essentially the same 
as in the ground control immunized rabbits. 

The eellular antibody response corroborated these 
findings. Only rabbits immunized and exposed to altitude 
simultaneously (group 6) had an elevated haemolytic 
plaque count, as is shown in Table 2. The rabbits in 
groups 6 and 7 were immunized with two immunogens, 
sheep erythrocytes and ovotransferrin. The good cor- 
respondence between the haemolytic plaque count 
(indicating antibody producing cells against sheep erythro- 


Table 2. EARLY ANTIBODY RESPONSE OF ALTITUDE STRESSED AND NORMAL 
RABBITS IMMUNIZED WITH SHEEP ERYTHROCYTES AND OVOTRANSFERRIN 


Haemagglutinating 


No. of antibody forming 
f titres against 


cellas in 0-2 ml. o 


Groups popliteal lymph node ovotransferrin at 
suspension* 8 days 
6 = 216 +240 @=120 
7 z=141 +4192 z= 40 


* The weight of the popliteal lymph nodes was approximately equal in 
both groups, 0-18-0-20 g, almost twice that of the lymph nodes from non- 
immunized rabbits (0-09-0-12 g). 
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cytes) and the serum haemagglutin titre against ovo- 


transferrin suggest that the observed effect of high 
altitude is independent of the immunogen used. 
- It appears that the increased immune response was 
compensated by a decrease in haematocrit and haemo- 
globin levels and in the activity of DALAD in the spleen 
and bone marrow. As Fig. 2 shows, the haematocrit and 
haemoglobin levels of group 3 rabbits (first immunized. 
then exposed immediately to altitude) did not rise as 
much as those of altitude control group 4. When the 
rabbits were exposed again to altitude without re- 
immunization about a month after the first exposure, all 
“groups showed an approximately equal erythropoietic 


Haematocrit (per cent) 





0O 1 2 8 4 21 31 82 33 34 35 


Days 


140 
13-8 
13-6 
13-4 
13-2 
13-0 
12-8 
12-6 
12-4 
12-2 
: 12-0 
118 
13-6 
114 
11-2 
11-0 


Haemoglobin (per cent) 





3 4 2131 32 33 34 35 


Days 
6 


Fig. 2, Haematoerit (a) and haemoglobin {b) level of altitude stressed 

rabbits with simultaneous immunization. The horizontal bars indicate 

‘the time the rabbits spent in the chamber. The data shown in this and 

subsequent figures are mean values. The standard deviation varied 

between + 0-2-2-4, P 20-05. For experimental group description refer 
to Table 1. @, Group 3: A, group 4; V, group 5. 
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Haematocrit (per cent) 
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3 4 21 31 32 33 84 35 
Days 
a 


14-0 
13-8 
13-6 
13-4 
13-2 
13-0 


per cent) 
a 
nm 
Œ 


12-6 
B 124 
12-2 


in 


12-0 
11-8 
11-6 
11-4 


Haemoglob: 


11:2 
11-0 
10-8 





4 21 31 32 
Days 

b 
Fig. 3. Haematocrit (a) and haemoglobin (6) values of altitude stressed 


33 34 35 


rabbits with delayed immunization. ©, Group 1; W, group 2. 
response. This observation shows that the immunogenic 
stimulus was responsible for the altered erythropoietic 
response during the first exposure of the rabbits in group 
3. It is interesting to note in Fig. 2 that the increase in 
haemoglobin and haematocrit levels was significantly 
smaller in the second short term exposure to high altitude 
than in the first one. 

When the two stimuli were applied successively as in 
groups l and 2, the haematocrit and haemoglobin levels 
were essentially the same as in altitude control group 4 
(Fig. 3). The immunogenic stimulus alone (ground control, 
group 5) did not have any effect on. these parameters. 

The activity of DALAD in the spleen was significantly 
lower in group 3 than in the other altitude stressed groups 
(groups 1, 2 and 4). The same but less pronounced results 
were obtained with bone marrow (Table. 3). 
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Table 8,0 ACTIVITY. OF DALAD IN THE SPLEEN AND FEMORAL MARROW OF 
: IMMUNIZED AND ALTITUDE EXPOSED RABBITS 


eae Activity of DALAD 
oo Group Spleen Bone marrow 
5 i 0-714 0-05 0-56 + 0-05 
oe 0-68 + 0-007 0-49 + 0-05 
3 0-57 + 0-03 0-46 + 0-05 
4 0-73 + 0-04 0:55 + 0-04 
5 0-45 +004 0-38 + 0-04 


fee Activity.of DALAD is expressed as porphobilinogen formed in emole/g 
of wet tissue in.1-5 h of incubation. -For this assay three extra rabbits were 
neliided in groups 1-5; ‘these rabbits were killed on day 5 and the spleens or 
‘femoral marrow were assayed after thorough homogenization. 





“~ The-results.are consistent with the assumption that the 
synergistic effect of the hypoxic and immunogenic stimuli 
is. caused, by their ‘simultaneous action on & common 
target cell, which may be a pluripotential stem cell. 
“When the altitude stress was applied before immuniza- 
tion, the immune response followed the same pattern as 
‘if the two stimuli were applied separately. Our data 
indicate that once the triggering event of the cell differ- 
entiation has taken place (in our case there seems to be 
a critical time within approximately 40 h) the subsequent 
new stimulus acts independently of the first one. The 
increased number of Ab producing cells found in group 6 
rabbits strongly supports the assumption that the syner- 
gistic action of the two stimuli was an increase in the 
rate of cell differentiation in the lymphoid line. 

It is interesting to note that the secondary, anamnestic, 
immune response was not influenced by high altitude 
exposure, even if the two stimuli were applied simul- 
taneously (Fig. 1). This observation is in agreement with 
the often expressed but widely debated opinion that the 
secondary immune response acts on already differentiated 
-gells, but does not cause stem cell differentiation’. 

The behaviour of the haematocrit and haemoglobin 
levels and especially the activity of DALAD indicates 
that a carefully controlled homoeostatic balance must be 
` maintained in the system. The increase in the immune 
` response took place at the expense of processes controlling 
the level of erythrocytes in the circulating blood. The 


decrease in the activity of DALAD in the spleen and bone 
marrow at the same time as the number of Ab pro- 
ducing cells increased in the lymph node suggests that 
perhaps the cell differentiation of a common pluri- 
potential stem cell was directed into lymphoid cell 
production. If such a stem cell would have the potential 
< of differentiating into either erythrocytes or lymphocytes, 
and we could assume that it is available in a limited 
supply, it would be understandable that when a largo 
proportion of these stem cells is committed for lympho- 
cytes a smaller proportion would be available for differ- 





Fig.4. Scheme for cell differentiation in altitude stressed and immunized 

fabbita, S, Stem cell; E, erythroid cell line; and Z, lymphoid cell line. 

‘The arrows illustrate the rate of cell differentiation in the indicated 

direction. a, Normal control; b, immunized; c, altitude stressed; d, 
immunized and altitude stressed. 
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entiation into erythrocytes. A tentative model for this 


hypothesis is offered in Fig. 4, which may be in accordance 


with present theories on stem cell differentiation®-". - 
This model may be a useful starting point-for detailed . 
investigations of processes of cell differentiation involved 
in erythropoietic and immunogenic stimuli. The possibility 
that the hypoxic and immunogenic stimuli may affect the 


same pluripotential stem cell makes the simultaneous = 


study of altitude stress and immune response particularly ~ 
interesting. Be ea 
This research was supported by a grant from NASA. 
We thank Miss Barbara Martin and Monte Pauli: foro 
technical assistance. ` ; PEER 
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CYTOLOGY 


Growth and Morphogenesis of Asparagus 
Cells cultured in vitro 


Sinca Steward! demonstrated the totipotency of plant 
celis the morphogenesis of plant tissues cultured in vitro 
has often been investigated. So far, embryoid formation 
has been found only in dicotyledons. We report here the 
production of embryoids and their subsequent develop- 
ment into complete plants in a culture of a monocotyledon. 
Asparagus officinalis L. 

Asparagus callus, derived from hypocotyls of sterile 
seedlings, was grown on the basal medium developed by 
Linsmaier and Skoog*, with the addition of 2,4-dichloro- 
phenoxyacetic acid (2,4-D) and kinetin. The cultures 
were kept in a growth room maintained at 25° + 2° C under 
continuous illumination from Philips TL 4010/33 tubes. 
The light intensity at the level of the culture vessels was 
about 40 meal/em?/sec. 

In a number of growth experiments on solid agar media, 
the callus was found to grow most rapidly with hormone 
concentrations of 1 mg 2,4-D/l. and 0-315 mg kinetin/I. 
Tho green callus proliferated vigorously on this medium 
with occasional organ formation. When both growth 
substances were omitted from the medium, large numbers 
of shoots formed with few or no roots. Both growth sub- 
stances, when added either singly or in combination with 
a relatively low concentration of the other substance, 
were able to suppress organ formation without seriously 
impairing callus growth. 

For a more detailed investigation we decided to use 
suspension cultures. The tissue was multiplied in 100 ml. 
Erlenmeyer flasks rotated at 100 r.p.m. After about 
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Fig, 1. Globular asparagus set Ad grown in suspension culture 
(x 480). 


2 weeks of growth the larger clumps were removed by 
sieving through a 2 mm stainless steel mesh. After centri- 
fugation at 2,000 r.p.m. the old medium was discarded 
and the pellet resuspended in fresh basal medium. The 
resulting cell suspension was then equally divided into 
35 ml. aliquots in 100 ml. flasks by means of a dispensing 
apparatus fitted with a magnetic stirrer. Finally, the test 
compounds were added with a sterile syringe. The wet 
weight increase and morphogenetic behaviour of each 
culture were then recorded over a growth period of about 
two weeks. 

Several such experiments were carried out, and the 
effect on cell behaviour of 2,4-D concentrations of 0, 0-01, 
1, 0-315, 1 and 3-15 mg/l. in combination with 0, 0-1, 
0-315 and 1 mg/l. of kinetin was studied. As with the solid 
culture, a combination of 0-315 mg of kinetin and 1 mg 
of 2,4-D/l. of medium was found to be optimal for callus 
growth. Tho average length of the cells was about 100u. 

Although, initially, the callus cells proliferated well in 
this medium, the growth pattern changed after a short 
time. Large numbers of small, round, densely plasmatic 
cells appeared, and these showed a marked tendency to 
aggregate. Simultaneously, small nodules, resembling 
young globular embryoids varying in size from 50 to 
200u, appeared in the cultures. 

Several experiments showed that with decreasing con- 
centrations of 2,4-D, callus growth in the form of large 
vacuolated cells was reduced, with a simultaneous reduc- 
tion in average cell size. Cell clumping and the formation 
of globular embryoids increased with decreasing 2,4-D in 
the media. Furthermore, the embryoid, once formed, 
grew faster with smaller quantities of 2,4-D. 

Although kinetin was beneficial for embryogenesis and 
growth of young embryoids, the best result was obtained 





Fig. 2. Young asparagus plantlets grown from callus culture. Stem 
length about 4 em. 
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with a low concentration (0-1 mg/I.). Larger amounts 
frequently induced dedifferentiation of the embryoids. 

Once globular embryoids had formed, they developed 
according to the pattern of normal embryos in vivo. They 
elongated to form a banana-shaped structure, up to 2 mm 
in length. The first sign of polarity consisted of a one- 
sided increase in chlorophyll content and gradually the 
other end elongated to form a radicle. 

A striking difference found between normal embryos 
formed in vivo and embryoids formed in vitro was the 
often disproportionate elongation of the stem and radicle 
ends in comparison with the relatively slow development 
of the growing points. In order to investigate whether 
an increase in the osmotic value of the medium would 
delay “germination” and allow the embryoids to develop 
more slowly into more balanced seedlings, some experi- 
ments were carried out with sucrose concentrations of 2, 
4, 6, 8 and 10 per cent. Raising the osmotic value did 
reduce premature germination, but the percentage of 
abnormal embryoids increased with increasing amounts 
of sucrose. 

Only small embryoids (not more than about 2 mm in 
length) grew into normal plantlets after transfer to solid 
media. When left in the suspension culture beyond the 
2 mm stage, the embryoids dedifferentiated at the apex 
and remained abnormal after transfer. The best initial 
growth of the transferred embryoids was obtained on a 
solid medium of the same composition as that of the sus- 
pension culture. When transferred at the right stage of 
development to solid media, the embryoids soon attained 
geotropic orientation. 

When left on this medium, however, the plantlets often 
dedifferentiated again. Transfer to a simpler medium 
(Difco orchid agar) within 1 week was therefore necessary. 
After some weeks the plantlets could be transferred to 
vermiculite or soil. With this succession of media we 
were able to grow completely healthy normal plants from 
undifferentiated callus cells. Among these plantlets wore 
normal diploids as well as some tetraploids. These results 
indicate that in monocotyledons as well as in dicotyledons 
differentiation is a natural property of the cells, which 
cannot manifest itself in callus growth. 

We have carried out similar experiments with tissue of 
the wild carrot Daucus carota, and have been able to 
confirm the results reported by Halperin’ for this tissue. 
So far, the differences in reaction to environmental con- 
ditions with respect to morphogenesis have been largely 
quantitative for the two species. 
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GENETICS 


Absence of Thymus in a Mouse Mutant 


£ 


THE mouse mutant “nude” has been described by 
Flanagan’. It is an autosomal recessive. The homo- 
zygotes, nu nu, are hairless and their growth is retarded. 
More than half die before weaning and none survives 
for as long as 25 weeks. Other parts of the syndrome 
were: sulphydryl group deficiency and abnormal kera- 
tinization of hair follieles, and necrosis of the liver, 
associated with Toxoplasma gondii infection. No single 
primary defect of development responsible for these 
pleiotropic effects could be suggested. 
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A re-investigation of the mutation has 
yielded the following results. No thymus 
can be found in the homozygotes, while 
in all normal phenotypes (homozygote wild 
type or heterozygotes) the organ is normally 
developed (Fig. 1). The absenee of the 
thymus was confirmed for both sexes and 
for all ages. 

Counts of blood leucocytes were made 
on groups of various ages (Table 1). In 
homozygote nu nu, counts are extremely 
low. In normal phenotypes, counts are 
either about four times greater, or as low 
as in the nude phenotypes. The low 
counts are given by the heterozygotes, as 
confirmed by those cases where the samples 
were collected from known (genetically 
tested) heterozygotes. Thus leucocyte 
counts can serve as a test for the detection 
of heterozygote carriers. 

Necrosis of the liver was not observed in 
my stock carrying the mutation. Adult 
homozygotes often showed yellow spots 
or areas on the liver surface. Histologic- 
ally, some of these livers exhibited foci of 





Fig. 1. Dissected normal (left) and homozygote nude (right) sibs. Note the absence of leucocyte | infiltration. In Some cases, 
the thymus (T) from the latter. these foci were very extensive, and the 


organ appeared as a chimaera of liver 
parenchyma and lymph node (Fig. 2), suggesting virus 
infection. 

It is possible that the lack, or agenesia, of thymus 
may be the primary defect of development in this muta- 
tion. The exact chain of causation leading to other 
defects remains to be investigated. 

I thank Dr D. S. Falconer and Dr 8. P. Flanagan 
for a breeding nucleus of the mutant and for helpful 
discussions. 
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PHYSIOLOGY 





Drinking Rates and Gill lonic 


Fig. 2. Section of liver of an adult homozygote nude showing extensive 


areas packed with leucocytes (arrows). Turnover in relation to 
Externa! Salinities in the Eel 


Table 1. LEUCOCYTE COUNTS (PER MM*) QF NUDE MICE AND THEIR SIBS ate 3 : 
Smrt has shown that seawater teleosts maintain their 


Definite aes A s 
Mouse Phenotype Ago Sex Weight Leuco- or likely water balance by drinking water and eliminating the 
cytes genotype divalent ions renally and the monovalent ions extra- 
2 {Normal 12 weeks F 22-0 7,300 fe yp renally. Keys? demonstrated that the extra-renal route 
8 | Nude 12 weeke x a 3480 nu nu of excretion is most probably the gills. On the other 
is sees a eh ee hand, Smith? and Krogh‘ say that “the freshwater teleost 
8 (Normal Aduh M ee Bane HA apparently does not drink water but absorbs it through 
f a a 4 9 2,502 We? A 
8 | Nude Adult M 19:0 2'305 nu nu the oral membranes or perhaps through the gills”. This 
a Kude Adut ~ Zo 1320 ea statement has been challenged by several authors®’, but. 
11 (Nude adult F 23-0 2435 A no e Naa evaluation of the drinking rate was 
attempted. 

12 N i dult M 3,720 nu A : a ` 
14 Normala ou Aiit F 4,330 Si ae Recently, the use of : radioactive tracers which make 
15 Normal Adult M ae Tanu possible dynamic studies of salt balance has shown 
18 Sorma Aa ~ 7820 Da that the salt fluxes were much greater in seawater than 
19 Normal Adult F te + + in brackish or fresh water’-"%. Motais and Maetz! 
207 1 Normalt nu amt f aa uae showed by simultaneous measurements of the drinking 
21 pa 17 days F 55 2,780 nu nu rates and ionic turnover of Platichthys and Serranus, 
3 Normal ta pa M te te ae that only 10-20 per cent of the influx could be accounted 
24 {Normat 16 days M 9-5 510 nt + for by salt swallowed. The rest enters by the body surface, 
25 (Two nudes presumably through the gills. Silay observations were 
pooled n days F a eeu ua nu made on Fundulus heteroclitus and Xiphister atro- 

N 1 ay yia EJ ii > i i i 

z Korma idas M 20 2500 E k purpureus™. Furthermore, for these species, drinking 
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was confirmed and measured quantitatively in the fresh- 
water and brackish water individuals. l 
In our investigation of Anguilla anguilla, I-phenol 
red permitted the evaluation of the drinking rates in 
animals adapted either to freshwater, seawater or double 
Strength seawater. Fifty yellow eels were used (body 
“weight, 80-225 g; mean 150 g). The animals were adapted 
-vto the external mediat: for at least a week at an uncon- 
“trolled .temperature (16°-24° C). Drinking rates were 
measured at 20° C using fishes which had been kept for 
at least 3 days before the experiment in constant tempera- 
ture close-circuit tanks. This was to avoid shock effects. 
A-sample (1 ml.) of an aqueous phenol red solution labelled 
with iodine-131 (3 mg and 0-6 me./ml.) was added to the 
15:1, tank. After 2 h, the fish were rapidly transferred 
inte.an inactive medium containing anaesthetic (MS 222, 
Sandoz). A blood sample was drawn from the caudal 
vein, the peritoneal cavity was opened and the gut 
“removed, care being taken not to lose any gut fluid. The 
total radioactivity of the gut (R, in c.p.m.) was measured 
in a well-type y-counter and compared with duplicate 
samples of external fluid (rz in ¢.p.m./ml.) and plasma 
(rp in ¢.p.m./ml.). After these short-term experiments, 
the hind gut contains relatively much less radioactivity 
than the stomach and anterior intestine. Error caused by 
anal loss of gut fluid can therefore be neglected and 
tying off the anus as recommended by Smith! is unneces- 


sary. The drinking rate (ml./h/100 g) was calculated 
from the following equation 
R,—C)100 
drinking rate = eae 


Wy is the body weight of the animal in grams, and ¢ is the 
duration of the experiment in hours—that is, 2h. C is a 
correction factor (in c.p.m.) taking into account the 
radioactivity of the extracellular fluids contained in the 
gut and estimated to be 30 per cent of the gut volume 
(Wg in ml.). This correction was necessary because a 
certain amount of radioactivity was found in the plasma 
which could not possibly have originated from a leakage 
of phenol red through the gut wall. C was estimated to 
be equal to 0-3 W,.rp. In any case, the correction amounts 
to less than 5 per cent of Ry. Several control experiments 
were carried out to detect the nature and origin of this 
radioactivity. The possibility of any marked release of 
iodide caused by radiolysis could be excluded, because 
electrophoresis of the phenol red solution produced no 
iodide spot. Furthermore, no accumulation of radio- 
activity was observed in the thyroid tissue of the fish. 
On the other hand, control experiments were run by the 
in vivo gut perfusion technique described previously!6, 
They showed that the amount of phenol red passing 
through the gut wall amounts to a maximum of 2 per cent 
of the dye content of the gut each hour (unpublished 
work of E. Skadhauge). 

The drinking rates observed (right side of Fig. 1) were 
135+ 27-7 ul/h/100 g (mean and standard error of the 
mean for n= 17) for the freshwater eels, 325 + 33-5 (n= 12) 
for the seawater animals and 802+ 182 (n=5) for the 
fishes adapted to double strength seawater. The increase 
in the amount of water swallowed with increasing external 
salinities is very significant (P < 0-01). Drinking is there- 
fore confirmed for the freshwater eel, which drinks much 
less than Fundulus’? and much more than Xiphister®, 
The drinking rates found for the seawater eels agree well 
with the data of Smith’, recalculated as 2774728 ul./ 
100 g/h (n=5), 

Sodium turnover rates were measured at 17° C in a 
close-cireuit system after intraperitoneal injection of an 
isotonic solution of **NaCl or NaCl. The adaptation 
media wero either half strength seawater, seawater (Na 
concentration, 525 mequiv/I.) or double strength seawater 
(Na concentration 1,040 mequiv.). On the left of Fig. 1 
the calculated values of the fraction of exchangeable 





NATURE, VOL. 217, JANUARY 27, 1968 


a 
a ; 
= ] á 
te f ~ 
Sc ta = 
f é = 600 
se 60 Z oy 8 i 
g / g | 
m $ m 
= ary 
> 3 
3 = 
g 404 S 400 
KA S 
g ay 
= Í 
S y 
pa as 


20 | 





kl f 


g 
hn ENE EA okies 
0-5 500 1,000 0-5 500 
Nae (mequiv./1.) Nae (mequiv./L) 
Fig. 1. Left hand side: sodium turnover rates (R) as a function of 
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sodium renewed in percentage/h are summarized. For 
the freshwater eels, we used the data of Garcia Romeu 
and Motais!?; the observed fluxes for an external sodium 
concentration of 0-5 mequiv. represent 0-5-1 per cent of 
the exchangeable sodium each hour. For half strength 
seawater, the turnover rate was found to be 6:6+0-36 
(n=5). The rate of sodium exchange was 27-2+3-54 
(n=5) and 61-2 +792 (n= 4) for the eels adapted to sea- 
water and double strength seawater, respectively. This 
highly significant increase (P < 0-01) in turnover rate in 
relation to increasing external salinity confirms and 
extends to hypersaline media previous observations 
obtained with other teleosts!81, 

Both ourselves?! and Utida et al.®, independently, have 
shown for the eel that the permeability of the gut to water 
as well as the ionic absorption capacity of the gut increases 
with increasing external salinities. It is interesting to 
compare this capacity with the amount of salt swallowed 
(or gut influx) and with the total ionic influx as measured 
isotopically. Such a comparison is given in Table 1 
for the sodium ion. It can be seen that the gut absorption 
capacity exceeds the amount of sodium swallowed except 
in the animals adapted to double strength seawater. In 
all media, the gut sodium influx is much less than the total 
sodium influx. 

As expected, with increasing external salinity and an 
increased osmotic gradient between external and internal 
media, the rate of drinking increases and compensates for 
the increased water loss through the body surface. Con- 
sequently, the amount of salt absorbed increases and, 
because the animals remain more or less in a steady state 
with respect to their sodium balance, more salt is exereted 


Table 1. COMPARISON OF TOTAL SODIUM INFLUX, GUT SODIUM BNTRY AND 
MAXIMAL GUT ABSORPTION CAPACITY FOR EELS ADAPTED TO VARIOUS SALINITIAS 
Gut Gut ab- 
Adaptation medium Total sodium F sorption Plasma 
influx influx capacity sodium 
Fresh water 21 0-065 0-3 151 180-2 + 2-48 (25) 
Salt water 1,320 170 13-0 332 146-9 + 9-34 (25) 
Double strength seawater 3,550 8385 23-5 689 1760+384 (11) 


Total influx of fresh water is given in ref. 17. Total influx in seawater and 
in double strength seawater was calculated from the turnover values and the 
amount of the exchangeable internal sodium, which is the product of the 
sodium plasma concentration and the sodium space considered as being 33 
per cent of the body weight in all external salinities, as in the floander!-"*. 
Gut absorption capacity is as given in ref. 16. Plasma sodium from gut 
sodium influx, the amount of sodium swallowed each hour per 100 g is the 
product of the drinking rate and the external sodium concentration (05, 
525 and 1,040 mequiv./l. for fresh water, seawater and double strength 
seawater. All fluxes are given in wequiv./h/100 g. F is the fraction din 
per cent) of the gut sodium influx to the total influx. Plasma sodium is given 
in mequiv./l. (Mean + S.E., number of experiments given in parentheses.) 
Some of the data correspond to animals used in gut perfusion experiments. 
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through the gills. The observed increased turnover rate 
reflects the increased transport activity of the gills. 

One last point needs to be emphasized. While the 
influx of sodium into the gut is negligible in the fresh- 
water animals, the amount of water swallowed (135 yl./h), 
which is presumably identical to the amount of water 
absorbed through the gut, is of the same order of magnitude 
as the urine flow, 200 ul. according to Butler™ or 450 yl. 
according to Sharratt et al.??. This indicates that the gill 
osmotic permeability is probably less than previously 
suspected”, 
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; Effect of Bromide lons on 
_Junctional Transmission 


Yam efficacy of bromides as hypnotics or sedatives has 
_ long been recognized, but their mode of action is unknown. 
=- Many. drugs which affect the central nervous system, 
alcohols and barbiturates, for example, have been shown 
_ to influence synaptic activity! and it seemed likely that 
bromides might act similarly. The effect of bromide ions 
on transmission at the neuromuscular junction has 
erefore been investigated. 
 -We.-have made conventional intracellular recordings 
at end-plate regions of frog sartorius muscles (Rana 
pipiens). Solutions containing anions other than chloride 
‘were made by substituting the sodium salt for sodium 
chloride in the Ringer solution which contained (mmoles/ 
1,)}-sodium chloride, 115; potassium chloride, 2-5; calcium 
= ¢hloride, 1-8; and a phosphate buffer (pH 7-2). When 
sodium bromide was substituted for sodium chloride, 
the frequency and amplitude of miniature end-plate 
potentials (mepps) increased. The increase in mepp 
_ frequency caused by bromide and the decrease in frequency 
“on return to normal Ringer are shown in Fig. 1A. In this 
experiment, solutions contained 10 mequiv./l. of potas- 
` smm ions.to increase the level of mepp frequency for 
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Fig. 1. The effect of bromide ions on neuromuscular transmission. The 


vertical broken lines denote changes from chloride solution (CL) to 
bromide solution (BR) and back. A, The effect of bromide ions on the 
frequency of miniature end-plate potentials (mepp/sec; ordinate). 
Solutions contained 10 mequiv./!. of potassium ions. , The effect of 
bromide ions on the quantal content of end-plate potentials (for details, 


see text). Solutions contained 0:7 mequiv./l. of calcium fons, and 6-6 


mequiv./l. of magnesium ions. 


accurate counting. The vertical bars show + 1 SEM. 
No change in the membrane potential of the muscle was 
observed during the changes in the concentration of 
external chloride. The stability of the membrane poten- 
tial and the increase in the amplitude of the mepp when 
bromide was substituted for chloride together indicate 
that bromide decreases the chloride permeability of muscle 
membrane as has been shown before*®. Increased mepp 
frequency could be caused by depolarization of the presyn- 
aptic membrane from net outward movement of chloride 
ions which might occur if the nerve terminal were signifi- 
cantly permeable to chloride ions. This possibility was 
tested by substituting another anion, methylsulphate, 
for chloride. In such experiments, no increase in the 
frequency of mepps was seen. Thus bromide ions must.. 


have a specific effect on the presynaptic membrane ` 


independent of the reduction in the concentration of 
extracellular chloride. Furthermore, the nerve terminal 
membrane must have a low permeability to chloride, 
for large changes in the chloride equilibrium potential 
apparently do not depolarize the membrane. 

The specific effect of bromide on the mechanism of 
transmitter release is unlike that of calcium or sodium, 
the ions of which both have greater effects at higher con: 
centrations of potassium*-*. When bromide ions were sub- 
stituted for chloride in solutions containing different, 
concentrations of potassium, the percentage increase 
in the frequency of mepps was independent of the: con: 
centration of potassium. Thus bromide seems to shift. 
to the left the curve relating the frequency of mepps 
to the concentration of potassium. A similar effect: 
of ions of the lyotropic series on the relationship. between 
tension in frog muscle fibres and potassium concentration 
has been reported by Hodgkin and Horowiez*, who 
suggested that these ions exert their effects by adsorbing 
onto the outer surface of the muscle membrane and 50 
altering the electric field across it. Because of this analogy 
another anion of the lyotropic series, nitrate, was sub- 
stituted for chloride in several experiments. In nitrate 
solution there was an increase in the frequency and 
amplitude of mepps similar to that caused by bromide. 
It was noticed that the muscle membrane was hyper- 
polarized some 7-9 mV shortly after changing to the 
nitrate solution and it is possible that in these conditions 
the muscle membrane was more permeable to nitrate 
than chloride so that there was a net influx of nitrate 
eausing hyperpolarization. 
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If bromide and nitrate ions do adsorb to the outside 
of the nerve terminal the effect on transmitter release 
should be similar to that caused by membrane depolariza- 
tion: the frequency of mepps should increase whereas 
the amount of transmitter released by an action potential 
should decrease**.°.11, The effect of these anions on the 
number of quanta contained in an average end-plate poten- 
tial (epp quantal content) was therefore investigated. 
The result of one of these experiments is shown in Fig. 
LB. The solution contained 0-7 mequiv.f. of calcium 
and 6 mequiv./l. of magnesium to allow accurate deter- 
mination of mean quantal contents which were calculated 
from the formula m = In No. of stimuli/No. of failures 
(ref. 12). The quantal content in a soluticn containing 
115 mmolar sodium chloride was between 0-9 and 1-0 
(Fig. 1B). When sodium bromide was substituted for 
sodium chloride, there was a large decrease in quantal 
content to approximately 0-3 and the effect can be seen 
to be almost completely reversible when the preparation 
was returned to the chloride solution. In solutions 
containing more calcium and less magnesium, the quantal 
content of epps, determined from the ratio of the mean 
amplitudes of epps and mepps, was similarly reduced. 
A complicating factor in experiments in which the quan- 
tal content was derived from measurements of the size 
of postsynaptic potentials was the slow inerease in the 
resistance of the postsynaptic membrane caused by 
bromide or nitrate. At junctions blocked by curare 
the increase in membrane resistance often overwhelmed 
the fall in quantal content so that epps increased in size. 
For this reason the “failure?” method described here 
was the method chosen to determine the effect of 
bromide and nitrate on transmitter release. The poten- 
tiating effect of bromide caused by the large increase in 
“input” resistance of the muscle membrane would not 
occur at central synapses if, as is generally believed, the 
postsynaptic membrane has a low chloride permeability. 
In several experiments, it was found that a bromide con- 
centration as low as 20 mequiv./l. caused a detectable 
reduction of quantal content. 

The effects of bromide and nitrate ions in increasing 
the frequency of mepps and reducing the quantal content 
of epps are similar to the effects of presynaptic membrane 
depolarization®-*.°U, Reduction of the extracellular 
chloride concentration (methylsulphate substitution), 
however, does not cause an increase in the frequency 
of mepps, which indicates that the presynaptic membrane 
is not significantly depolarized. The effects of bromide 
and nitrate are not therefore related to changes in the 
concentration of chloride. The results are consistent with 
the hypothesis that these anions adsorb to the outer 
surface of the presynaptic membrane and change the 
electric field across it in such a way that the efficacy of 
synaptic transmission is reduced. It seems very likely 
that the hypnotic and sedative actions of bromides are 
also related to a pharmacological “presynaptic inhibi- 
tion” at central synapses. 
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Physico-chemical Interaction between 
Adenosine Phosphates and Fibrinogen as 
a Cause of Platelet Aggregation 


PLATELETS in a citrated or heparinized plasma system 
adhere to each other to form aggregates in the presence 
of low concentrations of adenosine diphosphate (ADP}'. 
Adenosine monophosphate (AMP) and adenosine are 
ineffective in this respect and indeed act as inhibitors of 
aggregation by ADP*. The degree of aggregation depends 
on the rate of stirring and, consequently, on the collision 
frequency of the cells, which is an indication that the 
process causing aggregation occurs at or very close to the 
platelet surface. Born and Cross* and Cross‘ showed that 
fibrinogen acts as a co-factor for aggregation, and Deykin 
et al. suggested that another plasma protein may also be 
required. Although Born and Hampton and Mitchell’ 
found that ADP is taken up immediately by specific 
receptors at the surface of the platelets, the mechanism of 
this type of aggregation is still obscure. Born concluded 
that “platelet aggregation by ADP comes about through a 
reaction in which each ADP molecule is briefly involved to 
produce an alteration in another component of the system, 
for example in the receptor or in the protein co-factor, 
without necessarily being altered itself”. 

Direct cinematographic observation of the influence of 
ADP upon platelet-rich plasma through a phase-contrast 
microscope showed that the moment a crystal of ADP was 
added to the plasma, many fibrin-like particles formed. 
These particles stuck together and accumulated around 
platelets and leucocytes. Similar events were seen when 
ADP was replaced by ATP and AMP. The explanation of 
these findings is that the solubility of plasma proteins is 
changed by the addition of AMP, ADP and ATP. 

The precipitation of proteins by the addition of salts, 
which is often accompanied by irreversible denaturation, 
is a physico-chemical phenomenon and is influenced by 
the concentration and valency of the added anions. 
Usually, the higher their valency the lower the concentra- 
tion at which the protein precipitates. From their molecular 
structure, the precipitation capacity of AMP, ADP and 
ATP should be high and should increase in that order. 
The adenosine phosphates, however, are acidic and their 
addition to protein solutions also causes a decrease in the 
pH of the solution. At the iso-electric point of a protein 
its solubility is very low. For nearly all plasma proteins 
this point lies between pH 5-8 and pH 3-5, and these 
values are easily reached in a 10-3 molar solution of 
ADP. 

The critical value at which precipitates form was deter- 
mined for fibrinogen (human and bovine), gamma globulin 
(human), alpha globulin (human), and albumin (human), 
by measuring the optical density at 360 my. of solutions 
of each of these proteins after the addition of increasing 
amounts of adenosine phosphates. As soon as a critical 
concentration was reached there was a sharp rise in the 
optical density. All proteins were freeze-dried fractions 
dissolved in a 0-9 per cent NaCl solution. To remove 
traces of trisodium citrate and other salts, the solutions 
were dialysed for 24 h against a 0-9 per cent NaCl solution. 
The protein concentration was made equal to that of 
normal plasma. The results are shown in Table J. 

It is clear that, if the four proteins, fibrinogen was the 
most sensitive to low concentrations of AMP, ADP and 
ATP. The pH at the onset of precipitation was 5-0 for all 
the adenosine phosphates. Proteins with a low iso-electric 
point (pI) needed higher concentrations of adenosine phos- 
phates, ATP being the most effective. Because of their 
buffering capacity. compounds such as EDTA and 
trisodium citrate, which are inhibitors of platelet aggrega- 
tion, increased the concentration at which precipitates 
were formed. 

We therefore conclude that precipitation was caused 
chiefly by lowering of the pH. The precipitates consisted 
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Table 1. PRECIPITATION OF PLASMA PROTEINS BY ADENOSINE PHOSPHATES 
WITH AND WITHOUT ADDITION OF TRISODIUM CITRATE AND EDTA 
i Critical concentration 
Protein MP A A pI 
(mmoles/l.) (mmoles/l.) (mmoles/!.) 
Fibrinogen (human) 12 10 1:3 6-8 
Fibrinogen (bovine) 1d 10 1:3 5-8 
Gamma globulin (human) 
Alpha globulin (human) 
Albumin (human) = 24-2 16-8 47 
Fibrinogen + citrate 
4-4 mmoles/I. == 45 3:5 
14-6 mmoles/!. _ 72 5-8 
24-8 mmotes/l. —- 11-2 10-4 
Fibrinogen + EDTA 
7-2 mmoles/l. — 76 9-6 
13-7 mmoles/1. _ 15-5 18-5 
20-2 mmoles/l. — 31-9 28-5 


* Exceeds the solubility of AMP in 0-9 per cent NaCl. 


of fine particles which stuck together to form aggregates 
(Fig. 1), and it might be supposed that proteins adsorbed 
at the platelet cell surface would cause aggregation of the 
cells themselves if precipitated in the presence of adeno- 
sine phosphates. Two arguments seem to conflict with 
this idea: first, the concentrations of ADP and ATP at 
which fibrinogen precipitated where higher than those 
causing platelet aggregation, and AMP does not cause 
any platelet aggregation at all; and second, calcium or 
magnesium is required for aggregation. 

Concerning the first point, it should be remembered that 
through their specific adsorption, the “concentration” of 
nucleotides at the platelet surface may be much greater 
than that in the solution. Born® provided evidence that 
each platelet possesses about 2x 10° receptors for adeno- 
sine-like molecules, but that the rate of adsorption of 
adenosine is very different from that of ADP, which 
is adsorbed immediately. In slow adsorption only a part of 
the receptors will be occupied. If, however, all receptors 
are occupied and we also assume that they are equally 
distributed over the whole surface of the platelet, which 
has a diameter of 2 to 3u, the “concentration” at the cell 
surface would correspond to a concentration in the 
“solution of 5 x 10- mole/l. This “surface concentration” is 
“high enough to induce the precipitation of all fibrinogen 
adsorbed at®? or present near the cell surface. 
“Concerning the second point, although the role of 
divalent cations in platelet aggregation is still obscure, 
it is known that ADP and ATP can bind these ions in 
equimolar quantities. We have found that precipitates of 
CaHPO,, CaCO, and MgHPO, are rapidly dissolved by 








Fig. 1. 


Precipitation of fibrinogen by 2-0 «10% molar ADP (phase- 
contrast photograph). 
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the addition of ADP, ATP or EDTA or, less effectively, 
AMP. This indicates that ADP and ATP formed soluble 
calcium complexes, and that calcium is chiefly bound by 
the pyrophosphate groups. There is little reason why these 
complexes should not be formed in plasma when free 
ealcium ions are available before these are adsorbed by 
the platelets. This is in accordance with the experiments 
of Naets'’*, who showed that adenosine diphosphate was 
only adsorbed by the platelet when free caleium was 
present. It seems justifiable therefore to conclude that 
the binding of calcium ions to the adenosine phosphates 
facilitates their adsorption at the negatively charged 
platelet surface by diminishing the negative charges of the 
phosphate group without changing the acidic character of 
the complex. 

In summary, we propose that platelet aggregation may 
be caused by the specific adsorption of an acidic calcium- 
adenosine phosphate complex causing a lowering of the 
pH near the surface, which is followed by precipitation of 
proteins, chiefly fibrinogen, giving rise to the formation of 
bridges between the platelets. This proposal represents an 
extension of Born’s hypothesis. This work forms part of 
an investigation into chemical aspects of human athero- 
sclerosis and thrombosis, carried out by a research team 
oe = Netherlands Organization of Health Research 
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Fibrin Substrate free from both 
Plasminogen and Fibrin 
Stabilizing Factor 


In biological systems, the differentiation of plasmin 
activity from plasminogen activator activity can only 
be made in a substrate free of plasminogen. Fibrin is 
probably the natural substrate of plasmin and almost 
certainly the most sensitive, but it is usually con- 
taminated with plasminogen!. Several methods for re- 
moving plasminogen from fibrinogen have been described, 
but in practice these are usually tedious and not always 
reproducible?>, 

Most fibrinogen preparations are also contaminated 
with fibrin stabilizing factor (FSF or factor XIII)! and 
are thus not a suitable substrate for the assay of factor 
XIII in plasma samples. Methods for removing FSF 
from fibrinogen preparations are also laborious and not 
entirely reliable®-®, 

The preparation described and tested here is simple to 
make, does not require any special apparatus or equip- 
ment, is reproducible and seems to be virtually free of 
both plasminogen and factor XII. 

During an electron microscopic study of the structure 
of fibrin recently reported by Kay and Cuddigan’, it was 
noted that fibrin prepared from a fibrin monomer solu- 
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Table 1, MONOCHLORACETIC ACID SOLUBILITY OF FIBRIN CLOTS PREPARED BY DILUTION OF. FIBRIN: MONOMER 





276. 
1/40 plasma in 1/40 plasma in 
(1 molar borate 0-1 molar borate 0-1 molar borate and 
0-025 molar CaCl, 
Soluble Soluble Insoluble 


Clots were incubated at 87° C for 18 h before addition of 3 ml. of 1 per cent monochloracetic acid, 


0-2 ml, of fibrin monomer {ZH 4-8) were added to 0-4 ml, of buffer solution, pH 7°65, containing 


1/40 plasma in 


0-1 molar borate and 0-1 molar berate G-1 molar borate 
0-025 molar CaCl, 0-025 molar CaCl, 0-025 molar CaCl, 
0:05 molar cysteine 0-05 molar cysteine 
Soluble Insoluble Soluble 


“Soluble” indicates that the clot dissolved within 


15 min of adding solvent; “insoluble” indicates that clot did not dissolve within 2 h of adding solvent, 


Table 2, EFFECT OF PLASMINOGEN ACTIVATORS AND PLASMIN ON FIBRIN CLOTS PREPARED BY DILUTION OF FIBRIN MONOMER (LYSIS TIMES) 


(a) Adding 


0-2 mi. of fibrin monomer 
(pH 4:8) to 0-4 mi. of 


Streptokinase (Kab 
(v, 


Fibrin prepared by: 
b) Addin (c) Adding 
© $ 0-1 ml. of bovine thrombin 
0-2 ml. of fibrin monomer to 0-5 ml. of whole 
(pH 4'8) to 0-4 ml, of 1/50 plasma fibrinogen solution in 0-1 


fal.) 0-1 molar borate (pH 7-65) in 0-1 molar borate (pH 7-65) molar borate (pH 7-65) 
500 Less than 40 h _ 
No lysis (37° C for 40 h} 
50 No lysis (37° C for 40 h) Less than 12h — 
5 No lysis (37° C for 40 h) Less than 12 h — 
05 No lysis (87° C for 40 h) Partial lysis (40 h) _ 
ti mi. of plasminogen activator | Urokinase (Leo) 
or plasmin added after incuba- (ufral,) 
tion oF the fibrin at-3 1" for 100 No lysis (37° C for 40 h) Lesa than 12 h z 
min 10 No lysis (37° C for 40 h) Less than 40 h ~ 
Plasmin (Kabi) 
(casein U/ml.) 
2-0 35 min — 45 min 
1-0 85 min > 75 min 
0-5 120 min — 135 min 


tion gave a much more clearly defined ultrastructure 
than did fibrin prepared by directly clotting fibrinogen 
with thrombin (personal communication from B. J. 
Cuddigan). This suggested that the fibrin monomer 
contained less contaminating protein than did the fibrino- 
gen solution, Subsequent studies with fibrin monomer 
prepared as described here have proved this to be so. 
Kabi fibrinogen (human grade L) was dissolved in 
distilled water to a concentration of 10 mg/ml. This was 
diluted fifteen- to twenty-fold with 0-85 per cent NaCl, 
_ and clotted by the addition of 5 u of bovine thrombin/ 
100 mg of protein. The fibrin was collected onto a glass 
rod after 90 min of incubation at 37°C and washed in 
large volumes of 0-85 per cent NaCl, drying carefully 
with clean filter paper after each wash. After the third 
wash the fibrin was dissolved in a small quantity of 
5 molar urea (1 ml./50 mg of starting material). Complete 
solution was obtained in 20-30 min and the material 
could then be reclotted by ten- to fifteen-fold dilution 
with 0-85 per cent NaCl. This process of clet collection, 
washing, drying and redissolving was repeated three 
times until the final urea solution was diluted with an 
equal volume of 0-05 molar acetate buffer, pH 4-8. The 
urea was removed by overnight dialysis at 4° © against 
two changes of acetate buffer. A sample of the final 
solution (0-1 ml.) clots instantaneously when diluted 
three- to five-fold with 0-1 molar borate buffer, pH 7-65. 
Fibrin monomer prepared in this way was allowed to 
clot in the presence and absence of calcium, with and 
without cysteine and with and without added plasma 
(Table 1). After incubation at 37° C for 18 h, the fibrin 
in each tube was tested for stabilization by the addition 
of 1 per cent monochloracetic acid. Clots formed in the 


~* presence of plasma and calcium were insoluble in the 


monochloracetic acid. All the fibrin formed in the absence 
of plasma and calcium was rapidly soluble in the mono- 
ehloracetic acid. Cysteine with or without calcium had 
no effect on solubility. 

In another experiment, fibrin formed in the presence 
and absence of dilute plasma (as a source of plasminogen) 
was treated with varying concentrations of ssreptokinase 
and urokinase (Table 2). Only the clots formed in the 
presence of plasma lysed during the period of observation. 

It seems that fibrin substrate prepared by this method 
could have considerable advantages when used in assay 
systems for components of the fibrinolytic mechanism 


or for the assay of factor XIII. Studies directed towards 
this end are proceeding and will be published elsewhere. 


M. J. ALLINGTON 
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Inhibition by Adenosine Diphosphate 
of the Thrombocytopenia induced in 
Rabbits by Collagen or Thrombin 


Tr has been reported! that in rabbits intravenous infusions 
or intramuscular injections of adenosine diphosphate 
(ADP) or adenosine triphosphate (ATP) reduce platelet. 
adhesiveness as measured by glass bead columns. Because 
collagen and thrombin are implicated in thrombogenesis 
we thought it worth while to study their thrombocyto- 


penie activities and any changes produced in them by’ 


exogenous ADP. In the experiments reported here, ADP 


markedly inhibited the thrombocytopenia induced by: 


collagen or thrombin. 

The rabbits (New Zealand white strain) in these 
experiments weighed 2-5 to 5-0 kg. They received neither 
anaesthetics nor anticoagulants. 5 

Collagen extract was prepared as follows. One gram 
of collagen (tendon-Sigma) was ground by hand for about 
20 min in a tissue grinder with three lots of 10 ml. of 
sterile saline, free from pyrogen. The bulked extracts were 
centrifuged at about 1,500g for 30 min, when the super- 
natant was decanted. Additional 1 g lots were processed 
and all the extracts were combined. The volume was 
adjusted to give a concentration equivalent to 30 mg of 
collagen/ml., and the preparation was dispensed in 10 ml. 
lots into polythene vials and stored at —20° C. Three 
batches of extract were made, and each was used within 
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_ 3 weeks. The curves relating dose and thrombocytopenic 

_ fesponse, and. the effects of ADP on it, were determined 

_ for each batch: all three gave similar results, which we 

bave combined in this report. 

_.. Thrombin (‘Pure’, Koch Light) was dissolved in saline 

_ to give a solution containing 20 nra units/ml. 

ADP (50 mg/ml. saline) was administered in a dose 
volume of 1 ml/kg. 

_ Platelet counts were determined electronically? on 

iplicate samples of blood drawn from an ear artery 

ugh disposable needles into polystyrene tubes con- 
ining dipotassium ethylenediamine tetraacetate. 

_ In the collagen experiments, all the rabbits were given 

_ single intravenous injections of extract in doses equivalent 
to 5,10, 20, 40 or 60 mg of collagen/kg, and some were 

injected intramuscularly with ADP (50 mg/kg) 30 min 

_ before receiving the collagen. Platelet counts were 

_ determined immediately before and 5, 10, 20 and 60 min 
_ after administration of collagen. The results for collagen 

__ alone are given in Fig. 1. The thrombocytopenia is dose 

_ dependent, maximal at about 5 min, and long lasting 

compared with that after intravenous ADP!. The inhibi- 

_ tion by ADP of the thrombocytopenia after an injection 
-. of 20 mg of collagen/kg is shown in Fig. 2. The antagonism 
_ by ADP (measured 5 min after the administration of 
- collagen) to various doses of collagen is indicated in Fig. 3. 

Clearly ADP markedly inhibits the thrombocytopenic 
activity of collagen. 

_ The experiment relating to Fig. 2 was repeated with an 
_ equimolar dose (60 mg/kg) of ATP. The inhibitory effects 
f the two nucleotides were almost identical. 

‘We have previously reported that intramuscular 
administration of ADP (50 mg/kg) to rabbits reduces 
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Fig. 3. Inhibition by ADP of the thrombocytopenia measured 5 min 
after intravenous injections of collagen in rabbits. @, Collagen onh * 
O, collagen 30 min after ADP (50 mg/kg intramuscularly). Numbers in 
brackets refer to the number of experiments. Vertical lines indicate 
standard errors. 
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Fig. 4, Reductions by ADP of platelet adhesiveness to glass (O) and» 
of the thrombocytopenic activity of collagen (@). Thrombocytopenia. 
measured 5 min after collagen (40 mg/kg intravenously}, 


platelet adhesiveness measured by glass bead columns, 
the reduction being maximal at 30 min and negligible 
at 4h. We thought that it would be of interest in these 
new experiments to investigate the antagonism by ADP on 
the thrombocytopenic activity of collagen at various 
times after the administration of the nucleotide. Pairs 
of rabbits were injected intramuscularly with ADP 
(50 mg/kg) and after 0-5, 1, 2 or 4 h they received collagen 
(40 mg/kg) intravenously. A further pair of rabbits 
served as controls and received only collagen. Platelet 
counts were determined immediately before and 5 min 


after administration of the collagen. The results shown © 


in Fig. 4 indicate parallelism between the reduction in 
platelet adhesiveness to glass by ADP and its ability to 
inhibit the effects of collagen in vivo. : 

In the thrombin experiments a syringe needle was 
inserted into an ear artery and about twelve samples of 
blood were collected with the same needle in the first 
2 min after the injection. Thereafter sampling was 
conducted more leisurely. 

The thrombocytopenia after a single intravenous 
injection of thrombin was pronounced and quick in onset, 
while the recovery rate was only slightly less than that 
after ADP. Administering single intravenous injections 
(20 u/kg) at 10 a.m., 11.30 a.m. and 3 p.m. shows that 
thrombocytopenia in the same rabbit is reproducible: 
The three curves relating platelet count with time were 
almost identical, and the maximum percentage reductions 
in count were 67, 66 and 61. 


Platelet count (thousands per mm*) 
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Thrombocytopenie activities in the same rabbit of thrombin 
thrombin in the presence of ADP. T, Thrombin 15 u/kg 
intravenously; A, ADP 50 mg/kg intramuscularly. 


Fig. 5. 
alone or 


The preliminary results with thrombin alone indicated 
that the response depended on the dose but that the 
effort necessary to establish a satisfactory dose-response 
curvo would be considerable. It was therefore decided 
to study possible antagonism by ADP to thrombin using 
only one dose (15 u/kg) of thrombin. 

Antagonism by ADP was studied by giving each of 
five rabbits single intravenous injections of thrombin 
(15 u/kg) at 10 a.m., 11.30 a.m. and 3 p.m., and one 
intramuscular injection of ADP (50 mg/kg) at ll am. A 
typical result is shown in Fig. 5. The group mean maxi- 
mum percentage reductions in platelet couat after the 
three doses of thrombin are 43+ 8, 14+ 2 and 41+7. 

Our earlier experiments indicated that platelets in 
blood from rabbits injected with ADP had a lowered 
affinity for glass, and we suggested that if this result truly 
reflected a decreased tendency for platelets to adhere to 
damaged intima, then circulating ADP might inhibit 
thrombogenesis. Our new finding that ADP antagonizes 
the thrombocytopenia after collagen or thrombin, and 
the parallelism of this effect with the reduced adhesive- 
ness to glass, strengthen our belief in the relevance of the 
glass bead test and prompt us to repeat. our earlier 
suggestion of a possible role for ADP or its metabolites 
in inhibiting thrombogenesis. 

We thank Mrs J. A. Fraser and R. A. Khalid for their 
assistance. 
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Free Fatty Acid Patterns of Human 
Maternal Plasma, Perfused Placenta 
and Umbilical Cord Plasma 


CHEN et al.) have shown that there is a variation in the 


amount of individual free fatty acids in maternal and cord 
plasma, suggesting that the foetal free fatty acids do not 
arise solely from the maternal circulation. The placenta 
is known to synthesize fatty acids* and to use free fatty 
acids in the formation of phospholipids? anc cholesterol 
esters (unpublished work of A. Robertson, H. Sprecher 
and C. Dobbs). ‘To investigate the inter-relationships 
of maternal, placental and newborn free fatey acids, we 
have analysed the free fatty acids from these sources in 
normal pregnancies. 
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Maternal and umbilical cord blood was collected at 
the time of delivery into tubes containing ethylene- 
diaminetetraacetate (EDTA) as an anticoagulant. The 
placenta was perfused as previously described’. Lipids 
were extracted from the tissues by repeated homogeniza- 
tion with a solution of 2:1 chloroform and methanol. 
The neutral lipids were separated by thin-layer chromato- 
graphy with a solvent system of petroleum ether, diethyl 
ether and acetic acid in a ratio of 90: 20:2. The lipid 
fractions were located by spraying with dichlorofluoro- 
scein and identified by comparison with standards. The 
free fatty acid band was scraped into glass tubes where 
the methyl esters were formed by refluxing with 5 per 
cent H,SO, in methanol. The methyl esters were then 
extracted with petroleum ether and analysed on an 
F and M model 810 gas chromatograph’. 

The results of the fatty acid analyses are presented in 
Table 1. We did not determine the absolute concentra- 
tions of the free fatty acids and so we cannot speculate 
about correlation between the concentrations of maternal 
and foetal individual free fatty acids. Chen et al.’ sug- 
gested that the foetal free fatty acids arise from placental 
transfer and foetal synthesis. The surprising result in 
this study is the percentage of arachidonic acid (20 : 4w6) 
in the placental free fatty acids. This elevation of the 
relative percentage of arachidonic acid (20: 4w6) is also 
reported by Renkonen’ in his analysis of a single placenta. 
This may be a result of specific placental transport or 
metabolism or of foetal influences. In one reported case, 
that of one liveborn and one stillborn twin, the free fatty 
acid concentrations of the two distinct placentas were 
similar®, suggesting that the placental free fatty acid pool 
is not derived solely from the foeto-placental circulation. 
That maternal arachidonic acid (perhaps in the free fatty 
acid form) may be very specifically transported into the 
placenta is untested so far, but is suggested by the fact that 
following delivery the maternal arachidonic acid percent- 
age (of total lipid fatty acids) rises’. The fact that this 
rise does not occur within 2 days of delivery weakens this 
argument. A valuable study would be the serial measure- 
ment of maternal arachidonic acid in the free fatty acid 
fraction before and after delivery. 


Table 1. PERCENTAGES OF FREE FATTY ACIDS 
Maternal plasma Perfused placenta Umbilical cord 


plasma 
Component (6) (6) (6) 
12:0 0-7+0-7 10405 1-340-6 
14:0 5142-9 2041-1 6-9+3-3 
16:0 28:44 5-7 28-8 + 2-4 37-6 42-8 
16:1w7 3-7 + 0-6 L7+0-4 Btr 
18:0 123 +26 206 +21 15:8473 
18:1 386 +71 13-4 +06 23-24 5-4 
18:2 80426 T7416 T3437 
18:3w3 0-84+0-9 05 +04 0-24+0°5 
20: 3w6 O8+1-0 3-0+0°9 0-7 +0-8 
20: 4w6 1540-1 21-4431 2941-6 


Components are identified by their number of carbon atoms, The number 
of unsaturated bonds is given after the colon in the first column. Following 
the w is the carbon number of the first unsaturated bond counting from the 
methyl end of the molecule. Figures in parentheses are the number of 
samples, Values are the mean percentage weight plus one standard deviation, 


If the placenta gives rise to the accumulation of arachid- 
onie acid within itself, how does this occur ? Arachidonic 
acid is present in fairly large amounts in lecithin‘, 
cephalin‘ and cholesterol esters (unpublished work of A. 
Robertson, H. Sprecher and C. Dobbs) of placental tissue. 
These materials, however, are either not hydrolysed or 
hydrolysed at a very low rate by placental tissue*. Possibly 
the placental tissue converts linoleic acid to arachidonic 
acid. This reaction has not been demonstrated in placental 
tissue although Kleine®, from his work on placental trigly- 
ceride synthesis, suggests, without proof, that this occurs. 
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Structure and Function of the 
Extraneural Sheath in Insects 


-Treherne and Maddrell? have described a continuous 
sheath of tracheal and fat-body cells around the nerve 
cord of the Phasmid Carausius. They have also obtained 

-measurements showing that the fluid between these struc- 
tures was some 20 mV positive with respect to the haemo- 

lymph, seemingly because of a chloride diffusion potential. 

_ Their investigation was related to the specialized ionic 

mposition of the haemolymph in Carausius, but they 

ncluded that the sheath was not obviously related to the 
tioning of the nervous system in this environment. 

Their conclusion is supported by our observations of a 

similar sheath around the thoracic nerve cords of Schisto- 

cerca gregaria (Orthoptera, Acridoidea), Homorocoryphus 
nitidulus (Orthoptera, Tettigoniidae) and Sphodromantis 
sp. (Dictyoptera, Mantoidea) (Fig. 1). In Schistocerca 

the sheath closely resembles that in Carausius; in Sphodro- 

“mantis the sheath is very thin and tenuous including only 
tracheal cells and no fat-body cells. In Homorocoryphus 
intermediate structures occur. This species is found in 
two forms; one is large, fatty, edible, seasonal and swarm- 
forming, and the other has opposite characteristics. The 
extraneural sheaths of these two forms differ in the 
number and size of fat-body cells, the former having more. 

„In Schistocerca, as in Carausius, the sheath is always 
cellular. In the other two species, the sheath is partially 
cellular but also has areas which consist of only a very 
thin basement membrane. This membrane is often so 
closely appressed to the neural lamella that the boundary 
between the two ean be distinguished only in electron 
micrographs, but it seems to be continuous in all the 
connectives that we have seen (Fig. 2). The continuous 
cellular sheath of Schistocerca could presumably function 
as an active ionic regulator, as postulated for Carausius. 
The mantid and tettigoniid sheaths, on the other hand, 
have large areas devoid of cytoplasm, and even if the 
membrane has specific ionic permeabilities, it could 
function at best as a passive element in ionic regulation, 
though possibly supplemented by active processes in its 
cellular portion. 

The ionic composition of the haemolymph of these three 
insects differs widely from each other and from that of 

_ Carausius. Insects vary widely in this respect; sodium/ 

potassium ratios range from 0-04 to 32-0, nearly three 
corders of magnitude’. Carausius (0-8) falls in the middle 
of this range® 4°, Schistocerca (6-20, mean 11) near one 
extreme®. Homorecoryphus is unlikely to be different 
from the closely similar Tettigonia viridissima with a 
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and stained with toluidine blue. Pro-mesothoracic connectives through- 
out. A, Homorecoryphus; B, Sphodromantis; C, Schistocerca. 










Fig, 2. Electron microgaph of Homorocoryphus p 

cord, The neural lamella encloses a very thin perineuriur and the axons, 

Lying on the neural lamella i e end of a fat-body cell, with its mem- 

brane prolonged into a thin sheet closely appressed to the surface of the 

lamella; this sheet is continuous around the connective. Material fixed 

in buffered osmium tetroxide, ee with urany! acetate, Seale mark 
p. 







sodium/potessium ratio of 1-6 (ref. 4). We know of no 
determinations on mantises, but as carnivores they are 
likely to equal or exceed Schistocerca in the sodium/ 
potassium ratio. 

In summary, seemingly homologous sheaths exist 
around the nerve cords of the orders so far investigated, 
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and vary greatly in morphology. These variations do not 
correlate with systematic position nor with any obvious 
feature of the ionic composition of the haemolymph. 
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BIOLOGY 


Detachment of Sea Anemones by 
Commensal Hermit Crabs and by 
Mechanical and Electrical Stimuli 


THe ability of some hermit crabs to detach commensal 
sea anemones and place them on their shells has interested 
ecologists and ethologists for many years'. Anemones 
belonging to the genus Calliactis are perhaps best known 
in this respect. Excellent accounts of the behaviour of the 
Mediterranean hermit crab Dardanus (= Pagurus) arrosor 
Herbst, towards C. parasitica (Couch) have long been 
available??, Rosst showed that Pagurus bernhardus 
(L.) which lives with O. parasitica in the English Channel 
has no behaviour pattern in relation to the anemone. 
C. parasitica has its own behaviour pattern triggered 
by a chemical factor in the gastropod shell occupied by 
the pagurid and the anemone is able to transfer to the 
shell without help from the crab. Ross and Sutton’ 
have also shown that the success of D. arresor in trans- 
ferring Calliactis to its shells depends on the simultaneous 
occurrence of the anemone’s behaviour pastern in res- 
ponse to the shell; they emphasized the co-operative roles 
of both partners in establishing the association. 

Recently we have been able to study the associations 
between C. tricolor Lesueur and D. venosus (H. M. Ed- 
wards) in the Caribbean, and C. polypus Forskal and 
D. gemmatus (H. M. Edwards) at Hawaii. C. tricolor 
showed a response to shells that was similar to O. para- 
sitica—that is, it could transfer to shells from other 
surfaces without the help of D. venosus, though the crab 
was usually an active participant. C. polypus, however, 
seemed to lack the response to shells observed in the other 
two species. In our experiments, it responded to shells 
only when its pedal disk was already de- 
tached and free from the substratum, 
though Dr C. E. Cutress reports (personal 
communication) that he has seen C. polypus 
detaching itself from wood or slate to climb 
on passing gastropods or empty shells. 

In these associations with C. tricolor and 
C. polypus it was clear that the behaviour 
patterns of the crab evoked responses from 
the anemones which facilitated its detach- 
ment from the surface on which it was 
settled. This happened even when there 
was no apparent contact with the shell. 
By moving their appendages on the surface 
of the anemones, the crabs were able to open 
up closed Calliactis and to induce in them a 
state of complete relaxation so that the 
anemone could be lifted or pulled off quite 
easily. 

After studying the behaviour of these pagu- 
rids as they detached Calliactis, it was pos- 
sible to simulate the movements of the 
crabs and to bring about the relaxation 





mimicking sgi 
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and detachment of the anemones without difficulty. Thus 
tapping the margin of the base of C. tricolor with plastic 
rods (D. venosus usually began its activity by using its 
walking legs and claws in this way) brought about the 
complete relaxation of the anemone in about 1-2 min 
and its detachment within 3 min. The most conspicuous 
feature of the behaviour of the Hawaiian pagurid, 
D. gemmatus, towards O. polypus was a gentle prodding 
of the column with the walking legs and chelipeds. After 
limited success with metal and plastic rods, we found that 
the activity of this crab could be mimicked better by 
applying pressure gently and rhythmically around the 
column of the anemone with pipe-cleaners attached to 
the second and third fingers on each hand. These “pseudo- 
legs” produced a state of complete relaxation in Calliactis 
so that the pedal disk could be freed from a stone or 
plastic surface (Fig. 1). By this method we were able 
also to detach Calliactis from shells, as Dardanus does when 
it “steals” anemones from other members of its own 
species. 

We noted that these two crabs were applying tactile 
stimuli to O. tricolor and to C. polypus at a frequency 
of about one contact/sec. We therefore also tested the 
effect of electrical stimuli on C. polypus at a frequency 
of one contact/sec. At the temperatures of the tropical 
waters in which these anemones live (26°-30° ©), stimuli 
at this frequency do not produce the quick retraction 
reflex of the staircase type. This occurs when stimuli 
are applied at frequencies of three contacts/sec and higher®, 
When stimuli were applied and continued at a frequency 
of one contact/sec, an occasional stimulus at the beginning 
sometimes caused retraction but these closing movements 
were short-lived. Within 20-30 sec the anemone usually 
opened up actively and became relaxed completely in 
exactly the same way as it did when subjected to the 
crab’s palpations or to the simulated crab behaviour 
as described. Shortly after C. polypus went into this 
state of relaxation, and with the electrical stimuli con- 
tinuing, the edge of the pedal disk began to move inwards 
and within a few seconds the pedal disk became completely 
detached from the substratum. The time from the 
beginning of stimulation to the detachment of the 
anemone rarely exceeded 1 min, which is more rapid 
than the detachment achieved by the most active crabs. 

It is known that stimuli at frequencies below those 
which cause retraction evoke slow contractions of the 
column musculature in O. parasitica’, Such stimuli 
applied to an isolated basal ring were shown by Ewer? 
to have inhibitory effects and were also shown to cause 
a local contraction of the pedal edge after a long latent 
period. Although detachment and relaxation to electric 
stimuli have been demonstrated only in C. polypus, it 





Fig. 1. Release of pedal disk of sea anemone Calliactis polypus by mechanical stimuli 
imuli applied by the commensal hermit-crab Dardanus gemmatus (pipe- 
cleaners on fingers used as “‘pseudo-legs”). a, Anemone open and relaxed, stimuli being 
applied to column, at beginning of treatment; b, pedal disk loosening and being lifted 
by “pseudo-legs”; c, exposed pedal disk lifted free after release. (Time between a and 


c, 4-6 min.) 
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would be surprising if C. tricolor and C. parasitica do 
not respond in the same way, because the behaviour seems 
to be based on a direct motor response. 

These observations demonstrate new aspects of the 
mutual interdependence of the behaviour patterns of 
both partners in the associations between Calliactis spp. 

vand mus spp. In the association between D. gem- 
‘matus and C. polypus the behaviour of the crab seems 
to resemble a basic motor mechanism which produces 
a general inhibition throughout the animal and then 
induces a local contraction at the base. 
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Effects of Cercarial Extracts of 
Schistosoma mansoni on HeLa Cells 


‘For many years investigators have suggested that 
‘parasite toxins play a part in the pathology of schisto- 
somiasis'*, Unfortunately, no attempts seem to have 
been made to evaluate the cytotoxic potential of schisto- 
somes tn vitro until recently. In 1936 and 1937 cercarial 
extracts of the trematodes Diplostomum flewicaudum and 

Cryptocotyle lingua were reported to produce cyto- 
pathology in excised tissue from lower vertebrates*-5, 

Not until 1965, however, was there any report of the 
toxic effects of schistosomes on mammalian cells in 
culture’. It is now suggested that abnormal changes 
occur in monkey heart cell cultures to which viable eggs 

or egg extracts of Schistosoma mansoni have been added. 
Some of the effects include: breakdown of the monolayer 
growth pattern, loss of selective permeability against 
eosin Y, and metabolic inhibition (that is, no drop in pH) 
of treated cultures. 

Compared with the eggs of S. mansoni, invading 
cereariae produce minor effects on host cells in vivo. The 
potential toxicity of cercariae, however, is interesting 
because they, like the egg stage, seem to depolymerize 
non-cellular tissue barriers but with little effect on 
mammalian cells?:*, 

Cerearias of S. mansoni were obtained when they 
emerged from infected Australorbis glabratus. The larvae 
were filtered through a 100 mesh stainless steel sereen, 
rofrigerated, and allowed to settle overnight in Imhoff 
cones. The sediment was washed by cold centrifugation 
in three changes of 0-9 per cent NaCl and stored at 
30° C for up to 2 weeks. 

_ Cerearial extracts were prepared by grinding the frozen 
arvae in sterile sand and adding enough cold, sterile, 
Earle’s balanced salt solution to permit pouring of the 
material after standing for 4 h at 4° ©. The Earle’s 
solution contained 100 uv of penicillin and 50 pg of 
streptomycin/ml. Solid debris was removed by cold 
sentrifugation (1,200g) for 20 min, and the supernatant 
fluid was dialysed overnight at 4° C against 100 volumes 
of Earle's solution. 
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HeLa cells were cultivated on coverslips in Leighton 
tubes with bicarbonate-buffered medium 199 and 10 per 
cent calf serum. Antibiotics were included as described 
for Earle’s solution. Warm, dialysed cercarial extract or 
Earle’s solution, pH 7-4, was added to cultures previously 
rinsed with three changes of sterile balanced salt solution, 
A portion of the extract was heated in a water bath at 
60° C for 1 h to test for thermolability. Gravimetric or 
colorimetric protein determinations were made from 
aliquots precipitated with two volumes of 20 per cent 
trichloroacetic acid®°, Most extracts contained approx- 
imately 0-5 mg of precipitable protein/ml. Cultures were 
incubated at 37° C, examined every 30 min during the 
first 8 h, and again after 18-24 h, Parallel examinations 
were made of live as well as methanol-fixed cellg stained 
with Giemsa. 

The appearance of cells in a typical control culture 
held in Earle’s solution is shown in Fig. 1; these cells 
retained their normal contours, had pale basophilic cyto- 
plasm, and possessed open faced or vesicular nuclei. 
Their appearance was identical to that of cells treated 
with previously heated cercarial extract. 

HeLa cells in cultures containing unheated extracts 
became refractile in 3-5 h and at the same time the 
cytoplasm became more basophilic than usual and there 
was a further intensification of basophilic staining as 
cells displayed cytoplasmic shrinkage. 

Changes in the staining reaction suggested an initial 
concentration of basophilic components accompanying 
leakage and cytoplasmic retraction. This interpretation 
was supported by two observations: (a) that HeLa cells 
lost all but a few adhering shreds of cytoplasm as shown 
in Fig. 2, and (b) the packed cell volume of equal numbers 
of treated and control cultures was compared after 
pooling and centrifugation; the treated cells lost about 
95 per cent of the packed volumes observed for control 
cultures. After cytoplasmic retraction, cells detached 
from the glass and the monolayer eventually disintegrated. 
After 18-24 h only free-floating, deeply basophilic, 
shrunken nuclei remained. 

The suppressive effect of the antibiotics was checked by 
a visual search for bacteria in or on Giemsa- or Gram- 
stained cells, and by overnight incubation of the 
culture fluids in thioglycollate medium. The fluids 
remained bacteriologically “sterile” and it was concluded 
that only unheated cercarial extracts had caused the 
cellular damage during the previous period of observation. 

Unsuccessful attempts were made to introduce live 
cercariae into HeLa cultures: before transferring recently 
emerged live larvae into cultures, it was necessary to 
deplete and replace the original water with fluid isotonic 





Fig. 1. HeLa cells after incubation in Earle's solution for 18 h at 87° C, 
(Giemsa stain.) 
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Fig. 2. HeLa cells after 7 h incubation with cercarial extract, The 
normal contour of the cells was obliterated leaving basophilic nuclei 
with narrow margins of basophilic cytoplasm. 


to mammalian cells. The larvae were concentrated to a 
small volume on a sterile fritted glass filter, dialysed 
against sterile Earle’s solution for several hours at room 
temperature, and inoculated into monolayer cultures. 
Practically all the larvae were dead after 18 h at 37° C, 
and the HeLa cells seemed to be normal. 

If Medium 199 containing 10 per cent serum was used 
as the solvent for cercarial extracts, no cytopathogenic 
changes occurred. This was observed after testing 10 per 
cent calf, rat, mouse, or any of several different species 
of monkey sera. The results agree to some extent with 
the fact that normal animal sera also contain substances 
inhibitory to some cercarial enzymes". 

In evaluating the cytotoxic potential of S. mansoni, 
or any schistosome, the approach of Gutekunst, Browne 
and Meyers! should be favoured. These workers showed 
that the intact, viable eggs of the parasite were toxic 
for mammalian cells in vitro, suggesting that cells suc- 
cumbed to exotoxic products from miracidia. I was 
unable to keep cercariae alive in HeLa cultures, and so 
it is possible that the lysosomal or other abnormally 
released materials contributed to the apparent toxicity 
of disrupted cercariae. 

The alterations produced by cercarial extracts were in 
the nature of an “all or none” response in the absence of 
serum. It seems, however, that viable eggs of S. mansoni 
can exert their effects despite the presence of serum in 
conditions necessary for normal growth of mammalian 
cells. It is concluded that experimental cell damage 
requiring disrupted cercariae and the exclusion of serum 
suggests a low cytotoxic potential for this stage of S. 
mangoni. 

This work was supported in part by the National 

Institutes of Health, US Public Health Service. 


JOSEPH G. OTERO 
Flint College, 
University of Michigan. 
Received September 18; revised December 18, 1967. 
1 Fairley, N. H., J. Pathol. Bact.,23, 289 (1920), 
2 Girges, R., Schistosomiasis (Bilharziasis) (John Bale, Sons and Danielson, 
Lid., London, 1934). 
3 Meleney, H. H., Sandground, J, H., Moore, D. V., Most, H., and Carney, 
B. H., Amer. J. Trop. Med. Hyg.,2, 883 (1953). 
4 Davis, D. J., J. Parasitol., 22, 108 (1936). 
$ Hunter, G. W., and Hunter, W. S., J. Perasitot., 23, 64 (1937). 
* Gutekunst, R. R., Browne, H. G., and Meyers, D. M., Exp. Parasitol,, 17» 
194 (1065). 
1 Lewert, R. M., and Lee, C. L., J. Infect. Dis., 95, 13 (1954). 
8 Lewert, R. M., Rice Inst. Pam., 45, 97 (1958). 
3 Hoch, F. L., and Vallee, B. L., Anal, Chem.,25, 317 (1953). 
12 Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R, J., J. Biol. 
Chem., 193, 265 (1951). 
“n Lewert, R. M., Lee, C. L., Mandlowitz, S., and Dusanic, D., J. Infect. Dis., 
105, 180 (1959). i 








NATURE, VOL. 217, JANUARY 27, 1968 


Homologous Alkaline Phosphatases and 
Homologous Loci in Two Sibling Species 
of European Anopheline Mosquitoes 


Anopheles atroparvus and Anopheles labranchiae are two 
sibling species belonging to the maculipennis group of 
European anopheline mosquitoes. They may be considered 
the most closely related species of the group; their gene 
pools are probably the most similar. By the definition 
of Lorković they could be termed “semispecies”’, showing 
some of the characteristics of the species and some of 
subspecies'. Individuals of A. atroparvus and A. labran- 
chiae are not clearly distinguishable by cytogenetic 
analysis of the banding pattern of the salivary chromo- 
somes. They can be distinguished on the basis of slight 
differences in the micromorphology of the eggs, and also 
on the basis of hybridization data: the interspecific 
hybrid males are sterile, but introgressive hybridization 
is possible, for the females can be backcrossed to A. 
atroparvus and A. labranchiae males, and again produce 
normal females and several normal males. 

Individuals of A. atroparvus and A. labranchiae can 
easily be distinguished at the fourth larval stage by 
comparing the relative electrophoretic mobility of two 
specific non-polymorphic bands showing alkaline phos- 
phatase activity, arbitrarily designated Aphl (ref. 2). 

If amino-acid sequences in proteins are colinear with 
the nucleotide sequences of the DNA subunits which 
code for them, and if the different relative electrophoretic 
mobilities of homologous proteins are an expression of 
their different molecular structure, it can be concluded 
generically that there is no identity between the structural 
gene or genes controlling the synthesis of the proteins 
examined in both species. Such conclusions raise the 
following questions. (a) Are these catalytically homo- 
logous proteins also homologous molecules ? (b) Are they 
phenotypic expressions of the activity of a single genetic | 
locus in both species? (c) If the answer to question (b) 
is affirmative, are then the specific loci under examination 
also homologous ? 

To answer these questions, I used the following experi- 
mental results. (1) Hybrids at the fourth larval stage ob- 
tained from the crosses: atroparvus males x labranchiae 
females (pair matings) and labranchiae males x atroparvus 
females (forced copulation) have given Aphl bands 
which always show intermediate electrophoretic mobility — 
compared with Aphl of the parental species. (2) The 
same type of intermediate band has also been obtained 
in vitro, by mixing atroparvus and labranchiae homogenates, 
freezing them in the presence of 1 molar NaCl and then 
thawing, and applying them to a gel for electrophoresis 
(Fig. 1). (3) The same results were also obtained when © 
A. atroparvus and A. labranchiae were simply ground = 
together and the homogenates maintained at room 
temperature for a few minutes before electrophoresis. 

It was not possible to obtain typical electrophoretic 
patterns showing three distinct bands, which heterozygous 
variant forms of dimeric proteins usually produce*. 
Tn this case, the indication is that the phenomenon occurs 
when two alleles producing different polypeptide sub- 
units are brought together in a hybrid. 

In spite of this gap, I think that these results could 
still be interpreted as representing the phenomenon 
already mentioned. The differences in relative mobility 
between Aphl of A. atroparvus and A. labranchiae were 
very small, and the hybrid pattern constantly appeared 
as a zone of intermediate mobility, in which the bands 
were also thicker and less well defined than those of Aphl 
of the parental species. It could therefore be possible 
to conclude, according to Coates‘, that this pattern is 
caused by the recombination of polypeptide chains, 
where two different bands, and another with intermediate. 
mobility, are overlapping. Alternatively, the inter- 
mediate band of the hybrid larvae could represent 
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ly. ZSymograms of single larva homogenates illustrating the electro- 
riie, Telatiye mobility of ool A, 1, 3, 5, atroparvus; 2, 4, 6, 
s „1,4, 7, atroparvus; 3, 6, 9, labranchiae ; 2, hybrid (atro- 
“ male x labranchiae female): 8 hybrid (labranchiae mate x atro- 
female); 5, hybrid band obtained in vitro. Methods for starch gel 
i trophoresis and staining for phosphatase were described earlier?, 
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i pally a hybrid enzyme molecular form. In other 
words, the fact that the hybrid larval pattern has 
appeared as a thieker band of intermediate mobility 
-could be considered significant in suggesting that the 
hypothesis stating that no molecular hybridization takes 
place between A. atroparvus and A. labranchiae Aphi 
- subunits is invalid. 
- On the other hand, the following genetic data fit this 
-eonsideration. (a) Individuals at the fourth larval stage, 
obtained from the backcross A. atroparvus males x hybrid 
females. (introgressive hybridization by pair matings), 
oe given the typical band of A. atroparvus and the 
ypical band of the hybrids, according to the Mendelian 
ale 1:1. (b) Individuals at the fourth larval stage, 
obtained from the backcross A. labranchiae males x 
hybrid females (introgressive hybridization by forced 
-copulation), have also given alternatively the band 
typical of A. labranchiae and the band typical of the 
hybrids, according to the Mendelian ratio 1:1 (Table 1). 
These results suggest that both the larval alkaline 
phosphatases of A. atroparvus and A. labranchiae are 
controlled by autosomal genes, specifying the primary 
molecular structure of the polypeptide subunits which 
form the catalytically active proteins. On the basis of 
these data the hypothesis that the enzymes Aph] of the 









Table 1 
pred Inter- Fast 
Aphi mediate Aphi 
Total dines Aphi dedu- deduced 
No. of genotype ced genotype genotype 
examined Aphis; Aphis} Aphifi 
individuals Aphi Aphif Aphit 
250 250 0 6 
ie o 2B l g % 
b: ae tat. dx lab. $ 
S abril (lab, 3 x at. 3) 50 a 50 6 
_Backerom (i ALR 2} 60 28 32 0 
- Backeross (lab. dx hybrid $) 81 0 37 44 
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two sibling species are homologous molecules with two 
associating subunits, which are identical at the intra- 
specific level and non-identical, but homologous at the 
interspecific level, seems to be consistent. In other 
words, the sibling species A. atroparvus and A. labranchiae 
should possess electrophoretically pure enzymes, not 
identical but homologous, each possessing two identical 
subunits, while their hybrid offspring should possess 
hybrid enzymes with two different subunits. 

I would like to point out, however, that this biochemical 
interpretation can be considered reasonably correct, but 
not sufficiently proved. 

On the contrary, it is well established that the differ- 
ences in electrophoretic pattern of the two species are 
phenotypic expressions of the activity of a single locus, 
Although these genetic data do not contradict the hypo- 
thesis that the two genes coding for Aphl do not oceupy 
the same position in the genotype of the two species, it 
seems more correct and more feasible to assume that the 
genes in question are homologous. In this hypothesis, 
the structural genes carrying the genetic information for 
Aphl in A. atroparvus and A. labranchiae are viewed as 
alleles. One allele, which according to Beckman and 
Johnson’ can be written Aphl/, controls the synthesis 
of the fast moving enzyme of A. labranchiae, while the 
other allele (Aphl*) specifies the structure of the slow 
moving enzyme of A. atroparvus. 

It has been impossible to find electrophoretic variants 
either in A. atreparvus or in A. labranchiae, and the 
offspring obtained by backcrossing the hybrid females 
to the males of the parental species have segregated 
according to the ratio 1: 1, and so I think that the Aphl 
loci of both species can be considered to be homozygous 
and therefore monomorphic loci. Thus the Aphl locus 
of A. atroparvus may be written Aphl*/Aphls, that of 
A. labranchiae Aphif/Aphif, and finally that of the 

hybrids Aphls/Aph1f (Table 1). 
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introduction of Yellow Rust Resistance 
of Aegilops comosa into Wheat by 
Genetically Induced Homoeologous 
Recombination 


YELLOow rust (Puccinia striiformis) is a hazard to the 
cultivation of wheat (Triticum aestivum 2n=6a=42) in 
many temperate regions. The most economie method of 
limiting losses of yield caused by the disease lies in the 
cultivation of varieties with genetically determined 
resistance to infection. Most current varieties owe their 
resistance to the activities of a few major genes which 
they carry in various combinations. New sources of 
resistance, however, must be sought continually because 
mutation or somatic recombination in the pathogen can 
give rise to genetic variants against which particular 
resistance genes or combination of genes, in current use, 
cease to be effective. 

In the search for new forms of disease resistance for use 
in wheat improvement, attention has often been turned 
to related species, some of which display outstanding 
levels of resistance. For example, the wild annual grass 
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Aegilops comosa.(2n = 14), which.is distributed around the 
Aegean Sea in Greece, Turkey and Crete, has especially 
good resistance to yellow rust’, Like all species in the 
genus Aegilops, Ae. comosa is closely related to wheat in 
an evolutionary sense and T. aestivum—Ae. comosa hybrids 
can be produced by hand pollination and hybrid~embryo 
culture. In our work we have incorporated the yellow 
rust resistance of Ae. comosa in wheat by interference 
with the genetic regulation of meiotic recombination. 
Such procedures have never previously been used in 
crop improvement. 

Riley, Chapman and Macer? initiated a backcrossing 
programme from 28-chromosome hybrids derived from 
the cross T. aestivum ‘Chinese Spring’ x Ae. comosa, using 
‘Chinese Spring’ as the recurrent parent. After the second 
backeross, selection was practised for resistance to yellow 
rust. The result of this programme was the isolation of a 
44-chromosome addition line that had the forty-two 
chromosomes of ‘Chinese Spring’ and the pair of chromo- 
somes of Ae. comosa determining rust resistance. It was 
further shown that this pair of Aegilops chromosomes 
would substitute for chromosomes 24, 2B and 2D of the 
wheat complement, but for no other chromosome. The 
Aegilops chromosome, determining rust resistance, is 
therefore closely related genetically to the chromosomes of 
wheat homoeologous group 2. Indeed, it can be regarded 
as homoeologous with these chromosomes, and designated 
2M because Ae. comosa carries the M genome. 

In normal circumstances, however, chromosome 2M 
does not pair and recombine with any wheat chromo- 
some*, Consequently, the single gene on chromosome 2M, 
which is presumed to be responsible for rust resistance, 
cannot be incorporated in a wheat chromosome without 
further manipulation. Nevertheless, it seemed likely 
that chromosome 2/4 would recombine, at meiosis, with 
its wheat homoeologues if the genetic suppression of 
homoeologous recombination normally exercised by 
chromosome 5B were removed**, 

To achieve this condition, use was made of another 
Aegilops species, Ae. speltoides (2n=14), which has the 
property of inhibiting the 5B activity in wheat hybrids®~’. 
Thus in T. aestivum x Ae. speltoides hybrids there is 
homoeologous chromosome pairing and recombination. In 
the present work, therefore, the line with chromosome 
2M added to the normal complement of ‘Chinese Spring’ 
was crossed with Ae. speltoides. The resulting 29-chromo- 
some hybrids had twenty-one chromosomes of T. aestivum, 
seven chromosomes of Ae. speltoides and chromosome 2M 
of Ae. comosa, Because of the inhibition of the 5B activity, 
recombination could take place at meiosis in these hybrids 
between chromosome 2M and its homoeologues in the 
wheat complement. 

A backerossing programme was initiated from these 
29-chromosome hybrids using T. aestivum ‘Chinese 
Spring’ as the recurrent parent. After the first backcross, 
selection was practised for rust resistance. In the third 
backcross generation a 42-chromosome, rust-resistant 
plant was isolated that formed twenty-one bivalents at 
meiosis. This plant was heterozygous for a dominant rust 
resistance condition and homozygotes were isolated in its 
progeny. 

A line homozygous for rust resistance was thus estab- 
lished which, when crossed with standard wheat varieties, 
gives hybrids that form twenty-one bivalents at meiosis. 
In the F, generation, derived from hybrids between 
‘Chinese Spring’ and this rust resistant line, segregation 
fits the ratio three resistant : one susceptible, so that the 
resistance introduced from Ae. comosa is mbherited as 
though determined by the dominant allele at a single 
locus; designated Yra. The resistant line hae been called 
‘Compair’ to indicate that it has a pair of genes for yellow 
rust resistance derived from Ae. comosa. 

The study of meiotic pairing configurations in cyto- 
logically marked hybrids, and of the disturbance of 
segregation ratios in the F, generations derived from 
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monosomie hybrids, shows that, in the origin of ‘Compair’, 
homoeologous recombination took place in the long arm 
of chromosome 2M and the right: arm of chromosome 2D. 
The recombined chromosome, that is homozygous in 
‘Compair’, has a distal segment of the right arm of 2D 
and a proximal segment of the long arm of 2M; while 
the centromere and the entire short arm are derived from 
2M. This is the first example of the introduction of useful 
alien genetic variation into wheat by genetic interference 
with the regulation of recombination in the manner 
originally proposed by Riley and Chapman’. 

The Ae. comosa form of yellow rust resistance, carried 
by ‘Compair’, is effective against races 2B, 3/55 (Opal- 
attacking), 8B, 54 and 60; giving 00-0 reactions in every 
ease. Indeed, this form of resistance is effective against 
all variants of the pathogen to which it has so far been 
exposed. 

‘Chinese Spring’ was the recurrent wheat parent in the 
breeding programme because its use simplifies cytogenetic 
procedures and allows a rapid turnover of generations. 
Of course, the incorporation of the alien yellow rust 
resistance in a genotype which is close to that of ‘Chinese 
Spring’ means that further work must be carried out to 
establish it in an agriculturally acceptable genotype. 
This presents no further cytogenetic problems, however, 
for the recombined 2M-2D chromosome pairs at meiosis 
in intervarietal heterozygotes with chromosome 2D and 
segregates normally, apparently with unimpaired trans- 
mission through both pollen and eggs. Consequently, 
‘Compair’ can be treated as a normal wheat variety in 
planning breeding programmes and breeders need have 
no particular concern for chromosome behaviour in the 
derivatives of hybrids of which it was a parent. 

In phenotype ‘Compair’ is close to ‘Chinese Spring’ but 
with longer spikelets, florets, glumes and grains. These 
are attributes that may result from the activities of Ae. 
comosa genes linked to Yr,—the rust resistance gene. In 
‘Compair’ the development of awns is very variable 
because on the same plant some spikes may have short | 
scurs while others are fully awned. 

Seeds of ‘Compair’ will be supplied to all breeders and 
pathologists who would like to use them. 
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Determining Sizes and Distribution of 
Sizes of Spherical Bodies such as 
Chromaffin Granules in Tissue Sections 


QUANTITATIVE microscopy is difficult at the ultrastruc- 
tural level because many organelles and inclusions have 
irregular shapes and the images represent chance sections 
through bodies of unknown orientation. Size determina- 
tion for chromaffin granules is easier than for many 
other inclusions or organelles because their profiles are. 
usually rounded in section and in isolated granule pre- 
parations (Fig. 1) implying a spherical form and so orienta- 
tion presents no problem. 
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Fig. 1. Electron micrographs of bovine A-cell granules (4), N-cell granules (B) and isolated granules (C}. Fixed initially in buffered 
glutaraldehyde ( x 12,000). 


After fixation with the glutaraldehyde/osmium tetroxide 

sequence and staining! the membrane-bound adrenaline- 
storage (A) and noradrenaline-storage (N) granules can 
bo identified by their moderate or high electron-density. 
< Uncorrected measurements of granule profiles are not 
@ true picture of the distribution of sizes of chromaffin 
granules within the tissues, for they ignore factors such 
as planes of sections, relative size of granules and section 
thickness. I have now applied methods which correct 
for these factors to test systems and electron micro- 
graphs. The correction is carried out in two stages. 
(1) The conversion of profile numbers to granule num- 
bers. This correction makes use of the fact that when 
size-distribution curves are plotted for cellular inclusions 
these are grouped into a series of size ranges. 
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Fig. 2. Variations in profile diameter with plane of section (A-B and 
C-D) through a spherical body (centre). 





< Hig. 3. Circle represents a spherical body and the two vertical lines 

: rhon ‘of sections. The proportion (y) of the body falling within profile 

ameter 2r to 2r-22 may be calculated for different values of r and z, 
DEPRES y=>p/r x 100 per cent. 


Most single membrane-bound chromaffin granules are 
spherical, and so sections through them appear as circular 
profiles, with diameter increasing towards the centre of 
the granule (Fig. 2). Profiles can be grouped into size 
ranges 0 to æ, x to 2%, 22 to 3a units, ete. 

With a granule 2r units in diameter (r= radius) profile 
diameters between 2r and 2r-x2 can conveniently be 
counted. Next smallest groups are, in order, 2r—« to 
2r—-2z, etc. The interval x can be selected for a particular 
problem and magnification. For a plane of section giving 
a profile diameter of less than 2r the proportion of the 
granule available (y) for section within a particular range 
may be calculated (Fig. 3), 


that is, y = z x 100 per cent 


while in this case p = reosð or p = 4/(2ar — x°). 

If sufficient profiles can be measured, y per cent of all 
cuts will fall within the range 2r to 2r-x and 100-y per 
cent will fall within the lower ranges. Thus the number 
n of granules which fall within the range 2r to 2r—a 
corresponds to y per cent of all granules sectioned and 
the total number of granules present 


100 
nx — 


y 


Table 1. PROPORTIONS (EXPRESSED AS PERCENTAGES) OF SPHERES OF VARIOUS 
SIZES FALLING WITHIN DIFFERENT PROFILE DIAMETERS 


ne = 








r o r-05 r-i r-15 r-2 7-255 r-3 r-35 r-4 r-£5 r-5 r-55 r-6 r-7 r8 
1 86 100 — _ _— 
15 76 93 100 ee 
2 66 8&8 97100 me 
25 61 80 82 98 1 — = = e e e e M M 
3 55 74 86 94 98 100 — ~= == == me me mm m 
85 62 7 82 91 95 99 100 _ 

4 48 66 78 87 92 97 99100 — — = — ~ — 
45 46 63 75 84 89 94 97 99 100 — == e= =m mm 
5 43 60 71 81 86 91 98 Q 99 100 — == =e — 
55 41 58 69 78 84 89 93 96 98 99 100 — — — 
6 39 55 66 75 81 86 91 94 7 99 #99100 — = 
65 38 53 64 73 79 84 88 92 95 98 99 99 — — 
rs 37 51 62 70 76 82 87 90 93 96 98 99100 — 
75 36 50 60 68 74 80 85 89 92 95 97 98 99 — 
8 35 48 58 66 72 78 83 87 90 93 95 97 99 100 
BS 34 47 57 65 71 76 81 85 89 92 94 96 98 99 
9 33 46 55 63 69 74 79 83 87 90 92 94 97 99 
95 32 45 54 62 68 73 78 82 86 89 981 93 98 98 


12 27 40 48 55 61 66 71 74 78 BI 84 86 91 
r=0-5 maximum profile diameter, r-0-5, etc. =0-5 lesser profile diameter 
(expressed in units). Percentages calculated to nearest whole numbers. 
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Table 2, MEASUREMENT OF AREA (CORRESPONDING TO GRANULE PROFILES) OF FOUR SIZES OF CIRCLES IN MODEL SYSTEM 


Counts 0-2 1-2 2-3 

Tnitial (arcs) 123 46 170 

. No. of circles 106 3 184 
Relative numbers of circles (corrected for size) 1,38@ 800 
Relative numbers of circles adjusted to 13 mm=100 262 152 
True relative proportions 265 159 


If granules are initially in a series of specific sizes equal 
to the maximum for each range (this becomes more 
correct as size range is reduced), and if the largest granules 
are considered first, the previous statements can be applied 
to a mixed population of granules. Given an adequate 
granule profile count the number (n,) of granule profiles 
of the largest size range (2r, to 2r,-«) represents y, per 
cent of all granules (size 2r,) present in the section(s) and 
the total number (n,,) of these is 


tot = 


Nt exceeds n, and the difference ni-n, represents granules 
of this size which have been sectioned further from the 
centre; these will have been counted within the ranges 
Qry-« to Iry 2w, 2r,-2e to 2r,-3x, ete. The number in 
each of these ranges can be calculated, that is y, per cent 
of granules, within the range 2r, to 2r,-a, ya per cent 
of granules within the range 2r, to 7,-2z. Ya per cent 
within 2r, to 2r-3%. Hence y,-y, per cent of granules 
must lie within the range 2r,-a to 2r,-2a and y;-y_ per 
cent of granules lie within the range 27,-2a to 2r,-82 and 
so on. 

Once all granules of size 27, to 2r,-x have been accounted 
for and the number present in each other size range 
deducted from the initial counts, that is the number na 
in the second largest column becomes 


ny— (ms x 


the same method can be applied to the next largest group 
until all have been corrected. 

This correction ideally requires an inñnitely thin 
section, but permissible thickness varies with size ranges 
selected, size of granules and minimum thickness of 
granule (considered to be 100 A) which allows identifica- 
tion. In this work, using the parameters indicated later for 
electron micrographs, errors arising from thickness are 
significant only in the four smaller size ranges and no extra 


Urn" 
100 





Fig. 4. Circle represents a spherical body. The effective thickness of the 

body in tissue, W.=2r+a—5, where a is the thickness of the section 

and bis the depth of the body which must be sectioned in crder to allow 
recognition in optical system. 


Size range (mm) 
3+4 4-5 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 
59 78 185 23 26 30 42 50 T7 200 
4 0 800 -2 0 ~2 —12 -8 -2 528 
850 528 
123 100 
112 100 


correction has been introduced for this factor or for the 
tangential slope of the margin of sections through the edge 
of granules. Table 1 shows variations in y with r and æ; 
this can be extended to cover other profile diameters and 
ranges. 

(2) The correction for granule size and section thickness. 
In a block of tissue containing randomly distributed 
granules of different sizes, the likelihood of an infinitely 
thin section passing through a particular size of granule 
will depend on the relative sizes of the granules and the 
number of granules of each size. The latter has been 
dealt with in correction 1. In considering the relative 
sizes of granules, section thickness (a) must also be taken 
into account because the effective width (We) of a 
particular granule is increased by the section thickness - 
(Fig. 4) and becomes We=2r+a—b where b is the mini- ` 
mum thickness of granule allowing identification. The 
chance of a section passing through a particular granule 
is proportional to the effective width of the section, and 
in any section the total number of granules of each size 
range should be corrected for this factor, namely ny 
requires no correction, ne, becomes 
Ve b T We 
We, , Ngt becomes Nge Wa 


(ny =number of largest granules after correction l, na: 
next largest column and so on). 

Using a model system containing 864 randomly distri- 
buted circles 1, 3, 6 and 13 mm in diameter on which 
randomly directed and positioned lines are superimposed, 
arcs may be measured (Table 2) to assess the method for 
profile-to-granule number conversion (correction 1). 
Numbers of circles of various sizes intersected by lines 
or bands (representing different section thicknesses) 
were also determined (Table 3) to assess correction 2, 
using the formula 2r+a—b where b=0. 





Rat X 


Table 3. MODEL SYSTEMS 
Circle diameters (mm) 
1 3 6 B 


Scan 
Single line—uncorrected 82 142 220 384 
Single line—corrected for size of circles 1,050 615 475 384 
Single line—corrected and adjusted to 13 mm=100 274 160 123 100 
8mm bandscan 1091 73 63 86 
8 mm bandscan—corrected for size and band width 236 140 95 86 
8 mm bandscan—corrected and adjusted to 13 mm 
=100 275 162 110 100 
16 mm bandscan 186 125 106 120 
16 mm bandscan—corrected for size and band width 316 191 140 120 
16 mm bandscan-—corrected and adjusted to 13 mm 
= 100 264 158 116 100 
True relative proportions 265 159 112 100 


Correction for size of circles (representing inclusions) and intersecting 
line/band width which represents different thicknesses of sections, 


The results (Tables 2 and 3) agree well with true pro- 
portions. The small negative and positive counts for 
certain size ranges following correction 1 may result from 
inaccurate measurement (difficult with tangential sections) 
or from a population sample which is too small. 

This method has been illustrated with electron micro- 
graphs. Initial magnifications were x 6-10,000; final 
print magnification x 24,000 so that 1 mm= 420 
Granule profile diameters were measured within the 
ranges 0-1, 1-2, 2-3 mm, ete. Diameters of the electron- 
dense contents were measured, for the membranes may 
be distorted. 

Table 4 records profile diameters and initial correction 
for extra-adrenal (N) granules of a 9 day old rabbit. 
Granules in column F have a maximum diameter of 6mm; 
hence rr = 3. Range of column F is therefore rr to rp— 
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Number 





Size (mm) 


Fig 5 Histogram showing distribution of sizes of A and N granules 

of bovine adrenal slices with superimposed curve showing distnbution of 

sizes of granules in an isolated granule preparatio: WE, N granules, 
O, 4 granules Scale, 1 mm =420 A 


05 From Table 1, 55 per cent of profiles of granules 
sıze fr =3 would fall within this range, so that the total 
number (nrt) of granules (r= 3) in the sample. 

4x 100 

55 

Three of these will be present as smaller profiles ın other 
columns From Table 1, 74 per cent of the profiles of 
these granules will be found for the range rr to rr—1, 


that 1s ın columns Æ and F, thus column Æ contains 19 
per cent of these granules, that 1s 


7x19 
100 


For the range rr to rr—15 (columns D+H+F) 86 per 
cent of the granule profiles are found so that the number 
m 





nee = = 7 (to the nearest whole number) 


= 1 (to the nearest whole number) 


= TX12 Si 
~ 100 | 


For the range rr to re—2 (columns C + D + E + F) 97 
per cent of the granule profiles will be found, hence C 
contains 


7x11 
100 


These counts relating to the 5-6 mm granules are now 
subtracted from (Table 5) the original counts of colamns 
C, D and E 

The same correction 1s then applied to the next largest 
group, that ıs those ın column H The maximum radius 
of these profiles is 2 5 mm and column F corresponds to 
the range rg to rg —05 From Table 1, 61 per cent of 
granules radius=2 5 mm fall within this range, hence the 
total present ın the section 18 
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31 x 100 
61 


For the range rg to rg—1 (columns #+D) 80 per cent 

of the profiles will occur, thus 19 per cent of these will 
appear in column D, that is 

51x 19 _ 

100 

Thus the number of profiles listed under D must be 


further adjusted to 184—10=174 and so on throughout 
the series The corrected counts are indicated in Table 4 





= 51 


10 


Table 4 NUMBER OF GRANULE PROFILES AND OHROMAFFIN GRANULES IN 
TISSUE SECTIONS, AND DISTRIBUTION OF SIZES OF CHROMAFFIN GRANULES 
IN A 9 DAY OLD RABBIT 


Column A B © D E F Q H FT J 
Sıze range (mm) 0-1 1-2 2-3 34 4-5 5-6 6-7 7-8 89 9410 
Extra-adrenal N cells 
No of profiles in 
section(s) 108 293 373 185 32 4 
No ofgranulesin 
section(s) 40 220 412 264 51 7 


Size distribution 

of granules 156 520 742 372 59 7 
Adrenal A cells 

No. of profiles in 
section(s) 

No of granulesin 
section(s) <0 

Size distribution 
of granules 


53 123 177 136 58 46 13 2 0 
<0 128 186 182 73 79 23 4 0 


335 884 309 106 100 26 4 0 
Scale, 1 mm=420 A 


With highly electron dense N granules no negative 
counts are obtained (Tables 4 and 6) With the less 
electron dense A granules of adrenal medulla, however, 
some negative figures are obtained for lower size ranges 
Population samples of similar sizes {> 800) were used for 
both A- and N-granule counts, and so this phenomenon 
1s unlikely to be a result of sampling It may, however, 
result from the difficulty and near impossibility of satis- 
factorily identifying tangential sections through the less 
dense (A) granules or from a virtual absence of small A 
granules possibly because of a different method of synthesis 
or rate of turnover of N granules With N granules, 
correction 1 serves as a check on the accuracy of measure- 
ment and adequacy of population sample 
Table 5 PARTIALLY CORRECTED PROFILE AND GRANULE COUNTS OF EXTRA- 

ADRENAL CHROMAFFIN CELLS OF 9 DAY OLD RABBIT 
Column A B Cc D E F 
Size range (mm) 0-1 1-2 2-3 3-4 45 5-6 


No of profiles in section(s) 108 293 373-1=372 185-1=184 32-1=31 3 
No of granules in sections 7 
Scale, 1 mm=420 A 


After the profile-to-granule-number correction, correc- 
tion 2isappled Effective thickness = 2r + a — b, a = 400 A, 


6=100 A, hence 
2rr + 300 2,520 + 300 
for column E = 51x 2ra $ 300 = 51 x 2,100-+ 300 
2 300 2,520+ 300 
for” column D = 264 x if = 264x 


2rp + 300 1,680+ 300 


Table 6 NUMBER AND DISTRIBUTION OF SIZES OF BOVINE ADRENAL OHROMAFFIN GRANULES IN TISSUE SECTIONS AND IN ISOLATED GRANULE PREPARATIONS 


Bange (mm) O-1 1-2 23 3-4 4-5 5-6 


Ox adrenal N granules 
No of profiles in 


section(s) 50 88 135 139 162 115 93 98 65 60 
No of granules in 
section(s) 27 43 89 101 168 120 84 137 89 74 


Distribution of 
sizesofgranules 310 312 472 422 580 350 


Ox adrenal A granules 
No of profiles in 


214 310 180 136 


section(s) 0 13 34 64 81 106 109 105 115 104 
No of granulesin 

section(s) <0 <0 2 5 35 86 89 90 132 151 
Distribution of 

sizes of granules 11 21 120 252 228 202 266 276 


Isolated chromaffin granules 
Distribution of 


812e8 21 49 71 107 193 189 186 167 126 112 


6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 


34 18 13 10 6 6 5 2 1 
56 26 18 19 8 11 12 5 8 
4 40 26 25 10 13 13 5 3 
68 62 40 23 9 5 2 2 1 
93 107 76 51 18 12 3 5 3 
156 165 109 64 23 14 3 5 3 
39 41 23 15 15 8 7 6 4 4 


Scale, 1 mm=420 A 
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There is a general shift to the right of the 
counts after correction 1 because many small 
profiles are sections through perrpheral zones 
of large granules After correction 2 there 1s 
a marked increase in the relatrve numbers 
of the smaller granules 

Only sections showing a mixed population 
randomly scattered were included in this 
analysis, avoiding regions such as the Golgi 
zone, where a variation, in size of granules 18 
common? 

Table 6 shows the results of applying the 
same corrections to bovine A and N cells and 
also indicates that the size distribution of 
isolated granules ıs similar to those m sec- 
tions of adrenal medulla allowing for the 
relative proportions of the two amines in the 
bovine adrenal medulla (A .N=75 + 25) (ref 
3) The histogram (Fig 5) clearly illustrates 
that bovine A granules have a larger mean 
diameter than N granules 0 

These methods are applicable at both the 
ultra-structural level and in light microscopy 
if an appropnate section thickness relative 
to object size and size ranges are selected, 
that 1s using the hight microscope for nuclear size 0 5—1y 
sections would be used 


Counts 
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GENERAL 


Neutron Activation Analysis of 
Medieval Ceramics 


AN increasing awareness of the number of British medieval 
pottery kilns working at any one time has thrown into 
sharp perspective the problem of establishing local ceramic 
sequences by programmes of kiln excavation Traditional 
methods and residual magnetic dating techniques often 
enable reasonably precise dates to be given to kilns and 
thus their products It remains, then, to establish a 
technique whereby material excavated from sites other 


Table 1 
Isotope X 488¢ UNa Fe Co 
Specimen 1 1 07 0 112 0 038 
Standard deviation +01 +0 003 +0 003 
Specimen 2 1 14 0 099 0 046 
Standard deviation +03 +0 003 +0003 


than kilns can be identified back to 1ts source of produc- 
tion, and thus to make use of scientifically established 
dates Recently neutron activation analysis has been 
used with some success to distinguish between specimens 
of ancient pottery!* and glass*. Differences in concentra- 
tions of trace elements in samples have been noted <A 
programme of work has therefore been initiated, using 
lithium-drifted germanium detectors, to examine the trace 
element constituents of pots from some eighty British 
kiln sites 

Preliminary experiments have been carried out on 
shards from Olney Hyde, Buckinghamshire, and Holme- 
on-Spalding-Moor, Yorkshire Fragments of approximately 
50 mg of materials were irradiated in a thermal neutron 
flux of 101° n cm~ sec“ in the BEPO reactor, AERE, Har- 
well, for 100 h Gamma ray spectra were then recorded 
at intervals durmg 6 weeks using a lithrum-germanmum 
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Fig 1 A gamma ray spectrum for a shard from Holme on-Spalding- Moor, Yorkshire, 


100 h after irradiation 


gamma ray detector of sensitive volume approximately 
7 cc, which was coupled through appropriate amplifiers 
to a 1024 channel pulse-haght analyser A typical 
spectrum is shown in Fig 1 Peak intensities were ascer- 
tained from the digital output of the analyser and cor- 
rected for background by averaging counts in channels on 
either side of individual peaks The followmg active 
isotopes were identified in each sample sodium-24, 
scandium -46, 1ron-59, cobalt-60, caestum-134, lanthanum- 
140, cerrum-141, europium-152, samanum-153, ytterbium- 
169, thulium( ?)-170, ytterbium-175, lutetium-177, haf- 
nium-181 Not all of these, however, were amenable to 
quantitative analysis In this preliminary experiment, all 
activities in a grven sample were compared with that of 
the scandium 890 keV peak, when extrapolated to a 
fixed time after radiation Ratios thus obtained give an 
arbitrary indication of the trace concentrations, relative 
to scandium, in a particular specimen These ratios for 
nine isotopes are given in Table 1 Very significant dif- 
ferences are apparent in the cases of lanthanum-140, 
europium-152 and samarium-153, the large differences in 
sodium-24 may be fortuitous in that no prominent photo- 
peak of sodium was examined 

This investigation of shards from two kilns allows us to 
assume with fair certainty that fragments from one of 


RATIO OF RATE X TO RATE SCANDIUM-46 AT 1600 h ON MARCH 14, 1967 


1g mLa MiÇe 1 Hu 13Sm mnt 
012 50 0 85 0 32 121 0 066 
+002 +02 +004 +002 +03 +0 006 
9 09 20 0 69 0 22 48 0 067 
+001 +01 +005 +002 £02 +0 008 


the pots may be differentiated from those of the other, and 
a full programme of examination of kiln product groups 
has now commenced 

A ASPINALL 

D N SLATER 
School of Nuclear Physics, 
University of Bradford 

P Mayes 
Extramural Department, 
University of Leeds 
Received December 14, 1967, revised January 1, 1968 
1Sayre, E V,and Dodson, R W, Amer J Archeol , 61, 35 (1957) 


2 Sayre, E V , Murrenhoff, A , and Weick, © F , Brookhaven Nat Lab Rep, 
BN E508(T-122) (1958) 


3 Emeleus, V M , Archacometry,1, 6 (1958) 

t Emeleus, V M , Archaeometry, 3, 16 (1980) 

ë Emeleus, V M , and Simpson, G , Nature, 185, 196 (1960) 

* Sayre, E V , Pree Seventh Intern Conf Glass, Brussels (1966) 


NATURE, VOL 217.. JANUARY 27, 1968 


BOOK REVIEWS 


ASTRONOMY IN A NUTSHELL 


Astronomy Old and New 
By Ernest Agar Beet Pp x+189+16 plates 
G Bell and Sons, Ltd, 1967) 25s net 


ASTRONOMY 1s probably the only major science m which 
the number of books for the tiro, the dedicated amateur 
and the layman with a passing interest exceeds the number 
written for the professional The general standard is 
correspondingly good, and the difficulty of saying any- 
thing new 1s correspondingly great Mr Beet’s new book, 
continuing a personal tradition begun by his The Sky and 
ats Mysteries (1952), 1s nothing if not up to date This 
apphes to the plates, which mclude among several of the 
old favourites some of the Ranger 9 pictures 

The book 1s not only new m the sense of cramming m 
last-rmnute information It 1s unusual in the attention 
given to the astronomer’s equipment, which must now be 
taken to mcelude satellites and space probes It 1s unusual 
in its good bibliographical supplements to indrvidual 
chapters All told, ıt will be found useful for srxth form 
teaching, and for supplementing courses m astronomy m 
such institutions as our colleges of technology It 1s 
essentially a book requirmg its own supplementation, 
however It is short, and yet the new has not so much 
squeezed out the old as compressed it, to the pomt of 
mild obscurity in places Thus the second chapter, nme- 
teen pages long, 1s a rapid conspectus of four thousand 
years of astronomical history The relevance to the book 
of this chapter would have been suspect even had 16 not 
contained many small errors of fact (The most mislead- 
ing 1s perhaps that relating to the period of Mars in its 
epicycle, on page 15 wrongly stated to be equal to the 
period in the deferent Babylonian and Egyptian 
astronomy are, moreover, sadly confused ) The accuracy 
of the work 1s not so much in question as the need for 
such excessive brevity The last seven pages, for example, 
covermg modern cosmology, are hke a mirage to a man 
lost in a desert of understanding His temperament ıs 
what will determine whether he should give up m despair, 
or turn to more substantial works on the same subject 
On the whole, the second reaction seems the more probable, 
and this ıs ample justification for a work of this kind 

J D NORTH 


(London 


CHANCE CHANGES LITTLE 


The Doctrine of Chances 

Or A Method of Calculatmg the Probabilities of Events 
in Play By A de Moivre Pp xxvi+257 (London 
Frank Cass and Co, Ltd, 1967 First published 1718 ) 
1058 


Ir ıs perhaps not usual for this journal to review a repnnt 
of the second edition of a work which has already pro- 
ceeded to its third edition, but none of the three editions 
were reviewed here when they came out, for unavoidable 
reasons, and so some notice seems deserved De Motvre’s 
famous work was first published in 1718 This 1s an exact 
reproduction of the second (1738) edition, with an index 
and table of contents added The third edition appeared 
ın 1756, I do not know to what extent ıb differed from 
the second 
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Two hundred years have dated the book very little, 
and ıt makes most refreshmg reading For historians of 
science its re-issue must be a great blessing, but statis- 
ticians even without an historical sense could not fail to 
find ıt of great mterest This ıs because, whether de 
Moivre is writing about the “meaning” of a “chance”, or 
about the interpretation of data, he 1s concerned with 
old questions still full of perplexity and still hable to 
arouse controversy The applications discussed ın the 
book are, as might be expected, to gambling and to 
actuarial science Those who wish to compare this book 
with a review of the present state of those two applications 
may wish to refer to L E Dubms and L J Savage, 
How to Gamble of You Must (McGraw-Hill, 1965), and to 
K Borch’s article “The Theory of Risk” and the accom- 
panying discussion in the Journal of the Royal Statistical 
Socrety, Series B (29, 432, 1967) For modern develop- 
ments of de Monvre’s limit theorem a good reference would 
be the second edition of W Feller’s Introduction to Prob- 
ability (Volume 1, Wiley, 1957), and for the latest develop- 
ments of the combinatorial approach to which de Morvre 
made great contributions a useful reference ıs L Takács, 
Combinatorial Methods wn the Theory of Stochastic Processes 
(Wiley, 1967) 

The general editor (Dr L L Laudan) and the pub- 
lishers of the Cass Library of Science Classics are very 
much to be congratulated on making this important 
work once more generally available D G KENDALL 


METAL STRUCTURE 


Structure of Metals 

Crystallographic Methods, Principles, and Data Third 
edition By Charles S Barrett and T B Massalski 
(McGraw-Hill Series in Materials Science and Engimeer- 
ing) Pp xvu+654 (London and New York McGraw- 
Hill Publishing Company, 1966) 126s , $15 75 


Tus book presents a new edition of the orginal classic 
text first published by C S Barrett in 1943 and revised 
in 1952 Now under dual authorship the contents remain, 
nevertheless, in general, much as before without any 
noticeable change ın philosophy or presentation 

The first four chapters discuss the fundamentals of 
crystal lattices, crystal nomenclature and standard pro- 
jections, together with the basic principles of the reciprocal 
lattice and diffraction of X-rays by crystals Then follows, 
in Chapters 5 to 9, a descriptive treatment of the various 
experimental X-ray methods, that ıs, Laue, rotating 
erystal, powder method, crystal structure determination 
and texture methods The other common experimental 
methods of studying the structure of metals and alloys 
are treated later ın the book with X-ray and electron 
microscopy in the fifteenth chapter, stress measurement 
by X-rays in Chapter 17, ending with electron and neutron 
diffraction in Chapters 22 and 23 Between the two breat- 
ments of methods, the authors present the crystal, elec- 
tronic and defect structure of metals and alloys including 
superlattices together with the relevant modern theories 
(Chapters 10 to 14) The remainder of the book 1s taken 
up ın discussing some selected research results where X-ray 
methods seem to have been of value, such as Fourier 
analysis of particle size, strain or stacking fault broadening 
in Chapter 16, solid state phase transformations in Chapter 
18 and preferred orientations after various treatments mn 
Chapters 19, 20 and 21 

The material and coverage of topics in this text remain 
as broad as in the previous editions with much revision, 
expansion and modernization This has been possible 
only at the expense of the more elementary sections, 
which the authors justify on the grounds that such 
elementary material ıs adequately covered in other books 
and 1s already familar to most readers The book there- 
fore presents a strange mixture of the elementary, inter- 
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mediate and advanced, and as a consequence 1s unsuitable 
in treatment for all but a few undergraduate and graduate 
students There 1s too much emphasis on research for 
undergraduates to buy the book, which ıs too broad 
to be of real use to the graduate student and researcher 
Even the detailed treatments such as preferred orienta- 
tion, and mucroscopy involving X-ray and electron 
diffraction, are of limited value because the researcher 
invariably consults the more detailed up to date work 
of, for example, the ASM book on fecrystallzation, 
Grain Growth and Textures and Electron Mucroscopy 
of Thin Crystals, respectively Thus although such a 
book as Structure of Metals was wnvaluable up to the 
early sixties, 1ts usefulness today 1s much more limited 
Nevertheless, a tremendous amount 1f work has been 
put into the present editior and no doubt the book 
will still be useful as a quick reference to a wide variety 
of topics, without being the classic of the earlier years 
R E. SMALLMAN 


FLAME PHOTOMETRY 


Flame Photometry Theory 

By E. Pungor ‘Translation edited by R A Chalmers 
(The Van Nostrand Series ın Analytical Chemistry ) 
Pp x+200 (London D Van Nostrand Company, 
Ltd ; Princeton, NJ. D Van Nostrand Company, 
Ine , 1967) 60s 


Tms is a very worthwhile book, collecting together a 
wealth of scattered mformation on flame processes ın the 
broadest sense of the term Flame photometry 1s now a 
widely used analytical tool, the ease and rapidity with 
which ıt produces data engender a temptation to relegate 
the underlymg principles to a subsidiary rcle There are 
few areas m analytical chemistry where the relationship 
between theory and practice is as tenuous as it is in 
emission spectrography. The book is wrnten primarily 
for analysts and 1t will certainly be weleomed by them. 
It serves to underline the fact that the apparently sumple 
and rugged technique of flame photometry 1s based on 
complex interrelationships of chemical and thermal 
processes It can be recommended to a wider readership 
as an informative text 

Considerably more than half of the book 1s devoted to 
two important chapters The first 1s a strvey of flame 
processes, covermg the basic parameters Zor evaluating 
flame performance together with the experimental 
techniques involved The various theories of flame pro- 
pagation are also discussed The second chapter 18 con- 
cerned with radical equilibra m flames and agam a 
substantial amount of experimental information 1s given 
The treatment 1s largely concerned with hydrogen/oxygen 
flames, but the lterature on hydrocarbon flames 1s 
adequately covered The remainder of the book 1s made 
up of brief chapters on flame temperature and its measure- 
ment, important flames used in flame photcmetry, theory 
of atomization and spray collection (based largely on the 
author’s own work) and flame emussion and atomic 
absorption spectroscopy It 1s well produced and reason- 
ably priced. J. K FOREMAN 


AUSTRALIAN LANDFORMS 


Landform Studies from Australia and New Guinea 
Edited by J. N Jennings and J A Mabbutt Pp xxm+ 
434 (London Cambridge University Press, 1967) 
105s ; $19.50 


Tus 1s a very Australian book It 1s a collection of essays 
dealing with landforms in Austraha and New Guinea. The 
three essays concerned with New Guinea are almost exclu- 
sively confined to the highlands The other fourteen essays 
cover many characteristic aspects of Australian landform 
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study, and although the book 1s not intended to be a 
regional geomorphology almost every principal region 1s 
represented Tt ıs the Australian-ness that gives the main 
unifying theme to the book because the essays are of very 
different types and many aspects of landform study are 
insluded Therefore, although the reader ıs dealing 
with seventeen different authors and their different 
approaches, the collection 1s remarkably successful Most 
of the essays are between about 10,000 and 16,000 words 
long, one or two are longer, and the shortest 1s an interest- 
ing little essay by B P Ruxton on “Slopewash under 
Mature Primary Rainforest in Northern Papua”. 

The studies are very variable, in that some contain 
results of new research, while others are more lke 
review articles Moreover, the whole range of dise:plines 
concerned with landform study 1s dealt with Modern 
statistical and computer techniques have been used by 
J G Speight in “Spectral Analysis of Meanders of some 
Australasian Rivers’, and by D S Simonett in his discus- 
sion of landshde distribution and its relationship to 
earthquakes in the Bewan: and Torncelli mountains im 
New Guinea More conventional field geomorphology 1s 
represented by C. R Twidale’s work on the ‘“Hullslopes 
and Pediments on the Flinders Ranges” and by R W 
Galloway’s discussion of the pre-, sub- and post-basalt 
surfaces of the Hunter valley in New South Wales 
Edmund Gull uses the methods of the Quaternary geologist 
to unravel the problems of the evolution of the coast- 
line between Warrnambool and Port Fairy in western 
Victoria 

To make any really constructive criticism of the evid- 
ence and the conclusions presented ım these essays, one 
would need to know Australia extremely well and to have 
been working most recently in the areas concerned. 
Although I am familiar with certain parts of Australia, 1b 
is only possible to make general comments on them. 
As would be expected from the remarks already made, 
the most interesting and perhaps the most successful essays 
are those dealing essentially with Australian rather than 
with more general problems These include particularly 
the studies of the geomorphological history of the Lake 
Eyre basin by H. Wopfner and © R Twidale, those 
dealing with landforms and laterites ın both north and 
south-western Australia (by J Hays and by M J Mul- 
cahy), and that discussmg soil periodicity in relation to 
landform development ın south-eastern Australia by 
B Butler It may be that these studies evoke more 
especially the nostalgia that affects all who have lived 
in Australia which 1s referred to by Professor Hills in his 
foreword 

But ıt does seem to me that, in the essays where there 
1s @ considerable amount of European literature (and 
American) available, the collection 1s rather less suc- 
cessful It seems to mdicate that the study of land- 
forms ın Australia has had to rid itself of geomorphological 
ideas inherited from other continents before ıt could 
really progress This 1s illustrated by the development of 
ideas on the glaciation and peri-glaciation in Tasmania, 
which 1s the subject of a beautifully clear and succinct 
contribution by J L Davies The survival of outmoded 
concepts 1s also mdicated at the end of J. Mabbutt’s 
imteresting work on the “Denudation Chronology in 
Central Australia”, in the comment on the “usefulness 
of the concept of the and cycle” (page 179); this seems 
to a European as unnecessary, as the concept of the arid 
cycle left us long ago Survival ıs also faintly perceptible 
in my colleague J N Jennings’s persistence mm discussing 
the karst areas of Australia m purely morpho-chmatic 
terms, at a stage when there 1s a great emphasis, in eastern 
Europe at any rate, on lithological studies in limestone 
terrains Nevertheless, 1t 1s very good to see the work 
of the Australian speleologists progressing so well and so 
much work being done in the Austrahan karst areas 

The two final essays are more in the nature of reviews 
The first attempts to discuss the factors responsible 
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for the formation of the coastal lagoons m south-east 
Austraha, this work suffers from a certain diffuseness, 
and ıt may be, as E C F Bird has himself said, that an 
attempt at this kind of essay 1s a little premature in the 
present state of knowledge The second of these essays, 
on the coral reefs of the Austrahan region by R W 
Fairbridge, is in many ways the most brilliant in the book 
Professor Fairbridge’s knowledge of coral reefs and of 
coral limestones 1s unrivalled, and his appleation of 
this to the Australian reefs makes mteresting and instruc- 
tive reading 

Because all seventeen essays are by different people 
they are in varied styles, but this does not impede the 
reader greatly But like “American Enghsh”, ‘““Austrahan 
English” 1s now written by people whose original language 
was not English, this leads to much writing mn the passive 
rather than in an active sense, and occasionally to some- 
what obscurely written passages like those contained m 
the interesting work by M J Bik on the morpho-climatic 
zonation m the central highlands of New Guinea 

This collection of essays bigs together scientists of 
many different disciplines—geomorphologists, geologists 
and pedologists all make contributions In particular 
much of the work on Australian landforms stems from 
the resource surveys of the CSIRO Division of Land 
Research, iJlustrating how apphed geomorphology has 
helped the work of the more academic side of the subjcct 
and also how Austraha has applied landform knowledge 
to practical ends 

The volume shows signs of having been edited hastily, 
for there 1s a long lst of corrigenda both to the text and 
to the diagrams It was probably better, however, to get 
the work published rather than delay ıb too long It 1s 
well illustrated by thirty-six pages of half-tones, each 
essay containing at least one of them The diagrams 
are plentiful and on the whole uniformly drawn It 
would have been helpful to have had some of the maps 
on folding sheets, so that they could be referred to more 
easily when reading the text 

The book marks a distinct stage and a great develop- 
ment in the knowledge of Australian landforms It not 
only introduces the results of new work, but the many 
references will make the problems of Australian landforms 
much more familar to all students of the subject 

M M Sweerine 


PROTEIN MODELS 


Poly-«-Amino Acids 

Protein Models for Conformational Studies Edited by 
Gerald D Fasman (Biological Macromolecules a 
Series of Monographs) Pp xv+764 (London Edward 
Arnold (Publishers), Ltd , New York Marcel Dekker, 
Inc , 1967) 275s 


OCOASIONALLY on examining edited books of review o 
general research aiticles by, as this dust-cover proclaims, 
leading authorities, T find that either the authorities are 
far from leading their fields or they are almost unknown 
It 1s probably the first duty of an editor of such a volume 
to ensure that the writers are known and respected in 
thew various fields of activity, and in assembling the con- 
tributors to this volume Dr Fasman has successfully 
discharged this duty 

This ıs the first edited volume of a series on biological 
macromolecules, the purpose of which, according to the 
mtroduction, 1s a “periodic presentation of critical 
evaluations of various aspects of a general field? In this 
caso the general field being evaluated concerns the appli- 
cation of physico-chemical techniques to conformational 
studies of poly-a-ammo-acids Of the thirteen articles 
presented, one by Silman and Sela on the “Biological 
Properties of Poly-«-Amino Acids” falls outside the 
general scope of the volume but nevertheless gives a full 
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and interesting account of the use of synthetic poly- 
peptides ın studies of such topics as the action of proteo- 
lytic enzymes, the molecular basis of mmmunogenicity and 
antigenic specificity and the interaction of poly-«-amino- 
acids with biological macromolecular systems such as 
nucleic acids, proteins, viruses and bacteria Nine of the 
other twelve articles are by specialists in the various 
techniques used, one by Mandelkern ıs a review of the 
physical studies of poly-L-proline and the remaiming two 
articles are concerned with the factors mvolved in the 
conformations and stabilities of polypeptide chains Both 
of the last two articles are very long, about 100 pages, 
the one by Poland and Sheraga 1s theoretical and apples 
statistical mechanics to conformational analysis, discussing 
in particular the non-covalent factors mvolved m the 
determmation of polypeptide conformations and also the 
mechanics of the helix—-coil transition The article by 
Fasman 1s an exhaustive review of the considerable body 
of experimental data, as attested by the 457 references 
quoted, which now exist on the factors (for example, 
nature of sidechain, length of main chain and solvent 
system) which determine the conformation of the poly- 
peptide backbone 

Leading research workers have contributed the articles 
on the specialist techniques and so ıb need scarcely be 
said that they are authoritative accounts of the current. 
situation in the various fields The topics covered arc 
high angle X-ray diffraction of polypeptides (A Elhott) 
and low angle diffraction of the different phases in poly- 
peptide/solvent systems (P Saludyjian and V Luzzati), 
the usual spectroscopic techniques of the infrared (T. 
Miyazawa), ultravioles (W B Gratzer), optical rotatory 
dispersion (J T Yang) and carcular dichroism (S Bey- 
chok) and the additional fields of hght scattering and 
hydrodynamics (H Benoit, L Freund and G Spach), 
hydrogen exchange (S W Englander) and the dielectric 
properties of polypeptides in solution (A Wada) Although 
the preface states that the “considerable amount of 
exciting work” forthcoming since 1961 was responsible 
for the publication of this volume, not all the fields have 
made significant advances since then and some of them 
add httle new to what was known in 1962. If any of 
these articles were to be specially mentioned, one nught 
select that by Gratzer on ultraviolet studies of poly- 
peptides which includes not only the basic theory, appl- 
cation and results but also an extremely useful section on. 
the expermmental aspects and difficulties of measurements 
in the far ultraviolet, and the articles by Miyazawa and 
Englander, who have endeavoured not to re-review wok 
but to present a more critical account of the application 
of their techniques 

There ıs little doubt that this volume will be a very 
useful source of reference to the work completed on poly- 
a-amino-acids up to the begmning of 1966 There are 
two criticisms one 1s the usual complaint of the time 
delay, ın this case almost two years, which has elapsed 
since the completion of the articles and their publication. 
The second criticism 1s the extremely high price 

E M BRADBURY 


BIOLOGICAL ULTRASTRUCTURE 


Engstrom—Finean Biological Ultrastructure 

Second edition By J B Finean Pp vim+384. (New 
York Academic Press, Inc , London Academic Press. 
Ine (London), Ltd , 1967) 120s : 


I THINKE ıt would have been wiser, despite Finean s 
declared attachment to 1t, 1f the book had not attempted 
ın a section of forty-seven pages to give before the ultra- 
structural details themselves a summary of the methods 
used m their elucidation To deal adequately in such a 
short compass with the principles of the operation of the 
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electron microscope and its application in biology, with 
high- and low-angle X-ray dittraction both as applied to 
solids and solutions, besides various optical and spectro- 
scopic methods, 1s umpossible A surprisingly balanced 
imtrcduction to electron microscopy 1s achieved, but ın the 
section dealing with X-ray diffraction the author tends to 
set and fall into traps caused by over-brevity There is 
not the space to distinguish between unit cell and Fourier 
transforms, 1t 1s misleading ın relation to diffraction by 
helical structures to dismiss more complicated diffraction 
than that fiom a single helix by ‘Double and triple chain 
helices show simple variations of such (single helix) 
characteristics’ Multiple helix systems (for example, 
a-helix, collagen) usually take the form of coiled-coils and 
the relationships of their diffraction patterns to simple 
ones can be complex. Gumier’s relationship is quoted for 
the determination of the radius of gyration of a particle 
from the X-ray scattering of solutions, but no mdication 
is given of the angular range of its application In a 
simular manner, in the chapter dealing with principles of 
molecular structure, I question the value of two pages on 
quantum mechanics. It is as if the author has tried for 
the understanding of his readers in the manifold “tricks 
of the trade” used ın ultrastructure determination, I 
believe instead he should have given sufficient only for the 
reader to follow the arguments with detailed references to 
the specialized texts for the details 

The book 1s successful in presenting biological pheno- 
mena as “patterns of physical and chemical events organ- 
ized in space and time” There are sections on proteins, 
nucleic acids, lipids, carbohydrates, the role of mineral 
salts and the role of ultrastructure in biology and medi- 
cne, In general the structural interpretations are up to 
date and embrace references until 1966 Occasionally 
over-brevity gives a slightly misleading mpression, for 
example, the higher order low-angle meridional X-ray 
diffractions fiom all dry collagens do not fan out, and 
besides the order—disorder explanation of Bear for the 
fanning there 1s the fibril-shearmg mechanism proposed by 
Tomlin and Ericson Occasionally additional references 
would be valuable; for example, in connexion with the 
movement of a chum or flagellum the author whets the 
appetite by remarking that plausible theomes have been 
proposed for the control of the movement and its energy 
requirement, but gives no lead in following it up. There 
are a few misprints but none to decerve—I wonder whether 
the reference (page 105) to “Caltech” was intended, but 
perhaps today everyone knows what ıt means. 

The section of the book dealing with the role of lipids 1s 
really a valuable review of the field to which Finean has 
himself contributed greatly Isolated hpids, pid mter- 
actions and natural lipoproteins are treated most com- 
prehensively and this section merits the space 1t has been 
given—the same as the proteins, amino-acid sequences and 
complete structure determinations notwithstanding 

As a broad introduction to molecular biology and ultra- 
structure research I believe this book to be valuable both 
at the undergraduate level and especially to the graduate 
physicist or chemist “converting”? to molecular biology 
I hope that in future editions the space now occupied by 
“methods” will be given to further structural detail 

R E Bource 


GENETICS AND BEHAVIOUR 


The Genetic Analysıs of Behaviour 

By P. A Parsons (Methuen’s Monographs on Biological 
Subjects ) Pp. vm+ 174. (London Methuen and Co, 
Ltd , 1967 ) 30e. 

As the author of this biological monograph points out, 
behavioural traits, when under some degree of genetic 
control, have a highly significant role ın mitiating evolu- 
tionary change There is also a compelling urge for 
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knowledge in this field as regards our own species, despite 
the well recognized difficulties 

Much of the book is devoted to an exposition of how a 
quantitative behavioural trait can be analysed from a 
genetic pomt of view This includes a scheme of analysis 
of variance for separating out genotypic and various 
environmental and interactional effects ın a set of inbred 
strains for a series of environments, this has apparently 
not been carned out before There 1s also reference to 
recent attempts at “locating the polygenes”’, and a chapter 
on the evolutionary consequences of variations m mating 
behaviour. The behaviour that 1s discussed mn greatest 
detail 1s that of Drosophila, the organism with which the 
author ıs most famuiar As he mentions, conclusions 
about mating preferences, the speed with which mating 
is attempted and the duration of copulation which are 
derved from laboratory studies may not apply m wild 
populations of Drosophila Still less can findings about the 
extent and nature of the genetic control of such traits 
in Drosophila be extrapolated to man Yet the difficulties 
of research with the fruit-fly and the methods that have 
been devised to overcome them suggest ideas for the 
genetic study of rodent behaviour, and ın turn the analysis 
of rodent behaviour can be helpful to the human psycholo- 
gist While the author’s approach to man through work 
on experimental organisms helps to highlight difficulties 
such as madequate control of the environment, he also 
points out the advantages of the more sophisticated 
methods of biochemical, physiological and psychological 
investigation that can be apphed in man 

When he comes to describe and discuss work on rodents 
and man, Professor Parsons has to rely more heavily on 
secondary sources, and he does not claim to be anythng 
but extremely selective in his approach to behaviour m 
man. In some respects, such as the genetics of normal 
vision and ideas about the evolution of colour-blindness, 
knowledge may not be as limited as he suspects And 
despite the difficulties of making any sort of exact state- 
ment, there have been continuous attempts ın the past 
few years to apply some of the principles described in the 
monograph. One thinks of heritabilities calculated for 
defined behavioural traits such as intelligence, extraversion, 
drinking habits and schizophrenia, some of them based on 
natural “wild” populations, and of renewed efforts at 
assessing environmental variables by means of discordant 
twins, twins reared apart and fostered or adopted children. 
This merely shows the potential fruitfulness of a genetic 
approach m psychology. 

The present monograph with its clear exposition of 
metheds, its awareness of the difficulties and its broadly 
based “attempt at applying evolutionary principles to 
behaviour” should serve as a useful introduction to 16s 
subject. JAMES SHIELDS 


UNRESPONSIVENESS 


Natural and Acquired Immunologic Unresponsiveness 
By Wilham O. Weigle (Monographs in Microbiology ) 
Pp. x+180 (Cleveland and New York: The World 
Publishing Company, 1967) $8. 


IMMUNOLOGICAL unresponsiveness can result from the 
contact of a potential antigen with the immature lymphoid 
cells of an anımal in the permatal period The concept 
that this mechanism allows the development of a natural 
immunological tolerance to autologous body constituents 
was generated by the observations of Owen on the 
chimaerism of dizygotic cattle twins; by the speculations 
of Burnet and Fenner, and by the experiments of Billing- 
ham, Brent and Medawar and of Hasek on the conse- 
quences of perinatal contact with transplantation antigens 
Our understanding of the cellular events underlying the 
induction of immunological untesponsiveness 1s still un- 
certain and the importance of the work of Drxon and his 
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colleague Weigle les essentially in the contributions they 
made using single protein antigens. This led to a clearer 
definition of the experimental circumstances involved ın 
the induction, maimtenance and termination of the un- 
responsive state not only in the neonate but also in adult 
animals The account of this work given by Weigle in his 
monograph will not provide easy reading for the general 
immunologist owing to the excessive wealth of experi- 
mental detail Nonetheless, the specialist in this field 
wil find ıt of value to have the data collected ın one 
volume 

The author’s important studies on the termination of 
natural or artificially acquired unresponsiveness by cross- 
reacting antigens feature prominently, his results indicate 
that antibodies to the tolerance-indueing antigen evoked 
in this way react only with determinants simular to those 
present on the cross-reacting antigen but not with 
determinants to which tolerance has already been estab- 
lished This conclusion has since been elegantly supported 
by the findings of Paul, Siskind and Benacerraf (Immuno- 
logy, 13, 147, 1967), who studied the termination of 
unresponsiveness to human serum albumin (HSA) by 
injection of dinitropheny]-HSA, the antibodies purified 
by adsorption to and elution from HSA had a niuch higher 
affimmty for dinitrophonyl-HSA than for the unconjugated 
albumin Weigle’s caution in referring to “termination 
of the unresponsive state” rather than “abrogation of 
tolerance” 1s thus entirely justified. Demonstration of the 
latter phenomenon, by providing evidence for the survival 
of tolerant cells, would have helped to clafy the funda- 
mental question of whether unresponsiveness involves 
merely the inhibition of lymphoid cells or their elimination 

The author clearly considers that in the present state 
of knowledge extensive theoretical considerations are not 
warranted, but nevertheless some useful generalizations 
are made He stresses the need for adequate equilibration 
of antigen between intra- and extra-vascular spaces for 
the successful induction of tolerance and directs attention 
to the fact that all manipulations which facilitate mduc- 
tion of unresponsiveness such as neonatal mjection or 
X-irradiation also provide conditions in which the imtial 
antibody response 1s depressed, he suggests that antigen 
can thereby persist at concentrations adequate to inhibit 
or eliminate the appropriate lymphoid cells The inter- 
esting conclusion is drawn that the inhibitory effect of 
simultaneous injection of the tolerogenic antigen on the 
termination of unresponsiveness by cross-reacting antigen. 
provides a mechanism by which the body ıs protected 
from the formation of autoantibodies by cross-reacting 
microbial antigens. Where the concentration of a body 
constituent ın the circulation 1s low, one could expect, 
and indeed may find, formation of autoantibodies ın 
response to such exogenous antigens Weigle speculates 
that this may be one of the ways in which autoimmune 
diseases arise, but could have been more explicit in relating 
this hypothesis to specific clinical disorders The relevance 
of tolerance induction in the adult to problems of trans- 
plantation should perhaps have been discussed in a book 
on this subject, and in this context the possible ımplıca- 
tions of Mitchison’s observations on “low dose tolerance” 
would seem to merit greater emphasis I M Roirr 


INSECT PHYSIOLOGY 


Insects and Physiology 

Edited by J W L. Beament and J E Treherne. Pp 
vin +378+384 plates (Edinburgh and London: Ohver 
and Boyd, Ltd., 1967) 1308 

THE greatness of a man of science 1s not measured by the 
number of his pupils, the weight of his publications or 
even the number of times his name appears in text- 
books Professor V B Wigglesworth would qualify on 
any of these counts, but none would do him justice The 
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true measure of greatness 1s the extent to which others 
have been able to build, on foundations securely laid, a 
structure of greater beauty than the founder himself 
could have created 

This book 1s a collection of articles specially written 
on the main theme of Wigglesworth’s 1948 Croonian 
Lecture—the suitability of insects for the study of physio- 
logy The authors are all people who have worked at 
least for a time in his unit in Cambridge As 1s almost 
inevitable ın such a publication, the standard varies 
widely and ıt 1s depressing to note that the main flowering 
of ideas seems at present to be taking place on the other 
side ofthe Atlantic. The four essays from Western Reserve 
University are all extremely stimulating and so are five 
others from elsewhere in the United States and Canada, 
many of these 1ecord important new experimental results 
By contrast (and apart from those by Maddrell and Weis- 
Fogh), the articles from Cambridge are mainly historical 
or repeat discussions already published elsewhere. Migra- 
tion appears to be desirable for the health of this species, 
though the quality of the writing by Miller shows that 
16 necd not be to another country 

Wigglesworth has worked on insects for most of his 
life, but he has always tried to relate his discoveries to 
the rest of physiology Another distinction can be made 
between the different articles in this volume by the extent 
to which the authors follow their mentor’s example Most 
of the Americans show a clear appreciation of the fact 
that insects are merely one of the types of animal and thus 
strengthen their advocacy of this particular biological 
material for the solution of their problems. Some of 
the local products seem to be entomologists first and 
physiologists second, and a few do not appear even to be 
famihar with the recent entomological literature 

The main subjects discussed are morphogenesis, neuro- 
secretion, the growth and orgamzation of the sensory 
and central nervous systems and the structure and permea- 
bihty of the cuticle. The foundations for each of these 
branches of insect physiology were laid by Wigglesworth. 
The reviews by Weis-Fogh on flight metabolism, by 
Berridge on ion and water transport and by Davey on 
reproductive physiology are also important, though 
drawing only general inspiration from his writings, these 
three bring out very well the value of studies on insects 
for the general physiologist Although, as Miller says, 
“reviews and hypotheses, like nappies, must be freely 
disposable”, many of these articles will certainly remain 
im use for some time and many of the suggestions made 
by the authors will justify several passages through the 
clanfying laundries of the scientific world TI fear that 
because the word “insects” 1s printed large and the word 
“physiology” small on the dust cover and spme, many 
physiologists will miss the opportumty offered to them, 
for the crusade launched by Wigglesworth ın 1948 still 
hardly affects the security of the great para-medical 
laboratories Perhaps David Smith puts his finger on the 
reason for this when he writes that, for all the many 
advantages of insects, “therr small size hampers correlated 
structural and biochemical studies involving the separation 
of subcellular fractions” Certainly the attempts made 
in this volume to jump on the DNA/RNA band-wagon 
reveal a singular lack of secure footholds 

I must regretfully note certain signs of carelessness in 
printing and editing There are minor misprints m nearly 
every article and in several places the initial letter of a 
line has fallen out, once the mitial words on two adjacent 
lines are interchanged And surely one contributor 
should not be allowed to mis-spell the name of another 
in his text and list of references! For all this, the volume 
18 a worthy tribute to a great man and one may hope 
that this evidence of the progress made by some of his 
pupils and collaborators will be to him both a source of 
satisfaction and an encouragement to continue his own 
researches, which are by no means at an end 

J W S PRINGLE 
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Announcements 


APPLICATIONS are now invited for the 1968 Drummond 
Prize, an annual prize of £250 awarded for research in the 
field of nutrition. The prize, which 1s for research under- 
taken by persons normally resident in Great Britain, 
1s open to those who have not reached the age of 35 by 
the closmg date Further information can be obtamed 
from Mr D S Muller, Honorary Secretary. Nutrition 
Society, Queen Ehzabeth College, London W8 


THE American Microchemical Society has created a fund 
to commemorate the work of the late Dr A A Benedetti- 
Pichler, and an awaid will be made to an individual who 
has made outstanding contributions to the practice or 
teaching of microtechniques Nominations are now being 
sought and further information can be obtamed fiom 
Dr Michael Cefola, Department of Chemistry, Fordham 
University, New York, NY 10458 


APPLICATIONS are now invited for the 1968 Langley 
Memorial Prize, founded to commemorate the work of 
Dr W H Langley, principal medical officer, southern 
Nigeria The prize, value £21, 1s awarded trienmally for 
the best paper on one of the following subjects Tropical 
Medieme or Surgery, Tropical Hygiene and Sanitation, 
‘Tropical Entomology and Parasitology Further mnforma- 
tion can be obtained from the Dean, London School of 
Hygiene and Tropical Medicine, Keppel Street, Gower 
Street London WC1 


Meetings 


Mopgern Chemistry ın Industry, Maich 11-14, East- 
bourne (Honorary Secretary, 14 Belgiave Square, London 
8W1) 


Brain Research and Human Behaviour, March 11-15, 
Unesco House (P Dell, Ibro/Unesco, Place de Fontenoy 
Paris 7°) 


Tae Council of the European Organization fo. Nuclear 
Research has planned four sessions during 1968 to be held 
on the followmg dates March 14, June 19-20, Septem- 
ber 25-26, December 18-19 


PHYSICAL Properties of Liquids and Gases for Plant and 
Process Design, March 20-21, Mimstry of Technology’s 
National Engmeering Laboratory, East Kilbride, Glasgow 
(MrS W Turner, BP Chemicals (UK) Ltd , Bo’ness Road, 
Grangemouth, Stirlingshire) 


OPTIMIZATION, March 25-28, University of Keele (The 
Secretary and Registrar, The Institute of Mathematics 
and its Applications, Maitland House, Warrior Square, 
Southend-on-Sea, Essex). 


MECHANICAT: and Thermal Properties of Ceramics, April 
1-2, US National Bureau of Standards (J B Wachtman, 
Jun, Rm A359, Materials Bldg, National Bureau of 
Standards, Washington, DC 20234) 


Wind Effects on Buildings and Structure, April 2-4, 
University of Technology, Loughborough (Mr J Charles 
Department of Tiansport Technology, University of 
Technology, Loughborough, Leicestershire) 


Exrarum In the article by Professor Herbert Dingle in 
the issue of January 6 (Nature, 217, 19, 1968), one 
paragraph was unfortunately garbled im transmission by 
telephone The first complete paragraph in the right-hand 
column of page 20 should read as follows 

The letters of Dr Barrett® and Mr Fullerton’ reveal 
elementary misconceptions Barrett writes “for A, 
these two clocks are not synchronized” Synchronized 
clocks are not synchronized for A or for B, they are 
simply synchronized The process is expermmental if 
the readings satisfy the condition 273=27,—7,, given m 
-my article, the clocks are synchronized absolutely 
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Barrett confuses clock-readmgs with the times at which 
the clocks have those readings the same reading 1s 
correct, fast ox slow, according to the co-ordinate system 
chosen, but the readmg 1s absolute Clock-readings 
alone are involved m my disproof of special relativity 
That ıs why E:nstem rightly concluded that his theory 
required one clock to work absolutely more slowly than 
the othe: Fullerton refers to an observer who “syn- 
chronizes A, B and H to zero but not N”? Clocks me 
not synchionized to one reading, synchronized clocks 
give a common 1eadıng for every event B cannot be 
synchronized with A and H, for ıt moves with respect to 
them If Fullerton means only that these clocks read 
zero at the event E, then so does N, but the fact 1s trivial 


Erratum In the communication ‘Semi-annual Vazation 
m Thermospheric Density” by Reginald E Newell (Nature, 
217, 150, 1968) in the twenty-second line of the thnd 
paragraph Ky<5, should read Kp2>5, 


ERRATUM In the communication “Interaction between 
Model Compounds of Actinomycin D and DNA Physico- 
chemical Studies” by F Ascoh, M Savino and A M 
Liquor: (Nature, 217, 162, 1968), the last sentence of the 
fifth paragiaph should read “The values so obtained 
are 1 125 and 1 350 which are of the same order of 
magnitude as those obtained for 3,4-benzpyrene”’ 


Erratum ‘The bibliographical details of the review of 
the books by G K Batchelor and Frank Chorlton (Nature, 
217, 199, 1968) should have been as follows 


An Introduction to Fluid Dynamics 
ByG K Batchelor Pp xvi1+615 (London Cambridge 
University Press, 1967) 75s net, $13 50 


Textbook of Fluid Dynamics 

By Frank Chorlton Student’s Paperback edition Pp 
xıv +399 (London D Van Nostrand Company, Ltd , 
Princeton, NJ D Van Nostrand Company, Inc , 1967 ) 
358 


On page 204 of the same issue the ninth of the reports 
and publications should be Freedom of Action m a 
Mechanistic Universe 


CORRESPONDENCE 


New Era for Salk Institute ? 


S1r,-—Theie 1s one factual error ın the article about the 
mstitute in the December 9, 1967, issue of Nature (216, 961. 
1967), and one passage that deserves comment 

The physical plant of the mstitute has not cost twenty 
million pounds, as the article states, but approximately 
twenty million dollars 

The statements in the article which 1efe1 to the “past 
two years” might be interpreted as a pejorative personal 
1eference to the past President, Dı Augustus B Kinzel 
whose long-time performance m many positions has earned 
him a reputation as a very strong administrator Your 
readers may therefore be interested to know that the 
trustees of the institute approved a resolution which 
contained the followmg remarks 

Dr Kinzel contributed importantly to the admims- 
tration of the Institute durmg a period when there were 
complex matters of concern to the Fellows and the 
Trustees During his tenure, the scientific work of the 
Institute has made notable progress and the broad interests 
of the Institute have been clearly advanced 

“Steady perseverance and resourcefulness have charac- 
terized Dr Kinzel’s work for the Institute . ” 


Yours faithfully, 
Jonas Sark 


Salk Institute for Biological Studies, 
San Diego 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, January 29 


ROYAL INSTITUTION (at 21 Albemarle Street London, W1), at 530 pm 
-Professor Julius Sumner Miller ‘What 1s Physics ?” (Lecture for Fourth 
orm Boys and Girls from Schools in London and the Home Counties To 
e repeated on January 30, 31 and February 1) 


INSTITUTION OF ELEOTRONIO AND RADIO ENGINEERS, Joint [EH/IERE 
EDICAL AND BIOLOGICAL ELECTRONICS GROUP (at the Institution of Elec- 
‘eal Engineers, Savoy Place, London, WC2), at 6 pm —Colloquum on 
Diathermy” 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORK- 
SG PARTY (at 1 Birdcage Walk, Westminster, London, SW1), at 6 pm— 
nscussion Meeting on “The Physics and Medical Applications of Lasers” 


UNIVERSITY OF LONDON (at the Institute of Diseases of the Chest, Bromp- 
dn Hospital, London, SW3), at 615 pm-—Dr J R Mav “The Chemo- 
herapy of Non-Tuberculous Respiratory Infections” * 


Tuesday, January 30 


UNIVERSITY OF LOVDON (in the Anatomy Theatre, Univeisity College 
ondon, Gower Street, London, WC1), at 120 p m —Mr E W Foster “The 
‘ennine Way” * 


INSTITUTION OF ELECTRICAL ENGINLERS (at Savoy Place, London, WC2) 
pm-—Discussion Meeting on “Electrical Breakdown in Magnetic 
elds” opened by Mr L King, Mr N L AllenandMrK A Bunting 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Auto- 
natie Control Group of the Institution of Mechanical Engineers, at Savos 
lace, London, WC2), at 580 pm—Mr H Nicholson “Computer Simu- 


ation of Borlers and Turbo alternators” 


UNIVERSITY O} LONDON (at Chelsea College of Science and Technology, 
fdanresa Road, London, SW3), at 530 pm-~—Mr H Gilson “The 
31: ological Problems of Estuary Barrage Reservoirs” * 


_ UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
„ondon, WC1), at 530 pm—Dr G F M Russell “Anorexia Nervosa 
Psychological, Endocrine and Nutritional Aspects” (Sixth of fifteen lectures 
m “The Scientific Basis of Medicine” organized by The British Postgraduate 
Nedical Federation )* 


_ INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
at 1 Birdcage Walk, Westminster London, SW1), at 6 p m—Duiscussion 
Meeting on “UIC Standards and Design Limitations which would Result 
rom the Channel Tunnel” 


INSTITUTION OF THE RUBBER INDUSTRY LONDON SECTION (at the Eccleston 
Hotel, Victoria, London, SW1), at 6 p m —Mr H Walton “Critical Path 
Analyses”, “Ozone Resistance of Elastomers” by a speaker from Dupont 


Wednesday, January 31 


ROYAL INSTITUTION, HISTORY OF SCIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 p m —Mr H G Frost “The Nineteenth 
Century Science Text Book its Role in the Application of Science” * 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
cane Rong, London, W12), at 2 pm —Dr M § Dunnill “Measurement in 
istology 


SOCIETY FOR ELECTROCHEWISTRY (at the Royal School of Mines (Room 53), 
Imperial College of Science and Technology, London, SW7), at 230 p m — 
Lord Wynne-Jones “Chemistry at Electrodes” (Inaugural Address) 


GEOLOGICAL Socrrty or LONDON (at Burlington House, Piccadilly; 
London, W1), at 5 pm —Mr N E Butcher “The Earliest Known Enghsh 
Colour-Printed Geological Maps” (Demonstration), Mr P Lamboit ‘‘Repro- 
duction of Old Geological Maps Produced by Colour Photography” (Demon- 
stration), DrA © Bishop, DrJ D Bradshaw, DrJ T Renoufand Mr R T 
To “The Stratigraphy and Structure of Part of West Finistère, France” 

Aper 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College 
Tondon, Gower Street, London, WC1), at 530 pm—Dr E J ¥Furshpan 
(Harvard Medical School) ‘‘Low-Resistance Intercellular Junctions” * 


Thursday, February | 


Roya. Society (at 6 Carlton House Terrace, London, SW1) at 430 pm 
-Professor D Gabor, FRS, and Mr G W Stroke “Theory of Deep Holo- 
grams”, Mr J H Thomson and Mr J E B Ponsonby “A Method of 
Obtammng High Resolution Radar Maps of the Moon by Two Dimension! 
Aperture Synthesis Using a Single Aerial” 


ROYAL SOCIETY OF ARTS, COMMONWEALTH SECTION (at John Adam Street, 
Adelphi London, WC2), at 515 pm—Mr Keith R Harding “Mmuing 
Development in Australia” (Henry Morley Lecture) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
5 80 p m —Discussion Meeting on “The Optimisation of Traffic Throughput” 
opened by MrD J Lyons, 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street 
London, WC1), at 520 pm—Professor R W Guhatt ‘“Eixpermental 
Peripheral Neuropathy” (Seventh of fifteen lectures on “The Scientific 

tinny of Medicme” organized by the British Postgraduate Medical Federa- 
tou 

UNIVERSITY OF LONDON (at the Royal College of Surgeons Lincoln’s Inn 
Fields, London, WC2), at 530 nm—Dr A R de C Dencoek “Medical 
Problems of Underwater Diving” * 


INSTITUTE OF REFRIGERATION (at the National College for Heating. Venti- 
lating, Refrigeration and Fan Engineering, Southwark Bridge Road, London, 
SE1) at6pm—MrG Mann “Methods of Regulating the Carbon Dioxide 

pnd Oxygen Concentrations m Controlled Atmosphere Stores for Fresh 
roduc” 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, EDUCATION GROUP 
(at 8-9 Bedford Square, London, WC1), at 6 pm—Mr C€ F Davidson 
“Satellite Communication Systems and the Diverse Engineering Techniques 
Which They Require” 


395 


INSTITUTION OF MECHANICAL ENGINEERS, TRIBOLOGY GROUP, and the 
INSTITUTION OF METALLURGISTS (at the INSTITUTION OF MECHANICAL 
ENGINEERS, 1 Birdcage Walk, Westminster, London SW), at 6 pm — 
Discussion, Meeting on “Metallurgy ıs the Most Important Discipline ın 

ibology 


Friday, February 2 


ROYAL INstrruTian, PHOTOCHEMISTRY Discussion GROUP (at 21 Albe- 
marie Street London, W1) atl pm—Dr J B Birks “The Pyreni 
xeumer” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savos 
Place, London, WC2), at 2 30 p m —Colloquium on “M O S T's for Analogue 
Switching” 

INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savor 
Place, London, WC2}, at 5 30 pm—Mr V S Ramsden and Mr R R Booth 
mrs Digital Computer Representation of Induction Machine Transient 

erformanoe' 


Saturday, February 3 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum 
London Road, Forest Hull, London, SE23), at 330 p m —Mr K M Hams 
“Living in Darkness—Biology of Caves” * 


Monday, February 5 


INSTITUTION OF ELECTRICAL ENGINEERS ELECTRONICS DIVISION (at Savor 
Place, London, WC2), at 530 pm —Mr F B Willams, Mr F A Wilson 
and MrkK A T Knox “Future Trends in the Design of Subscribers’ Tele- 
phone Instruments” 

INSTITUTION OF ELECTRICAL ENGINEERS, JOINT PROFESSIONAL GROUP (at 
Savoy Place, Londan, WC2), at 580 pm—Discussion Meeting on “Thc 
Specification of the British Hlectrical Indicating Instrument” opened bv 
Mri BS Golds 

SooreTy OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with 
the Fine Chemicals Group, at 14 Belgrave Square, London, SW1), at 6 30 
p m —Professor R C Cookson “Some Aspects of Photochemistry” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on o1 before the 
dates mentioned 

ASSISTANT LECTURERS or LECTURERS (2) in the DEPARTMENT OF PHYSI- 
es Registrar, University College, Cathays Park, Cardiff (January 


RESEARCH ASSISTANTS (2) IN GEOLOGY to complete the team of six engaged, 
in the resurvey of the Teignmouth One inch Geological Map (Geological 
Survey Sheet 389) under a contract with the National Environment Research 
Council—Professor 3 Simpson, Department of Geology, The University, 
North Park Road, Exeter, Devonshire (February 2) 

HARRIS CHAIR OF Puysics—The Secretary, The University, Dundee 
Scotland (February 10) 

LECTURER or ASSISTANT LECTURER (mathematician with research interests 
many branch of pure mathematics or mathematical statistics) tn the DEPART- 
MENT OF PURE MATHEMATICS—The Regtstiar, University College of Swansea, 
Singleton Park, Swansea (February 10) 

UNIVERSITY LECTURER in either SOCIAL PSYCHOLOGY or SocioLoay——The 
Sccretary of Faculties, University Registry, Oxford (February 10) 

LECTURER 1n APPLIED MATHEMATICS—The Secretary, Trinity College, 
University of Dublin, Dublin 2, Republic of Ireland (February 12) 

EXPERIMENTAL OFFICER IN THE DEPARTMENT OF METALLURGY for duties 
in electron mucro-probe analysis, mainly for work on meteorites-—The, 
Registrar, The University of Manchester, Manchester, 18, quoting Ref 
2/68Na (February 14) 

EXPERIMENTAL OFFICER (preferably with experience with X-ray equip- 
ment, high vacuum equipment or electronic instrumentation of any kind) in 
the DEPARTMENT OF GEOLOGY for the maintenance and operation of a geo- 
scope electron probe microanalyser and an electron microscope—The Regis 
trar, The University, Manchester 13, quoting Ref 8/68/Na (February 14) 

LECTURER (with medical qualifications registrable in the United Kingdom) 
IN ANaTOMY—The Registrar, The University, Manchester, 18, quoting Ref 
3/68 (February 14) 

ASSISTANT LECTURER/LECTURER (with an interest ın animal behaviour) 
in PsycHoLOGy—The Secretary (NAT), University of Stirling, Stirling 
Scotland (February 15) 

SENIOR RESEARCH OFFICER (with a degree in agricultural science, rural 
science or equivalent, and several years of postgraduate experience 1n 
animal husbandry research) at the Agricultural Research Institute, Wagga 
Wagga, New South Wales, Australia, to formulate and supervise animal 
husbandry research programmes in the southern wheat belt and southern 
tablelands of New South Wales—-The Recruitment Section, New South 
Wales Government Offices, 56 Strand, London, WC2 (February 16) 

LECTURER IN NEUROSURGERY at the Institute of Neurological Sciences, 
Glasgow—-Secretary to the University Court, The University, Glasgow 
(February 17) 

LECTURER (suitanle medical or science graduate) in the DEPARTMENT OF 
BACTERIOLOGY AND IMMUNOLOGY at the Western Infirmary-—The Secretary 
of the University Court, The University, Glasgow (February 17) 

ASSISTANT LECTTRER or LECTURER (with interests ın either fluid dynamics 
o1 computation) im the DEPARTMENT OF MaTHEMATIOS—The Deputy Sec- 
retary, The University, Southampton (February 23) 

RESEARCH FELLOW 1n the DEPARTMENT OF ELECTRICAL ENGINEERING for 
research into cryogenic cable systems—The Deputy Secretary, The Uni- 
versity, Southampton (February 23) 

CHAIR or PSYCHOLOGY at Bedford College—The Academic Registrar (A) 
University of London, Senate House, London, WC1 (February 29) 

LECTURER or ASSISTANT LECTURER (preferably with a special imterest in 
immunology) ın the DEPARTMENT OF BACTERIOLOGY AND ViroLOGY-—The 
Registrar, The Untversity, Manchester, 18, quoting Ref 4/68 

POSTDOCTORAL FELLOW IN CHEMISTRY for research on Lewis acid-base 
reactions in the gas phase—Professor A F Trotman-Dickenson, University 
College of Wales, Aberystwyth 

RESEARCH ASSISTANT 1n the DEPARTMENT OF FORENSIC MEDICINE to assist 
in a programme ot research into the development of rapid methods of tox:- 
ecological analysis—Dr H Street, Department of Forensic Medicine, 
University Medical Buildings, Teviot Place, Edinburgh, 8, Scotland 

SCIENTIFIC INFORMATION OFFICER (preferably with a botanical or agrı- 
cultural degree, or knowledge of or aptitude for foreign languages, and ability 
to write good English) for duties which include the preparation and editing of 
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abstracts for the journal Plant Breeding Abstracts, the clagstfication of bio- 
logical literature, and dealing with scientific enquiries—The Director, 
Commonwealth Bureau of Plant Breeding and Genetics, School of Agri- 
culture, Cambridge 


REPORTS and other PUBLICATIONS 


(not included ın the monthly Books Supplement) 


Great Britain and Ireland 


Unrversity Grants Committee First Employment of Unversity 
Graduates, Y 965-66 Pp 63 (London HM Statsonery Office, Pout 
bs 9d, net 
*galletin of the British Museum (Natural Historv) Zoology Vol 15, 
No 7 Polyzoa (Brvozoa) from West Africa The Pseudostega, The Cribri- 
morpha and some Ascophora Imperfecta By Patricia L Cook Pp 321- 
851+2 plates (London British Museum (Natural History), 1097) 
L 


38 

Ministry of Technology Torrv Research Station Annual Report 1966 on 
the Handling and Preservation of Fish and Fish Products (Report of the 
Torry Research Station Steermg Committee and Report of the Director of the 
Torry Research Station ) Pp vilit+70+4 plates (Edinburgh and London 
HM Stationery Office, 1967) 7s 9d net (2011 

University of Nottingham Report of the School of Agriculture, 1966- 
1987. Pp 183 (Sutton Bonington, Loughborough University of Notting- 
ham, School of Agriculture, 1967) 108 [2011 

Institution of Gas Engineers Communication 753 Marketing Total 
Energy By C J Gauthier Pp 11 4s 6d Communication 754 The 
Philadelphia Story, By Charles G Simpson Pp 16 4s 6¢ Communi- 
cation 756 Modified PVC Pipes Assessment for the Transmission of 
Present and Future Town Gas Supply By C A BrightonandJ L Benton 
Pp 16 4s 6d Communication 757 Summer Hot Water from Central 
Heating Boilers By J Emerson and J P Roberts Pp 16 Communica- 
tion 758 The Scientific Approach to the Design of Sectional Boilers By 
E E Blandon Pp 9 48 6d (London The Institution of Gas Engineers, 
1967 

The Gas Council Research Communications GC138 Wngineering 
Research for Transmission and Distribution By J L Vander Post Pp. 9 
4s 6d GC189 Control Units for Automatic Burners Bv P G Atkinson, 
R N Grimsey and R A Hancock EP 13 48. 6d GC140 Operational 
Research ın the Gas Industry By E F Mellen Pp 8 4s 6d GC141 A 
Unify ing Theory for the Blow-Off of Aerated Burner Flames By Stuart B 
Beed Pp 12 4s @d GC 142 Combustion Characteristics of Natural Gas 
and Manufactured Substitutes By J A Harrisand D E Lovelace Pp 17 
4s 6d GC143 Approval of Natural-Gas Apphances BVE W B Dunning 
and R P Waketleld Pp 17 4s 6d GC144 58th Report of the Joint 
Refractories Research Committee, 1966-67 Pp 16 4s 8d GC145 
Systems Engineering and the Advent of the Digital Computer By R J 
High and R Robson Pp 16 48 6d GC146 Ignition of Domestic and 
Commercial! Gas-Fired Apphances By B [kms and Dr A M Brown 
Pp 19 4s 6¢ GC147 The Ignition of Industrial Burners By P G 
Atkinson, M R Marshal and D J Moppett Pp 9 48 6d (London The 
Gas Council, 1967. Obtaimable from the Institution of Gas Engineers ) [2111 


Other Countries 


Department of Commerce National Bureauof Standards NBS Mono 
raphe32 Sup lement Revision of the NBS Tables of Spectral-Line Intensities 
Below 2450 Bv Charles H Corliss Pp m+33 (Washington, DC 
Government Printing Office, 1967) $03.0 511 
Molecular Biology, Vol 1, No 1 (January-February 1967) Translated 
from the Russian Pp 1-151 Subseription (6 issues) $95, Single issue $30 
(New York Consultants Bureau, 1967 ) {1511 


HOW TO BUY NATURE 
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Bulletin of the American Muscum of Natural History, Vol 138, Article 1 
Comparative Histological Studies on Duvernoy’s Gland of Colubrid Snakes 
Bv Aaron M Taub Pp 1-50+8 plates (New York American Museum of 
Natural History, 1967) $250 {1711 

Austrahan Mineral Development Laboratories Seventh Annual Report, 
a Pp 64 (Adelaide Australian Mineral Development Laboratories 

171 
Uiited States Department of the Interior Fish and Wildlife Service 
Resource Publication No. 44 Underwater and Floating-Leaved Plants of 
the United States and Canada Bv Neil Hotchkiss Pp vu+124 (Washing- 
ton, DC Government Printing Office, 1967) $065 

The Heredity of Normal and Defective Colour Vision. By Georg H M 
Waaler Pp 25 (Oslo Universitetsforlaget, 1967 ) {2011 

Comité International des Poids et Mesures Procés-Verbaux des Séances 
2° Série—Tome 34, 55°, Session—1966, 4-6 Octobre Pp 94 (Paris 
Gauthier-Villars, 1967 ) (2011 

Colonv of Mauritius Annual Report of the Meteorological Department, 
1966 Pp 14 (PortLows Government Printer, 1967) Rs 250 (2011 

Konmkhjk Nederlands Meteorologisch Instituut Mededelingen en Ver- 
handelingen No 87 ChmaiologvofAmsterdam Airport(Schiphol) Pp 145. 
F 16.50 No 88 The Southern Oscillation and World Weather By Dr 
H P Berlage Pp 152 F1550 No 89 (Observation and Analysis of the 
Surface Wind Over the Ocean By G Verploegh Pp 67 No 90 Wind 
and Wave Data of Netherlands Light-vessels Since 1949 By R Dorrestein. 
Pp 123 (De Bilt Koninkhyk Nederlands Meteorologisch Instituut, 1066 
and 1967) 2011 

Guide to Ship Sanitation By Vincent B Lamoureux Pp 119 (Geneva 
World Health Organization, London HM Stationery Office, 1967) 
12 Sw francs, 203 $4 {2111 

International Atomic Energy Agency Safety Serres No 23 Radiation 
Protection Standards for Radiolummous Timepieces (Recommendations 
Drawn up by a Jomt Group of Experts of the European Nuclear Energy 
Agency and the International Atomic Energy Agency ) Pp 37 (Vienna 
International Atomic Energy Agency, London H M, Stationery Office, 
1967) 26schillings, 78 2d , $1 (2211 

Official Records of the World Health Organization No 155 Third Report 
of the World Health Situation 1961-1964 Pp vui+874 (Geneva World 
Health Organization, London HM Stationery Office, 1967.) 20 Sw 


frances, 358, 8675 {2211 
Deutsches Hvdrographisches Institut, Hamburg Jahresbericht Nr 21 
fùr das Jahr 1966 Pp 156 (Hamburg Deutsches Hydrographisches 
Institut, 1967) {2211 
Union Radio Screntifique Internationale (URSI) XVth General Assembly, 
Munich, September 5-15, 1966 Volume XIV—5, Commussion V—~Radio 


Astronomy Pp 133 (Bruxelles Union Radio Scientifique Jnterastionnt, 
Académie Rovale de Belgique Memoires Tome 37, Fascicule 6 
Recherches de Géométrie Conforme Par F Backes Pp 35 (Bruxelles 
Académie Royale de Belgique, 1967 ) 60 francs 2411 
Massachusetts Institute of Technology Report of the President 1967. 
an 40 (Cambridge, Mass, Massachusetts Institute of Technology, 
Geological Survev of Uganda Special Report No 6 Geophysical Survevs 
for Minera! Deposits in Area C/D, Western Mt rien By C R Cratchley and 
R B Evans Pp 33 (Entebbe Geological Survey, 1967) Shs 20 [2711 
Republic of the Sudan, Report of the Forests Department for the Period 
A ae to June, 1965 Pp vit+117 (Khartoum Forests Department, 
East African Common Services Organization East African Virus Research 
Institute Report, 1966 (No 16) Pp w+54 (Entebbe Bast African 
Virus Research Institute, 1967) Shs 5/50 2711 
World Health Organization Technical Report Series, No 374 Preven- 
tion of the Re-Introduction of Malaria—Report of a WHO Meeting Pp 32. 


(Geneva World Health Organization, London HM Stationery Office, 
1967 ) 2 Sw francs, 3s 6¢, $060 [2711 
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APPOINTMENTS VACANT 


UNIVERSITY OF NATAL 
PIETERMARITZBURG 
WATTLE RESEARCH INSTITUTE 


Applications are invited for the post of 
DIRECTOR OF THE WATTLE RESEARCH 
INSTITUTE attached to the University of Natal, 
Pietermantzburg, South Africa The fields of 
research include silviculture, genetics and plant 
breeding, plant physiology and pathology, entom- 
ology, and phytochemistry Experience m research 
and its direction and administration 1s necessary 
The Director ıs responsible also for public 
relations and extension services and experience in 
these would be added qualifications for the post 

The salary is on the scale R6 600 by R300 to 
R7,500 and the appointee will have the status of 
Professor in the University, with a seat on the 
University Senate Membership of the Associated 
Institutions Pension Fund and of the Statutory 
Orgamzations Medical Scheme 1s compulsory 
The appointment will be, in the first place, for 
a probationary period of one year (Note At 
the new rate of exchange R1 716=£1 sterling ) 

Further particulars, conditions of service, and 
applicauon forms, may be obtained from the 
Association of Commonwealth Universities 
{Branch Office), Marlborough House, Pall Mali, 
London, SW 1 Applications must be lodged 
m South Africa and London not later than 
March 15, 1968 305 








UNIVERSITY OF GLASGOW 


LECTURESHIP IN MECHANICAL 
ENGINEERING 


Applications are invited for a Lectureship in 
the Mechanics and Mechanism Group of the 
Department of Mechanical Engineering of the 
Unversity The person appointed will be ex- 
pected to contribute to the teaching and research 
work of the Department in the field of Dynamics 
A particular interest in Mechanical Vibration 
and/or Control Systems will be an advantage 
Applicants should possess a good Honours degree 
in Mechanical Engineering, or m a related subject 
The salary will be in range £1,470 to £2,270 (bar) 
to £2,630 per annum, with FSS U membership 
Prior experience of teaching or research is not 
essential af the successful applicant does not 
already have a higher degree he will be expected 
to work towards one 

Applications (eight copies) should be lodged, 
not later than February 10, 1968, with the under- 
signed, from whom further particulars may be 


obtained 
ROBT T HUTCHESON, 
Secretary of the University Court 
(318) 








THE AGRICULTURAL RESEARCH COUN- 
CIL has the following vacancies for ASSISTANT 
EXPERIMENTAL OFFICERS or EXPERIMEN- 
TAL OFFICERS at ther RADIOBIOLOGICAL 
LABORATORY 

A CHEMIST to assist in studies of sou and 
the availability of nutnents to plants Radio- 
chemical methods and neutron activation analysis 
figure largely im this work Experience in either 
analyt.cal inorganic chemistry or radiochemustry 
1s desirable 

B BIOLOGIST to assist in laboratory studies 
of factors affecting the growth of plant roots 
and their absorption of morganic nutrients Pre- 
vious expemmental experience in plant physiology 
15 desirable 

Min mum qualhfications for both posts 
degree or, 1f under 22, GCE “A” level ın two 
subjects, or equivalent Salary m scale AEO 
£584 (at age 18) to £1,243 (maximum starting 
Salarv at age 26, or over, £1,017), EO £1,365 to 
£1,734 

Apply, with names of two referees to the Sec- 
retary, Agricultural Research Council Radiobio- 
logical Laboratory, Letcombe Regis Wantage, 
Berkshire by February 9 1968 357 


Pass 
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CANADA 


(RESEARCH OPPORTUNITY) 


INORGANIG 
PHYSIGAL-ORGANIG GHEMIST 


Position fora PhD or MS (PhD preferred) Academic training or 
research experience in asbestos fibres, cementitious materials, asphalt 
or similar field The work will involve both basic and applied research 
programmes 

Our new laboratory is located in the Sheridan Park Research Com- 
munity just west of Toronto, and this position will be attractive to 
those wishing to work in an atmosphere of research and development 
Send resumes by atrmail to 


Personnel Officer, 
Ontario Research Foundation, 
Sheridan Park, 


Ontario, CANADA 
(3873 


GRADUATE 
CHEMIST 


ICI’s Industrial Hygiene Research Laboratories, which are located 
ın pleasant surroundings at Alderley Edge just south of Manchester, 
require a Graduate Chemist for the investigation of the metabolism 
of chemical substances in biological systems Candidates, e1ther 
male or female, should have an honours degree, although a lower 
qualification with suitable experience would be considered 


Progressive salary plan housing assistance and help with removal 
expenses for married men 
Applications and inquiries to — 


Q. B. Sayer, Assistant Staff Manager, Imperial Chemical Industries 
Limited, Head Office Services Department, Fulshaw Hall, 
Wilmslow, Cheshire. (297) 
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NATIONAL AGRICULTURAL ADVISORY SERVICE 
MINISTRY OF AGRICULTURE, FISHERIES AND FOOD 


SCIENCE SPECIALISTS 


At least ten posts for Chemists and Biologists to work as specialist 
advisers ın animal nutrition, bacteriology, plant pathology, and soil science, 
and at least one post for an Analyst concerned with the testing of soil, 
feeding-stuffs, plant and other materials Appointment to (1) Grade HI, 
or (u) Grade IV according to age, qualifications, and expenence 


Age at least 26 for (1) or at least 20 for (u) 

QUALIFICATIONS degree (or equivalent or higher qualification) in 
an appropriate agricultural or natural science In additton for Grade TI 
posts normally at least three years’ relevant experience Car dniving 
essential for most posts 

FINAL YEAR STUDENTS MAY APPLY 7 


SALARY (national) Grade III £1,396 to £2,193, Grade IV £899 to £1,277 
Starting salary may be above minimum ın both cases Non-contnbutory 
pension Promotion prospects 


WRITE to Civil Service Commission, Savile Row, London W 1, for 
application form, quoting 296/68 Closing date February 15, 1968 
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Hornet’s Nest for Coal 


THE contmumg pantomime of public declarations 
about the fuel to be used for the alummium smelting 
plant which Alcan wishes to build in the United King- 
dom has brought to the surface a great many important 
issues of principle in the conduct of the business of 
the nationalized industries and a great many anomalies 
in the British Government’s attempt to organize a 
co-ordinated fuel policy (see page 398) There seems 
to be no doubt that Alcan has offered to build an 
aluminium smelter based on coal rather than electricity 
from the national grid because the National Coal 
Board has been able to offer ıt cheap coal and stable 
prices The immediate issue 1s whether this offer 1s 
realistic 

From the way im which Sir Ronald Edwards has 
now informed the coal board that he does not wish to 
accept the offer of cheap coal at 325d a therm for 
the new electricity generating station at Seaton Carew 
m north-east England, 1t 1s plain that the coal board’s 
offers are not universally beguiling Quite properly, 
what the Central Electricity Generating Board 1s 
anxious about ıs the prospect that coal prices will 
steadily increase durmg the lifetime of a power station 
built now to use coal as fuel Evidently the coal board 
has not felt able to give the electricity board the 
kind of assurance which Alcan appears to have got 
Nobody should be surprised that both the steel and 
electricity industries are up in arms at what seems to 
- them to be unfair discrimmation 

In practice, of course, 1b is only possible for the 
National Coal Board to sell coal on long-term contracts 
at prices less than 4d or even 5d a therm by counting 
on the elasticity afforded within its price structure 
by the other large customers for coal and by the fact 
that in the last resort the Government will have to 
bail ıt out of trouble If, for example, the coal board 
were to guarantee a fixed low price for coal for an 
aluminium smelter, 1t would have to seek to recover 
the increased costs of mning that coal from its other 
customers, chiefly the electricity and steel industries 
But 1s ıt proper for a nationalized industry to decide 
for itself which customers should pay what? Is it 

, proper that ıt should first of all persuade the Govern- 
ment that the electricity mdustry should burn more 
coal than it wishes to do and then, without prior 
consultation, arrange things ın such a way that coal 
will cost more than 1t should ? 

The trouble, of course, 1s that m a situation in which 
one large organization sells to a handful of other large 
organizations, fixing the proper selling price 1s a process 
which has more i common. with the negotiation of a 
diplomatic treaty than the processes by which other 
market prices are fixed The difficulty 1s exacerbated 


FEBRUARY 3, 1968 


in the present circumstances by the common under- 
standmg, no doubt as vivid among the officials of the 
coal board as anywhere else, that the British coal 
industry 1s already supported to a very large extent 
by the determmation of the British Government to see 
that 16 shall not collapse too quickly If the coal 
board were to sign a contract with a would-be alumin- 
ium smelter which turned out to be an embarrassment 
in the years ahead, it 1s unthinkable that 1t would be 
allowed to default on the obhgations 1t had undertaken 
The Government, ın the last resort, would be compelled 
to step in 

What, ın these circumstances, should the Govern- 
ment do? Perhaps the most simple prescription for 
action ın the months mmediately ahead 1s that the 
Ministry of Power should make sure that the freedom 
which the National Coal Board 1s anxious to enjoy 
should somehow be accompanied by a full share of 
responsibility The trouble in present circumstances 
1s that the coal board—and many of the other national- 
wed industries as well—is able to pretend to com- 
mercial freedom in some of its activities while relying 
on an implicit guarantee that the Government will 
step m if commercial policies are wrong Where the 
coal board 1s concerned, the Government has been 
unreasonably indulgent m recent years For example, 
at a time when the coal board has been producing 
more coal than it could sell, the Government has 
provided the funds with which to finance an mcreased 
accumulation of coal stocks By the same test, the 
rate at which the coal board 1s expected to earn a 
surplus on the capital employed ım this industry 18 less 
than that of the other nationahzed mdustries It 
would obviously be an enormous benefit 1f the Mmustry 
of Power could now return to its excited talk of only 
a few months ago and somehow arrange that the coal 
board were exposed to some of the harsher realities 
of the world in which it 1s seeking to lve so freely 
For one thmg, 1t would obviously help enormously to 
create a sense of realism among the officials at the 
coal board 1f the industry were required to raise at least 
a part of the money needed to finance its development 
in the public market and not from the British Treasury 
Where customers are concerned, ıt would obviously 
help if the large industries which fear from time to 
tıme that they are bemg asked to pay more for coal 
than 1s economically possible were allowed once more 
to import this from abroad 

But if this preseription is likely to help the coal 
board to put its house ın order and cease being an 
embarrassment to the other nationalized mdustries 
and the Government as well, ıs there not a case for 
asking that similar rules should apply across the 
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board? Certamly, the electricity mdustry itself 
would probably weleome a chance to finance some of 
its undertakings from sources other than the British 
taxpayer—at the very least this would provide a degree 
of flexibihty which 1s at present lackmg By the same 
test, the electricity mdustry should no longer be 
required to negotiate with the Government before 
deciding to build a power station of one kind or another 


Smelting at Home 


Tue British Government wants to save imports by 
establishing an alummium smelting industry m 
Britam So much 1s clear But the idea ıs now 
so complicated by wrangling that ıt seems unlikely 
to be carried through without ill-will Internationally, 
the running has been made by Mr Kare Willoch, the 
Norwegian Mimister of Commerce, who said that the 
move to establish alummium smelting ın Britam was 
both illegal and immoral and defied both the EFTA 
convention and the spirit of free trade In Britam, 
the objections are likely to be less easy to brush aside 

The trouble is that Alcan, one of the alummum 
companies which wants to build m Britam, has allowed 
itself to get involved in a long-standing row between 
the electricity generatmg boards and the National 
Coal Board The coal board, which claims that 1t 1s 
still possible to generate electricity as cheaply by 
burning coal as uranium, has persuaded Alcan to base 
its tender on a coal-fired generating station Although 
it would clearly be more attractive to Alcan to have 
the whole smelter complex under its own control 
(rather than sharmg the output of a large nuclear 
station, which was the origmal intention), 1t has been 
generally assumed that the most compelling argument 
has been a promise by the coal board to supply coal 
at knock-down prices 

Both the coal board and Alcan have refused to 
reveal the price that has been agreed for the coal 
It 1s, however, quite possible to calculate this 
Alcan has agreed to take 1 million tons of coal a year 
from the north-east coal-field, where the cost of 
coal m 1967 was an average of £5 32 a ton, accordmg 
to the annual report of the coal board At this price, 
Alcan’s annual bill would be £53 mullion, even if 
transport costs were ignored But Mr John Elton, 
managing director of Alcan m Britam, has said that 
power costs amount to no more than 15 per cent of 
production costs Alummium ingots sell at about 
£228 per ton and, to make the mvestment worthwhile, 
Mr Elton will have to produce mgots at about £200 
per ton For a 120,000 ton a year plant, this means 
annual production worth £24 million Fifteen per 
cent of £24 milion is £36 milion, far less even than 
the cost of fuel if Mr Elton were buymg at the gomg 
rate It 1s clear that he can be paymg no more than 
£2 8 to £3 million a year for coal, equivalent to 3-1d 
per therm at the smelter This ıs very markedly less 
than the 5d per therm paid by the generating boards, 
or the 4 6d per therm paid by the Nationa! Steel Cor- 
poration, both of which are much larger customers 

Even if the deal is approved, Invergordon seems an 
odd place to choose for the smelter, particularly as it 
will involve the transport of coal by sea from the north- 
east of England Invergordon, 1t can be argued, 1s a 
development area and 1s thus a candidate for develop- 
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ment grants, but so 1s the north-east In principle ıt 
would be most sensible of all to build the smelters 
where the ore, bauxite, 1s mmed—in Jamaica, among 
other places At present bauxite 1s converted to 
alumina in plants in Jamaica and ıs then carried by 
sea to the smelters elsewhere in the world. 


Slower Growth for Universities 


Tue publication last week by the University Grants 
Committee of the grants to mdividual universities 
enables a prelammary assessment to be made of the 
way in which universities are likely to develop over the 
next five years Fig 1 shows the total support 
provided by the University Grants Committee to the 
universities ın the years between 1957 and 1972 
Fig 2, which takes the University of Brmmingham as 
a particular example, shows the same pattern What 
the curves do is to confirm an umpression that the years 
of really rapid growth he between 1963 and 1968, and 
are now commg to an end Beyond 1968 there ıs 
evidence of a slackenmg of support, and ıt looks as if 
the growth will return to much the same rate as 
prevailed before 1963 On this rather pessimistic 
argument, the stimulation of support for universities 
which was achieved by the publication of the Robbins 
Report was httle more than a temporary phenomenon 
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What ıs potentially more alarming—to scientists, 
at least—is that of the more modest mcreases which 
are promised to the universities m the next five years, 
the greater part will be devoted to subjects other than 
science and technology In this, as m other things, the 
UGC has been swept along by the tide Although 
Sir John Wolfenden is no Canute, he and his com- 
mittee do seem to have made some efforts to resist— 
they provided for a small expansion m science and 
technology, although the evidence ıs that the total 
numbers of students commg forward will actually 
decline for the next few years The UGC ıs clearly 
terrified that if the swmg away from science should 
reverse itself, and the attractions of social science 
become Jess compelling to schoolchildren, 1t 18 gomg 
to be left high and dry This ıs why it has provided 
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_ for an increase in science places, although the evidence 

_ is that some of them will be left empty, or filled by 
students less able than their contemporaries in other 
departments. l 
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! . Fig. 2. Support by UGC to Birmingham University, 1957-72. 


For the first time, the UGC report includes an inter- 
ting survey of the costs of producing graduates in a 
iety of disciplines. The figures, reproduced below, 
iow. how much it costs to produce a graduate in each 
the disciplines listed, but do not include the costs of 
lministration, libraries and maintenance of buildings. 

ese costs add up to an additional £260 per student. 













ACADEMIC YEAR, 1966-67 


Average Average Staff; 
a Unit Cost Student Ratio 
o £ 1: 
_ Arts ae 276 9-8 
Social Studies 255 113 
_ Education ; 261 12-5 
- Biological Sciences 518 8-7 
< Physical Sciences 376 11:3 
_ Technology 425 11:3 
-Medicine 
<: (a) pre-clinical an 647 8-2 
< (b) clinical (excluding 
postgraduate insti- 
tutes) 790 5-9 
` Dentistry 778 5-6 
Veterinary Science 1,136 46 
497 7-8 


Agriculture 


Sonic Booms and Superbooms 


» A PROGRESS report on research into sonic booms has 
: been carried out by a sub-committee of the Committee 
of the US National Academy of Sciences on SST- 
_ Sonic Boom (Generation and Propagation of Sonic Boom, 
- National Academy of Sciences. Obtainable in Britain 
_ from Universal Subscription Service, Ltd., 4 Footscray 
oad, London, SE9. 25s.). The sub-committee, which 
_ was chaired by Dr R. L. Bisplinghoff, professor of aero- 
- nautics at MIT, held out no hope for an immediate 
or dramatic improvement in noise generation. 
<- Progress in supersonic aerodynamics has been such 
that sonic boom overpressures on the ground can now 
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be accurately predicted to within margins of 10° per 
cent. But this is only for aircraft flying at constant 
speed, height and direction and over a quiescent atmo- 
sphere. Atmospheric inhomogeneities, such as those 
caused by temperature variations, wind shears and 
turbulence, exert a complex effect on the propagation 
of shock waves which at present is poorly understood, —. 
Topographic features and seasonal variations in atmos 
spheric turbulence also exert profound influénces on 

the sonic boom waves that reach the ground, and here 
again further research is needed. 

The phenomenon of “superboom” occurs when 
shock waves from more than one point of the flight 
path reach the observer at the same time. This can 
happen when a supersonie aircraft changes speed or 
direction, with the result that propagated shock waves 
are momentarily focused at a single point. Current 
theory can predict the location of a superboom on the 
ground but not the size of the pressure wave. The sub- 
committee is dissatisfied with current investigation 
into superboom effects, and it considers that more 
flight and laboratory tests are necessary. 

Studies of aircraft design aimed at minimizing sonic 
boom effects are of prime importance, but the designs 
so far tested have been relatively conventional. The 
sub-committee urges that less conventional configura- 
tion studies be undertaken in the future. The better 
radiation characteristics of such fuels as liquid methane 
or hydrogen hold the possibility of increased propulsion 
efficiency and possible reduction in sonic boom levels; 
this is another topic that would merit further attention. 

At ground level, little is known about the exact 
features of the sonic boom which make it undesirable 
both to animals and to the stability of buildings. The 
record of the pressure wave as a sonic boom hits the 
ground, known as its signature, varies both with the 
type of aircraft and the prevailing conditions. Further 
research needs to be devoted to determining which 
parameters of the signature are responsible for damage 
to human sensibilities on the one hand and to buildings 
on the other. 

Tt is clear that a large number of problems remain 
to be solved before the generation and behaviour of 
sonic booms are thoroughly understood. As far as the 
Concorde is concerned, the Royal Aircraft Establish- 
ment at Farnborough is confident that knowledge of 
the phenomenon, if not complete, is at least sufficient 
to allow Concorde flights to proceed. Unforeseen tur- 
bulence or topographic effects may perhaps cause 
prolongation or reverberation of the boom, but they 
are unlikely to affect the initial sound which is the main 
cause of annoyance. Unlike military aircraft, which 
can cause superbooms by abrupt turns or accelerations, 
the Concorde is expected to produce a superboom only 
at the period after take-off when its speed becomes 
supersonic. It is hoped that with suitable planning 
this superboom can be dumped in the sea. 


Industrial Superconductivity 


INTERNATIONAL Research and Development Ltd., a 
sponsored research organization based in Neweastle 
upon Tyne, announced this week that it has success- 
fully designed and built an electric motor based on 
superconducting coils. This has been a dream of 
engineers since superconductivity—the phenomenon in 
which metals cooled to very low temperatures lose all 
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electrical resistance—was first- discovered by the Dutech 
physicist Kamerlingh Onnes in 1911. But it was not 
until the development of high-field superconductors 
and alloys capable of handling very large currents 
that it became clear that industrial development of 
superconductivity was worthwhile. 





A 59 h.p. superconducting motor developed at International 
Research and Development Ltd. in Newcastle, 


The project at IRD began as a feasibility study for 
the Ministry of Defence, and showed that a large 
superconducting motor was possible. Initially a small 
motor of only 2 h.p. was envisaged, but after some work 
it was realized that it would be possible to make a 
much more ambitious motor, producing 50 h.p. and 
running at 2,000 r.p.m. When this was built, further 
financial support was sought from the National Re- 
search Development Corporation, which appointed a 
working party to examine the proposal. Although the 
working party recommended that a 1,000 h.p. motor 
should first be constructed, NRDC decided to be bold 
and to go straight to a motor of 3,000 h.p. and 200 
r.p.m., the size at which it is estimated superconducting 
motors will break even on cost with conventional 
motors. The large motor is to be tested at Fawley 
power station, by agreement with the Central Elec- 
tricity Generating Board. The water cooling pumps at 
Fawley are rated at 3,250 h.p. and 200 r.p.m., de- 
signed to be driven by a conventional a.c. motor 
through reduction gearing. Although the conventional 
motor runs at 900 r.p.m. to produce the necessary 
power, the superconducting motor will be able to do it 
at 200 r.p.m. The stator for the Fawley motor will use 
a fully stabilized titanium/copper composite super- 
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conductor, cooled. by a closed circuit helium refrigerator 
supplied by British Oxygen Cryoproducts Division. 
The rotor, which will not be superconducting, will be 
water cooled. 

As well as using superconductivity, the engineers at 
Newcastle, led by Mr A. D. Appleton, have improved 
the design of the simple homopolar motor, first devised 
by Faraday. This type of motor, although very simple 
in design, has been slow to develop because it calls for 
a high current and low voltage supply. At IRD a 
system has been devised which uses a segmented disk 
—the rotor of the homopolar system—to overcome 
this difficulty, and Mr Appleton thinks that the new 
design may have potential uses in electric transport, 
though not in a superconducting form. Homopolar 
motors would have the distinct advantage that they 
could be used to regenerate the batteries while braking 
the vehicle. 

The other advantage of the superconducting motor 
is a remarkable saving in weight. IRD estimates that 
with an 8,000 h.p. motor the saving in cost would be 
£70,000 (£150,000 instead of £220,000) and the super- 
condueting version would weigh only one-ninth as 
much as the conventional motor. These advantages, 
IRD believes, will soon make the adoption of super- 
conducting motors inevitable. 


Cutting off Europe’s Nose 


TECHNOLOGICAL progress in Europe is being hampered 
by Britain’s exclusion from the EEC. In an address to 
the Council of Europe on January 29, Mr Anthony 
Wedgwood Benn, Minister of Technology, reaffirmed 
the British Government’s belief that technical col- 
laboration “within an enlarged common market” is 
the only way Europe can hope to catch up and keep 
pace with the United States. Industrial and economic 
integration will be necessary for this, and European- 
based international companies must be created if 
industry is to operate on an adequate scale. 

Despite the French veto, which “weakens European 
economic power in the face of transatlantic pressures”, 
Britain is determined to pursue her policy of collabora- 
tion with the EEC and is prepared to consult with any 
country if mutual benefit will result. Mr Wedgwood 
Benn said that the decision to devalue the pound, 
which was taken in the hope of strengthening the 
economy, has turned Britain “decisively and irrevoe- 
ably in the direction of Europe”. Rationalization of 
industry within the country has been going on, notably 
in vehicle manufacturing and the electrical industries, 
and research projects are being examined for possible 
areas of collaboration with European countries. Com- 
puters, electronics and civil applications of atomic 
energy are three that have been mentioned already, 
but there are likely to be many more. 

British collaboration is not, however, likely to be 
limited to Europe. Contact with the United States 
will be continued, and the technological agreements 
that have been signed with Poland, Hungary, Rumania 
and the Soviet Union will mean that planning tech- 
niques and long-term research will be discussed. Mr 
Wedgwood Benn stated his belief that “technological 
collaboration cannot come to full fruition except 
within the confines of a single industrial and trading 
market”, and, although Britain’s entry into the Com- 
mon Market has been delayed, it is not too soon for a 
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start to be made on collaboration in such fields as 
industrial standards, company law and patents which 
the Council of Europe has begun to examine. The 
European Institute of Technology proposed by the 
Prime Minister in November was described as an 
“organization that would provide an independent 
centre of analysis available to governments and indus- 
tries. on industrial structures, problems and future 
developments”. It would provide a forum for tech- 
nological exchanges, and by working in close collabora- 
tion with the EEC commission it could “play a major 
role in accelerating the achievement of a European 


technological community—a community which is — 


essential if Europe’s potentials are to be realized”. 
But those who hoped that Mr Benn would finally 
disclose exactly what is in the Prime Minister’s mind 
were disappointed. The European Institute of Tech- 
nology remains a nebulous idea, splendid for injecting 
life into otherwise familiar speeches, but not apparently 
the subject of much serious study. 


‘Unequal Trade 


“Wrrn the worsening of relations between rich and 
poor countries as a result of wars in the Middle East 
“and in Vietnam and racial tension in many countries, 
_ the meeting of the United Nations Conference on Trade 
and Development (UNCTAD) which is taking place in 
“New Delhi will not be all plain sailing. The last meeting 
-in Geneva in 1964 was an acknowledged flop, and hopes 
for the New Delhi meeting are not high. Too many 
‘countries, Britain included, have gone to the meeting 
without a clear policy. 
<: UNCTAD—defined in the most recent annual review 
of the Overseas Development Institute (ODI, 12s. 6d.) 
as “a forum for redressing the balance of the world’s 
economic system in favour of the developing countries” 
—has not been a triumphant success in the past few 
years. Although one of its aims is to increase the 
production and value of commodities on which most 
developing countries rely, the price of commodities 
continues to fall. Increases in production or in produc- 
tivity tend inevitably to be reflected by a decline 
in the prices paid for the commodities, so that the 
processes by which developed countries advance them- 
selves tend to do the opposite for underdeveloped 
countries. UNCTAD also cherishes a hope of estab- 
lishing aid to developing countries at the rate of 1 per 
cent of the GNP of developed countries, and of promot- 
ing tourism and regional co-operation between develop- 
ing countries. But the chances of increasing aid at the 
moment are slim indeed—the British aid programme 
is to be fixed at the present ceiling of £205 million per 
year, despite devaluation, which means that the real 
value of the aid which Britain dispenses has fallen by 
between 8 and 11 per cent. This has happened after 
an actual cut of £20 million announced at the end of 
1966, so that the value of British aid to developing 
countries has fallen steadily for the past two years. 
In the circumstances, it would perhaps have been 
unreasonable to expect anything else, but it is hard for 
developing countries to feel that Britain’s economic 
- difficulties, alarming as they are, are anything like as 
serious as their own. 
The annual review from the ODI suggests ways in 
which developing countries can make the best of a 
bad situation. It would not be helpful, the report 
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argues, if the developing countries use the present 
UNCTAD meeting to attempt to force concessions 
from developed countries. UNCTAD, the authors of 
the report say, must work through consensus—if the 
proceedings are based on bargaining from strength, it 
will be impossible to get the system changed for the 
simple reason that bargaining from strength has pro- 
duced the very system which is under attack. The 
UNCTAD secretariat, headed by Dr Raul Prebish, has 
prepared a detailed analysis of the present situation, 


‘together with a series of proposals for action, but these 


have been treated with scepticism by some of the 
developed countries. The ODI report suggests that 
detailed argument about the way the case has been 
presented should not be allowed to obscure the basic 
issue—that the present system for operating world 
trade is biased against the developing countries. 
UNCTAD, the report concludes, must devote itself 
to changing the economic system, not to trying to 
secure concessions within the existing system. 

Whether the developing countries accept this timely 
advice remains to be seen. There is little doubt, how- 
ever, that without a new stimulus the world aid 
programme runs the risk of coming to a halt through 
political apathy in the developed countries. This is 
depressing, and in this context the occasional success 
stories are very refreshing. Pakistan and Kenya are 
likely to be quoted frequently at the UNCTAD 
meeting as examples of what can be done. 


Reducing the Risks 


THE opening of the advanced Nuffield Transplantation 
Surgery Unit on January 31 by Sir Peter Medawar 
marks an important step forward in this extremely 
complex field. The Nuffield Foundation provided 
£230,000 towards the cost of the unit, which is at the 
Western General Hospital in Edinburgh. 

According to Professor M. F. A. Woodruff, who is 
the director, the new unit has been designed for the 
treatment of patients who run a particular risk of 
infection because of having received immuno-suppres- 
sive agents. Three main categories of patients will be 
admitted; first, those patients receiving organ trans- 
plants and who are receiving immuno-suppressive 
drugs; second, patients with auto-immune diseases 
also receiving these drugs; and, third, certain types of 
cancer patients who have reduced resistance to infec- 
tious agents. The unit will, however, also be available 
to patients who have been accidentally exposed to 
radiation. 

There are six patient rooms and two operating 
theatres in the unit. These work on a complicated 
system of ventilation with sterilized air under pressure 
which will prevent any cross-infection. All materials 
entering the unit will be sterile and wrapped, and 
communication between patients and visitors will be 
through glass and using microphones. The first patients 
will be those receiving kidney grafts. 


Waiting, Not Yet Seeing 


Tur meeting last week in Geneva of the Council of the 
European Molecular Biology Organization (EMBO) 
seems to have been a mixed success. The proposal 
for a central laboratory was presented by EMBO 
but not formally discussed—that will not happen until 
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later this year. Nevertheless, a second firm offer of 
a site for the laboratory has now been made. As well 
as the offer of a site near Nice by the French Govern- 
ment last year, there is now the prospect of an Italian 
site near Rome. 

At this stage, however, it seems that enthusiasm 
among some governments is more than counterbalanced 
by the scepticism of others. The West German 
Government, for example, seems to take the view that 
at this stage any attempt by EMBO to force the pace 
of a decision on the laboratory would invite refusal. 
Other governments, the British among them, take the 
line that the first step should be to make a decision 
about collaboration and continuing financing of the 
programme of fellowships and exchange visits on which 
EMBO has already embarked, chiefly with money 
from the Volkswagen Foundation. From this point 
of view, the laboratory is likely to become a live issue 
only towards the end of 1968, although there may be 
some discussion of it at the next governmental meeting 
arranged for April. 

. From EMBO’s point of view, however, it is somewhat 
disconcerting that even the less ambitious set of 
proposals for fellowships and exchanges may not 
command full support by the next meeting. Although 
several delegations last week are known to have come 
out in favour of the fellowships, both the British and 
Belgian Governments—for different reasons—took a 
more negative line. 

The British view seems to have been determined by 
recognition, rather late in the day, that even the pro- 
posal to finance EMBO fellowships on a continuing 
basis raises awkward issues of principle which have 
not yet been given the attention they deserve. There 
is, for example, the issue why molecular biology should 
be singled out for special treatment. There is also a 
fear that massive support for EMBO would serve 
unhealthily to institutionalize molecular biology. In 
more practical terms, although the amounts of money 
involved in financing the fellowships (as distinct from 
the laboratory) are comparatively small, it is inevitable, 
now that forward planning within a fixed budget has 
become everybody’s watchword, that funds for EMBO 
will have to come out of somebody else’s budget. 

The difficulty here is that the Medical Research 
Council—one obvious source of finance—is likely to 
decide that it knows of better ways of spending its 
own money. At the same time, it is unlikely that the 
Royal Society would take kindly to a government 
instruction that a large part of the £200,000 a year 
which it has been allotted for European fellowships in 
all fields should in future be earmarked for EMBO. 
The result, in Britain, is most probably that the 
government will try to resolve its difficulties by a 
process of enquiry and consultation within the research 
councils and the Council for Scientific Policy. There 
“may be some interest to see whether it can clear up 
its genuine difficulties without seeming to use consulta- 
tion as a means of procrastination. 


Franco-Soviet Space Agreement 


Some details have now been made available of the 
Franco-Soviet space agreement signed in Moscow on 
December 9. The agreement calls for the launching of 
a satellite containing an experiment of French design 
to make a spectroscopic analysis of the Moon’s atmo- 
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sphere, if it has one. The satellite will be launched at 
the end of this year or early in 1969. 

Observations made during eclipses have given grounds 
for believing that the Moon may contain a thin atmo- 
sphere, produced, it is surmised, by volcanic eruption 
of gases or by radioactive decay of surface rocks, for 
example, of potassium into argon. Another possibility 
is that the high energy particles in solar winds might 
erode the lunar surface to the extent of releasing 
hydrogen and helium atoms; these might be retained 
by the Moon’s gravitational field for brief periods. 
Any lunar atmosphere will probably be so tenuous 
that the exhaust gases from lunar landings could radic- 
ally alter its composition; the experiment must 
therefore be performed as quickly as possible. 

Another project outlined in the Franco-Soviet agree- 
ment is a study of the magnetic fields of the Moon. It 
has not yet been confirmed whether the USSR will 
make use of the French base at Kourou in Guyana for 
the launching of a manned satellite. 


New Nature Reserve 


Tue decision of the Natural Environment Research 
Council to establish a National Nature Reserve on 
about 182 acres of Cors Fochno, otherwise known as 
Borth Bog, in Cardiganshire, will be good news to 
many ecologists. There can now be no danger that 
draining will destroy a fine example of a relatively 
undisturbed raised bog. 

Borth Bog is on the southern side of the estuary 
of the River Dovey and is an extensive area of acid peat 
which is in some places as much as twenty-three feet 
deep. The vegetation is very rich in mosses, and 
especially the genus Sphagnum—also known as bog 
moss. Among the species present is Sphagnum imbrica- 
tum, @ peat-forming moss which is now quite rare in 
Britain. One of the problems now puzzling botanists 
is why this moss, which must have been the commonest 
when peat formation was progressing rapidly, has now 
become almost extinct. 

Among the flowering plants there are no great rarities, 
but there are some interesting species. Andromeda 
polifolia, or bog rosemary, the pink flowered low woody 
plant, which is found on Borth Bog, is now decreasing 
on the bogs in the north and west of Britain. All 
three species of Drosera, the plant which catches 
insects on its sticky leaves, are found in close proximity 
at Borth, and this is a very rare occurrence. The 
fauna also has its interest; polecats, the stoat-like 
carnivores which are now rare except in central Wales, 
are numerous, and seventy-four species of butterflies 
and moths and twenty-two species of breeding birds 
have been identified. 

As well as the distribution of the vegetation on the 
surface of the bog, and the effect on it of changes in the 
habitat, such as water movement, there is great interest 
in the history of the bog. Analysis of borings into the 
peat has revealed that the bog developed from fenland, 
later to be covered by forest, dominated by a sequence 
of different trees. The base of the bog is clay, contain- 
ing Foraminifera—the fossil Protozoa which usually 
had a hard outer coat. Peat samples from 24 em 
above the base of the bog contain less pollen from 
trees than from other plants, mainly monocotyledons, 
which suggests that this was fenland. The trees were 
elm, pine, oak and hazel. Samples from 34-54 em 
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above the base of the bog contain more pollen from 
trees than from other plants, with a marked preponder- 
ance of alder and birch pollen. The fen was evidently 
covered by forest, first dominated by alder, and later 
by birch. At 100-180 em above the base the proportion 
of tree pollen decreases and there are many spores 
ofthe moss Sphagnum, and pollen of the small aromatic 
: plant Myrica gale, also known as sweet gale or bog 
myrtle. The transition from fenwoods to raised bog— 
the peculiarity of a raised bog is that it has developed 
from the less acid fen—appears to be about 100 cm 
-from the base of the profile. 
This sequence resembles closely that found in the 
submerged forest which stretched intermittently 
< between high and low tide marks for two miles along 
the: coast between the villages of Borth and Ynyslas to 
‘the nörth. On the beach at Ynyslas there are exposed 
ains of tree trunks which were part of this forest. 









Borth Bog, Cardiganshire, looking south-east. The Nature 
Reserve is shown in the middle distance. (Crown copyright ; 
Dr J. K. S. St. Joseph.) 


_ "There is still much to be learnt about the historical 
aspect of Borth Bog. Dr Peter Moore of King’s 
College, London, has recently made a series of borings 
in bogs, including Borth, and built up a historical 
picture of the human influence on the vegetation of 
central Wales. Pollen analysis can show, by such 
signs as the presence of a high proportion of weed 
pollen in peat samples, that man has been active in an 
area. There is other work in progress which is con- 
cerned with similar aspects of the history of Borth 
Bog, as well as various ecological studies on the surface, 
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despite the impression given by the apparent paucity 
of published results. It will all be able to continue 
unhampered when the Nature Reserve is set up. 


Documentation for Planning 


Hovsine, building and planning are subjects which 
cut right across the conventional disciplines. As a 
result, the literature is diffuse and it is also inundated 
with trade material, good and bad, in enormous 
quantities. These problems make the proper organiza- 
tion of literature in the fields of housing, building and 
planning complicated, to say the least. There is not 
too much wrong with the two-way flow of information 
between North America and the countries of Western 
Europe, but it is a different story with Eastern Europe, 
Asia and Africa. There are the usual language difficul- 
ties, and most developing countries have far from 
sophisticated library and information services. It is 
hoped, however, that a new organization, an Inter- 
national Institute for Documentation of Housing, 
Building and Planning, will help. A talk about this 
was given recently at Aslib headquarters by Mr Agard 
vans, former Chief Librarian, Ministry of Public 
Building and Works. 

There are already in existence scveral organizations 
concerned with building and planning on an inter- 
national scale—the International Council for Building 
Research, Studies and Documentation (CIB), and the 
International Federation for Housing and Planning, 
for example. None of the international bodies, how- 
ever, appears to have the terms of reference, the funds 
or the facilities to cover documentation in building 
and planning on a world-wide scale. This is why it is 
proposed to set up a new institute which would be able 
to channel all its energies and resources into the 
problems of documentation. The Economic and Social 
Council of the United Nations has had the institute in 
mind for some time. Before giving final approval to 
the project, the council asked that an expert group of 
four from India, Czechoslovakia, France and Britain 
should undertake a feasibility study. The group, of 
which Mr Evans was the British member, met twice 
last. summer and presented a unanimous report to the 
council in September. A draft resolution was approved 
and this is to be put before the full council meeting in 
May this year. 

In outline, the proposal is to establish the head- 
quarters of the institute in New Delhi. This will be 
supported by national documentation centres in each 
member country. Staff in New Delhi, documentalists, 
translators and others, will disseminate information 
on housing, building and planning in various ways— 
through ‘‘digests” (extended summaries of a selected 
number of primary documents, 100 per month); 
annotated references: abstracts (selected from those 
already published in the field); and “syntheses” 
(reviews of the subjects from primary and secondary 
sources). These services would be in four languages— 
English, French, Russian and Spanish. The national 
centres would assist in all this by making the informa- 
tion available to practitioners in their country. The 
institute in New Delhi would also act as an information 
centre for queries which cannot be answered from 
existing national sources. If necessary, queries could be 
channelled to the other international centres. Second- 
ary functions of the institute could include standardiza- 
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tion, classification and giving advice on any aspect of 
documentation in the fields covered. But it would not 
undertake full-length translations, critical appraisals 
of literature, the publishing of textbooks and manuals, 
nor anything falling outside the boundaries of docu- 
mentation. 

There is now a working party busy with all the details. 
If approved, the new institute should be fully opera- 
tional within about 15 months. There remain some 
big questions. The institute will have to rely on 
voluntary support from governments. Will enough 
money be found for the capital costs and running 
expenses? The Indian Government is helping with 
staff and buildings. Are other countries going to 
follow? How will the institute select material ? 
How will it be staffed? Documentalists are already 
hard to find. 


Welsh Primary Schools 


Au 'primary schools in Wales should eventually become 
bilingual. With this aim as the chief recommendation 
in its newly published report, the Central Advisory 
Council for Education (Wales) must have gone a long 
way towards satisfying the Welsh Nationalists. The 
second recommendation, more the concern of educa- 
tionists, calls for increased attention to in-service 
training and advisory services for teachers. One week’s 
study leave on full pay for each year of service is 
recommended for all teachers. 

A considerable amount of reorganization in rural 
areas is called for, so that the smallest schools will have 
a minimum of 50-60 pupils and not less than three 
teachers. Area schools in key villages are suggested 
for such areas, with the limit of 45 minutes being placed 
on the travelling time of the children. The committee 
comes out in favour of all-through schools for 5 to 12 
year olds, rather than a two-tier system with a move 
at the age of 8. It is hoped that the schools can be 
connected with community centres dealing with social 
and welfare services and those which provide for 
leisure and further education. Liaison between these 
different groups in community life should be en- 
couraged and teachers could help in this respect, 
particularly if, during their training, more emphasis 
is placed on this aspect of their work. The pattern of 
teacher training courses was given some attention, but 
the council believes that a full enquiry into the system 
is necessary. 

The council was set up in April 1964, under the 
chairmanship of Professor C. E. Gittins, Professor of 
Education at University College, Swansea. This was 
some months after the English equivalent, under Lady 
Plowden, but the terms of reference given to both 
bodies “to consider primary education in all its aspects 
and the transition to secondary education” were 
identical. Professor Gittins and Miss S. E. Grey, 
Organizer for Infant Education for Glamorgan, served 
on both councils, and thus maintained close contact 
between the two groups. In general, the recommenda- 
tions of the Gittins Report agree with those put for- 
ward by the Plowden Council, but additions are made 
wherever matters of special concern to Wales are 
mentioned. 

Religious education was investigated by the council, 
and it was suggested that compulsory religious instruc- 
tion be left to the discretion of head teachers. Professor 
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H. D. Lewis, Professor of History and Philosophy of. 
Religion at King’s College, London, did not agree with 
the recommendations of the council. He believes that 
religious education should be compulsory, and did not 
sign the report. Professor D. C. Marsh, Professor of 
Applied Social Science at the University of Notting- 
ham, did not support the recommendations for a fully 
bilingual primary education in Wales. 


Action of Drugs 


Proressor M. J. H. Smitu is the director of a new 
research department of biochemical pharmacology 
which has been instituted at King’s College Hospital 
Medical School, Denmark Hill. The department, which 
consists of 2,000 sq. ft. of laboratory space, was made 
possible by a grant of £24,000 from the Nuffield 
Foundation and a subsequent grant from the Univer- 
sity of London. 

The research work in the new department will 
attempt to gain an understanding of the way in which 
drugs affect normal and diseased people; in particu- 
lar the effects of anti-inflammatory drugs such as 
aspirin, phenylbutazone, indomethacin and various 
steroids used to treat rheumatism will be studied. 
This will involve investigating their effects on meta- 
bolic processes and tissue enzymes and using the 
results to explain known clinical and toxic effects of 
the drugs. 

The cost of equipment, which includes a computer, 
radioactive counting material and a refrigerated 
respirometer, is being met by part of the £9,000 grant 
from the University of London, and also by a grant 
from King’s College Hospital and Medical School 
Joint Research Committee. In addition, the Nuffield 
Foundation has made a three-year grant of £11,537 
which includes a fellowship, and the Arthritis and 
Rheumatism Council is allocating £32,000 over the 
next five years. 


Value from Scrap 


ANYTHING to reduce the British import bill is welcome 
these days, so that the work of the Warren Spring 
Laboratory at Stevenage in the recovery of valuable 
metals from scrap residues and waste is likely to be 
enthusiastically taken up. This particular research, 
which uses chemical processing techniques, is helpful 
to the non-ferrous metallurgical industry which depends 
heavily on imported raw materials. New techniques 
are also being developed for the extraction of rarer 
metals needed for high-duty alloys and for electronic 
devices, and for the finer purification of primary metals. 
The mineral industry is also likely to benefit from the 
new methods of dry separation of minerals which are 
being developed. Two separators using air fluidization 
which could be used in regions of the world where 
water, the normal medium, is scarce, are described in 
the laboratory’s annual report for 1966, just published 
(HMSO, 8s. 6d.). Work in the mineral processing field 
accounted for some 40 per cent of the total expenditure 
of the laboratory. 

An important 35 per cent of the expenditure was 
spent in the chemical engineering division. Some of the 
most significant experiments being done are those on 
the computer control of complex chemical processes. 
A pilot plant which produces acetone by the dehydro- 
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genation of iso-propanol ıs bemg used to examme 
different forms of digital control The computer used 
is an ARCH 9000 Durmg the past year, the instru- 
ments and computer systems of the plant have been 
modified and extended ın various ways It 1s only by 
re-designing the plant and processes that the full 
possibilities of computer control can be gauged Short 
specialized trammg courses for chemical engineers 
from industry are bemg held at the laboratory so that 
detailed knowledge of the methods and techniques 
of process control may be diffused through the process 
mdustries A second project to study computer 
control has now been started This 1s a study of the 
control by computer of a fast chemical reaction 
{oxidation of hydrocarbons) m a transfer-lne reactor, 
m which effective control to obtain conditions of 
maximum conversion can be done only by computer 
The work so far has been mainly on computer control 
of large-scale and complex eontinuous processes 
The laboratory has found, however, that there could 
also be ımproved control of a number of processes on a 
smaller scale Research has been started, therefore, 
on control of batch distillation with an assembly of 
digital logic and analogue elements 

Several other mvestigations are described ın the 
report These include work on viscometers and flow- 
meters, and the development of an on-line particle 
size sensor and a new fluorine analyser based on 
neutron activation The work on flow properties, 
mixing storage and bulk-handhng of granular materials 
has led to designs for mass-flow hoppers These have 
been successfully apphed m a number of different 
industries 

It has been estimated recently that air pollution 
costs Britain £350 million annually, quite apart from 
any losses caused by its effect on health The laboratory 
spends just over 20 per cent of its total expenditure 
on research in this field In 1966, increased attention 
was paid to pollution arismg from vehicular traffic 
and to the reactions of pollutants in the atmosphere 


Coexistence in Botany 


Suxcz the merger ın September 1967 of the Depart- 
ments of Botany and Agricultural Botany at the 
University College of North Wales, Bangor, a note- 
worthy effort has been made to break down the barrier 
between pure and apphed plant sciences 

The School of Plant Biology—as ıt 18 now called— 
was instigated by Professor P W Richards with the 
aim of covermg the widest possible range of botanical 
subjects and with the mtention of ending the separation 
between pure and applied disciplines Accordmg to 
Professor J L Harper, who 1s head of the new school, 
the union has brought m an academic staff of twenty- 
three, and a number of building alterations have made 
it possible to house almost all the academic staff m 
one main buldmg Teachmg and some research 
activities are, however, still spread over a number of 
buildings 

The school now possesses two field stations One of 
these ıs the 28 acre research station of the School of 
Agriculture at Pen-y-ffridd 1t has research laboratories, 
and controlled environment facilities are provided 
The other station—Treborth botamie garden—is 
approximately the same size and has laboratories, 
woodland and an expermental garden. The greater 
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part of the work in systematics ıs concentrated at 
Treborth, and physiology and experimental ecology 
are developed at Pen-y-findd 

Within the school there are now two MSc courses 
—one ın pure and applied ecology and a second in crop 
protection The latter with an mtake of about ten 
graduates a year 1s particularly valuable, according 
to Professor Harper, for strengthenmg the hnks with 
agricultural ndustry 

Undergraduates are, however, the main intetest in 
the school, which still offers degrees ın agricultural 
botany and botany Students are offered an extremely 
wide range of choices m the honours degree option, so 
that a student cam specialize in an aspect of the plant 
sciences covering both pure and apphed science 
disciplines The merger has also produced a very large 
research group and there are at present thirty-four 
students working for postgraduate degrees—a healthy 
number for any university department Part of the 
finance 1s provided by the Science Research Council, 
part by the Natural Environment Research Council, 
and the Ministry of Agriculture provides studentship 
awards But im addition there are a number of students 
engaged ın work supported by industry, and there are 
also students supported by the Copper Development 
Association, the Zinc Development Association and 
the International Copper and Zinc Research Associa- 
tion 


Parliament in Britain 


Agriculture = Qz 

Mes Suirtey Wu11ams, Minister of State, Depart- 
ment of Education and Seience, stated that m the 
United Kingdom ın 1966, 431 students qualified for 
university first degrees ın agricultural subjects and 
194 for higher degrees or diplomas In 1967, 482 
quahfied for diplomas, 1,799 for certificates following 
full-time courses and about 13,000 for certificates ın 
mdividual subjects following part-tıme or block release 
courses in further education (Written answer, 
January 25 ) 


Power 

Tue Parhamentary Secretary to the Ministry of Power, 
Mr R Freeson, stated that the melusion of the allow- 
ance for the effect of devaluation changed the estimate 
of the cost of electricity from Dungeness B nuclear 
power station from 0 56d to 057d /kWh The effect 
on the operatmg costs at Hunterston A station was 
likely to be marginal and at Hunterston B was unlikely 
to be significant, although depending largely on the 
final terms of individual contracts The total consump- 
tion of fuel oil at power stations in the United Kmgdom 
was estimated at 73 milion tons m 1966 and 74 
milhon tons in 1967 Mr R Marsh, Muster of Power, 
stated that the Central Electricity Generatmg Board 
estumated the construction cost of Hmkley Pomt B 
at £71/kW and the base load generatmg cost, mcludmg 
capital charges, at 052d /kWh For Drax, the most 
advanced coal-fired thermal power station offered to 
the board, the corresponding figures are £52/kW and 
0 60d /kWh) He was advised by the board that with 
pithead coal prices of 3d , 4d, 5d and 6d per therm, 
the estimated base load generation cost per kWh 
of the most advanced coal-fired power station would be 
0 55d , 0 65d , 0 74d and 0-83d, respectively (Written 
answers, January 19, 22 and 23) 
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What French Scientists Do 


THE results of a detailed survey of the origins and the 
employment of research scientists ın the French public 
service, mcluding higher education, have now been 
published by the Délégation Générale & la Recherche 
Scientifique et Technique (Les Chercheurs du Secteur 
Public en Sciences Exactes et Naturelles) Because the 
public sector employs close on 60 per cent of the 
50,000 or so research workers thought to be active in 
France at present, the census 1s likely to be a reasonably 
accurate picture of the management of scientific 
resources in France The analysis now pubhshed 1s 
based on detailed replies collected durmg 1963-65 
from 11,000 scientists working either m the French 
civil service or in higher education 

Physicists account for 31 per cent of the research 
workers covered by the survey Biologists account for 
29 per cent, chemists for 25 per cent, mathematicians 
for 8 per cent and geophysicists of various kinds for 
the remaiming 7 per cent of this population of research 
workers The survey did not cover people working m 
medicine and related disciplines or ın the social sciences 
One striking feature of the results 1s the comparatively 
ligh proportion of women at work m French labora- 
tories, particularly ın biology For the public sector 
as a whole, roughly 20 per cent of the research workers 
are women; the proportion varies from 11 per cent 
in physics to 28 per cent m biology The report points 
out that m the United States the proportion of women 
research workers mn the public sector 1s only 9 per cent 

As elsewhere, the population of research workers in 
France 1s comparatively young For the public sector 
as a whole, the median age of active research workers 
works out at 35 years Chemists and physicists tend 
to be younger than biologists—a third of active chemists 
are m their twenties compared with a fifth of biologists 
Although the report raises questions about the likeli- 
hood that a person’s productivity and creativity may 
be determmed by his age, the chances are that these 
small differences are consequences of the different 
rates of growth of different disciphnes 

The French labour force includes a surprisingly hgh 
proportion of people from abroad For the pubhe 
sector as a whole, 16 seems that 4 per cent of active 
research workers are from countries outside France, 
roughly half of them from elsewhere in Europe For 
the labour force as a whole, 45 per cent of research 
workers are to be found ın higher education and roughly 
a quarter of them work directly for the CNRS There 
are, however, sharp differences between the distribution 
of people with different kinds of qualifications The 
Atomic Energy Commission (CEA), for example, 
employs more than a quarter of all physicists, nearly 
two thirds of mathematicians are to be found m 
universities 

Of those engaged in research in France, the majority 
seem to be trained at French universities. The Grandes 
Ecoles and the sumlar institutions m France provide 
a great many qualified people ın science and tech- 
nology, but many of these finish up im the private 
sector The result 1s that 53 per cent of active research 
workers are trained in universities, just over a third in 
the Grandes Ecoles and 2 per cent at imstitutions 
outside France One interesting feature of the statis- 
tics which have been collected 1s that 6 per cent of 


those active in research appear to have had then 
trammg at Ecoles Normales Supérieures, chiefly at a 
handful of particularly distmguished mstitutions of 
this type Most of the women who make a career of 
research seem to have a umversity background The 
same statistics show how comparatively small a 
proportion of French scientists include in their traimng 
a spell abroad 

The statistics also illustrate how French scientists 
tend to acquire higher degrees at a comparatively 
advanced age Of those active in research, 27 per cent 
had quahfied as doctors of science, but at a median 
age of 42 years The more recently mtroduced doc- 
torate based on a programme of study and research 
at a university mmmediately after baccalauréat seems 
to be held by roughly 6 per cent of the population of 
active researchers but, even there, half of the scientists 
concerned seem to have had to wait until they were 
30 before qualfymg If anything, the age of qualfying 
seems to have mcreased over the past four decades 

In the public sector as a whole, teaching seems to 
account for a substantial proportion of the time and 
energy of qualified scientists Altogether, 18 per cent 
of a person’s time was spent on teaching, compared 
with 60 per cent on research Mathematicians as a 
whole are the most dihgent teachers (25 per cent of 
everybody’s time), physicists get off most lghtly, 
with an average of 12 per cent of time spent on teaching 
and 63 per cent on research Understandably, the 
proportion of time spent teachmg 1s greatest among 
those employed m universities—just over 33 per cent 
compared with 41 per cent for research In the 
universities, 16 seems to be the rule that the most 
junior people do the most teachmg Assistants—the 
lowest grade—can expect to spend 38 per cent of their 
tıme teachmg and 43 per cent of 1t on research By 
contrast, professors spent 24 per cent of ther time 
teaching and just as much on research The report 
does not define accurately what 1t means by teaching, 
but m comparison with university people elsewhere, 
those in France probably carry the heaviest burdens 

The survey of French research workers has set out 
to discover how well equipped they are to deal with 
scientific literature from abroad Accordmg to the 
information which has been collected, 7 per cent of 
active research workers confess to having no knowledge 
of a foreign language, but the Délégation Générale 1s 
quick to point out that the corresponding proportion 
m the United States 1s 27 per cent In France, mathe- 
maticians seem to be the least well equipped with 
foreign languages—13 per cent of them know no 
foreign language compared with only 3 per cent of 
chemists m a similar state of ignorance Most scien- 
tists in France, apparently, know at least two foreign 
languages and among the languages quoted English 
was at the top of the list (83 per cent) and German 
next (42 per cent). Of the scientists mcluded m the 
survey, 14 per cent seem to have spent some period 
abroad on scientific busmess, with doctors of science 
among the most widely travelled In the physical 
sciences the Umited States seems to be the favourite 
visiting place (with roughly half of those meluded in 
the survey) Among geophysicists and biologists, 
Africa claims pride of place 
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Problems of European Integration 


Ir 1s, of course, disappomtmg that the meeting m 
Geneva last week about the contmued finanemg of the 
activities of the European Molecular Biology Organiza- 
tion should have made so little progress (see page 401) 
This 1s particularly 1ronical at a time when the foreign 
muusters of several European countries, meeting m 
Brussels, were congratulating themselves on their 
willingness to collaborate m all kinds of schemes 
for the imtegration of European institutions and 
interests 

At the same time, it 1s only proper to acknowledge 
that the proposals which EMBO has put forward 1aise 
mmportant issues of prmeiple To be sure, it 1s hard 
to see why these have arisen so late m the day It 1s 
also hard to see why the example of CERN does not 
serve, to scientists as well as to administrators, as a 
proof that putting money mto EMBO would not be 
the same as pourmg ıt down the dram If there 1s 
to be further discussion about the proposals, 1t 1s to be 
hoped that it will be at once public and quick It 1s 
a great misfortune that the British Government, now 
apparently embarkmg on another process of enquiry 
mto the rightness or wrongness of the scheme, should 
not have done the job more thoroughly at the begin- 
ning, perhaps a year or more ago 

That said, 1t 1s important not to overlook the develop- 
ments which have already taken place towards the 
integration of scientific institutions in Western Europe 
The way in which several national academies m Europe 
are collaborating—with funds provided by their 
governments—on the exchange of fellows and students 
from one laboratory to another 1s a splendid develop- 
ment with great promise for the future In this con- 
nexion, the part which has been played ın the past 
by the North Atlantic Treaty Organization should 
not be overlooked The organization has been particu- 
larly mfluential ın supportmg summer schools for 
senior postgraduate students and the hke at dozens 
of centres m Europe on an mereasing scale One way 
and another, several of these summer schools have 
already grown mto more or less permanent and regular 
mstitutions The only trouble, of course, 1s to know 
at this stage what 1s to happen to activities like these, 
financed through NATO, when the treaty 1s revised 
m 1969 

H all these schemes for mcreasmg the cohesion of 
the profession of science m Western Europe are put 
together, however, it must be acknowledged that 
they do not by any means match the real need for 
closer integration and real exchange between labora- 
tories and universities Moreover, ıt 1s hard to see 
how the existmg machmery could adequately admmuster 
the very much larger sums of money that would he 
needed if travel between one place and another in 


Western Europe were to become as free as 1t should be 
for scientists and technologists 

In the past few years there has also been welcome 
progress towards the federation of learned societies m 
several discrplnes Biochemical societies, for example, 
have created not merely a common institution but a 
journal of their own as well The physical societies are 
at present ın the thick of negotiatmg a constitution 
for a federal orgamzation, and will probably be able 
to launch this officially m the autumn It remams to 
be seen how far they will be able to go in the rational- 
ization of journals, the development of mternational 
conferences and the admimustration of exchanges 
between laboratories, but at present everybody seems 
to be hoping for the best But even here, unfortun- 
ately, a few swallows do not make a summer It 1s 
unthinkable that the mtegration of European science 
should be allowed to proceed by the independent 
decisions of academies of different disciplines to hnk 
themselves together 

This ıs why governments should be much more 
ready to take a hand than they apparently were 
last week at Geneva The long-term need 1s for the 
creation of institutions on a European basis which can 
help somehow to admunister policies as well as charit- 
able donations Professor Waddington made a strong 
case, m Ins contribution to the new OECD report on 
science policy ın the United States, for a sharimg of 
decision-making within Western Europe on new pro- 
jects of research What he had m mind was the inclu- 
sion in the national research councils such as the 
Science Research Council of council members from 
other European countries The virtues of this develop- 
ment would be not merely the avoidance of overlap 
between research projects undertaken in different 
countries but the creation of means for the improve- 
ment of the proposals put forward by teams of scientists 
in separate countries This, as 1t happens, 1s a modest 
version of the kind of proposal which ought now to be 
considered seriously in Western Europe 


Applying Holography 
THE progress that ıs bemg made ın holography was 
reviewed by Professor D Gabor and nine others m a 
symposium held durmg January 17-18 at the National 
Physical Laboratory The meetmg was organized by 
the Optical Group of the Institute of Physics and the 
Physical Society m conjunction with the Stress 
Analysis and Matenals and Testing Groups The 
audience numbered more than 300 for each of the three 
sessions 

In his opening paper Professor Gabor drew attention 
to some of the ways ın which holography could be used 
to fabricate unusual types of optical element If 
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recording materials of improved phase-recording quality 
could be found, then several uses could be foreseen for 
composite reflectors containing a very large number of 
stacked Lippman reflectmg layers He raferred also 
to the mcreasmg American interest mn acoustic holo- 
graphy, which could be an attractive alternative to 
X-rays in medical diagnosis 

Of the papers that followed, two dealt with ultra- 
sonics and with the problems of recordmg particle 
tracks ın a bubble chamber, and three were concerned 
with fundamental optical aspects of holography 
The paper by J W C Gates (NPL) emphasized the 
advantages of pulsed laser holography and meluded a 
live demonstration m which a hologram was handed 
round the audience only mmutes after 11 had been 
recorded on the platform 

The remainmg papers dealt with measuring applica- 
tions and made it clear that, although holography as 
a means of processing information has been studied for 
many years, its more recent role as a measuring tool 
is at least equally important 

The paper by A E Ennos (NPL) reviewed some of 
the ways m which hologram mterferometry can be 
used to measure either minute changes in the shape of 
an engmeering component or departures from a holo- 
graphically recorded master shape The highlight of 
this presentation was a short cme film which demon- 
strated the advantage of a new stroboscop:c method, 
as opposed to the time averaged technique, for studying 
the vibrations of an acoustic resonator the resonances 
of which are sharp J M Burch (NPL) cescribed a 
new holographic version of the “moiré shadow” test 
which should make ıt possible to test a diffusely 
reflecting component such as a turbme blade with a 
reduced sensitivity of perhaps 400 frmges per centi- 
metre of error. W R B Bradford (EMI) illustrated 
the experimental precautions that are reeded for 
holographic metrology, and showed results that 
should be of forensic as well as of engineerirg mterest 
It appears, for example, that if a floorboard 1s dented, 
Dr Bradford can determine which if any of the dents 
1s less than an hour old 

The brief sympostum was accompanied by several 
holographic demonstrations which were arranged by 
the NPL Division of Optical Metrology in ar. adjoming 
laboratory A high degree of imterest was shown 
throughout, and this augurs well for a full mternational 
conference on ‘“Engineermg Uses of Holography” 
which is to be held at the University of Srathelyde 
between September 17 and 20 


Extraction by Bacteria 


from our Microbiology Correspondent 


FOURTEEN years ago ıt was found that certain sulphur- 
oxidizing bacteria could accelerate the extraction of 
copper sulphide ores Considerable use ıs row made 
of this leaching process which has rapidly attamed 
importance as the necessity to exploit low-grade ores 
has arisen This extraction process has been studied 
both in the laboratory and the field, and reports m the 
current number of Biotechnology and Broerguneering 
indicate the present state of our knowledge and the 
problems involved in optimizing the condrtions for 
a successful commercial operation Beck (Brotech 
Beng , IX, 487, 1967) has surveyed the practice of 
copper leachmg in several mines in the western United 
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States and, although the control of the process and the 
extent of the recovery varied greatly, essentially the 
same procedure was employed at all mmes Where 
convenient, the waste or low-grade ore (up to 20 
million tons) ıs deposited ın a ravine which forms a 
natural collection system and water 1s percolated 
through the ore dump Pregnant waters rich m soluble 
copper and ferric iron feed a collection pond and then 
are piped to a precipitation plant where the copper 1s 
recovered and the iron ıs m part reduced to ferrous 
sulphate Spent waters are subjected to further 
microbiological action m an oxidation pond m which 
non 1s precipitated as hydrated ferric sulphate with a 
concomitant decrease m acidity Fmally, the spent 
waters are recycled through the ore dump and sul- 
phurie acid added en route to mamtam optimal pH 
conditions Beck’s survey proved a consistent associa- 
tion of Thiobacillus ferrooxidans with leachmg waters 
and exposed ores and a massive development of this 
bactenum m the oxidation ponds Stimulation of 
thiobacil m this latter site provides a large moculum 
m the percolate and removes much of the iron which 
might precipitate and cement m the upper layer of 
the dump and thereby umpede percolation As the 
water passes through the packed ore the viable thio- 
bacıllı decrease in number, an observation which could 
be taken as inconsistent with their proposed activity 
on sulphide ores The massive dimensions of the 
leaching system, however, are hkely to impose absorp- 
tion and filtermg out of bactena and produce stratafica- 
tion and localized accumulations of organisms In 
turn, localized heatmg, up to 80°, would have a two- 
fold effect—a decrease in the bacterial population, 
and a possible enhancement of chemical oxidation at 
the expense of microbiological activity 

The exact contributions which bactena make to 
copper leaching are not known fully, but the efficacy 
of their activity 1s determmed by a complex mter- 
action of physical, chemical and biological factors 
Ehrlich and Fox (Biotech Bioeng, IX, 471, 1967) 
ascribe three major functions to the thiobacıllı (1) 
direct oxidation of the sulphide ores, (2) regeneration 
of ferric 1ron which becomes involved in chemical 
oxidation of the ores, and (3) depressing the release of 
iron from the ores Although it 1s possible only to 
assess the combmed contributions made by thiobacilh 
at present, Ehrich and Fox have studied parameters 
such as the nature of the gangue and mmeralogy of 
the ore, particle size, the availability of oxygen and 
carbon dioxide, the pH, Ep and temperature, and the 
nutritional status of the system This last pomt may 
affect the growth of heterotrophic micro-organisms, 
and either promote or mbhibit the extraction pro- 
cess, by, for example, acid and sulphide produc- 
tion respectively Unfortunately the scaling up of 
laboratory findings to field situations has had only 
limited success so far, and ıt 1s clear that more thorough 
evaluation of the n suitu process along the hnes of 
Beck’s survey ıs a very necessary adjunct to simulated 
experiments in the laboratory 


The Wake of the Moon 


from our Magnetosphere Correspondent 
In July 1967, the National Aeronautics and Space 


Administration m the United States succeeded 
m injecting the satellite Explorer 35 of the IMP 
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series mto orbit around the Moon The mstruments 
meluded two magnetometers and a plasma probe, and 
the prelummary results from one of the magnetometers 
(Colburn et al, Science, 158, 1967) tell an imteresting 
story which suggests that when there has been time 
for the data from one of the magnetometers and the 
plasma probe to be put together, progress will be made 
with a basic plasma problem ‘This kind of data 
analysis necessarily requires a considerable time, 
however, and the data from each instrument are first 
studied separately It may be noted that the Russian 
lunar orbiter Lunik also carried a magnetometer, but 
the measurements (Zhuzgov et al, Cosmic Investiga- 
trons, 4, 880, 1966) showed a magnetic field strength 
an order of magnitude stronger than that found by 
Explorer 35 Smce 1t 1s much easier to imagine causes 
of error leading to spurtously large fields than to 
spuriously low fields, ıt ıs most probable that the 
Lunik measurements are erroneous It may also be 
noted that some check on the Explorer 35 measure- 
ments can be obtained by comparison with Explorer 33 
This was launched a year earher, was intended to orbit 
the Moon, but went mto an Earth orbit with apogee 
farther than the Moon and 1s still operatmg Further- 
more, Explorer 35 1s spin-stabuized along an axis nearly 
perpendicular to the ecliptic and any spacecraft field 
perpendicular to this axis is corrected for The 
altitude of periselene ıs about one half of a lunar radius 
and that of aposelene about 4 5 lunar radu 

One remarkable negative discovery 1s the lack of a 
bow shock in front of the Moon This would have 
appeared as a rather sudden mcrease m field strength 
and onset of turbulence as the satellite crossed the 
shock from upstream The Harth’s bow shock 18 
clearly seen m the variance of the magnetic measure- 
ments on Imp 1 (Ness ef al, J Geophysical Res , 69, 
3531, 1964) in a distance quite small enough compared 
with the size of the Moon The absence of a bow shock 
implies that the Moon does not appreciably disturb 
the flow of the Solar Wind An early speculation (Gold, 
m The Solar Wind, Pergamon Press, 1966) suggested 
that the Solar Wind protons would be neutralized at 
the lunar surface but that an electromagnetic mter- 
action would be found if the whole Moon had an 
electrical] conductivity comparable to that of the 
Earth’s crust Briefly, m the Solar Wind the electric 
field 1s zero m the frame of the plasma and hence 
non-zero in the frame of the Moon, unless the magnetic 
field 1s parallel to the wmd—an unusual situation 
Such an electric field would drive a current through a 
conducting Moon in a direction which would increase 
the magnetic field on the upstream side, 1f this merease 
were appreciable, a shock should occur It can be 
concluded that at least the outer layer of the Moon 13 
a good insulator, by studying the time-variable fields 
near the Moon, electromagnetic sounding of the ternal 
conductivity should be possible and hence some indica- 
tion of mternal temperature 

The other discovery by Explorer 35 ıs an enhance- 
ment of magnetic field strength downstream of the 
Moon which ıs plausibly mterpreted as the result of 
a plasma void where the wmd has been mtercepted by 
the Moon Thus is best understood hydromagnetacally 
as an increase of magnetic pressure mn the void caused 
by the lateral pressure of the plasma outside The 
merease of the field propagates ward at the Alfvén 
speed in the void (assumed to be less than the speed 
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of ight) while the plasma closes in at about tts thermal 
speed The shape of the void should be mapped out 
as the aposelene of the lunar satellite swings round on 
the darkside The structure of the plasma front movmg 
into the void 18 a basic plasma problem of great interest, 
previously inaccessible to detailed measurement The 
enhancement of the field m the void 1s not particularly 
reproducible, but this 1s probably accounted for by 
variations in the mterplanetary field Stall Jess repro- 
ducible, but usually present, are large but short-lived 
decreases of field strength on ether side of the void 
Hydromagnetically this implies an mcrease n lateral 
pressure in the plasma which has just missed the 
Moon This is plausible but not properly under- 
stood, and agam suggests that the combination of the 
data from the plasma probe and the magnetometer 
will be fruitful 


Sequences and Structures 
from our Molecular Biology Correspondent 

One of the most far-reaching technical advances in 
the nucleic acid field m recent years has been the 
development by Sanger of procedures for separating 
and identifying radioactively labelled oligonucleotides 
This culminated m a determmation of the complete 
sequence of an RNA of 120 residues, contamimg no 
“unusual” bases, such as could be used as markers m 
the sequencing of transfer RNA species The subject 
of this tour de force was the 5S RNA associated with 
the ribosomes of E cole Similar 58 species are present 
in other ribosomes, but their function remaims obscure 
The sequence of one of them, from mammahan ribo- 
somes, has now been reported by Forget and Weissman 
(Science, 158, 1695, 1967) 

Ths RNA, isolated from KB carcmoma cell ribo-- 
somes, has 120 residues, and has other features m 
common. with its bacterial counterpart, the 3’-termmus- 
1s uridine in both cases, but the KB cell RNA has 
guanylic acid, rather than uridylic acid, at the 5’-end. 
The sequence presents the possibilty of fairly extensive 
base-pairmg, and im _ particular complementary 
sequences of nme nucleotides occur at the two ends of 
the chain (residues 1 to 9 complementary with 118 to 
110), so that these must be presumed to be united in a 
double-helical segment In # cols 5S RNA there are 
sets of ten complementary bases at the ends, but in 
both molecules isolated G-U pairs occur m these 
sequences Other sets of complementary sequences, 
including one of nine residues, are found As im the 
bacterral RNA, there 1s a run of five residues which 
is complementary to a four- or five-base sequence 
common to all transfer RNAs so far determmed This 
then reinforces speculation about a site for the attach- 
ment of tRNA to the ribosome 

The emergence of the primary structures of the 
various 58 and transfer RNAs has naturally provoked 
a fever of activity m a number of quarters Most of 
all, ıt has stimulated attempts to work out the second- 
ary, and even the tertiary, structure of these molecules 
solely by contemplation of the sequences In favour 
of this agreeable pursuit, 1b must be said that the 
“cloverleaf” model for RNA, which was deduced by 
comparmg the several known sequences, remains an 
unchallenged working hypothesis, at least m respect 
of the pattern of base-pairmg The first serious 
attempt to establish experimentally how ıb relates 
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to the overall appearance of the molecule comes now 
from Lake and Beeman (J. Mol Biol , 31, 115, 1968) 
They have measured X-ray scattermg at low angles 
from yeast transfer RNA ın aqueous solution The 
scattermg profile depends on the distribution of matter 
within the solute molecule, and 1t 1s possible to caloulate 
the scattermg for given models for the tertiary structure 
with considerable precision. Startimg from a “clover- 
leaf” arrangement, contaming four paired segments, 
Lake and Beeman are able to assert that the limbs are 
not splayed out, the {RNA 1s ın fact a compact and 
disymmetric structure, and a good fit between experi- 
ment and theory can be achieved if the arms are 
packed tightly together The best fit 1s for a two up—two 
down configuration, but three up and one down 1s 
not excluded Granted the orgimal “cloverleaf”’, 
therefore, this work must be seen as a considerable 
step towards a picture of the molecule 

No such workmng model exists as yet for the 58 
RNA An attempt at characterizmg the secondary 
structure has been made by Boedtker and Kelling 
(Biochem Biophys Res Commun, 29, 758, 1967) 
They have shown the existence of a considerable degree 
of base-pairmg by demonstrating that the structure 
collapses when treated with formaldehyde The 
absence of any significant ionic strength dependence 
of the sedimentation coefficient mdicates that there 1s 
in fact a rigid tertiary structure Measurements of 
ultraviolet hypochromicity m the native state, by 
comparison with that m the formaldehyde-treated 
material, have been used to obtam a lmuiting value 
for the extent of base-pairmg For reasonable values 
of mean hypochromicity for paired and unpaired 
RNA chans, 1t 1s found that some 60 per cent or more 
of the bases are paired 


Zonal Centrifugation 


from a Correspondent 


Mors than 200 people attended the British Biophysical 
Society meeting on zonal centrifugation on January 
26, organized by Professor P Alexander at the Chester 
Beatty Research Institute Laboratories at Sutton 
Professor D E Hughes m his opening remarks de- 
scribed the development of the zonal centrifuge as a 
major breakthrough in the separation of biological 
material One of the major fields of study m con- 
temporary biological science 1s the relationship between 
function and structure In order to study this 1b 18 
necessary to obtain sub-cellular components ın as pure 
a state as possible The old method of differential 
centrifugation produced very umpure fractions, while 
the introduction of separation by density gradient 
centrifugation. in swmging bucket rotors mproved the 
quality of the fraction at the cost of greatly reduced 
yield With zonal centrifugation usmg rotors with 
capacities of up to 1,700 ml, it 1s possible to obtain 
fractions in quantities sufficient for almost any analyti- 
cal procedure 

Dr N Anderson of Oak Ridge who, with his co- 
workers, has been responsible for the development of 
the zonal centrifuge, started the proceedmgs with a 
major contribution entitled ‘Recent Advances m 
Zonal Centrifugation” This paper, lastmg nearly an 
hour, was delivered with expertise and humour 
He described a number of interestmg modifications m 
technique which can be applied to zonal centrifugation 
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and which considerably extend its potential Among 
the successful applications so far 1s the production of 
highly purified viral vaccmes usmg a flow-through 
rotor to process 1 to 2 htres per hour of culture medium 
One of the latest developments at Oak Ridge is a 
new generation of rotors, the “K” series, capable of 
handlng four or five times the quantities of the 
present “B” series 

The following papers were each concerned with the 
isolation of one or more components from disintegrates 
of biological material The overall impression was 
that the workers had achieved a degree of resolution 
and reproducibility not obtamable with any other 
method Dr J Hastings (Chester Beatty Research 
Institute) described the separation, of different species 
of RNA using the B XV titanium rotor 

Dr ©. D Brne and Dr Harvey (Imperial Cancer 
Research Fund) then showed some excellent separa- 
tions of polysomes, ribosomes and ribosomal sub-units 
Tn the afternoon session, together with Miss S M Fox, 
these authors also described the use of the contmuous 
flow rotor for the isolation of viruses 

Durmg the luncheon break, demonstrations of A, 
B XIV and B XV rotor systems were given by MSE of 
Crawley, England ‘The afternoon session was opened 
by Dr R G Wallis (Microbiological Research Estab- 
lishment), who described a simple contamment device 
for use ın conjunction with the zonal centrifuge for the 
isolation of non-pathogenic viruses 

The complex problem of the isolation of cytomem- 
brane and plasma membrane fragments from lver 
homogenates was dealt with by Dr E Reid, Mr R H 
Hinton and Mr J T R Fitzsimons (University of 
Surrey), and this was followed by a paper on “The 
Separation of Mitochondria and Lysosomes” by Mr 
G C Hartman and Mr R H Hinton. 

Dr D Lloyd (University College of South Wales 
and Monmouthshire), usmg the A rotor, showed that 
the zonal centrifugation of a fraction rich ın mitochon- 
dria resulted m the mitochondria separating mto frac- 
tions having different metabolic properties but appearing 
as a broad band on the zonal profile Dr A P Mathias 
(University College, London) showed what degree of 
separation of nucle: could be achieved using the A 
rotor Usmg low speeds of the order of 600 rpm, 
he had separated diploid and tetraploid nuclei from 
rat liver 

The final paper by P J G Avis, Dr C Dean, Dr A 
Driedger and Dr L Hamilton (Chester Beatty Research 
Institute) dealt with the separation of dismtegrates of 
Micrococcus radiodurans usmg the B IV rotor A 
novel feature was the lysmg of the bacterial cells within 
the rotor to avoid excessive shearing of the DNA durmg 
the introduction of the sample through the rotating 
seal 

This was the first meeting to be held m this country 
devoted entirely to the technique of zonal centrifuga- 
tion and drew one of the highest attendances for a 
meeting organized by the society 


Lactose Repressor 


from our Cell Biology Correspondent 


THE isolation at Harvard University of the lactose 
operon and -phage repressors by Gilbert and Muller- 
Hil and Ptashne has made possible fundamental 
experiments to detect how genetic repressors act at the 
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molecular level Last year, Ptashne (Nature, 214, 
232, 1967) showed that the d-phage repressor binds 
specifically to the operator region of the »-DNA 
molecule. This result supports the simplest model 
of repression—namely, that the repressor protein 
itself bmds to DNA and that this bmdmg somehow 
prevents transcription of the subsequent genes into 
mRNA In the current issue of Proc US Nat Acad 
Scr, (58, 2415; 1967), Gilbert and Muller-Hill report 
that the lactose repressor bmds to the operator region 
of lactose operon DNA molecules and, furthermore, 
that the repressor molecules are released from the 
complex with DNA by mducers. 

To do the experiments, Gilbert and Muller-Hull 
labelled Æ col with radioactive sulphur and then 
isolated from the cells protem sedimenting at 7-89, 
which includes the repressor. About 1 per cent of this 
labelled protem bmds to DNA isolated from a defective 
-phage which carries the Æ col lac operon mm place of 
part of the »-genome Moreover, a synthetic mducer 
of the lactose operon, isopropyl-1-thio-8-p-galactoside 
(IPTG), releases the bound protem from the lac DNA 
This proves, first, that the 1 per cent of 7-88 protem 
which binds to the DNA 1s mdeed lac repressor—not 
just sticky protem—and second, that mducers work 
by releasmg repressors from the repressor DNA 
complex On the other hand, o-nitrophenyl-f-p- 
fucoside (ONPF), a substance which bmds to repressor 
but does not induce expression of the lac operon in vwo, 
has no effect in the on vtro binding of repressor to lac 
DNA, nor does ribonuclease 

Gilbert and Muller-Hill have proved that the lac 
repressor binds only to the operator region of the lac 
operon by measuring the binding of repressors to the 
DNA of two constitutive mutants of the lac operon 
In the absence of mducer, one of these mutants pro- 
duces lac operon enzymes at 20 per cent of the fully 
mduced level, and the other mutant, a low Jevel 
constitutive, produces only 1 per cent of the full 
level m the absence of mducers The basal level of 
the enzymes m wild type cells, m the absence of 
mducers, 1s only 01 per cent the full level The 
expression of the lac operon in the absence of inducers 18 
explained as a failure of the repressor to bind to the 
operator site If so, the on vtro bmndmg of repressor 
molecules to the DNA of the two constitutive mutants 
ought to be weaker by a factor of several hundred 
for the 20 per cent constitutive and at least ten times 
weaker for the 1 per cent constitutive than to wild 
type DNA In bindmg experiments Gilbert and 
Muller-Hill have also found, as expected, that the 
amount of repressor bound to the lac operon DNA of 
the constitutive mutants 1s less than the amount bound 
to wild type DNA The repressor, therefore, must 
bmd to a unique sequence ın the operator and, because 
no binding occurs between repressor and denatured 
DNA, the repressor must bmd to double-stranded 
DNA Ptashne (1967) has shown that this 1s also the 
case for 4-phage repressor 

On the basis of these isolation procedures, Gilbert 
and Muller-Hill estimate that each haploid Æ colh cell 
contains 10 to 20 repressor molecules Each molecule 
must recognize a stretch of at least 11-12 base 
pairs, which corresponds to at least one turn of the 
DNA hehx, a stretch of 35 Å The lac repressor, with 
a molecular weight of 150,000, 1s a sufficiently large 
molecule to cover this amount of DNA 
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Now that the Harvard group has established beyond 
doubt that repressors act by binding to the operator, 
what comes next? If sufficient crystallme repressor 
can be isolated, it should be possible to determme by 
X-ray crystallography the molecular strueture of the 
repressor and the allosteric changes that occur when 
1epressor bmds to DNA And, of course, there 1s still 
the problem of how, by bmding to the operator DNA, 
the repressor prevents transcription 


A New Ribonuclease 


from our Cell Biology Correspondent 


ZINDER’S group at the Rockefeller Unversity has now 
reported the discovery and partial purification of a 
new ribonuclease—ribonuclease II—from E coh 
(Robertson, Webster and Zmder, J Biol Chem., 
243, 82, 1968, and Virology, 32, 718, 1967) Rabonu- 
clease III 1s apparently specific for double-stranded 
RNA molecules Because of this unique property— 
all other known ribonucleases digest single-stranded 
RNA molecules—RNase III should prove extremely 
useful as an experimental tool The new enzyme, 
which occurs in Æ cole loosely attached to ribosomes, 18 
an endonuclease, 1t attacks RNA chains internally 
rather than by clippmg smgle bases from one or the 
other ends of an RNA cham 

Robertson et al omgimally detected the enzyme 
when they found that about 25 per cent of the Q8 
RNA added to an $30 extract of E cole to programme 
wm vitro protein synthesis was degraded while the rest 
of the RNA remamed intact Because about 25 per 
cent of the RNA isolated from QS phage by phenol 
extraction 1s known to be double-stranded, they inferred 
that the 830 extract contamed an enzymatic activity— 
—RNase II—which specifically digests double- 
stranded RNAs This they confirmed by digesting 
other double-stranded RNA molecules, imcludmg 
R17 replicative form RNA, reovirus RNA and 
synthetic double-stranded ribopolynucleotides, with 
S830 extract Tests with f2 RNA as messenger, how- 
ever, showed that the presence of RNase III m the 
S830 extract does not have any gross effect on n vtro 
translation 

Starting from these observations, 1t has now been 
discovered that the RNase IIT activity 1s associated 
with the E coli ribosomes and that ıt remams bound 
to the ribosomes at low salt concentrations, but that 
1t 1s released by washing the ribosomes m buffered 
02M (or above) ammonium chloride Unlike RNase I, 
RNase TII 1s not released from Æ cols cells by osmotic 
shock Zurdo and his colleagues have partially 
purified the enzyme, released from ribosomes, on 
‘Sephadex’ columns and find that ıt has an absolute 
specificity for RNA molecules contaming double helical 
regions, it has no effect on simgle-stranded RNA or 
on single-stranded or double-stranded DNA, and these 
polymers do not competitively mbhuibit the digestion of 
double-stranded RNA This property of RNase III, 
together with its absolute requirement for Mg++ and 
Mn++ and NH,*, K+ and Na+ cations, its pH optimum 
m the range of pH 7 4-pH 9 7, and its endonucleolytic 
activity—the enzyme cleaves mternal phosphodiester 
bonds to yield 3’-phosphate and 5’-hydroxyl groups— 
clearly distmguish RNase IIT from any previously 
deseribed RNase or DNase 
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RNase III can distmguish between double-stranded 
RNA and double-stranded DNA, and tae secondary 
structure of double-stranded RNA 1s closer to the A 
helical form of DNA than the B helical form This 
suggests that part of the specificity o> RNase IIT 
resides in the ability to distmguish the 4 form poly- 
nucleotide helix Prelimmary experiments have shown 
that RNase III digests the RNA from a DNA/RNA 
hybrid This result supports the suggestion that 
substrates for RNase III are A helices because the 
hybrid molecule has an A hehx configuration 

Whatever the function of RNase HI n vwo, the 
enzyme will certainly be useful to experimenters 
It can obviously be used to analyse the role of double- 
stranded RNA in RNA phage replication, to produce 
limited digestion of predommantly smmgle-stranded 
RNA molecules which have some helical content, and 
m hybridization experiments to selectively digest the 
RNA from a DNA/RNA hybrid 


Brain Amines and Drugs 
from our Clinical Biochemistry Correspondent 


In the past ten years, drugs which affect brain meta- 
bohsm and human behaviour have been consumed in 
ever Increasing quantities A biochemical theory of 
affective disorders has been developed m which 
depression is the result of a deficiency m the concentra- 
tions of serotonm and norepmephrine m tre bram, and 
mania 1s the converse state with too high a concentra- 
tion of ammes (Schildkraut and Kety, Science, 156, 
21, 1967) Much of the evidence comes from animal 
experiments, and all drugs are developed by experi- 
menting on animals The relation between biochemical 
and behavioural effects m different species 1s therefore 
of great mterest G R Pscheidt (Comp Biochem 
and Physiol ,24, 249, 1968) has now collecsed compara- 
tive data on the distribution of serotonm and nor- 
epmephrine mn the bram and of the effects of reserpme, 
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monoamine oxidase mhibitors and lysergic acid diethyl- 
amide (LSD) 

The hypothalamus usually contams the highest 
concentration of serotonin and norepmephrine (Amphi- 
bia have epmephrine mstead of norepmephrme) 
Birds and fishes are unusual m having relatively high 
amine concentrations ın the telencephalon The 
cortex, which 1s very low m ammes, makes up only a 
very small proportion of the telencephalon m these 
species In general, the parts of the bram which are 
older m an evolutionary sense contam the greatest 
concentration of free ames, and these are the parts 
concerned with emotional behaviour 

The monoamine oxidase inhibitors are a group of 
drugs which are thought to merease the concentration 
of ammes in the bram by inhibiting their breakdown 
They certamly do merease the concentration of serotonin 
m all the species studied, but in the cat, dog and frog 
the concentration of norepmephrine was not increased 
Although large numbers of depressed patients have 
been treated with monoamine oxidase mhibitors, only 
one study has shown that they increase amine concen- 
trations m human bram and that was concerned with 
the action of only one drug Because animal experi- 
ments indicate that there 1s no correlation with species 
or drug m the dose of drug necessary to produce a 
50 per cent mcrease of amie concentration, the true 
effect of these drugs on human brain amines 1s largely 
unknown. 

Reserpme reduces the concentration of brain amines 
and produces sedation or tranquillization m all species 
studied except the frog (Sedation occurs only if the 
frog has been pretreated with a monoamine oxidase 
inhibitor ) When reserpine and a monoamine oxidase 
inhibitor were given together, the amme concentration 
was usually intermediate between the concentrations 
achieved by either drug alone, but in the monkey and 
rabbit the combmation actually gave higher concentra- 
tions of serotonin than the mbhibitor alone 
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Broap diffuse absorption features, such as the 4430 band, 
which occur m the spectra of distant stare have defied 
identification for more than 30 years Tha interstellar 
origin of these bands seems to be beyond serious question 
and their association with interstellar dust 1s hkely Most 
recent attempts at a theoretical explanation of these 
bands have mvolved a search for transitions to closely 


Unidentified diffuse interstellar bands may be caused by electronic 
transitions of impurity ions in grains which are coupled to the lattice 
vibrations The 4430 absorption band has a significantly asymmetric 
profile, being somewhat steeper on the red side than on the blue. 
This feature ıs a prediction of the solid state model proposed for the 


spaced rotational and vibrational energy levels m mole- 
cules attached to grams Herbig! has proposed that 
transitions from the metastable c*II, level of the H, 
molecule may account for the 4430 band, but this model 
can be criticized on account of the unfavourable con- 
ditions which exist for the population of the ¢*II, level? 
More recently, Johnson? has proposed that transitions n 
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Elliott X-ray tube 
-gives highest specific intensity 


Elliott's GX3 rotating anode X-ray diffraction 
equipment includes an exclusive fine focus 
cathode system with a rotating anode of high 
power loading capability. 7kW/mm? (actual area) 
is available with one thousand hours filament 
life. The plant includes the rotating anode tube 
mounted on a robust console which houses the 
vacuum system, cooling system and all controls. 
Tube current and voltage are stabilised within 
--0.1%. Focal spot sizes are easily interchanged 
without disturbing the filament and advanced 
long-life seal design ensures trouble-free opera- 
tion from the dynamically balanced anode. 






Fuil literature available from: 


ELLIOTT ELECTRONIC TUBES LTD. 
Elstree Way, Borehamwood, Herts. 
Telephone: 01-953 2040 Ext. 2459 


a A Member of the Elliott-Automation Group 
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Does Energy Data Interest You? 


Nearly every operation in industry and in research in- 
volves an energy change. How many of the tasks in 
your field have to do with a change in heat? 


A change that may mean you want to measure Heat of 
Solution, Heat of Adsorption, Heat of Reaction, Heat 
of Combustion, Heat of Vaporization, Heat of Dilution, 
Heat of Mixing, Specific Heat of Solutions and so on. 
Did you know that you could carry out all these mea- 
surements with ONE instrument. You can, with 


The LKB Precision Calorimetry System 
LKB 8700 
The most versatile instrument available for calorimetric 


measurement today. Our research team have incorpo- 
rated in one system the following calorimeters: 





LKB INSTRUMENTS LTD. e LKB HOUSE 
232 Addington Road e S. Croydon, Surrey. CR2 8YD e TEL: SANderstead 01-657-0286 


HQ LKB-PRODUKTER AB STOCKHOLM, SWEDEN 
INTERNATIONAL SUBSIDIARIES: WASHINGTON, THE HAGUE, COPENHAGEN, VIENNA, STOCKHOLM 


General Purpose and Solution - Titration - Heat of Vap- 
orization - Closed-Bomb Reaction - An adiabatic con- 
trol unit for the study of slow reactions + Rotating Bomb 
for Heat of Combustion. " 
Whatever your interest in chemical and physical re- 
search, Government, University, Industry, Space Re- 
search, National Defence; whatever your end-product, 
chemicals, oil, rubber, telephones or motor cars, phar- 
maceuticals or scientific instruments, somewhere along 
the line you will find you need the LKB Precision Calori- 
metry System to provide you with accurate thermo- 
chemical data. 


Write today for full information on this instrument that 
brings you instantly a complete range of calorimeters; 
just plug in and choose which one will meet the require- 
ments of the energy change you want to measure. 


See us at ALTEX on Stand E 8. 
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complex molecular aggregates similar to chlorophyll could 
be responsible for the diffuse bands Such a model does 
not seem to be even remotely plausible because of the 
lack of suitable conditions for the formation or the 
stability of such complex molecules m the imterstellar 
medium 

A new line of investigation has recently been suggested* 
It has long been known that the spectra of certain mmpure 
crystals exhibit broad absorption or emission features in 
the visible and near ultraviolet spectral regions®-® Such 
bands may in general be attributed to electronic transi- 
tions in mmpurities which are coupled to the lattice 
vibrations The widths of such bands may range from 
~ 500-30 A and the f-values may range from 1 to 10-* 
As already pointed outi, some of these bands bear a 
striking resemblance to the 4430 band. Assuming that 
the 4430 band 1s caused by an electronic transition at an 
impurity site, we may calculate the concentration of 
mmpurities which is requred The absorption cross-section. 
© near the band centre per mpurity 10n 1s given by 


4xe? 
ymc 





Gg = 


(1) 


where f ıs the oscillator strength and y 18 the half-width 
of the band in frequency umts With (= A(c/d)) as 
appropriate for the 4430 band we have 

O 10-4 f cm? per mpunty (2) 
For a star at 1 kpe distance the observed absorption at 
the centre of the 4430 band 1s typically ~01 mag In 
order to produce such an absorption we require a number 
density of impurities NV given by 


0l= Am& 10860, N x (3x 10%) (3) 


that 18 


N 3 x 10° f+ cm (4) 
For f ın the range 1-10-* and a total grain density 
~ 3 x 10-11 em we thus require ~ 107-104 impurity atoms 
per gram Such an impurity concentration would seem 
entirely permissible m a grain consisting of ~ 10° atoms 
A particular class of defect band which has been 
studied in some detail ıs the so-called F'-centre in alkali 
halides In this case, we have an electron trapped at a 
negative 10n vacancy A small fraction of such vacancies 
1s present in any crystal at thermal equilibrium, but 
their concentration could be enhanced by irradiating the 
crystal with X-rays or thermal neutrons At such a 
vacancy an electron 1s ın a potential well which may be 
approximated crudely by p=constant mside a spherical 
cavity representing the vacancy and 9=—e?/er outside 
1t The electron accordingly has hydrogenic energy levels 
with a ls ground state and a 2p first excited level By 
the usual selection rules the transition ls—2p 1s strongly 
permitted with an f-value close to unity The electronic 
transition gives rise to a broad band, for each of the 
electronic levels ıs split into many phonon states Experi- 
mental results for a large number of alkali halides indicate 
that the central wavelength of this band depends almost 
entirely on the lattice spacmg d, being approximatel 
œd! (ref 10) Itvariesfrom ~ 8000 A in RbI to ~ 2500 
in LiF The width (at low temperatures) is typically m 
the range 300-500 A, considerably broader than the 
generally recognized diffuse mterstellar bands It 1s, 
however, not umpossible that such very broad diffuse 
features exist in stellar spectra, but do not show up above 
the noise level of the spectrograms In this connexion 1b 
might be possible to attribute the sharp knee at ~ 4300 A 
im the extinction curves of Nandy™-#? to a weak, but very 
broad, P’-centre at this wavelength superposed on a more 
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gradual change of slope m the extinction curve given by 
the Mie scattering theory 

A more general class of impurity band ıs caused by an 
electronic transition m a foreign ion or radical occupying 
a lattice sıte of the crystal In this case also it 1s an 
unfortunate circumstance that most of the available 
expermmental data relate to impurities in alkal halide 
crystals The physical processes involved, however, would 
apply to suitable umpurity ions ın any crystal lattice; 
but the central wavelength as well as the width of the 
band ıs determmed by the particular mmpurity 10on/host 
lattice combmation The purpose here is to recogmze 
certain general structural features to be expected from 
these ‘“‘solid-state bands” and attempt to identify such 
features with the known interstellar bands 

Wagner and Bron! have obtamed absorption and 
emission bands in the blue region with widths ~100 A 
for rare earth ions ın alkal halide crystals These bands 
arise from electronic transitions within the 4f configura- 
tion and are therefore parity forbidden m the free 10n. 
Lattice vibrations, however, produce a non-zero electric 
field at the 10n and the resulting Stark effect allows a 
mixing of states with odd and even parities. The net 
result 1s that the transition m the crystal becomes weakly 
permitted with an oscillator strength of ~10-* Similar 
effects may be expected to occur for impurity ions be- 
longing to the iron group where electronic transitions may 
occur within a 3d configuration (personal communication 
from R. J. Elhot). 

We urgently require experimental data for crystals of 
1ce and/or graphite with sufficiently abundant mmpurity 
species such as Sı, Mg, Fe, Tı Until such data become 
available we can only hope to identify certam distinctive 
qualitative features to be expected on the basis of this 
model 

Let us now consider a very crude representation of the 
physical process volved Suppose, mitially, that the 
impurity 10n ım its ground electronic state 1s surrounded 
by host neighbours Let go be a co-ordinate parameter 


excited 





Fig 1 Schematic energy level diagram showing the vibrational splitting 
of the electronic energy levels in the impurity 108 
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Absorption 
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Frequency 


Fig 2 Schematic representation of the absorption profile to be expected due to transitions 

between phonon states associated with two electronic energy levels The red side of the band 13s 

im general steeper and may have more A age) ee than the blue side (Compare with 
1g 6 of re! 


which defines ıts mean equilibrium position relative to 
the nearest neighbours When the 10n 1s in its upper 
electronic state the lattice will be locally distorted by 
the electric fields and ga will be mereased to g's In 
either situation the 10n may be regarded as a harmonic 
oscillator vibrating about its mean position with equally 
spaced energy levels. The energy levels of the entire 
system may be represented schematically as ın Fig 1. 
v=0,1,2 ... and v’=0,1,2 . denote the vibrational 
energy levels associated with the lower and upper elec- 
trome states, respectively v’= 1s the vibrational level of 
the excited electromc state which lies immediately above 
the v=0 level of the ground electronic state The “no 
phonon” transition from v= 0 to v’ = 0 ıs usually very weak 
because it 1s forbidden by the Franck—Condon principle 
Transitions from v=0 to v’=1, 2 become successively 
stronger until v =m. This transition 1s strongest according 
to the Franck—Condon principle For v’>m the successive 
transitions become progressively weaker Fig 2 shows 
schematically the additive effect of such transitions. The 
widths of the individual component bands are due to the 
dispersion of vibrational levels ın the lower electronic 
state. For a more detailed explanation of the shape of 


these bands we refer the reader to M. H. L Pryce’ 
Although varying degrees of asymmetry are found in the 
experimental solid state absorption bands, the general 
result which is borne out in Fig 2 ıs that the red sides 
of the bands are somewhat steeper and have more vibronic 
structure than the blue sides (see refs 7-9) The mteresting 
possibihty now arises that the predicted characteristics of 
the solid state band may be subject to an observational 
verification. 

The determination of the precise shape of the 4480 
band mcluding the vibronic structures would require 
spectrograms at very high dispersion—somewhat higher 
than that available in the results of Seddon'® Even with 
the available resolution, however, ıt may be possible to 
detect any marked asymmetry, 1f present, in the 4430 
profiles Unfortunately, several stellar hnes occur within 
the 4430 band and ıt will be necessary to make allowance 
for them. We have attempted to elummate the stellar 
hnes by differencing the 4430 intensities m pairs of stars 
of identical or very simular spectral type, one of which has 
weak 4430 and the other strong 4430 features Such a pro- 
cedure would be expected to produce a cancellation of the 
stellar atomic limes and the residual profile may be 
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Fig 3 Mean profile of the 4430 band extracted from 3 pairs of stars Heavv line represents the best mean curve through the observational 
points, smoothing out fluctuations 
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Table 1 PAIRS OF STARS COMPARED 


Stars Sp type EB-y Wase 
m {2p 224056 B3Ia 091 211 
HD 198478 B3la 060 124 
HD 224055 B3Ia 091 211 
o AD Bala 067 124 
HD 43384 B3Iab 065 154 
© {ED ior Be blab 042 098 


attributed to the features of the 4430 band including 
noise Three pairs of stars considered are listed m 
Table 1 

The curve of the mean magnitude differences from the 
three pairs ıs plotted mn Fig 3. It 1s interestmg to note 
that the red side of the band ıs considerably steeper 
than the blue side, which is ın good general agreement 
with our theoretical expectations (compare Fig 2) The 
spectral resolution in our data does not, however, permit 
us to detect vibronic structure which may also be expected 
on the red side of the band 


Condensation of the Planets 


by 
F. HOYLE 
N. C. WICKRAMASINGHE 


Institute of Theoretical Astronomy, 
Cambridge 


Ir is now beheved that condensing stars of solar mass 
are wholly convective, with structures of the kind first 
investigated by Homer Lane nearly a century ago The 
surface temperature 1s maintained at a value of 3,000°- 
3,500° K durmg much of the condensation process, 
eventually rising to ~ 4,000° K as the 1mmediate pre-main 
sequence stages are reached These are characterized by 
a disappearance of complete convection To a moderate 
degree the star ıs then sub-luminous compared with the 
main-sequence state. During the earlier completely 
convective phases, on the other hand, the star 1s highly 
overlumimous compared with the main-sequence state 
The latter 1s, of course, defined by the condition that 
nuclear reactions take over essentially the whole energy 
production, the contribution from gravitation becoming 
negligible. 

In this article we shall examine the problem of the 
origin of the planets m accordance with the above picture 
for the early history of the Sun In particular we wish 
to examine the mmplication of the overluminous phase of 
the contracting Sun, especially as ıt affects the chemical 
composition of the planets 

First, we notice there ıs clear-cut evidence that the 
original mass of the planetary material was at least 3,000 
Earth masses, as compared with the present planets 
which total only about 450 Earth masses To see this 
we note the relative abundances for solar material shown 
in Table 1 

These values are taken from a recent extensive review 
by Clayton, Fowler and Hoyle (unpublished results) 
of the abundances of the elements ın stars These authors 
conclude that there 1s an uncertainty of about +0 21n the 
solar logarithmic abundances of many elements, although 
the uncertamty for Sı may be worse than this because of 
uncertain f-values For our purpose these uncertaimties 
are not, however, 1mportant 
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The attempt by Herbig" to detect fine structure m the 
band occurring in the spectrum of HD 183143 was un- 
successful, this investigation may be worth repeating 
with a differencmg procedure such as that employed here 
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The early overluminous phase, during the condensation of the Sun 
can be a great help in understanding why the inner planets are largely 
made up of tron and magnesium silicate 


The densities of the planets Uranus and Neptune are 
too high (1 56 for Uranus, 2 27 for Neptune) for them to 
contain much H or He Their densities are appropriate 
to H,O, NH, N, CO,, after allowance 1s made for com- 
pression If we assume these planets to be largely com- 
posed of C, N, O we obtain a minimum estimate of ~ 3,000 
Earth masses for the planetary material This follows 
because the relative abundances given in Table 1 require 
C, N, O to comprise about 1 per cent by mass of solar 
material, so that the ~30 Eaith masses of Uranus -+ 
Neptune contain the total C, N, O belonging to ~ 3,000 
Earth masses of material of solar composition It 1s 
umplied here that we regard the planetary material as 
having orginally had the same composition as solar 
material The estimate 1s a minimum because ıt supposes 
that the whole of the orginal C, N, O 1s now present in 
Uianus and Neptune 

An estimate of ~ 3,000 Earth masses ıs supported by 
the Fe content of the mner planets About 30 per cent 
of the Earth itself ıs usually supposed to be present m an 
iron core With Venus possessing a simiJar structure, 
the total Fe content of the mner planets ıs about 05 
Earth masses, which is the Fe content of some 2,000 
Earth masses of solar material This again 1s to be nter- 
preted as a minimum, for we have no knowledge that the 
inner planets contain the whole of the planetary iron 
We shall see at a later stage, however, that there are 


Table 1 RELATIVE ABUNDANCE FOR SOLAR MATERIAL 


Elements Loganthm of abundance 

H 12 00 (reference standard) 
He ~110 

Cc 85 

N 8 06 

o 8 80 

Mg 7 36 

Sı 73? 

Fe 88 
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theoretical reasons for believing that this might be the 
caso Furthermore, the coincidence of this iron estimate 
from the inner planets with the C, N, O est-mate from 
Uianus and Neptune suggests that the original planetary 
mateial probably did constitute some 3,000 Earth 
masses The solar mass 1s ~ 330,000 Earth masses and 
so we suggest that the ratio of the masses of the planetary 
material m to the Sun M was m/M œ 10- 

Even this minimum estimate shows that the condensing 
Sun must have become rotationally unstable at a radius 
R which much exceeded the present mam-sequence 
radius That is to say, the planetary material quitted the 
Sun durmg the wholly convective, highly luminous, 
phase of solar contraction To see this we ask what has 
happened to the excess mass, to the differense between 
mx 3,000 Earth masses and the present-day 450 Earth 
masses? The natural answer 1s that H and He escaped 
in large quantities from the periphery of the sclar system 
The excess H and He belongs to the region of Uranus and 
Neptune and ıt was from such distances, r~ 3-5 x 101 
cm, that these hght gases escaped into interstellar space 

The total angular momentum A of the original planetary 
material must therefore have been 


GMN: 
Axm =) (1) 


the factor (GM/r)łt bemg just the orbital velocity at 
distance r from the Sun We shall see in a moment why 
the material may be expected to have been in Keplerian 
orbits, as (1) requires Furst, however, we regard the 
angular momentum A as having been at one time present 
in the condensing Sun, and we ask at what radius R the 
Sun would have become rotationally unstable 

Rotational instability of a condensing gas cloud may 
be expected to follow the sequence of events described by 
Jeans', m which there 1s firstly a polar flattening into a 
spheroidal form which becomes more and more pro- 
nounced until the polar diameter is about half the equator- 
1al diameter At this stage the lenticular configuration 
develops a sharp edge, requirmg material to >reak away 
from the main body and to be left behind in circular orbits 
as contraction proceeds The condition for this “‘equator- 
ial shedding” 1s 


2 


(2) 


where Q ıs the angular velocity and 6 1s the mean density 
The coefficient on the mght hand side of (2) :s uncertain 
within a moderate range Jeans worked out a number of 
cases in which the coefficient falls between a lower limit 
of ~019 for an incompressible flud and ~0 36 for a 
compressible gas cloud of very strong central condensa- 
tion A value of 0 31 1s given for a cloud with pressure 
Pap**, p being the density In our case we expect 
P pë", because of convection, and for the iower index 
the coefficient should be less than 031 <A value ~0 25 
therefore seems appropriate 
In (2) 9 18 the mean density, given by 6~3M/4nR?, 
s0 that (2) can be written in the form 
3 GM 
OF x 8 BR (3) 


The angular velocity Q may be expected, because of 
magnetic viscosity, to be approximately uniform through- 
out the condensing solar cloud, so that Q 1s related to R 


by 

MiQ=A (4) 
where k? ıs the square of the radius of gyration about 
the polaraxis It 1s a little difficult to estimate k? because 
of the flattenmg We note, however, that whereas k? 
1s 2R?/5 for a uniform sphere, 1b 1s R?/2 for a unifoim disk, 
not much different This suggests that k? will not be 
much different from the case of spherical symmetry, 
provided R 1s interpreted as the equatorial radius With 
Po pë” for a convective star, we can use the polytrope 


Q 
Irae ~ 926 
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of index 1:5, for which k?~ R?/5 Then using (1) for A, 
and eliminating 0 between (3) and (4), we obtain 


By 200 Gy) 

r> 3 
Putting r24 5x 10“ om, close to the radius of Neptune’s 
orbit, and m/M~10-*, (5) grves 


R ~ 3x10! em (6) 


There are uncertainties in the numerical value to be 
used on the right hand side of (2), ın k?, and m the value 
of r, but all these uncertainties only affect R by factors 
that cannot be much different fiom unity It scems 
unlikely that R could be less than 10% cm, which 1s still 
more than ten times the present radius of the Sun 
Indeed, the conclusion that the condensing Sun must 
have become rotationally unstable at a radius R much 
greater than present value holds a fortror1, because we 
have used a minimum estimate for m/M If Jupiter and 
Saturn contain appreciable quantities of C, N, O, then 
m]/M would have to be increased 

The next question concerns the manner in which the 
angular momentum A passes from the condensing Sun 
to the planetary material Early attempts at a unified 
theory of the origim of Sun and planets, starting with 
Laplace, proceeded in terms of gas dynamics alone It 
was first pointed out by Alfvén? that a magnetic coupling 
of the Sun and planetary material would tend to maintain 
uniform angular velocity and that this could lead to a 
transference of angular momentum ın the required sense 
One of us* showed that without a magnetic torque coupling 
of the kind suggested by Alfvén the condensing Sun 
would evolve into two closely separated stars of com- 
parable mass, not into a star and planets The require- 
ment 1s for the angular momentum to become stored in a 
mass m that remains small compared with M The solar 
condensation must not remain at the verge of instability, 
losing more and more material, as it shrinks Instead the 
first loss of material must almost immediately take up 
the angular momentum, so that the Sun 18 then permitted 
to contract to the main-sequence without problems of 
rotational instability armsmg This means that the 
angular momentum A must pass from M to min a time 
no longer than that which ıs required for R to change by a 
moderate fraction of itself This time mterval is short, 
because the Sun 1s in its overluminous state and gravita- 
tional energy 1s being dissipated at a rapid rate The 
loss rate 1s nacR*®7',4, where T, ~~ 3,000° K is the effective 
surface temperature The gravitational energy 18 
~GM?/R, and the time required for R to shrink by an 
appreciable fraction of itself is 


(5) 


2 

ae J nacR?T 4 œ 5,000 yr (7) 
when (6) 1s used for R The angular momentum must be 
transferred from M to m in a time less than (7) Using 
the same method as was used formerly‘, 1t can readily 
be shown that a magnetic field with an tensity ~ 10? 
gauss would be needed to effect the transference in the 
required period. This is a considerably stronger field 
than that which was formerly calculated because the 
previous work did not take account of the overluminous 
phase Nevertheless, a field of ~10* gauss is still not 
unreasonably high. When compressed by the continued 
shrinkage of the Sun to the main-sequence state the field 
strength would become ~105 gauss It 1s an attractive 
possibility that the fields of up to 3,000 gauss still observed 
at the solar surface represent a decayed residue of this 
initial field 

The transference of angular momentum causes the 
planetary material to move outwards from the Sun 
It must indeed move largely out to ræ 5 x 1014 em m order 
to store the angular momentum With imcreasing r 
the temperature of the material falls, approximately as 
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Tæ r(=) (8) 


and depending on their concentrations and saturation 
vapour pressures various substances condense out of the 
gas as T falls The density falls hke 


(9) 


the numerical factor depending on the degree to which the 
planetary material becomes flattened into a disk 

Starting with material of solar composition we have 
carried out extensive computations of the thermodynamic 
proporties of the planetary material, treating the system 
as a dissociating assembly of molecules, and including 
the formation of solids and liquids The density p was 
taken to fall as 7%, in accordance with the proportionalities 
suggested by (8) and (9), and the behaviour of the material 
was studied as a function of T Fig 1 shows the con- 
centrations of a representative sample of molecules arising 
from such a calculation for the case m~3,000 Earth 
masses The calculations are much more sensitive to 
T than to p, so that the precise value chosen for the 
numerical factor in (9) was not very important The 
calculations were in fact performed for various values 
of the product mx[Numerical factor of order unity] 
About a hundred molecular species were included in the 
calculations, which led to details that go much beyond 
the scope of this article Here we are concerned only 
with the materials that condensed from the gas phase into 
the solid phase—no liquids were formed within the range 
of our calculations 

The solids fell into two categories. refractory materials 
that condensed at temperatures above 1,000° K, and 
volatile substances condensing at low temperatures. 
The most umportant refractory materials were MgO, Fe 
and 810, It 1s to be noted that the ron was given the 
opportunity to condense in a non-metallic 
form, for example, as the sulphide and 
oxides, but ıt was the metal phase that 
actually condensed The respective tem- 
peratures were ~1,600° K for MgO. 
~ 1,500° K for Fe, and ~ 1,400° K for S10, 
The temperature for silica was the lowest -4 
because at higher temperatures the silicon 
was overwhelmingly m the form 10, 
which we took to have the rather low heat 
of vaporization of 65 Kealories/mole. A 
significantly higher value, say, 100 Kealo- 
ries/mole, would have the effect of solid 
S10 appearmg at ~1,600° K Unfortun- 
ately, there are no good data for the heat of 
vaporization of 810, but we are informed 
that a low value ıs more likely to be correct 
than a high value 

It is clearly significant that the mner 
planets are largely composed of Fe and of 
MgOSi0, ın various mineral forms We also 
see why the inner planets contain an appre- 
ciable fraction of the total Fe and MgOSi0, 
contained in the whole of the planetary 
material Taking 1,500° K as a mean con- 
densation temperature and setting 
T. œ= 3,000° K in (8), we have rv~4R v1 2x 
1013 em, when (6) is used for R It 1s satıs- 
factory that this value falls between the 
radn of the orbits of Venus and the Earth 

The first volatile to condense was H,O, 
at T~150° K Again using (6) and (8), 
rv 400R~12x10" cm, comparable with 
but rather greater than the radu of the 
orbits of Uranus and Neptune Condensa- 
tion at somewhat smaller values of r is 
indeed to be expected because (8) assumes 
that the solar radiation 1s not strongly 


m 
P~ x [Numerical factor of order unity] 
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absorbed wıthm the planetary material Should the 
material become opaque, as ıt eventually does through 
absorption by water vapour i the infrared, the tempera- 
ture must fall off more steeply with mcreasmg r than is 
given by (8) This 1s because the material has a disk struc- 
ture, so that a non-1sotropic situation then occurs with the 
radiation being emitted normally to the disk. instead of 
continuing to propagate freely in directions parallel to 
the disk. The relevant strong water vapour band 1s 
centred at about 6u When T falls so that the black-body 
curve has its peak at about 6p, that 1s, when T falls to 
~ 500° K, the opacity becomes large and T can be con- 
sidered to fall quite steeply with r Using (8) agam, but 
now with T ~ 500° K, leads to 7 ~ 36R ~ 101 em, somewhat 
less than the radius of the orbit of Saturn An ambitious 
investigation, taking account of the geometry of the disk 
and of opacity effects, would be necessary to determine 
the details of the condensation process, but we see that 
the condensation of H,O, and of the next most important 
volatile CO., extends to values r~3x 101 cm, although 
some condensation may occur at radu within the orbit 
of Saturn 

This work differs from previous investigations in that 
we have taken account of the overluminous phase of the 
condensing Sun As far as the broad features of planetary 
condensation are concerned, this has many advantages 
First, 1f there were no high luminosity phase the volatiles 
would condense at too small values of r, near Jupiter 
rather than beyond Saturn Second, 1b 1s easier to under- 
stand the escape of H and He from the region of Uranus 
and Neptune, for r=3x 10% cm, R=3~x 10” cm, T,= 
3 900° K in (8) gives 7=300° K Because of the shielding 
effect of water vapour at r<3x 101 em, this 1s an over- 
estimate, but even allowing for the opacity due to water 
vapour we expect a temperature appreciably above the 
former value of 75° K or less? Third, the refractory mater- 
1als condense ın the region of Venus and the Earth, farther 
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Fig 1 The concentrations ın the gas phase of some of the more abundant molecules in- 
C, Si, Mg, Fe as functions of temperature for the case mz: 3,000.1 g 
concentrations are normalized with respect to the total hydrogen concentraten The 
dashed segments of the curves for Fe, MgO, Si0,, H,O and CO, indicate that the sohd 
phase has formed and is m equilibrium with the gaseous component at temperatures 
indicated It ıs to be particularly noted that as T 1s reduced the condensation of a singlo 
species involving a particular metal ts accompanied by a steep drop in the concentrations 
of all species involving that metal As F falls, the metal (for example, Mg, whether as Mg 
metai or as MgO) 1s quickly drained out of the gaseous phase inte the condensed phase 
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out than would be the case 1f the Sun had low luminosity. 
Fourth, at a temperature of 1,500° K metallic ron 1s sticky 
and likely to aggregate quickly into large lumps The MgO 
and 8:0, could well have condensed as a fine smoke which 
continued to be carried along by the outward moving 
gases except when it became mixed in with the metal 
This could well explain the puzzling discrepancy between 
the ratio (Mg+S81)/Fe ım the Earth and in the Sun In 
the Earth the mass ratio 1s ~ 1/1, whereas ın the Sun 1t 1s 
~3/1 The lumps of metal only sueceeded in promoting 
the aggregation of about one-third of the MgOS:0, 
Fifth, ıt was previously supposed that the Earth aggre- 
gated as a cold body and this made ıb difficult to under- 
stand how the Fe ın the Earth has managed to sink 
through to the centre With the Fe already ın consider- 
able lumps, and with the temperature greater than 
1,000° K, this ıs now not so difficult Furthermore, the 
plastic flow of considerable lumps towards the centre 
would itself release energy that would raise the tempera- 
ture considerably, as was first pointed out by Urey* It 
seems probable that the concept of an initially cold Earth 
will have to be revised, with a return to the earlier idea of 
a molten Earth’, or at any rate to an Earth with large 
scale convection 

An important question remains how did ıt come about 
that the Earth acquired volatiles, ın particular H,O, 
CO., N.? Once the Earth had formed as a strongly 
gravitating body, ıt could acquire some volatiles by 
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accretion from a solar wind The target area of the Earth 
for such a process, however, would be quite small It 
seems preferable therefore to argue that, although the 
main aggregation of the Earth may have occurred very 
quickly, say, ın ~10* yr during the high temperature 
phase, a good deal of debris ın the form of modest-sized 
planetesimals continued to be present for a time at least 
of the order of the tame required for the Sun to reach the 
main-sequence, more than 10? yr This would include the 
overluminous phase that preceded the main-sequence 
state Further ejections of material, such as are observed 
in T Taun stars, would lead to the condensation of 
volatiles at much smaller values of r These might well 
have become added first to the planetesimals, and later 
to the Earth and other inner planets as the planets 
continued to mop up the smaller bodies 

It may also be worth noting in this connexion that Fe 
and MgOS10, condense in an atmosphere containing high 
concentrations of H,O, CO and N,. It ıs possible that 
significant quantities of these volatiles become trapped 
as impurities within the refractory solids 
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Prodromus of the Comparative Serology of Marsupialia 


by 
J. A. W. KIRSCH 


Department of Zoology, 
University of Western Australia, 
Nedlands, Western Australia 


In spite of the great interest of marsupials to mammelo- 
gists, and a number of thorough and excellent taxonomic 
reviews which have appeared since marsupials were 
discovered!~’, several problems of marsupial systematics 
remain unsolved This is largely because there 1s & poor 
understanding of the phylogeny of the group, which 1s 
in turn related to the paucity of Tertiary fossil material 
in Australia In this situation only the features of the 
living animals can provide clarification of marsupial 
affinities and relationships Accordingly, there has been 
in recent years an increase in interest in the systematic 
application of neontological characters to marsupials, 
often by workers who are not taxonomists in the classic 
sense Thus we now have a large body of data, taxo- 
nomically oriented, on marsupial reproductive anatomy 
and physiology®-4, cytology#?* and sperm morph- 
ology and behaviour?®1¢ Serology, however, has so 
far contributed little to marsupial systematics'’+!%, 
and ıt was this omission, together with an awareness of 
the potential of serology in taxonomic work, which 
provided the stimulus for the present study Only 
three species of American marsupials have been meluded, 
but the coverage of the Australian radiation 1s compre- 
hensive, and embraces about 1,800 individuals of eighty 
species, representing thirty-nine genera from all but one 
of the extant familes listed by Simpson!® A few results 
have already been reported (refs 20 and 21, and my 
unpublished work), but ıt will be some time before the 
details of this work can be published in full, and so 1b 
seems desirable to present a summary statement now 


Serological data, and the information about phylogeny which they 
supply, can be used as the basis of a revised classification of the 
Marsupialia 


A new classification of marsupials, mcorporating the 
serological data, 1s also presented here, a detailed rational- 
ization of this scheme will be given later 

Standard serological techniques, meluding double- 
diffusion and immunoelectrophoresis ın agar gels, nephelo- 
metry, starch-gel electrophoresis and the haemagglutina- 
tion inhibition test, were applied to the study of the serum 
proteins of marsupials The greater part of the data 
summarized here came from the mmmunoelectrophoretic 
tests, which involved extensive use of preabsorbed 
antisera The results were scored and interpreted by a 
variety of techniques, including an original method of 
“logical analysis”, and Goodall’s probabilistic sumularity 
mdex®? was computed for certam sections of the data 
A feature of the study was the use of antisera prepared in 
marsupials this proved advantageous in studying families 
which contain numerous very closely related species (for 
example, Macropodidae) 

As a group, the marsupials are more simular serologically 
to eutherian mammals than they are to monotremes 
(Tachyglossus), a pomt which accords well with contem- 
porary concepts of the interrelationships of mammals” 
Fig 1 summarizes the serological affinities of forty-one 
marsupial genera to each other, generic Immuits are largely 
those adopted by Ride**. Fig 118 neither a phylogeny— 
although ıt has phylogenetic implications—nor a classifica- 
tion The conventions of this phenogram are the usual 
ones, that ıs, the lhnkages represent groupings of increas- 
ingly similar taxa proceeding from left to right on the 
horizontal axis. The scale of the abscissa is roughly 
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hnear, but the ordinate has no dimension, and proximity 
of taxa in the vertical dimension does not necessarily 
indicate special affinity 

In many respects the groupings indicated by serology 
correspond to those of the generally accepted classification 
of marsupials’® For this reason the details m which the 
serological clusterings differ from that arrangement are 
particularly mteresting (1) The American marsupials, 
at least as represented by Didelphis and Marmosa, 
stand apart from all of the Australan genera, this result 
confirms the similar finding of Weymss'*® (2) The 
Australian marsupials comprise three groups Tarsipes, 
the remaining phalangeroids, and the peramelids plus 
dasyurids (including Myrmecobwus) (3) Phascolarctos 1s 
most similar to the wombats (Vombatus, Lasiorhinus), 
and not to the “phascolarctine’’ possums (Schownobates, 
Pseudocheirus and closely related genera) (4) The 
Phalangeridae, excluding Phascolarctos and Tarsipes, 
comprise at least three groups as distinct from each other 
as they are from the Macropodidae 

The phenogram does not show m detail the affinities 
of the genera in diverse families such as Dasyundae and 
Macropodidae Seven genera of dasyurids (apart from 
Myrmecobwus, which represents a distinct lme within 
Dasyuridae) have been examined Dasyuroides, Sarco- 
phailus and Dasyurus (all species but D maculatus were 
tested) are very close, and Sarcophilus might be considered 
an aberrant member of Dasyurus Smnthopsis and 
Antechinomys form a second genus-group, and both 
groups are equally distinct from a third, consisting of 
Phascogale and Antechinus (mcluding Pseudantechinus). 
The latter groupmg 1s complicated by suggestions that 
Antechinus may represent more than one genus, and A 
rosamundae appears to be closer to Dasyurus than to 
Phascogale-Antechinus 

The usual sub-famulial arrangement of the Macropodidae 
1s supported by serology, but Woodburne’s recent sugges- 
tion* that Dorcopsis be included ın the Potoroinae 1s not 
upheld; Hypsiprymnodon and Caloprymnus have not 
yet been exammed Withm Potorornae, Bettongia and 
Aepyprymnus form a group distinct from Potorous 
Species of all macropodine genera but Dorcopsulus and 
Peradorcas have been studied, and these experiments 
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show that the strongest genus-group m Macropodinae 1s 
of Thylogale and Petrogale, with which Seton and 
probably also Lagostrophus, Dendrolagus and Dorcopsise 
are associated The interrelations of the last three genera 
are stilluncertain A second group of genera 1s represented 
by the kangaroos and wallabies of Macropus (sensu 
Calaby*5), but on serological grounds this genus includes 
Megaleva and Wallabra bicolor. Lagorchestes consprcilatus, 
the single species of Lagorchestes available for study, 18 
associated with Macropus Onychogalea appears to 
represent a third group of macropodimes 

The phylogenetic implications of data such as these are 
usually inferred by assuming that the similarities among 
organisms are proportional to their relationships, that 18, 
that evolutionary change has been a regular function of 
time in each hneage Tf this 1s so, 16 18 easy to establish 
the cladistic relationships of & group of living organisms 
from a consideration of their phenetic affinities. At the 
same time, the assumption of “time-dependent” evolution 
has certam logical consequences, the most obvious being 
that, with respect to the characters studied, no hving 
organism 1s more primitive than any other Assuming 
time-dependency for biochemical or serological characters 
therefore precludes the possibilty of discovering the 
relative primitiveness of members of the studied group, 
which ıs another, equally valid, aspect of phylogeny. 
Biological and theoretical considerations, as well as a 
large portion of the present and other published data, 
indicate that time-dependency cannot possibly hold true 
in detail for marsupial serum protems; a further treatment 
of the problem 1s the subject of a paper now In prepara- 
tion. 

If any conclusions at all are to be drawn from the data 
of Fig 1, the assumption of time-dependency must be 
made, and its usefulness as a generalization for at least 
the broader aspects of marsupial relationships can only 
be assessed on the basis of the reasonableness of the 
resulting phylogeny Proceeding in this fashion, the 
results suggest that the Australian radiation 1s distinct 
from the American (at least, didelphid) radiation ım this 
regard ıt would be most interesting to examme blood 
from caenolestids Withmn the Australan group, the 
dasyurids and peramelids must represent recent deriva- 
tives from the (presumably polyprotodont) 
stock, and thus neither family can be 
imputed to represent the ancestors of Pha- 
langeroidea ‘arsypes, which 18 so distinct 
from the rest of the Australian marsupials, 
presents a difficult and m many ways 
critical problem Recent unpublished work 
of Yadav at the University of Western 
Australia has shown that, in common with 
other Australan diprotodonts, Tarsupes 
possesses a superficial thymus gland, and 
this, together with its drprotodonty and 
syndactyly, would seem to remove all 
doubt that Tarszpes ıs a true phalangeroid 
Thus the only reasonable interpretation of 
the serological data 1s that this anımal 
represents a lineage that arose from the 
Phalangeroidea as early as the basic poly- 
protodont—diprotodont division of Aus- 
tralian marsupials The remaining phalan- 
geroids consist of two hnes. koala~wombats 


p w á and possums-kangaroos The latter com- 
prises four equally related groups of genera, 
meee Dulelphis, Marmosa and in this sense “the macropodids are 


* Macropus, ete , includes Macropus, Megaleia, Wallabia, Lagorchestes, Lagostrophus, 


Setoniz, Thylogale, Petrogale, Dendrolagus, Dorcopsis and Onychogalea 


t Dasyurus, ete , ıncludes Dasyurus, Dasyuroides Sarcophilus, Antechinus, Phascogale, 


Sminthops and Antechinomys 


¥ig 1 Phenogram showing the serological affinities of forty-one marsupial genera The 
imkages represent groupings of increasingly similar taxa from left to right The scale of 
the abscissa 1s roughly bnesr, but the ordmate has no dimension 


simply leaping phalangistids*®*” 

The serological data, and the data of 
phylogeny which they imply, can be con- 
sidered together with all the other available 
information about marsupials as the basis 
for a revised classification of Marsupraha. 
The classification which follows purports to 
do this, but only a few comments m 
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support of this arrangement can be made here It 1s 
likewise beyond the scope of this article to discuss nomen- 
clature ın detail, but as far as possible names have been 
chosen in accord with the provisions of the International 
Code of Zoological Nomenclature (second edition) A 
personal convention in this matter 1s that where the author 
did not use a family-group name at the indicated level, 
date and authorship are given in parentheses 


Superorder Marsupiaha Ilhger, 1811 
Order Polyprotodonta Owen, 1866 
Suborder Didelphimorphia Gull, 1872 
Superfamily Didelphoidea (Gray, 1921) 
Superfamily Borhyaenoidea (Ameghino, 1894) 
Suborder Dasyuromorphia Gull, 1872 
Superfamily Dasyuroidea (Goldfuss, 1820) 
Family Dasyuridae (Goldfuss, 1820) 
Subfamily Dasyurmae Goldfuss, 1820 
Subfamily Myrmecobimae Gull, 1872 
Family Thylacinidae (Bensley, 1903) 
Suborder Peramelemorphia nov 
Superfamily Perameloidea (Waterhouse, 1838) 
Family Peramelidae Waterhouse, 1838 
Subfamily Peramelinae (Waterhouse, 
1838) 
Subfamily Thylacomyinae Bensley, 
1903 
Polyprotodonta incertae sedis 
Family Notoryctidae Ogilby, 1892 
Order Paucituberculata Ameghino, 1894 
Superfamily Caenolestoidea (Trouessart, 1898) 
Order Diprotodonta Owen, 1866 
Superfamily Vombatoidea (Iredale and Trough- 
ton, 1839) 
Family Vombatidae Iredale and Troughton, 
1839 
Family Phascolarctidae Owen, 1839 
Superfamily Phalangeroidea (Thomas, 1888) 
Family Phalangeridae Thomas, 1888 
Subfamily Phalangerinae Thomas, 1888 
Subfamily Tmchosurinae (Flynn, 1911) 
Family Wynyardudae Osgood, 1921 
Family Petauridae (Gill, 1872) 
Subfamily Petaurmae Gull, 1872 
Subfamily Pseudocheirinae Winge, 1893 
Family Burramyidae (Broom, 1898) 
Family Thylacoleonidae Gull, 1872 
Family Macropodidae Gray, 1821 
Subfamily Macropodinae (Gray, 1821) 
Subfamily Sthenurinae (Glauert, 1926) 
Subfamily Potoroinae Trouessart, 1898 
Family Diprotodontidae Gill, 1872 
Subfamily Diprotodontinae (Gill, 1872) 
Subfamily Nototherunae (Lydekker, 
1887) 
Subfamily Palorchestinae Tate, 1948 
Subfamily Zygomaturinae Stirton, 
Woodburne and Plane, 1967 
Phalangeroidea incertae sedis 
Dactylopsila, Distoechurus 
Superfamily Tarsipedoidea (Gill, 1872) 
Famuly Tarsipedidae Gull, 1872 


I follow Ride’ m considering the marsupials to represent 
several orders, for his reasons and also because this makes 
avaiable a greatly expanded hierarchy for showmg 
affinities and supposed relationships In such a multi- 
ordinal scheme, the Australian diprotodonts (D1proto- 
donta) and caenolestoids (Paucituberculata) represent 
two principal groups In spite of the separation of 
Australan and American marsupials on serological and 
other?! grounds, I agree with Ride that it ıs useful to 
place the American polyprotodonts and the dasyuroids 
in @ single order; however, unlike Ride, I believe that 
there are compelling reasons for including the peramelids 
in. this order, and I would not separate them from ıt as he 
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did To show the breadth of this third order (Polyproto- 
donta) as compared with the other two, I use suborders 
ın it but not ın Paucituberculata or Diprotodonta 
Gill’s names are available for two of the suborders, and 
I propose the new name Peramelemorphia for the third 

Because knowledge of fossil American marsupials 1s 
rapidly expanding, and the Didelphoidea have been revised 
recently*?, I do not offer opmions on the organization of 
the American marsupials below the level of superfamily. 
I have considerably reorganized Diprotodonta, however, 
as shown ın the classification Here, Tarsipes 1s placed 
m a monotypic superfamily, somewhat compromising the 
serological results, and the koala and wombats are 
grouped as two families of another superfamily Phalan- 
geroidea is restricted to the possums, kangaroos, and 
several extinct groups—inelusion of Diprotodontidae 1s 
somewhat tentative, however. The possums are reorgan- 
ized into three families, the distinctness of which 18 sup- 
ported by what 1s known of their cytology (refs 12 and 
14 and unpublished work of M M Gunson,G B Sharman 
and J A. Thomson) and sperm morphology", this 
arrangement more adequately expresses what I believe 
to be the phylogenetic relationships of ving phalangeroids 
Burramyidae may include Distoechurus, but Dactylopsila 
(including Dactylonax) 1s aberrant ın so many respects 
that its affinities, like Notoryctes, can only be a matter 
of conjecture at present 

This study formed part of a thesis submitted to the 
University of Western Australia, and was carried out while 
I held, successively, Fulbright student and US National 
Science Foundation graduate fellowships Funds were 
made available by the Research Grants Committee of the 
University of Western Australia, and a few experiments 
were carried out during my tenure as experimental officer 
with the CSIRO Drvision of Animal Health, McMaster 
Laboratories, Glebe, New South Wales, Australa 

I thank the many people who helped me obtain or 
provided me with marsupial sera. I also thank Dr 
W. D L Ride for encouragement and criticism, and 
John Calaby for advice on nomenclature Mohan Yadav 
allowed me to quote from his unpublished researches on 
the superficial thymus 
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SCLERACTINIAN corals are usually regarded as sessile 
organisms, providing the principal substance of coral reefs. 
We should like to record, however, some observations on 


a community of free-living and free-moving species of 


scleractinian corals which we found during October 1967 
while we were participating in the Belgian De Moor 
Expedition to the Australian Great Barrier Reef. This 
community occurred at depths of around 12 m in the lee, 
that is north-west, of Lizard Island, at lat. 14° 395 S. 
and long. 145° 26-5’ E. (Australian Survey Map SD 55.9, 
Grid Reference 334143). This granite mass is the highest 
of the continental islands within the northern half of the 
Great Barrier Reef. It is extensively vegetated, rises to 
“a height of 382 m and provides the greatest shelter from 
the prevailing south-east trade winds. On the lee side, 
a gently sloping shelf 10-14 m deep extends to about 
‘2km from shore. The sediments of the outer part of the 
“shelf consist of a relatively unsorted mixture of granite. 
sand, shell and Halimeda fragments, with a surface layer 
if detrital mud. The bottom has the “trampled” uneven 
uppearance characteristic of sediments in which there is 
large population of burrowing forms. Most of our 
. eolleetions and underwater observations were made about 
43 km from the nearest reef. 
oo There is a patchy flora of Caulerpa, Avrainvillea, 
Udotea, Halimeda, Penicillus and filamentous blue green 
algae. Benthic invertebrates include sponges, cerianthids. 
pennatulids, holothurians, crinoids, asteroids and some 
tunicates, more rarely Pinna sp. (carnea ?) and the white 
hammer oyster Malleus albus. 






Heteropsammia michelinii, a free-living and free-moving scleractinian 
coral found in the Australian Great Barrier Reef, has a symbiotic 


The 


worm lives in a cavity on the under surface of the coral and it pulls 
the coral over the muddy surface of the sand. 


The coral population consists of Cycloseris cyclolites 
(Lamarck), Diaseris distorta (Michelin), Heteropsammia 
michelinti (M.E. and H.), and more rarely Trachyphyllia 
geoffroyt (Audouin). They are all free-living and except 
for Trachyphyllia have the corallum totally enclosed by 
living coenosare. It is possible that T. geoffroyi is not 
typical of this environment, for it is found more frequently 
on clean shell and coral talus near the base of reefs where 
it begins life fixed to a hard substrate. The other species, 
Cycloseris, Diaseris and Heteropsammia, occur only on 
soft bottom, and they are never found on reefs. 

Tt is paradoxical that all these forms by definition 
belong to the category of hermatypic (reef-building) 
corals because they contain zooxanthellae. In an eco- 
logical sense, however, they are ahermatypes (non-reef- 
builders) because their solitary free-living mode of life on 
the muddy bottom precludes participation in the process 
of reef-building. It is perhaps interesting that in the 
sub-order Dendrophylliida, Heteropsammia is one of only 
two genera known to contain zooxanthellae, the other 
being Turbinaria, an important Indo-Pacific reef-building 
coral, 

Of the two fungiids, Diaseris distorta is the most 
numerous. It oceurs in more or less dense patches some 
of which were estimated to contain more than a thousand 
individuals in a square metre. Most of the coralla are 
less than 1 em across; they rarely reach to 2 cm, and are 
thin and flat. Several thousand Diaseris were inspected 
at Lizard Island; each showed traces of breakage along 
the septal radii, with subsequent regeneration from the 





Fig. 1. 


Mixed community of Heteropsammia michelinii, Diaseris distorta and Cycloseris cyclolites at a depth of about 16 m on muddy silt bottom 


off Lizard Island, The most abundant coral in this field is Diaseris, small groups of which are congregated in hollows on the uneven bottom. Five 
peri Lean are visible in the foreground, and a single Cycloseris lies among the Diazeris on the right side of the photograph. All the 


corals here are fully expanded. 


The seale is given by the Heteropsammia, which are approximately 2 cm across, 
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stomodeal end. All the coralla were, as -a result, asym- 
metric; indeed, most of the small individuals (less than 
5 mm) were no more than wedge-shaped segments sug- 
gesting a very rapid rate of fragmentation. These corals, 
however, showed no signs of mechanical damage or injury 
as might be expected if the breakages were caused by 
external factors, such as browsing fish. Is was also 
common to find specimens where the corallum was 
broken but the pieces were still held together by the 
tissues, which were intact and normal in appearance. 
The frequency of such skeletal breakage occurring with- 
out any obvious mechanical injury suggests that this 
may be a normal process of physiological segmentation, 
that is, asexual reproduction by transverse division of 
the anthocyathus instead of the anthocaulus. the latter 
being the usual method of increase among other mono- 
stomodeal fungiids'. This would explain the distribution 
of Diaseris in dense isolated patches each perhaps repre- 
senting a clone, and also our failure to observe or collect 
any anthocauli of this species. 

Cycloseris cyclolites is larger, dome-shaped and slightly 
oval. A typical individual has major and lesser diameters 
of 3-8 and 3:4 cm, respectively, and a height: of 1-5 em, 
the aboral surface being deeply concave. The coralla 
are fairly symmetrical and only a few showed healed 
sears caused by breakage and regeneration. 

Both fungiids are usually expanded during the day. 
There are numerous small tentacles that retain particulate 
material which is carried to the stomodeum by local 
reversal of flagellar currents. When the corals are not 
feeding, the direction of these currents is towards the 


1300 h 
5 Nov. 





Fig. 2, Migration ofa single Heteropsammia michelinii in a tank between 

2000 h, November 4, and 1700 h, November 6, 1967. The path shown by 

the arrows is the trail left by the coral as it was being dragged along 
by its associated sipunculid worm Aspidosiphon corallieola, 
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Fig. 3. A, Heteropsammia michelinii (in aquarium) with sipunculid reach- 
ing out from opening of cavity. Note openings of pores extending from 


this to exterior. (Redrawn after Bouvier*.) B, Horizontal section 

through H. michelinii showing original gastropod shell and the spiral 

cavity extending from this occupied by the sipunculid, also pores, of 

unknown origin and function, extending to exterior, (Redrawn after 
Schindewolf*.) 


periphery, as in larger fungiids?. Cycloseris and Diaseris 
possess remarkable powers of movement. They are able 
to creep slowly over the bottom, right themselves if 
turned over and extricate themselves if buried by 
sediment. When corals of both species are mixed with 
their natural substrate and placed in a dish so that they 
are covered by mud, all the individuals gradually rise to 
the surface with their oral sides uppermost, that is, they 
uncover and, where necessary, turn over as originally 
described for larger fungiids by Marshall and Orr® and 
by Abe‘. Cycloseris frees itself from mud by means of a 
combination of flagellar currents and tentacular move- 
ments. Diaseris in addition takes in water through the 
stomodeum; the resulting turgor causes the polyp to 
swell to more than double the size of the skeleton and 
so reduces its density that the animals literally “float” 
to the surface of the sediments. When the corals finally 
come to rest on top, they are surrounded by a well marked 
ridge of mud which has been carried off the oral surface 
by the combined action of the flagella and mucus. Com- 
pared with the larger fungiids, which usually occur in 
shallow turbulent zones on coarse sand or coral fragments, 
these smaller species are clearly very highly specialized 
for life on soft muddy substrates, in relatively calmer or 
deeper environments. 

At Lizard Island, Heteropsammia michelinii occurs 
scattered among the Cycloserts and Diaseris (Fig. 1) and 
is of even greater interest. Completely free-living, cach 
individual consists of a squat round base. with a column 
about 2 cm across and | to 2-3 em high, crowned by one 
or two, rarely three, polyps. The upper calicinal surface 
is often wider than the base; such coralla tend to be 
unstable and they can topple over. 
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The most striking feature 1s the presence on the under 
surface of a rounded opening about 2 mm across which 
leads into a coiled cavity mhabited by a sipunculid worm, 
Aspidosiphon corallcola (Sluter, as quoted m Vaughan 
and Wells’) There was little time for observations in 
life, but the worms were seen to emerge from the openings 
probing the sediments while retaining a very firm hold 
in the cavity They thus pull the corals over the surface 
of the muddy sand This movement is sporadic as shown 
by the track of a Heteropsammza on its natural substrate 
in an aquarium during a 21 h period (Fig 2), the wan- 
dering of the anımal bemg clearly marked by the trail left 
in the sediment In their normal environments at Lizard 
Island many of the Heteropsammia were lying on their 
sides and a few were even upside down In one case the 
worm was seen to jerk the coral upright with one powerful 
movement The polyps are usually expanded, the ten- 
tacles reaching lengths of more than 10 mm Indryiduals 
leaning on their sides usually have their tentacles sweepmg 
the bottom, and it ıs possible that they can collect m 
this way particular food of animal origin deposited on 
the sediment surface If this is so, then the activities of 
the commensal worm will be of great value as ıt con- 
tinually moves the coral to the new feeding areas The 
sipunculid reaches down to feed in the subsurface sedi- 
ments and does not compete for food with the coral 

The only previous observations in lfe seem to be 
those communicated by Jousseaume to Bouvier® on 
which were based a figure, part of which ıs here reproduced 
(Fig 34) The initial association is similar to that found 
in the sipunculid Phascolion strombt; which occupies 
empty shells of Apporhais pes-pelecam, Dentalum entalis 
and Turritella commums m European seas As first 
indicated by Milne Edwards and Haime’, the further 
development of symbiotic relationship between sipun- 
culid and coral involves settlement of planulae on srmi- 
larly occupied gastropod shells As the coral comes to 
envelop the shell, the cavity of this 1s continued, still 
spirally wound but of much wider lumen (Fig 3B) 
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This opens on the unde side confernng a certain secondary 
bilaterahty on the coral? The sipunculid cannot bore; 
but its active presence will modify the growth of the 
coral just as the external settlement of associates such 
as the bivalve Pedum spondyloideum® affects that of the 
“host” coral A series of mmute passages of unknown 
function and certamly not formed by the worm open to 
the exterior (Fig 3A and B) In some cases (not per- 
sonally observed) a calcareous secretion may cause slight 
constriction of the opening of the cavity. The sipunculid 
probably produces the secretion and ıt may assist ıb to 
retain firm contact while 1t explores the substrate The 
whole association, extended to cover a diversity of organ- 
isms connected with one or other of the symbionts, 18 
briefly described by Schmdewolf* It includes the small, 
byssally attached erycmacean bivalve, Jousseaumella 
heteropsammiae Bourne (noted by Dr A Coomans), just 
within the opening of the cavity although ıt does also 
occur on the body of the srpunculd?® 

We thank Professor M Dubuisson for inviting us to 
participate in the work of the Belgian Great Barrier Reef 
Expedition We also thank Professor A Duistéche, leader 
of the expedition, and his colleagues on the scientific 
staff, Commander A Robyns and the officers of the Royal 
Belgian Navy Frigate De Moor, and also Professor J W 
Wells for identifying the corals and discussing our 
manuscript 
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A THEORY of the olfactory transducer must satisfy several 
well established criteria The interaction energy between 
the odorous molecule and the receptor site must be a 
weak one—on the order of a few times k’—1o allow rapid 
disappearance of the first signal when the surrounding 
atmosphere 1s changed and a second type of odour occurs 

Despite this weak interaction, 1+ must produce a large 
effect because sensitivities of the order of a small number 
of odorous molecules per receptor cell have been reported 
at threshold. This large effect must be able to produce an 
imerease in the conductance of a limiting resistance mem- 
brane, that 1s, 16 must increase the density of charge 
carriers, or the mobility of the charge carriers in the 
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A possible mechanism for olfactory transduction depends on the 
formation of a weak bound complex between an absorbed gas 
molecule and certain carotenoid pigments. 


membrane, to depolarize the membrane (or a limited 
region of it) This last requirement, when coupled with 
the threshold sensitivity for smell, ımphes strongly that 
an amplification process 1s needed—the number of charge 
carriers traversing the membrane must be a large number 
times the number of adsorbed molecules present in that 
locality The theory must account for the nature of the 
different receptor types, and for the fact that a chemical 
will differentially excite these types, that 1s, 1b should 
allow us to organize the chemicals into different classes by 
the mteraction mechanism It ıs also obvious that dif- 
ferent chemicals have very different thresholds for detec- 
tion—this, too, must be correlated through the proposed 
interaction mechanism And, as a final reqwrement of 
the theory, fatigue or adaptation, the dimimshing of the 
signal strength with continuous or repeated exposure to 
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high concentrations of certain odorous molecules, should 
be explicable 

Earlier theornes of olfaction have been reviewed by 
Moulton and Beidle:? We should like to present now the 
outlme of a mechanism for olfactory transduction which 
seems to be consistent with all of the criteria we have 
mentioned It depends on the formation of a weak bound 
complex between an adsorbed gas molecule and certam 
carotenoid pigments Carotenoids, both free and bound 
to proteins, have been identified in the olfactory mucosa?-® 
This weak bound complex 1s not well understood, but 1t is 
most hkely a donor-acceptor complex and we shall call 
1t this Further vestigations may modify this identifica- 
tion, but this modrfication will not alter the theory We 
have found that these weak bound complexes exert a 
large controlling effect on the conductivity of these pig- 
ments ‘This is the fundamental observation 

Carotenoids are semiconductors, both in the glass and 
crystalline states The electrical properties of B-carotene 
in particular have been extensively investigated? In an 
earlier investigation 16 was observed that the sem- 
conductive properties of B-carotene were changed by the 
adsorption. of oxygen molecules on the crystallite surfaces 
Effects of gas on the conductivity of other organic and 
morgame semiconductors have been widely reported 
Gutmann and Lyons have reviewed this work recently® 
In this particular case, the suface conductivity of the 
B-carotene was mncieased by factors of up to 10°, propor- 
tionally to the exponential of the partial pressure of 
oxygen in the surrounding atmosphere This effect was 
completely reversed by changing the atmospkere to one 
of pure mtrogen From the temperature and time de- 
pendence of the reversal, 1t was shown that the binding 
energy was 0 17 eV It was suggested then that a partial 
donor-acceptor complex had formed between tke adsorbed 
oxygen and the carotene molecules on the surface of the 
erystalhtes This donor-acceptor complex causcd a 
decrease ın the activation energy for the thermal genera- 
tion of charge carriers from 1 52 eV in a vacuum or inert 
atmosphere to 1 25 eV in the presence of oxygen This 
decrease ın activation energy was sufficient to explain 
the increased conductivity 

More recent investigations have shown that many other 
gases present ın the atmosphere of the chamber can cause 
mereases In current as great as 10’ tames the inert gas 
value™1° In Fig 1 we show, schematically, the apparatus 
used in these experiments These effects are all (m proper 
temperature conditions, that 1s, less than 50° C) reversible 
with about the same time course as found for oxygen, 
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Fig 1 Schematıc diagram of the apparatus used to test zhe effects of 
adsorbed gases on the conductivity of carotenoid prments 
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Table 1 CURRENT INCREMENTS IN A B-OAROTENE CELL WITH VARIOUS 
ADSORBED GASES (NOT CORRECTED FOR EQUAL VAPOUR PRESSURE) 


Approximate current Increase 


Gas adsorbed (Goteady atate/oinitial) 

(1) Nitrogen 1 
(2) Hydrogen 1 
(3) Argon 1 
(4) Hehum 1 
(5) Nitrous oude 2 
(6) Carbon dioxide 10 
(7) Butanol 7 
(8) Hexanol 5 
(9) Heptanol 5 
(10) Octanol 4 
(11) Decanol 4 
{12) Methyl acetate 10 
(13) Ethyl acetate 3 
(14) Butyl acetate 3 
(15) Penty] acetate 3 
(16) Oxygen 10? 
(17) Isopropanol 10? 
(18) Sulphur dtoxide 10° 
(19) Propanol 105-10? { 7) 
(20) Acetone 10¢ 
(21) Nitric oxide 10t 
(22) Ethanol 105 
(23) Ammonia 10° 
(24) Hydrogen sulphide 105 
(25) Methanol 10° 
(26) Nitrogen dioxide 10° 


and suggest simular, 1f not identical, activation energies for 
the break-up of the weak bound complexes and subsequent 
desorption The gases which we have tested for this 
effect were chosen from three categories—no (or weak) 
odoui, moderate odour and strong odour The results of 
these tests are shown in Table 1, where we have listed the 
gas and the increase in current caused by adsorption of 
this gas on crystallites of B-carotene The inert gases, as 
well as hydrogen and mtrogen, gave values no different 
from those obtained in a vacuum, and carbon dioxide, 
nitrous oxide, butanol and hexanol produced only small 
increases, less than a facto: of 10 We shall discuss the 
esters later. The gases with moderate odours produced 
increases m current of a factor of 10?-10*, while gases with 
strong odours produced large increases ın current of a factor 
of 105-10? Wıth some gases, for example, ammonia and 
methanol, “puff” experiments can be done by injecting a 
1 sec pulse of the gas into a stream of nitrogen and watch- 
ing the current rise and then decay If B-carotene 1s only 
one of the pigments making up the different types of 
receptor, then ıb 1s possible for a gas with a strong odour 
to be found in the group producmg small increases in 
current if this gas 1s not of the class to which {-carotene 
responds We believe this to be the case for the esters as 
deseribed here If this theory 1s correct, however, we 
should not find a gas with no (or weak) odour in the cate- 
gory producing laige mcreases ın current This 1s shown 
by the results so far Oxygen ıs the only odourless gas 
in the group producing moderate increases ın current 
and, indeed, a special case should be made for this gas as 
it is present in constant quantity in all normal ar A 
detailed description of the experimental conditions 1s 
bemg published? 

In Fig 2, we have plotted the cunent rise on a log 
scale versus the time of flow for a series of alcohol vapours 
carried by nitrogen gas The rise and decay times are 
almost totally caused by the flushing time of the chamber 
containing the 8-carotene cell The sizes of the responses 
are not corrected here for the different vapour pressures 
of the alcohols (all maintained at a temperature of 15° C) 
The results. nevertheless, show that the carotene cell 
responds very differently to the different alcohols With 
smaller chambers and higher flow rates, the speed of 
response 1s very fast In ali the cases where large inc1eases 
in current were found, ıt was observed that the semi- 
conduction activation energy of the surface currents 
caused by gas adsorption was lowered enough to account 
completely for the merease in current 

We have investigated this phenomenon ın some detail 
and conclude that the same simple theoretical model 
proposed for the increase in current m crystalline protems 
with hydration 1s applicable A brief description of this 
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Fig 2 Tıme course of the current rise and decay when nitrogen gas 
18 bubbled through various alcohol liquids hept at 15°C and passed 
thro the chamber Arrows indicate when pure nitrogen alone 18 
flushed through the chamber Propanol shows a unique slow lise time 


model ıs essential Experments have shown that the con- 
ductivity, o4, of the carotene-gas complex increases with 
increasing gas adsorption, m (m = percentage by weight 
of adsorbed gas), at constant temperature and at low 
coverage according to the relation 
oa = Oy exp[am] (1) 
where ov 1s the conductivity ım a vacuum or an mert 
atmosphere, and « 1s a constant for a given system The 
temperature dependence of the conductivity of the carot- 
ene 1s that of a semiconducto1, and so 16 is given by the 
relation 
S(T) = oo expl — Hy/2kT] (2) 
Combming equations (1) and (2) gives tho empuical 
relation 


coa(L,m) = co expl[—Hyf/2kT] exp[am] = 

ao exp[ — (Hy—ym)/2kT] = so exp[— E 4/2kT] (3) 
where y=2kTa The activation energy of the complexed 
erystals, Æ a, 18 equal to Hy — ym, and changes continuously 
with increasing gas adsorption Measurements of the 
activation energies with different amounts of adsorbed 
gases have verified equation (3) We now calculate the 
energy necessary to separate a charge carrier from one 
molecule in the medium and place ıt on another a large 
distance away (that is, the coulomb interaction is neg- 
lected} This 1s given by 


=p - Ay ~ S(1-5) (4) 


where I, 1s the gas state 1onization energy of the molecule, 
Ags the gas state electron affinity, K 1s the low frequency 
dielectric constant of the solid, e ıs the electronic charge, 
and R 1s the radius of the polarization cavity field For 
the complex, 1f 1t 1s a weak binding type, we can approxim- 
ately write 


Ba=1,~4p~ G(1- ze) (5) 


where K’ ıs the new dielectric constant and K’>K 
Eliminating ly — Ág from equations (4) and (5) results in 
the followmg relation 
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e - 1 1 


The semiconduction relation 1s then 


oalT,K’) = ooexp[Hy/2kT] exp[(e?/2k TR) 

Q/K ~ K (9) 
where the second exponential term 1s the magnitude of 
the current merease as a result of the formation of the 
complex 

We have found for the two gases we have tested— 
oxygen and methanol—that the dielectric constant of 
B-carotene does increase when the complex is formed, 
and by almost exactly the correct amount requued to 
predict the correct activation energies and conductivity 
increases using equations (6) and (7) Incidentally, this 
approach ıs free of any suppositions concerning injected 
charge carriers or on the nature (electz onic versus 10n1¢) or 
sign of the charge carriers 

It still remaims a serious problem to understand why 
the formation of the weak bound complex changes the 
dielectric constant A clue could be obtained from the 
theory of donor-acceptor mteraction, which postulates 
a partially dative ground state (D+A-) This could lead 
to additional dipole fields On this basis, we can only 
tentatively conclude that the weak bound complexes 
formed between the adsorbed gas and the §8-carotene 
molecules are donor-acceptor complexes In some othe: 
cases (such as the 10dine—hpid and dinitrophenol—lipid 
complexes, see later) this conclusion 1s strengthened by 
spectral evidence of a donor-acceptor complex We have 
not as yet found any charge transfer bands as evidence 
of the donor-acceptor complex of gases with B-carotene 
in the sohd state (unpublished work of T N Misra and 
B Rosenberg) 


Differential Sensitivity and Receptor Types 


Table 1 shows that the esters, methyl and ethyl acetate. 
produce less than a factor of 10 merease in the conduc- 
tivity of the §-carotene cell This 1s surprising, for the 
esters have a low threshold for detectability and, hke 
other very odorous gases, 1t should have increased the 
current by a factor of about 10° We then measured the 
current increase in a cell of crystalline powder vitamin A 
alcohol exposed to these vapours This chemical 1s a 
semiconductor with a low conductivity—on the order of 
that of B-carotene The geometry of the conduction cell, 
as well as all other conditions, was maintained unchanged 
The results are shown n Fig 3 Here the current merease 
caused by adsorbing methyl acetate on 8-carotene and 
vitamin A alcohol is compared It ıs obvious that the 
vitamin A alcohol has the expected sensitivity to the 
esters, while the B-carotene does not 

This one case illustrates the possibility that the different 
carotenes and haplocarotenes function as the different 
receptor types, each with its own class of compounds 
which form the donor-acceptor complexes with it and 
therefore change the conductivity Much more work 
remains to be done to test this crucial hypothesis of the 
theory and to sort out the respective classes of chemicals 
reacting with each receptor type This particular example, 
however, 1s clear cut and significant, and se1 ves to indicate 
the method for these tests A more complete characteriza- 
tion of the pigments present ın the olfactory organ 1s now 
necessary 


Fatigue Effects in Semiconduction 


A second unexpected result of oui experiments is the 
appearance of a fatigue effect ın the conductivity process 
with certain gases While the biological processes of 
fatigue or adaptation in sense organs are complicated by 
contributions occuring at each stage of the pathway 
between receptor and consciousness, there should still be 
fatigue or adaptation effects at the earliest stages This 
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Fig 3 Comparison of the conductivity changes in g-carotene and 
vitamin A alcohol crystals (both all trans) when methyl acetate vapour 
carried by nitrogen gas 18 passed through the chamber 


certainly holds in the case of the visual receptor, where a 
contribution to adaptation ıs known to occur in the 
receptor cell before the first synaptic connexion The 
anatomical simpheity of the olfactory system, ın which 
only one synapse occurs in the pathway to the brain, 
makes a fatigue effect even more imperative at the 
receptor cell level 

In Fig 2, the shape of the current versus time curve for 
isopropanol differs from the others, for with continuing 
exposure to the vapours at high concentration (partial 
pressure = 12 mm of mercury) the current increases to 
a maximum and then declines This effect 1s more clearly 
manifested with ammonia gas adsorbed on a 8-carotene 
cell as shown in Fig 4 Here the current has risen by five 
orders of magnitude on first bemg exposed to the gas, and 
then decreases by three orders of magnitude before reach- 
ing a steady state When the gas 1s removed, by flushing 
the chamber with nitrogen only, the current returns to 1b8 
original value This indicates that no marked chemical 
1eaction has occurred between the ammonia gas and the 
B-carotene (at higher temperatures, however, there 1s 
such a permanent change ın conductivity attributable to 
a chemical reaction) If ammonia gas 1s agam passed into 
the chamber, the current rises again, but by only a factor 
of 10, indicatmg that the surface of the 8-carotene has 
changed in some significant way In Fig 5, we show the 
effect of a number of such reversible flushes, each repeti- 
tion of which causes a smaller change, until after five 
repetitions the current rise becomes reproducible and 
stable 

After flushing with nitrogen gas for a few hours, the 
sensitivity to ammonia returns and the entire process 
can be repeated In essence, the surface of the B-carotene 
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recovers ıts sensitivity There are at least two inter preta- 
tions of this recovery process The first 1s that 1t1s a1esult 
of the process of sublimation of the contaminated surface 
layers, thus exposing a virgin surface to the next ammonia 
gas exposure The second 1s the slow break-up of a more 
tightly bound complex and subsequent desorption of the 
ammona—where the more tightly bound complex occupies 
the same sites as does the first type of complex but does 
not affect the conductivity While the sublimation process 
1s attractive in explaming the recovery, 1t does not provide 
a basis for explaining the initial fatigue effect The second 
process can account for both effects Indeed, experi- 
mental evidence in favour of this second explanation has 
already been reported 
We have already described the effect of oxygen adsorp- 
tion on the conductivity of crystalline chlorophylls, a and 
b12? It was shown that oxygen could exist m two states 
on the chlorophyll crystal surface In the first state, it 
increased the conductivity (donor-acceptor complex) and 
was easily desorbed In the second state, it did not 
affect the conductivity, and was more tightly bound to 
the surface (Cht—Oj ?) Irradiation by hght converted the 
second form to the first form In the dark, the conductivity 
of crystalline chlorophylls was again higher, and the 
adsorption of gas was repeated a few times, with diminish- 
ing effects, until 1t almost disappeared A fresh exposure 
to oxygen would then start the same senes of changes 
again 
SOn tho basıs of these results, we suggest the following 
events as determining the fatigue effect and recovery 
The ammonia gas 1s adsorbed to a specific site on the 
crystallite, ıt forms a donor-acceptor complex with the 
8-carotene, there 1s an increase in the effective dielectric 
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Fig 4 Fatigue effects ın the conductivity of -carotene when exposed 

to high concentrations of ammonia gas (NH, Ny,1 1) The top curve 

is the first exposure and removal (arrows indicate the latter), the 
bottom curve 1s the second exposure 
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Fig 5 Fatigue effects in the conductivity of b-carotene after partial 
recovery of sensitivity, when exposed to ammonia as ın Fig 4_ Each 
repeat of the exposure and removal of the ammonia gas produces a 


smaller response until after six exposures the response stabilizes 
Repeats 7 to 10 (not shown here) are essentially the same as curve 6 


constant, the activation energy for thermal charge gen- 
eration decreases, and the conductivity increases This 
is state I The donor-acceptor complex converts in an 
equihbrium process to a more stable form (an 1onic com- 
plex ?) on the same sıte which decreases the contribution 
to the effective dielectric constant, the conductivity 
decreases to a lower value, the binding energy of the 
complex ıs stronger and ıt therefore does not easily 
desorb Thisis state II (We thank L G Augenstem for 
recalling this two state hypothesis to our attention ) 
‘When the chamber 1s flushed with nitrogen, the state I 
population decreases rapidly to zero and the conductivity 
returns to the usual nitrogen value The state IT popula- 
tion slowly desorbs and/or slowly reverses to the state I 
type which desorbs, leading eventually to the total loss 
of the state II population The surface 1s returned to its 
imitial condition Some more tests of this hypothesis are 
required and are under way at present in our laboratory 
The hypothesis 1s attractive in bemg able to explain the 
occurrence of fatigue and the subsequent recovery, and 
n a manner which agrees with the proposed theory We 
suggest that this may be at least a part of the fatigue 
effect in olfaction 


Lipid Bilayers 


So far, the experumental evidence submitted as the basis 
of this theory has been obtained on crystalline or glassy 
powders We do not suggest that such structures as these 
occur in the receptor membranes A more direct model 
system for a membrane ıs the bimolecular lipid films 
(lipid bilayers)? We have investigated such bilayers, 
using egg lecithin, synthetie lecithin and oxidized chole- 
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sterol The conductance of such bilayers increases by 
105-10° when 10dine (I,, 10-5 molar) 1s added to the water 
electrodes'* Spectroscopic evidence has been obtained 
which shows that charge transfer bands occur when 
1odine and these lipids interact ın solution?, and also that 
donor-acceptor complexes do form Solid state film 
experiments agree with these results and also show that 
the effective dielectric constant of the film mcreases 
when. iodine vapour 1s adsorbed Again, these complexes 
are reversible 

The same type of phenomena have therefore been found 
to occur m a system more like the biological situation 
In this case, no carotenoid was present ın the bilayer, 
and only 1odme and dinitrophenol have been tested so 
far Nevertheless, two important conclusions can be 
drawn from this work The first 1s that an unpigmented 
membrane may react to the presence of noxious chemicals 
by the proposed mechanism, and this may account for the 
response of the trigeminal nerve to higher concentrations 
of such chemicals The second conclusion 1s that bilayers 
incorporating various carotenoid pigments" form a simple 
and more significant model for the further testing of our 
theory Were it not for this possibility, we would hesitate 
to add yet another theory to the many already proposed 
to explain the phenomenon of olfactory transduction 

On the basis of the experimental results described here, 
we propose the following as a possible mechanism for 
olfactory transduction (1) The pigments in the pigmented 
olfactory receptors constitute the recepter sites (2) These 
pigments exist to some degree in the limiting resistance 
membrane of the receptor cells (3) The odorous molecule 
when adsorbed on the receptor site forms a weak bound 
complex (a donor-acceptor complex) with the pigment 
molecule (4) The conductivity of the membrane increases 
because of an increase ın the equilibrium number of charge 
carriers resulting from the donor-acceptor complex. 
(5) This increase in conductance 1s an amplifying process 
and leads to the depolarization of the membrane and 
signal generation (6) The donor-acceptor complexes are 
weakly coupled (bmding energy less than 0 20 eV) and 
break up, leading to a desorption of the odorous molecule 
when the partial pressure of such molecules in the ambient 
atmosphere decreases (7) The nature of the donor— 
acceptor complex determines the amount of increase in 
conductance, and therefore the threshold sensitivity to 
the odorous molecule (8) The odorous molecule may form 
different strength donor-acceptor complexes with the 
different pigments of the various receptor types, and the 
resulting complex of signals defines the odour quality of 
that molecule (9) Such donor-acceptor complexes may 
form to a lesser degree between some molecules and the 
phospholipid constituents of an unpigmented membrane 
and produce similar, though weaker, signals through the 
same mechanism 

This work has been supported by the Office of Naval 
Research and by the National Institute of General Medical 
Science of the US Public Health Seivice 
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Origin of Nitrate Deposits 


by 
G G C. CLARIDGE 
| B. CAMPBELL 


Soil Bureau, 
Department of Scientific and Industrial Research, 
New Zealand 


Durine the summer of 1964-65 we suiveysd soils in 
Antarctica at several localities along the western margin 
of the Ross Sea and Ross Ice Shelf We foung that these 
souls showed many of the features of soils of ar:d climates, 
meluding the accumulation of water-soluble salts In 
particular, we found that included in these salts were 
nitrates of sodium and magnesium, together with traces 
of 1odates Nitrate salts were feund to be widespread in 
Antarctica in soils from various parent materials 

The salt deposits that reveal most about the origin of 
the nitrates are those of the valley of the Shackleton 
Glacier, in the Queen Maud Range (Fig 1), m soils 
described earher! These salt deposits can be divided 
into two groups, those of the Roberts Massif at the head 
of the Shackleton Glacier on the edge of the Polar Plateau, 
and those about 30 miles down the glacier near its junction 
with the McGiegor Glacier 

Roberts Massif 1s a large nunatak about 50 square miles 
in area which 1s encircled by two branches of the Shackle- 
ton Glacier and has an altitude of between 7,000 and 
10,000 ft At some time in the past, the Polar Plateau 
was at least 1,000 ft higher than 1t ıs now, end covered 
the whole of the :egion As the level of the plateau has 
fallen, the ice retreated uncovermg morame-covered sur- 
faces on which weathering has taken place and primitive 
soils have formed Each of these soils contains a horizon 
consisting predominantly of salts at a depth of 2-3 m 
below the surface The thickness of this horizon mcreases 
with the age of the soul, as indicated by weazhermg and 
topography, and so the accumulation of the salt ıs the 
result of a long-term process and ıs not some fassil feature 
The salts consisted of sulphates and mtrates of sodium, 
calaum and magnesium, together with traces of 1odate, 
no chloride was detected and the ratio of chloride to 
nitrate was less than 1 15,000 (Table 1) The salt horizons 
contained minerals such as gypsum thenardite, epsomite, 
hexahydrite, bloedite, darapskite and soda-nitie 


Table 1 WATER-SOLUBLE SALTS IN SOME ANTAROTIC SOILS 
Catt Mgt Nat Kt cl- sSoł- NO; 0; 
(meqwv /100 g soul) 


Depth 
Gn } 


Upper part of Roberts Massif, at head of Shackleton Glacier, 85° 32’ S, 
177° 20 W 


0-2 34 05 67 <002* <001* 57 02 01 
2-3 60 251 35 <002* <001* 380 400 001 
3-7 76 116 200 0 07 <0 01 575 300 0 02 
7-14 30 70 250 002 <001* 112 200 <001* 
McGregor Glacier junction in mad at of Shackleton Glacier, 85° 11'S, 
0-3 02 40 63 0 03 37 12 68 005 
3-7 01 24 47 0 03 29 03 50 004 
7-12 01 005 12 001 10 03 <01* 001 
Coastal part of Darwin Glacier, 79° 51’ S , 159° 10’ E 
0-4 31 40 150 08 119 32 101 0 025 
5-8 16 43 117 06 91 18 73 0015 
li-ld 14 32 107 07 89 15 72 001 
Saline ground water, results as mequiy /I 
l4 490 254 400 16 231 68 440 48 


* Not detected by the analytical method used 
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New evidence from Antarctica supports the idea that nitrate deposits 
have been accumulated by precipitation from the atmosphere, in the 
absence of leaching and biological activity 


At the McGregor Glacier junction, where other extensive 
areas of bare ground occur, the proportion of chloride m 
the salts was greater, the ratio of chloride to nitrate 
approaching 1 l ın places (Table 1) In this area, salts 
do not occur as distinct horizons but are distributed 
thioughout the soil—in places as nodules of salts, but 
commonly with no salt visible 

These two regions differ markedly m climate, which 
accounts for the difference in composition, amount and 
distribution of the salts in the soils The Roberts Massif 
region on the edge of the Polar Plateau is constantly 
swept by a cold, dry katabatic wind from the south, 
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Fig.1 Map of western margin of the Ross Ice Shelf showing localities 
of deposits on which nitrate studies were based 
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precipitation 18 very low and most of the snow that falls 
1s blown from the Polar Plateau, temperatures are rarely, 
uf ever, above freezing point and little 1f any melting of 
the snow takes place, instead the snow either sublimes or 
is blown away In this 1egion any salts contained within 
the snow 1emam behind when ıt sublimes and may be 
transported a few inches into the soil by small amounts of 
moisture which may occasionally be present Conse- 
quently, the salts found in these soils should be related to 
the salt content of Polar Plateau snows 

Further down the Shackleton Glacier at the junction 
with the McGregor Glacier the climate 1s warmer and 
precipitation is higher, the snowfalls occurrug during 
periods when warm air masses move in across the Ross Ice 
Shelf bringing cloudy conditions to the coastal mountains 
We observed that, during the summer, cloudy conditions 
and lhght snow did not reach as far inland as the Roberts 
Massif, presumably being driven back by the mereasing 
force of the katabatic wind from the south near the edge 
of the Polar Plateau Conditions in winter are unknown, 
but the precipitation pattern 1s expected to be simular 

A third region even warmer and more moist than the 
other two can be defined near the coast and at a low 
altitude Although we could not examine the coastal 
region of the Shackleton Glacier Valley, ıt ıs thought to 
be very similar to the coastal portion of the Darwin 
Glacier Valley, where chlorides make up a greater propor- 
tion of the salts, but mitrates and 1odates are still present 
(Table 1) Where temperatures aro warm enough and 
drainage ıs impeded, salts may accumulate in highly saline 
giound water or as evaporite deposits around the edges of 
undrained basins? 

Any differences in the natwe of the salts contained in 
the soils of these regions should be related to the dif- 
ferences in origin of the precipitation—the Roberts Massif 
snows coming from the Polar Plateau, and those from areas 
nearer the coast being derived from local air masses gain- 
ing their moisture fiom the Ross Sea The principal dif- 
ference 1s the virtual absence of chloride fiom salt deposits 
of the Roberts Massif region and its presence m soils 
closer to the coast 

Wilson and House’ have shown that snow falling at the 
South Pole contams small quantities of nitrogen in the 
form of nitrate Ammonia and organic nitrogen were not 
detected Small quantities of chloride and a smaller 
proportion of sulphate were also present, the molar ratio 
of chlorine to nitrogen being 2 1 The infall of nitrogen 
was reported to be 5x10-® g/cm*/yr They suggested 
that the nitrate was atmospheric nitrogen fixed by auroral 
processes, and that the chloride and sulphate are ultimately 
derived from the ocean 

A considerable volume of work on the composition of 
atmospheric precipitation has been published and this 
has been reviewed by Exiksson' Both ammonia and 
nitrate—nitrogen have been detected ın analyses of atmo- 
sphenc precipitation together with compounds of chlorine, 
sulphur and 1odine Most of these materials are thought 
to be derived from the sea Wulson® has shown that the 
upper, very thin layer of the ocean 1s en1iched in nitro- 
genous biological materials which are transferred to the 
atmosphere during periods of strong winds He suggests 
that this ıs the source of the mitrogenous compounds 
found in the snows of temperate regions Near the oceans, 
most of the nitrogen 1s ın the form of ammonia or protein 
compounds, but these are slowly oxidized, probably by 
ozone produced by the action of ultraviolet ight ın the 
upper atmosphere’ Sulphides are similarly oxidized to 
sulphates and 1odine compounds to 1odates Lodge and 
Pate’? have shown that the atmosphere over tropical oceans 
contains ammonia, but that the proportion of nitrogen 
oxides ıncreases over land masses The proportion of 
chloride in atmospheric precipitation decreases with 1n- 
creasing distance from the sea, because of the removal of 
sodium chloride crystals which act as condensation nucler 
and are thus precipitated from the atmosphere® 
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We believe that the compounds of nitrogen, sulphu and 
iodine in tropical and temperate regions are transported 
to the polar regions by the atmosphere ın the course of 
circulation to maimtain the permanent anticyclone induced 
by the altitude of the Antarctic continent and which is 
centred over the continent® During transport, they ae 
oxidized to mtrates, sulphates and iodates The greater 
part of these compounds are removed with atmospheric 
precipitation but, as already explamed, chlorides are 
removed preferentially 

The remaiming salts aie precipitated with snow on the 
Pola: Plateau in the quantities and proportions found by 
Wilson and House’, and are transported by wind to areas 
of bare ground, such as the Roberts Massif, where they 
accumulate when the snow sublimes or melts and evapo1- 
ates A further mechanism must be postulated, however, 
to account for the vntual absence of chlomde fiom the 
souls of the Roberts Massif and 1ts presence in snow at the 
South Pole We suggest that, because sodium chlonde 1s 
more hydioscopic than othe: salts, 1t may dissolve and 
percolate deeper into the general mass of the ice, and that 
consequently ıt 1s progressively reduced m concentration 
during continual blowing around of dmfting snow This 
can be supported by the fact that Wilson and House? 
report the presence of chloride in snow from a depth of 
13 m but not from surface snow at the South Pole 

The only other area in the world where nitrates and 
1odates are widely distributed ıs northern Chile Many 
hypotheses on the origin of the Chilean deposits are 
discussed by Goldschmidt**, who suggests that, because 
Chilean mtrate contams approximately 0 2 per cent iodine 
as 1odate, a solution to the problem of origin of these 
deposits might be found if the presence and state of 
oxidation of 1odine compounds in salt deposits in other 
parts of the world were studied The proportion of 1odate 
to nitrate m the Antarctic salts ıs similar to that ın the 
Chilean nitrate deposits (Table 1), consequently, 1t seems 
likely that the nitrates and 1odates are genetically related 
and have a simular origin ın both the Chilean and Antarctic 
deposits 

The possibility that the mtrates and rodates could have 
been derived by leaching from sedimentary rocks (as 
suggested by Johanneson and Gibson") 1s disproved by 
their widespread distribution in soils formed from widely 
different rocks Igneous rocks have been found to contain 
small amounts of nitrogen’, but the amount released at 
the slow rate of weathering prevailing ım Antarctica 
seems to be insufficient to account for the quantities of 
mitrate present Furthermore, the 10dme content of the 
salts ıs also left unexplained 

A new general theory of the origin of prinerpal nitrate 
deposits 1s proposed The atmosphere contains small 
quantities of nitrogenous material as well as compounds 
of 1odme, sulphur and chlorme denved from the ocean 
surface in the manner suggested by Wilson®, and these 
compounds, in varying proportions and states of oxidation, 
form part of the precipitation from the atmosphere 
throughout the world In most parts of the world, the 
compounds are intercepted by organisms or pass by 
leaching through the soil and are returned to the sea It 
1s only in the almost complete absence of biological activity 
and leachmg in such places as the Antarctic Continent and 
the deserts of northern Chile that nitrate salts can 
accumulate on a large scale 

In both these areas, the deposits occur on old surfaces 
where the salts have been able to accumulate for long 
periods of time, the age of the Roberts Massif surface 1s 
considered to be at least several hundred thousand years!, 
as are the surfaces on which nitrates are found in 
Chile! 

Sımılar nitrate deposits might be expected in other 
parts of the world where conditions are sufficiently and, 
however, m most of the world’s desert areas they may be 
removed in dramage waters durmg the rate periods of 
torrential rainfall, and may be found m salme lakes and 
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other dramage sinks Nitrate deposits are ın fact also 
known from the and areas of California* where they seem 
to be similar to the Chilean deposits, but no other deposits 
of appreciable size are known except in Antarctica 

We thank the Antarctic Division of the New Zealand 
DSIR and the US Navy for transport facilities, and Dr 
A. T Wilson for useful discussion. 
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Induction of the Primary Immune Response 


by 
| MACKAY MURRAY 


State University of New York, 
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Brooklyn, New York 


SERUM opsonins play a part m determining intravascular 
clearance rates of several types of particles, and 1t seems 
that recognition of the surface characteristics of the 
particle first occurs ın the blood plasma of the host? 
Antibodies, either natural or immune, act as opsonins to 
influence clearance rates by coating the surface of the 
particle, making ıt more hable to phagocytosis Recogni- 
tion comes about by the complexing of a specific opsonin 
with the particle at the moment of its contact with the 
blood, and this complex ıs removed from the circulation 
by the reticulo-endothehal cells, which results in a tem- 
porary depletion from the circulation of opsonins specific 
for that particle? This sequence of events 1s similar to 
that which accompanies the intravenous injection of anti- 
genic material, for example, bacterial, m non-immune 
as well as in 1mmune animals 

The phagocytic cells of the reticulo-endothelial system 
or macrophages are usually found close to antibody 
producing cells and seem to be mplcated in antibody 
production. A recent theory holds that the macrophage 
“processes” the ingested antigen by complexing RNA 
with the antigenic fragments and this complex 1s trans- 
ferred to the precursors of antibody forming cells? The 
minute amount of antigen which can be detected m 
antibody producing cells does not seem to supply the 
instruction necessary to support the high level of antibody 
synthesis that is usually found Antigens may mduce a 
primary response by indirectly priming cells genetically 
endowed with the ability to produce a specific antibody 
These pre-formed antibodies would be represented ım the 
body fluids by natural antibodies, that 1s, antibodies 
usually found in non-rmmunized animals The macro- 
phage, by ingesting the antigen-antibody complex!, would 
cause a temporary depletion of the specific antibody in the 
extracellular fluid, an event which may be a signal to the 
cells producing that antibody If the body fluids can 
recognize antigen—the specifie natural antiabody—and the 
macrophage removes it from the body fluids, the natural 
antibody producing cells bathed by the depleted flmd 
might recognize the absence of a specific natural antibody 
Thus the exchange transfusion of blood previously de- 
pleted of natural antibodies agamst sheep red blood cells 
initiated a primary immune response in the rat equal to 
that obtained by the mtravenous myjection of sheep red 
blood cells 

Essentially the procedure was to adsorb the donor 
plasma with washed sheep red blood cells om vtro, re- 


The cause of the induction of the primary immune response could 
be the depletion of a specific natural antibody 


combine the adsorbed plasma with the donor blood cells 
and exchange with the recipient by transfusion. 

Male rats of two strains were used, a Lewis inbred 
strain and a Sprague-Dawley (S—D) strain Donor animals 
weighed between 250-300 g and recipients between 
150-200 g The citrate solution, 0 38 molar citric acid, 
0075 molar sodium citrate, 0 064 molar sucrose (ACS), 
was used m the proportion of 15 ml/85 ml of blood 
ACS donor blood (35 ml) was centrifuged, 1,700g, for 
40 mm and 14 ml of the plasma was removed for adsorp- 
tion The remammg supernatant plasma was removed 
without disturbing the buffy coat and the donor red cell 
volume was adjusted to 10 ml by aspiration ummediately 
before mixing the adsorbed plasma with the donor cells 

Sheep red blood cells (SRBC) in Alsever’s solution were 
washed three times with 0 15 molar sodium chloride-0 01 
molar phosphate buffer, pH 725 (PBS) The donor 
plasma was adsorbed by mixing with 1 ml of packed 
SRBC ım plastic centrifuge tubes using siliconized pipettes 
and left at room temperature for 10 mm followed by 
centrifugation, 300g, for 15 min at 10°C The adsorbed 
plasma was filtered through a “Millipore HA’ membrane, 
pore size 0 45u, using slight air pressure After mixing the 
adsorbed plasma with the donor cells, the blood was 
passed through gauze and kept at room temperature for 
30 min before transfusion 

The recipient was anaesthetized by intraperitoneal injec- 
tion of ‘Nembutal’ and a No 10 polyethylene catheter 
was inserted ın the femoral vem through which 140 USP 
units of sodium heparin in 07 ml of saline was injected 
The femoral artery was then cannulated and the outflow 
collected ın a graduated receptacle Donor blood was 
injected through the venous catheter at a rate correspond- 
ing to the outflow The percentage exchange of blood was 
calculated from the formula of Trossman eż al 5 based on 
normal blood volumes of the rat® 

Serum agglutinm titres against SRBC were measured 
on the fifth post-transfusion day All sera were mactivated 
at 56° C for 20 mm Doubling dilutions of the antiserum 
with 2 ml final volumes were set up using 1 per cent 
normal rat serum in PBS as the diluent The standard 
SRBC suspension was prepared by addmg one volume of 
1 per cent trypsin to nine volumes of an approximately 
l per cent suspension of washed SRBC and agitated for 
10 min at 37°C After a final washmg the concentration 
of the SRBC was adjusted photometrically so that 1 mi 
of the SRBC suspension in 4 ml of water gave an optical 
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density reading at 520 mp of 030 A sample of the 
standardized SRBC suspension (01 ml) was added to 
the test system and agitated fo. 90 min at 37°C After 
centrifugation at 50g for 5 min the tubes were agitated 
and the highest serum dilution showmg agglutmation 
was recorded as the titre 

My primary concern has been that solubilization of the 
surface antigens of the SRBC might have occurred durmg 
the adsorption process, for the ‘Millipore’ membrane 
would exclude SRBC stromata Three methods were used 
to test for soluble antigens ın the adsorbed plasma ACS 
plasma, both SRBC-adsorbed and non-adsorbed, was con- 
verted to serum by adding 0 08 ml of a solution contam- 
mg 0075 moles of calcrum chlomde and 025 moles of 
magnesium chloride/ml of plasma The serum was heat- 
inactivated and used as the diluent for the titration of 
rat anti-SRBC serum Before the addition of the standard 
SRBC suspension, the tubes were incubated at 37° C for 
60 min and followed by a further incubation for 90 min 
The agglutinin titre was not decreased by the adsorbed 
serum diluent Serum prepared from adsorbed plasma 
was diffused agamst rabbit anti-SRBC serum by the 
method of Preer? with no band formation Antigens were 
not detected ın the adsorbed plasma by the passive 
cutaneous anaphylaxis reaction in the rat using rabbit 
anti-SRBC serum by the method of Ovary! 

Natural antibodies ın rat serum against SRBC can be 
demonstrated by the more sensitive haemolytic method, 
not by the agglutmation method used here The anti- 
genic effect of transfused SRBC-adsorbed blood was as 
potent as the mtravenous injection of the optimum 
number of SRBC (Table 1) and the strength of the immune 
1esponse was not influenced by the source of the donor 
rat blood Non-adsorbed blood, otherwise similarly pre- 
pared and exchanged, had no effect on the agglutinin titre 
The ineffectiveness of smaller numbers of SRBC to mduce 
a primary immune response suggests that the degree of 
natural antibody depletion may influence the strength of 
the immune response Whether the stimulus for mduemg 
the antibody response ıs the result of the contact of the 
donor cells with the adsorbed plasma wm vtro or primarily 
a host response 1s not known, and for this reason the buffy 
coat was kept mtact and the proportion of donor cells to 
plasma held constant. Exchange of volumes less than 
50 per cent of the host’s total blood volume gave signi 
ficantly lower titres; however, in the studies reported 
here, between 75 per cent and 80 per cent of the host’s 
blood was exchanged 

Relatively large volumes of SRBC are required to 
adsorb adequately the natural antibody m rat plasma and 
multiple adsorptions using aliquots of the adsorbent seem 
to remove the antibody more effectively than one adsorp- 
tion using the same total volume of adsorbent (Table 2) 

The replacement of natural antibodies ın SRBC- 
adsorbed plasma, before mixing with the donor cells, 


Table 1 
Reciprocal 

No of Recipient Treatment of of titre 
rats Donor strain strain donor plasma log 2 
(mean) 

3 Lewis Lewis Non-adsorbed <1 

3 8-D Lewis Non-adsorbed <1 

3 S-D S~D Non-adsorbed <1 
5 Lewis Lewis SRBC adsorbed 10 2 
5 S-D Lewis SRBC adsorbed 108 
5 8-D 8-D SRBC adsorbed 104 
6 2x10? SRBC* Lewis — 105 
8 2x10° SRBC 8-D — 100 
5 1x10? SRBC 8-D — 25 


* The intravenous injection of SRBC and agglutinin titres on fifth day 
S-D, Sprague-Dawley 


Table 2 
Volume (ml ) No of Reciprocal of titre 
No of rats picked SRBC adsorptions log 2 (mean) 
8 4 1 33 
5 1 2 60 
5 1 3 82 
15 1 4 104 
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Table 3 
3 Reciprocal 
No of Treatment of of titre 
rats donor plasma Addition to donor plasma log 2 
mean) 
3 SRBC-adsorbed Euglobulin from SRBC-adsorbed 106 
plasma 
3 SRBC-adsorbed Euglobulin from non-adsorbed 23 
plasma 


suppressed the immune response ın the transfused re- 
eipient (Table 3) The euglobulin fraction containing 
natural antibodies was prepared from an equivalent 
volume (14 ml) of normal rat plasma by dialysis against 
1/150 molar phosphate buffer, pH 58, for 48 h The 
addition of a simular fraction prepared from plasma 
previously depleted of the natural antibody agamst 
SRBC did not influence the degree of the immune response. 

Natural antibodies of surpmsing specificity occur in 
most animal species including man? Ther ongins have 
been attributed either to multiple environmental stimul?!° 
or to the maturation of an immunological apparatus under 
genetic control?! My thesis would imply that antibody 
forming cells are primarily under genetic control although 
dependent on the constant specifie and non-specific chal- 
lenges encountered in the host environment to expiess 
ther full potential 

There was further evidence of a genetic influence in 
the distmetive patterns of natural antibody concentra- 
tions ın each animal species studied? Landy’? has shown 
individual profiles of natural antibody titres within a 
species in which constant concentrations of specific 
natural antibodies are maintaimed for long periods It ıs 
suggested that the concept of homeostatically controlled 
concentrations of natural antibodies in the body fluids 
is crucial to an understanding of the sequence of events 
which follow the introduction of the antigen Temporary 
imbalance of the homeostatic mechanism resulting from 
the temporary depletion of the natural antibody induces 
the primary 1mmune response while prolonged imbalance 
produces immunological tolerance 

While an immune response 1s developing the circulating 
antibodies show gradually increasing avidity or affinity 
for the homologous antigen™, but the variation in the 
degrees of avidity does not seem to serve any useful 
physiological function Antigens introduced mto a mx- 
ture of the homologous 19, and 7S immune antibodies are 
preferentially complexed by the 7S antibodies with the 
likelihood that a simlar class preference is exercised m the 
circulation! The relatively large quantities of antigen 
required for the m viro adsorption of the homologous 
natuial antibodies, despite their low titre in serum, may 
indicate a still lower degree of avidity The efficiency 
with which an antigen can preferentially deplete the body 
fluids of a particular class of antibody would be influenced 
by the degree of avidity of the antibody and thereby 
provide the induction stimulus to the cells synthesizing 
that class of antibody It ıs therefore proposed that the 
avidities of antibody are very umportant in determining 
the character of the immune response 

If the cellular stimulus for the induction of the primary 
immune response is a demand for the replacement of a 
specific antibody, those cells phenotypically restricted to 
its production would, by the process of cell division and 
differentiation, provide antibodies of a sumilar specificity 
although not necessarily having the same physical charac- 
teristics In presenting a possible sequence of cellular 
events using the proposed stimulus for :mmunogenical 
induction, other significant findings!5-18 seem to be 
particularly pertinent 

The small mobile lymphocyte seems to be the most 
likely source of natural antibodies and thus 1mplicated in 
the first phase of the primary immune response?! The 
feedback mechanisms by which these cells maimtain 
homeostatic concentrations of natural antibodies m the 
blood and tissue fluids are unknown although circulating 
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concentrations of a specific natural antibody were ap- 
parently independent of the number of cells producing 
that antibody® After contact of the antigen with the 
body fluids and the removal of the antigen—natuzal anti- 
body complex by the macrophage, depletion of that 
specific natural antibody from the extracellular fluid 
may impose a sudden demand for replacement on those 
lymphocytes phenotypically restricted to that particular 
pattern of antibody synthesis Cytoplasmic pudding or 
shedding of the lymphocytes may replace the extra- 
cellular antibody to concentrations greater than the 
homeostatically controlled one, providing the stimulus 
for repheation and further differentiation of that cell 
clone 

What are the factors which might mfluence the cell 
clone synthesizing the natural antibody to replicate and 
transform into a more efficient antibody producing cell ? 
Would the sudden cessation of demand for the antibody 
from a cell synthesizing ıt at increased rates result in a 
higher energy potential in that cell? Perhaps the concept 
of a higher: energy potential can be translated as the 
accumulation of those basic building blocks common to 
both DNA and RNA-protein synthesis Lacx of eyto- 
plasmic competition may permit, for example, the sharp 
rise in the pool size of amino-acids in the nucieus which 
precedes DNA synthesis”? As a corollary, would the 
continuing increased demand for RNA-protem synthesis 
durmg antibody production result ın the mbibition of 
lymphocytic rephcation and differentiation ? 

The experimental evidence would implicate the blast 
cell as the successor to the small lymphocyte'* Subject 
to the same homeostatic mechanisms as the sma.l lympho- 
cyte and stimulated by the antigen-induced depletion of 
its product, 19S immune antibody, the blast cell, unlike 
the lymphocyte, 1s not usually found in the cxrculation 
The attmbute of “immunological memory” has been 
bestowed on the blast cell rather than the small lympho- 
cyte, but the difference may be qualitative, for, 1f the 
strength of ummunological memory of the antibody 
producing cell ıs determined by the avidity of its product 
and thus the efficiency with which the antigen can deplete 
the body fluids, the blast cell would have preference over 
the small lymphocyte Cessation of demand for the 198 
immune antibodies may piovide the stimulus for blast 
cell replication and transformation to the plasmocyte 
which 1s capable of synthesizing 7S antibodies of the 
Inghest avidity Circulating concentrations of 7S antibody 
do not seem to be under homeostatic control, for depletion 
of the antibody 1s not followed by increased synthesis nor 
does the mature plasma cell show mitotic activity 

A potential role of natural antibodies in the mduction 
of the primary immune response has been postulated by 
Jerne*!, Talmage**, Boyden™ and Landy? The mechan- 
ism by which natural antibodies exert their directive 
influence on antibody production has been astributed 
either to self-replication of antibodies"! or to their cyto- 
philic properties enabling the potential antibody forming 
cell to receive the antigenic stımulus?? 

Burnet** has pomted out that the mechanism by which 
the immune system recognizes foreign material is a crucial 
one m understanding antibody production If depletion 
of specific antubody from the body fluids 1s the zommon 
immunogenic stimulus, 1b ıs tempting to consider the 
followmg previously inexplicable findmgs with regard to 
antibody production the inhibition of antigen induced 
antibody production 1n infants with high circulating titres 
of maternal antibody, the failure to achieve an entabody 
response when antigen~antibody complexes are injected 
or the “blanketing effect’? when the second antigen 1s 
given during the height of the primary ımmune response, 
the practice of coating particles with soluble antigens, 
thereby increasing the surface area of the antigen and 
permitting larger quantities of antibodies to be complexed 

The enhancement of antibody production has been 
shown to be a non-specific effect? Endotoxin releases 
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natural antibodies non-specifically without obvious mjury 
to the antibody producing cells resulting in a five-fold 
increase 1n the bactericidal titre of the host serum’®. The 
increased titres of circulating antibody were followed by 
the replication of the antibody produemg cells With 
homeostatic concentrations of natural antibody m the 
extracellular fluid more than satisfied, could the cyto- 
plasmic events ın the cell now modulate activities in 1ts 
nucleus ? The apparent synergism between the endotoxin- 
induced cellular depletion of antibody and the antigen- 
imduced depletion of the homologous antibody from body 
fluids seem to give some understanding of the mechanisms 
by which adjuvants enhance antibody production 

Perhaps the most intriguing relationships exist between. 
immunological tolerance to foreign antigens and the 
apparent non-recognition of auto-antigens If excess 
antigen remains in contact with the body fluids for pro- 
longed periods because of a relative deficiency in phago- 
cytosis-promoting antibody, would the homologous anti- 
body forming cells, in attempting to re-establish homeo- 
stasis, repress replication and transformation into cells 
capable of produemg larger quantities of more cytotoxic 
antibodies? Antibody producing cells in rats made 
tolerant to SRBC did not respond to repeated SRBC 
antigenic stimul: by replication although they were 
capable of producing the homologous antibody** There 
seems to be little reason to advance a different mechanism 
for the recognition and removal of auto-antigens resulting 
from the constant breakdown of the host’s cellular ele- 
ments In a situation where there 1s a continuous uniform 
release of eithe: auto-antigens or foreign antigens from a 
successful cellular transplant at birth, replication of the 
homologous antibody forming cells may be inhibited by 
simular mechanisms The elucidation of those events 
occurring in the cytoplasm of the cell and their modulating 
effect on nuclear events may provide a vital lnk m 
understanding the mechanisms which control antibody 
production 

While the hypothesis of specific antibody depletion as 
an inducer of the immune response seems to offer plausible 
explanations for some aspects of antibody production, 1t 
does, however, provide a ready means for its testing 

I thank D Lochansky for technical assistance 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Half Life of the Neutron and 
Cosmological Helium Production 


I wish to point out a cosmological consequence of the 
1ecent reduction in the expermmental half hfe of the free 
neutron, if this 1s confirmed 

Since the measurements of Sosnovsky e al}, the 
best value for the neutron half hfe has been 117 min 
Recently, a new measurement by Christensen et al * has 
given the significantly lower value of 10 8 mn Although 
there may be further measurements before this result 1s 
accepted, 1t had earher been pomted out by Blin-Stoyle 
and Tint? that there were theoretical reasons for believing 
that the value of 11 7 min was too large 

In the homogeneous isotropic Firedmann universe the 
amount of helium produced in the early stages 1s chiefly 
governed by the relative densities of protons and neutrons 
when nuclear reactions occur, essentially all of the 
neutrons and an equivalent number of protons combme 
to form deuterium and, subsequently, helm At very 
high temperatures the number densities of protons, np, 
and neutrons, npn, are related by the formula 


My 


= exp (—2 54 mec®/kT) 
Mp 


(1) 
As the temperature drops, the reactions changing protons 
into neutrons and vice versa 


nt+etep+y 


pte ny (2) 


are no longer rapid enough to maintain thermal equi- 
librrum and the neutron number 1emaıns larger than that 
given by equation (1) The reduction of the neutron half 
life ımphes a corresponding increase in the cross-sections 
for reactions (2) so that the neutron number remains closer 
to that predicted by thermal equilibrium There are fewer 
neutrons when helium production occurs, so the amount 
of helium produced ıs reduced 

A recent calculation of the heltum production ın the 
early stages of a Friedmann universe by Wagoner, Fowler 
and Hoyle‘ gives a helium production of between 25 per 
cent and 30 per cent by mass for plausible values of the 
present mean density of the universe, if 1t 1s assumed 
that the conventional interpretation of the 3° K. black- 
body background radiation 1s correct This compares 
with abundances im the same range which have been 
observed in a variety of objects’ It seems from an 
approximate calculation that, 1f the new value of the 
neutron half life ıs accepted, the numerical values of 
Wagoner ef al should be reduced to about 23 per cent 
and 275 per cent Although this reduction 1s itself not 
very great and is probably within other errors of theory 
and observation, ıb 1s ın the correct direction if the cos- 
mological theory 1s to be correct It 1s well known that 
hehum can be produced astrophysically but there is at 
present no behef that large scale destruction of helium has 
occurred in the universe. Thus all observed helium 
abundances should exceed that produced cosmologically 
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The reduction in the predicted cosmological helium 
abundance might therefore prove significant m a detailed 
comparison between theory and observation 


R J TAYLER 


Astronomy Centre, 
University of Sussex 
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Small Scale Distribution of 
interstellar Absorption 


A SURVEY programme to take Ha photographs of galactic 
emission nebulae has been ın progress since October 1966 
at the Tokyo Astronomical Observatory using the 50 cm 
Schmidt telescope at the Dodaira Station?! A combmation 
of Eastman Kodak 103a-H# plate and Hoya colour glass R64 
5 mm thick are being used The combination gives a pass- 
band about 300 A wide centred at 16563 A, and provides 
Ha pictures of emission nebulae after subtraction of other 
nebular radiations contained within the passband Each 
plate ıs carefully calibrated by means of a tube sensito- 
meter, the absolute brightness scale is obtaimed by 
measuring the brightness of selected star images 

Seven galactic H IT regions, [C1795, 701805, M20, M8, 
M16, M17 and N@CO7000 region, have been analysed so far 
The photographs are converted to isophotal contour 
maps using the 1s0-densitometer of the Tokyo Astro- 
nomical Observatory 

Comparison of these contour maps of H II regions with 
those of microwave radio emission 18 of interest if the 
mechanisms of both types of radiation are known Both 
maps represent the emission measure, but the former 
includes interstella1 absorption by solid grains. The com- 
parison. thus enables us to make a map of the interstellar 
absorption by assuming that both radiations are thermal 
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Fig 1 
TC1795 (upper nght of 701805) and 2C1805 taken with 50/65 cm 

0 Schmidt telescope of Dodaira Station, Tokyo Astronomical 
Observatory (Plate SB161 exposed for 60 min on October 7, 19866) 


Ha photograph (Kodak 103a-E with Hoya R64 5 mm) of 
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Ha contour map of 701795 = 173 and 701805 = W4 after Ishida and Ohashi" 
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Fig 3 Microwave radio emission map of [C1795 = W3 and 7C1805= W4 at 4,170 MHz after Akabane et al * 
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Fig 4 Interstellar absorption map ın magnitude units of 701795 = W3 and 701805=W4 at 46563 A 


Figs 1-4 show a comparison for a complex region 
near the galactic equator (II ıs about 134 degrees) 
Fig 11s a photograph ın Ha light, Figs 2 and 3 are the 
contour maps in He and ın microwave radio emission at 
4,170 MHz (ref 2), and Fig 4 shows the surface dis- 
tribution of interstellar absorption over the region The 
two emission nebulae in the field are [C1795 and [C1805 
(W3 and W4, respectively, as radio sources) 

Small scale structure of absorption is clearly seen in 
Fig 4 as well as the general tendency towards heavier 
absorption ın lower galactic latitude? The absorption 
obtaimed 1s chiefly that within the H IT region, but also 
includes a contribution from the space between the Earth 
and the H II region. In any case, this 1s an independent 
method of obtainmg a map of interstellar absorption 
Interstellar absorption ıs curently obtamed by stellar 
photometry The observational data, however, are not 
an absorption value but a colour excess, and the ratio of 
space absorption to colour excess 1s still not well known 
The technique presented here ıs one of the methods for 
dernving an absolute value of absorption and 1t will help 
to clarify the role of the interstellar dust grains in the 
H ITI regions 

K. ISHDA 
K ÅKABANE 
Tokyo Astronomical Observatory, 
Umversity of Tokyo 
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Production of OH Molecules in 
Interstellar Shock Waves 


MEASUREMENTS made recently at Berkeley have shown that 
there 13 interstellar OH absorption m most low latitude 
radio sources! Most indications are that the excitation, 
unlike that ın the mtensely emrttimg regions’, 1s fairly 
normal, and that the state temperature 1s 7<10°K If 
1t 18 assumed that 7’= 3° K (a mmimum value, from the 
cosmic microwave background), the median value of 
OH/H 1s about 4x 10-* m sources ın which both OH and 
H hnes can be measured This ratio, which corresponds to 
OH/O~6x10-, 1s not far from that of CH and CHt, 
seen optically An attempt by Bates and Spitzer to 
explain the abundance of CH by two body radiative asso- 
ciation? failed by more than three orders of magnitude 

This led Stecher and Willams‘ to propose that chemical 
exchange reactions on grains of the form GX + Y-G+XY 
(where X =H, Y=O for OH) could operate m the heated 
regions behind interstellar shock fronts They calculated 
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that OH/H =3 x 10-* after a shock passes. Photodissocia- 
tion (r=10' yr) between shock passages (T=10 yr) 
reduces OH/H to an average value of 3 x 10-1", which is 
four orders of magnitude too low According vo Carroll 
and Salpeter®, the chemical exchange reaction O+H,— 
OH+H produces comparable amounts of OH if H,/H 
~10-* According to Stecher and Wiliams’, however, 
H,,/H 1s kept to the extremely low value of 10-7 oy photo- 
dissociation of H, 

We have calculated the OH production caused by pre- 
association, as suggested by Solomon’, 


O+H—O8, K,=3 x 10-5 exp(— 3,700/7) em’ see- (1) 
where K,=n(OH)/n(O)n(H) Obviously this reaction 
proceeds even if H, 1s absent, but, like the reactions 
mvolving H, and grains, 1t requires the high temperatures 
present behind a shock wave The primary destruction 
mechanism 185 

OH +H—H, +0, K,=9x 10-1 exp(—3,709/7) (2) 
Starting with no molecules, reaction (1) builds up OH 
behind the shock front, while reaction (2) converts some 
of these molecules to H, The mverse of reaction (2), 

0+H,>0H +H, K,=2 x 10-4 exp(—4,630/7) (3) 
and the low-temperature reaction, 

OH + 0-0,+H-20+H, K,=1x 10- exp(— 600/T) (4) 


were also included, we assumed that O, 1s photo-dissoci- 
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Fig 1 Production of molecules as a function of time elapsed since 


passage of a shock front ın an H I region The shock speed 1s 8 km/sec, 

and the temperature varies from 2,000° K. at ¢=0 to 100° K at the end of 

the calculation OH 18 produced by reaction (1) when H,/H =0, and also 

by reaction (3) when H,/H340_ The hydrogen produced by reactmn (2), 
starting with H,/H =0, ts also shown 
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ated immediately The reaction OH+H,—-H,0+H was 
neglected because ıt becomes comparable with reaction (2) 
only when H,/H approaches 10 per cent 

Both Stecher and Willams‘ and Carroll and Salpeter’ 
used estimated postshock temperature density profiles 
We used a grid of profiles depending on mach number, 
mitial H, abundance and preshock magnetic field 
strength calculated by Field, Rather, Aannestad and 
Orszag®. Their calculations, for preshock densities n(H) = 
10 cm and n(O)=6 8 x 10 cm, show that the cooling 
tıme (~ 10‘ yr) 1s reduced from previously accepted values 
because of frequent inelastic OH collisions with sub- 
sequent 63u radiation. The short coolmg tıme tends 
to mut molecule production, although ıb 1s somewhat 
compensated by increased densities far behind the 
shock 
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Fig 2 The ftnal molecular abundances after shock passage as a func- 
tion of mach number (= speed/0 8 km/sec) Sigmificant contribution 
by reaction (3) requires H./H > 10° 


Fig 1 shows the OH production for a mach 10 (8 km/ 
sec) shock; the abscissa represents tıme elapsed since 
shock passage The calculations are termunated when 
the materal behind the shock has returned to its pre- 
shock temperature, assumed to be 100° K For H./H=0, 
equilibrium between reactions (1) and (2) 1s rapidly 
attained behind the shock, at OH/H=2x 107, mde- 
pendent of temperature Reaction (2) produces some 
H, as shown, but the amount ıs so small that reac- 
tion (3) and the reaction OH+H,->H,0+H are safely 
neglected 

Although at present 1t seems likely that the mterstellar 
hydrogen abundance 1s very low®, calculations were made 
for H,/H=10-*, 10- and 10-1 to assess the importance 
of reaction (3) Photedissociation of H, was 1gnored 
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As expected, far more OH 1s produced by this exchange 
reaction (The value for H,/H=10-1 1s an overestimate 
because of the neglect of OH+H,>H,O+H) Our results 
agree roughly with those of Carroll and Salpeter, based on 
estimated cooling curves The decrease at the end of the 
curves in Fig 1 1s produced by reaction (4), the only 
operative in the cooler regions far behind the shock Fig 2 
demonstrates that reactions (1) and (3) require at least 
mach 10 shocks to be effective Lower shock speeds do 
not result in sufficient temperatures, while higher speeds 
do not significantly increase molecule production further 
In every case, the production of hydrogen 1s very small 
A magnetic field changes the cooling times somewhat, 
and thus the molecular production The mmimum value 
achieved, OH/H=2 x 10-? when H,/H =0, 1s affected only 
in that larger fields require larger mach numbers for 
reactions (l) and (2) to come into equilibrium The 
minimum effective mach number ranges from 10 for 
B=0 to 17 for B=10- gauss 

If, with Stecher and Wilhams*, we set H,/H=0, the 
relevant OH/H from reaction (1) 1s 2x 10-? for shocks of 
mach 10 or more This ıs about two orders of magmtude 
greater than production by chemical exchange reactions 
on grains (except near hot stars where radiation pressure 
accelerates the grains through the gas, increasing the OH 
production) The postshock value of OH/H 1s reduced 
by reaction (4) and by photodissociation, for which the 
combined lifetime 1s + At time ¢ after shock passage, the 
ratio has dropped by the factor ett. When averaged for 
many shock passages (for which the mean interval is T), 
the reduction factor ıs t/T. T ıs 6x 108 yr (ref 9) and + 
(photodissociation) from the f-values of ref 7 and the 
standard mterstellar radiation field 1s 6,000 yr (ref. 10) 
Because this 1s smaller than that for reaction (4), the latter 
may be neglected The reduction factor 1s therefore 10-3, 
giving a mean value OH/H=2 x 10-1, about 100 times 
the amount caused by grains‘ It 1s still, however, 200 
times smaller than the observed value, so that reaction (1) 
behind shocks cannot be solely responsible for the ob- 
served OH 

If hydrogen 1s present, Fig. 2 indicates that the factor 
of 100 can be recovered only if H,/H>1 per cent This 1s 
much too high for the mean value of this quantity accord- 
mg to ref 6 The possibility arises, however, that, in the 
mmediate vicinity of shock fronts, production of hydrogen 
on grains 1s so rapid that a considerable abundance of 
hydrogen builds up Although Stecher and Wilhams? 
estimate that H,/H attains only the value 4x 10-5 behind 
shocks, this depends on the details of the postshock 
cooling We hope to check this m future calculations. 
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PLANETARY SCIENCE 


Fractionation of 
Iron in the Solar System 


BANERJEE! has argued against the influence of ferro- 
magnetism on the aggregation of particulate matter in a 
theory of Harms and myself? on chemical fractionation 
within the solar system 

His objection 1s based on one of the more unsatisfactory 
parts of magnetic theory—the prediction of spin structure 
I quote a reference? he used (page 367) “Some calcula- 
tions on small multidomain particles have been made but 
it is fair to say that to date such particles are not under- 
stood” (see also ref 4, chapter 8) Calculations of the 
likely magnetization of any system are usually hampered 
by at least the following uncertainties (a) proper 
enumeration and comparison of all the possible spin 
configurations, and (8) the occurrence of metastable spin 
configurations 

Assuming that the exact shape of particles formed in the 
conditions envisaged in the solar nebula ıs known, the 
difficulty of satisfying (a) 1s especially great near the Curie 
point The simplified enumeration achieved by assuming 
a domain structure breaks down because of the extremely 
small crystalline anisotropy constants in the viemity of 
the macroscopic Curie pomt For the very slowly cooling 
particles ın the completely thermalized environment 
postulated in the fractionation theory, metastable spin 
configurations become a, real possibility for any particles 
much larger than the superparamagnetic size limit 

Thus I am surprised at the faith Banerjee has in his 
method of multidomain calculation and in the significance 
of his numerical results for the theory? If the validity of 
his method 1s accepted, a trivial adjustment to the 
theory would remove the numerical discrepancy It 
would be wrong, however, to conceal the ignorance that 
surrounds the magnetization of small particles and there- 
fore the effectiveness of ferromagnetism in enhancing 
collision rates of ferromagnetic particles In the con- 
ditions envisaged, the ratio of collision cross-section 
to optical cross-section of ferromagnetic particles probably 
rises from umty as the size exceeds the superpara- 
magnetic limit, could reach very large values and probably 
declines towards unity for particles greater than 10-‘- 
10-2? em This size range probably includes a significant 
fraction of the particle size distribution of the primary 
condensate? 

Fortunately, 1t 18 not necessary to take refuge ın such 
ignorance It was pointed out? that without long range 
ferromagnetic attraction, the binary collision rate of ron 
particles, if they averaged 10-* cm ın size, was of the 
order 1 per year It would therefore still be possible for 
large aggregates to be built up It seems probable that 
short range ferromagnetic mteractions would create a 
thermally stable bond between any colliding iron particles 
of greater than superparamagnetic size. With no mechan- 
ism of comparable bonding efficiency between non-ferro- 
magnetic particles a size difference of won and non- 
metallic particle aggregates would occur This 1s the 
essential step in the theory? 
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Lake Lappajarvi, Central Finland: a 
Possible Meteorite Impact Structure 


LAKE Larpasarvi (lab 63° 10’ N, long 23° 40’ EB) is 
situated about 60 km east of Vaasa about 200 km north- 
north-west of Helsmk: (Fig 1) The depressicn in which 
the lake 1s located 1s largely filled by deposits from the 
last glaciation 
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Fig 1 Map of Lake Lappajarv: and surroundings. 

Holmberg described a pecuhar rock on the island of 
Karna in Lake Lappajarvi as early as 1858 (ref. 1) The 
10ck type was called karnaite Outcrops have been found 
on the islands of Karnansaar: and Vartijasaaz: in the 
northern part of the lake and in boulders along the 
southern shore-lme No karnaite in outcrops or as blocks 
13 known along the northernmost shores? The bedrock 
around the lake ıs Archaerc and consists of gneisses and 
gramtes The boulders which are found to the south of 
the lake are thought to come from a neck of a voleano, 
the upper part of which has disappeared’? Its age is 
piobably post-Archaean but pre-Quaternary! The idea 
that the karnarte boulders emerge from Lake Leppajarvi 
has been further strengthened by studies of the distiibu- 
tion pattern of the boulders found south of the lakes 
The idea of a volcanic origin for the Lappajarv: structure 
is maintained ın the most recent papers and books on 
the geology of Finland?’ There is, however, another 
possible interpretation of this structure The karnaite 
boulders are similar in appearance to correspondmg 
samples from the Ries Basin ın Germany and from Lake 
Mien in Sweden These structures have been mterpreted 
as the result of the impact of meteorites*® 

Quartz m bedrock affected by shock waves from 
meteorite impacts will be deformed and give quartz deform- 
ation lamellae with definite characteristics!® These 
lamellae follow certam crystallographic planes, for 
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example, (0001), (1013) and (0113), (1011) and (0111), 
(1012) and (0112), the planes (1013) and (0113) bemg 
most common The lamellae are also closely spaced 
(5 to 30u apart) and form parallel planar features which 
do not transgress grain boundaries These lamellae have 
been found in material from the Ries Basin and fiom 
Lake Mien? Such lamellae have also been reported 
from other circular structures such as the Holleford 
Crater in Canada, the Meteor Crater in Arizona and the 
Wabar Crater m Arabiat!:1? 

Thin sections have been made from fiagments of 
Archaean bedrocks ın karnaite found as boulders along 
the southern shoreline of Lake Lappajaiv. These have 
been studied under the microscope on a universal stage 
The quaitz grams have the same appearance as those 
described fiom the Ries Basin, Lake Mien and other 
sunilar structures The following crystallographic planes 
of the lamellae have been measured (thirty-six measure- 
ments on sixteen grams) (1013) or (0113), (1012) or 
(0112), (2131) or (1231), and (1011) or (0111) The 
direction (1013) or (0173) ıs the most common, as von 
Engelhardt et al found m the Ries Basin and in Lake 
Mien!® These measurements seem to support strongly 
the interpretation of the Lappajarvi structure as the 
result of meteorite impact The size of the structure 1s 
not exactly known but must be of the order 5-6 km 

Nits-Bertin SVENSSON 
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Department of Apphed Geology and Research, 
Stockholm, 50 
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Radiative Association : Possible 
Important Loss Process for Metallic 
lons in the Ionosphere 


THE maximum lifetime of a metallic 10n, M+, in the upper 
atmosphere 1s believed to be limited by 1adiative recom- 
bination, M++e>M+hvy The rate coefficient, yr, for 
this process 1s about (ref 1) 3 x 10-1! cm’ sec"! at 300° K 

Radiative recombination should be contrasted with the 
loss of atomic ions through the 1adiative association 
processes 

M++0-MO? + hv 


M+ +0,3MO; + hv 


Atomic nitrogen densities are too low at these altitudes 
for M++N—MN+t+hv to be important The ion XN}, if 
not unstable, ıs much less likely to be formed than XO+t 
or XOF 

Radiative association is quickly followed by dissociative 
recombination, with a rate coefficient of the order 3 x 10-7 
em? sec"! Thus radiative association 1s the rate limiting 
step in the neutralization of metallic ions, M+—>MX+ 
(MX ¢)—-neutrals 

The loss rate for each metallic 10n caused by radiative 
1ecombination, y-[e], 1s compared in Table 1 with the radia- 
tive association loss rates y[O] and y[{O,] at altitudes of 
interest for the ions of sodium, calcium, magnesium, 
potassium, silicon, iron, aluminium and nickel The loss 


NATURE, VOL 217, FEBRUARY 3, 1968 


439 


Table 1 LOSS RATES TOR METALLIC IONS BY VARIOUS PROCESSES 


Altitude 3 x 10-"[e] 10-"[0] 

110 km 45x10- sec- 20x 10-* sec? 35 

100 km 15x 10-7 sec 5 0x 10-6 sec 20 
90 km 30x 10-8 sect 12x 10-* sec"? 13 


1ates B[O.]? and B[O] [O.F are also indicated for the thiee 
body processes M++0,+0,->MOt+0, and M+t+O+ 
0O,—MO++4+0,, respectively The latter reaction may 
zather proceed as M++0+0,—-MOt+0O The third body 
could be N, 
The value of 10-17 em? sec"? chosen for y 1s not mapp1o- 
puate Bates? calculated rates for radiative association 
of certain atomig species with 1ate coefficients roughly mm 
the range 10-1741! cm? sec- A rate coefficient of 10-*¢ 
cem? sec~! is reasonable for a three body ion neutral 
attachment process Neutral number densities [O] and 
[O,] are from CIRA 1965 while the [e] values are typical 
for daytime 

Because spoiadic E may attain an electron density of 
10° cem, radiative recombination may well be the 
dominant loss process leading to the neutralization of 
metalhe 1ons near 110 km and above The altitude 
above which radiative recombination dominates radiative 
association will not be known, however, until the appro- 
priate y are accurately determined Somewhere below 
100 km the three body 1ecombination process must become 
more important than radiative association Values for y 
and B are needed The crossover point occurs where 
Y[0:]=8[0;];, that 1s [0,]=/8 

The reaction X++O,—~OX+ +O cannot remove metallic 
ions because the dissociation energies of FeOt, MgOt, 
seem to be less than for oxygen, 51 eV, making such 
reactions endothermic An exception may be Sit + O;—> 
810*+0 if the dissociation energy of S10+ ıs 5 66 eV 
(ref 3) All metallic ion reactions with nitrogen, X++N,— 
XN++N, are presumably endothermic The dissociation 
energy of nitrogen ıs large, 9 76 eV 

In conclusion, then, 1adiative association processes, 
hitherto believed unimportant ın the 1onosphere, may be 
an important mechanism in the neutralization of metallic 
ions near 100km Thiee body 1eactions probably dominate 
near 90 km and below 
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Calcian Dolomites and Dedolomitization 


Tux dedolomutization process, first named in 1847 (ref 1), 
has 1ecently found mereasing recognition, and has been 
reviewed buefly by Friedman and Sanders? 

Three different mechanisms have been suggested to 
explam this process Fust, dedolomitization 1s a surface 
feature, and thus part of chemical weathering?*, second, 
reaction of dolomite with solutions containing sulphate 
results in the formation of calcite and soluble magnesium 
sulphate!*-*, and third, dedolomitization ıs a diagenetic 
process, related to physico-chemical changes m the over- 
lying and interstitial water system®™!° The evidence 
presented here not only strongly favours the diagenetic 
theory of dedolomitization, but pomts to an early stage 
of diagenesis and to the rmpoztance of par ticular crystallo- 
chemical features of the original dolomite crystals 

During a study of eighty-five samples of sedimentary 
carbonate rock from Israel, ranging in age from Jurassic 
to Turoman dedolomitization was found to affect only 
caleran dolomites, that 1s, those containing at least 8 per 


10-*7[03] 10“°[0.]* 10-°[0] [0] 

x 10-* see"? 12x 10-7 sec-? 7 0x 10-8 sec" 
x 10-* see"! 4 0x10- sec"? 1 0x 10-§ sec! 
x 10-* sec? 17x 10-* sect 16x 10-® see"? 


cent calcium m excess of the 1deal composition of dolomite 
(Ca Mg=1 1 molar) (I collected and analysed forty- 
five samples of rocks from the Mahmal Formation (Juras- 
sic) in Makhtesh Ramon, and E Sass chemically analysed 
forty samples of Cenomanian and Turonian age ) 

The fact that this state of calcrum excess 1s origmal and 
antedates dedolomitization. is shown by several samples 
m which the ratio of calerum to magnesium ıs not the 
same throughout the calcian dolomite crystal, but 1s 
zoned, parallel to its rhombohedral outhne This vauation 
in composition which was revealed by several independent 
observations was confirmed by electron probe analyses 
of two specially chosen crystals, and 1s analogous to the 
well known zoned distribution of ron in ferroan dolomutes 

X-ray powder patterns show that calcian dolomite 
crystals, which look perfectly homogeneous under polar- 
ized light, are aggregates of subparallel crystallites, less 
than 100 A im diameter This crystal mosaic! results 
from the introduction of calcrum ions into the sites of 
magnesium ions n the dolomite lattice Because calaum 
ions are larger than magnesium ions, lattice defects 
imerease with growth and hmut the size of the crystallites 

The preferential dedolomitization of calcian dolomites 
or of zones or cores in dolomite crystals which are relatively 
rich in calcium can be explained by (a) the increase in free 
energy of caleian dolomite compared with “normal” 
dolomite, or (b) the ease of replacing calcrum ions in the 
microcrystalline aggiegate thiough the iterciystallite 
boundaries 

Dedolomitization occurs either after the formation of a 
calcian dolomite crystal or at definite intervals during 
the growth of a dolomite crystal In the latte: case, the 
replacing calate will constitute rhombohedral cores o1 
zones within the dolomite crystal In the Jurassic samples 
as many as three calcite zones are observed ın individual 
crystals The early age of this dedolomitic calcite 1s 
shown by its frequent intimate association with zones of 
haematite within crystals of ferroan dolomite These 
zones are followed towards the outside by non-oxidized 
ferroan dolomite, and therefore represent interruptions ın 
the process of crystal growth 

Further evidence for the early diagenetic character of 
dedolomuitization 1s provided by the presence of numerous 
dedolomitic intraclasts in different dolomites, which are 
not affected by this process 

Calcian dolomites probably form in a geochemical 
envuonment intermediate between that corresponding to 
the formation calcite and “normal” dolomite respec- 
tively Dedolomitization occurred if and when the 
chemical system shifted towards the calcite stability field 
during diagenesis These conclusions agree well with the 
observation’ that, ın a given dolomitic limestone, mereas- 
ing calcite content 1s associated with an increasing content 
of calcium ions 1n the dolomite crystals 

A surface layer, rich in calaum (Ca Mg=4 1) and 
about 100 A thick, has been found on Recent dolomite 
crystals This could represent one of the zones meh m 
calcium the development of which has just been deserrbed 
Because of the very high calerum content of ions m this 
surface layer, the considerably thicker calean dolomite 
zones in older dolomite crystals have to be explained by 
the short range diffusion of calcium ions into the adjommg 
“normal” zones 

I found no evidence m favour of the “sulphate hypo- 
thesis” durmg this investigation Sulphate is absent, o1 
present only m traces Some iocks contam geothite, 
pseudomorphous after pyrite, but there was no dedolo- 
mitization m these 10cks 

Dedolomitization m the Jurassic rocks which I have 
studied ıs therefore an early diagenetic process There 
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was no indication of surface weathering, such as an 
Increase m the ratio of calcium to magnesium towards 
the exposed rock surfaces This does not exclude the 
possibility of dedolomitization bemg mduced by surface 
weathering ın special conditions, for example, aiong jomts 
or associated with the formation of caliche. 
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PHYSICS 


Radio Pulses from Extensive Air 
Showers at 520 MHz 


Radio pulses at frequencies below 100 MHz have been 
detected in association with extensive air showers at the 
zenith by many workers’~*, and subsequently at large 
zenith angles’* Current theories do not predict a detect- 
able flux of radio frequency power at frequenci2s greater 
than 100 MHz—the highly idealized model of Kahn and 
Lerche? imposes a limiting frequency, because of coherence 
conditions. of about 75 MHz, while Colgate! predicts a 
maximum emission at 1 MHz ‘Tentative evidence sup- 
porting these predictions has been found 11 several 
expermments!:?> Because of the nature of the theoretical 
models used and the possibilty of other mechanisms 
contributing strongly in the ultra high frequency region 
of the spectrum, an investigation at a frequency greater 
than 100 MHz was undertaken 

In this experiment, a master pulse (Fegan et al 14), 
generated by a phased coincidence between two 44 MHz 
receivers (system beamwidth + 35°), was used to inter- 
rogate the outputs of both a 520 MHz receiver and a 
particle detector The former consisted of a nineteen 
element Yagı antenna connected through a masthead 
tuned pre-amplifier and a line repeater to a radar scanning 
receiver (detector bandwidth dv=2 MHz) All radio 
systems were orientated, at a zemth angle of about 80°, 
towards geomagnetic west, and were aligned using a 
hydrogen filled spark gap The particle detector, of 
1 m°? sensitive area, consisted of sixty liquid scintillation 
modules in a staggered vertical array, viewed Ly a 5 ım 
photomultipher tube; ıt was biased to operate at the 
single p-meson level The system was operated only 
during night hours because of a hgh man-made inter- 
ference level ın the radio receivers by day 

In the analysis of results obtained during + months 
running time, a comcidence (t=1 usec) between the 
master radio pulse and a particle ın the detector was 
assumed to be caused by an extensive air shower and 
classified as an event. During 340 h of observation, 
seventy events were recorded It proved feasible to trace 
sixty-three out of seventy of the ultra high frequency 
video output waveforms associated with these events, 
each tracing bemg of 20 usec duration. The other seven 
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were not resolvable because of prohibitively high trg- 
gering rates A bandwidth-limited pulse, which occurred 
at the expected position of such tracmgs and which was 
greater than 1-5 times the average noise fluctuation of 
the trace, was taken to indicate ultra high frequency 
radio emission accompanying an extensive air shower 
Eleven such pulses were observed, varymg ın amplitude 
from 1 5 to 3 0 times, the average noise fluctuation with 
no other large pulse appearing at any point along the 
trace No pulses of comparable magnitude were found at 
any point on the other fifty-two tracings and at no time 
was the receiver saturated 

To eliminate the possibility of (a) random comerdences 
between radio and particle systems giving rise to the 
seventy events, and (b) spurious pick-up within the 
display and trigger electronics giving rise to ultra high 
frequency pulses, two subsidiary experrments were carried 
out 

(a) The observed -meson master pulse coimeidence rate 
of about 0 2 h-? was well above the calculated random 
rate of 0-01 h- To verify this the scintillation medium 
was screened off and both a cobalt-60 gamma, source and a 
seintillation crystal were substituted in front of the 
photomultipher tube The discriminator was slightly 
adjusted to give the same rate as previously, but all 
other parameters of the radio systems remamed the 
same. No comeidence was observed in 32 h of observation, 
indicating that the observed events were unhkely to be 
random coincidences 

(b) The 44 MHz receivers were disconnected and artı- 
ficial pulses injected at random into (1) the trigger system 
and (1) the display electronics If pick-up were absent 
no cumulative effect would be expected at any pomt of 
the corresponding ultra high frequency time base tracings 
Sixty ultra high frequency tracings obtaimed by (1) and 
one hundred and thirty obtamed by (u) have shown no 
such cumulative effect. 

In a more detailed analysis of results, all traces were 
divided mito ten channels and the amplitude of the 
largest pulse on each trace together with its position 
were noted Histograms of the integrated amplitudes 
were drawn—in (A) for the sixty-three events and m 
(B) and (C) for the different modes of random triggering. 
All three histograms were normalized at the same mean 
amplitude for channels 3 to 10 The expected position 
for genuine events hes between channels 1 and 2. The 
histograms are shown in Fig 1 Histogram (A) shows 
a significant positive effect in the expected position, the 
integrated amplitudes being 12 and 10 standard deviations 
above the mean ın channels 1 and 2, respectively; where- 
asin (B) and (C) the shght positive effect 1s not statistically 
significant, bemg at most only 2 standard deviations 
above the mean 

The sixty-three events which comprise histogram (A) 
denote an mtegral representation of the detected pulse 
amplitude. The amplitudes of these ultra high frequency 
events were converted to corresponding energies at the 
mnput by allowmg for the detector law; and an integrated 
spectrum of the form N(>#)=k(H)-? was drawn. An 
equivalent noise spectrum, based on the amplitude analysis 
of channels 9 and 10 of the same traces, was also drawn. 
The exponent for the pulse spectrum was 20+0 6, 
while that for the noise spectrum was 4 7+1 6. With the 
detector used and for the pulse amplitudes considered, 
Vours®Lin&(Vin)® For a coherent signal the expected 
value of y 18 about 1 1, and for an incoherent mechanism 
2 2, assuming that the shower energies are in the region, 
1018-108 eV The observed value may therefore mdicate 
that ultra high frequency emission 1s caused by meoherent 
radiation from extensive air showers. 

In conclusion, ıt seems that, using a radio-particle 
coincidence, tentative evidence has been obtamed for 
ultra high frequency radio emission from extensive air 
showers. This emission 1s consistent with an mcoherent 
process Radio bremsstrahlung from delta ray electrons 
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Fig 1 Histograms of the integrated amplitudes, A for the sixty-three 
events and B and C for the different modes of random triggering All 
histograms are normalized at the same mean amplitude for channels 

3 tol , Mean, - - -, standard deviation 





has been pestulated by Rosenthal and Filchenkov™, and 
later re-examined by Charman and Jelley"*, who conclude 
that the intensity of radiation in the radio spectrum from 
this mechanism 1s insignificant compared with the geo- 
magnetic effects Isotropic recombination radiation from 
atmospheric atoms and molecules, or the radiative 
Coulomb scattering of low energy shower electrons, are 
further posmble mechanisms for ultra high frequency 
emission. The detailed quantum mechanical problems 
involved in calculating the power output for the latter 
process are considerable 
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THE SOLID STATE 


Porous Layers at Glass Surfaces 


PREVIOUS investigations have shown that porous modi- 
fications of the surfaces of glasses may be formed by the 
action of hquid water? and water vapour*. I have now 
studied the formation of porosity ın the surface of grains 
of soda—lime-silca glass ın various conditions. 


Table 1 COMPOSITION OF SODA-LIMH-SILIOA GLASS 


Component Percent by weight 

Silica 726 
Calcium oxide 8 

Sodium oxide 185 
Potassium oxide 04 
Magnesium oxide 39 
Alumina 10 
Sulphur trioxide 0-2 

Total iron (expressed as ferric oxide) 015 


The glass has the composition shown m Table 1 
Structural properties of the grains were inferred from 
benzene physical adsorption isotherms measured by 
frontal and elution gas chromatography?. The monolayer 
capacity (Nm) was determined from the Brunauer— 
Emmett—Teller (BET) equation 


P__s1_ -P 5 
N(P\-P) Nance” Nne Pe a 


where P 1s the pressure of adsorbate in the gas phase in 
equilibrium with N moles of adsorbed adsorbate; N m 1s 
the amount of adsorbate ın the first adsorbed layer and 
may be readily related to the surface area of the adsorbent 
if the adsorbed molecules conform to a close packed con- 
figuration; P, 1s the saturation vapour pressure of the 
adsorbate, and the constant c 1s related to the average heat 
of formation of the monolayer, E,, by the equation 
o= x E — Ey, 
? SPR T 


where 9 ıs the ratio of the evaporation—condensation 
coefficients for the first and higher adsorbed layers and 
may often be approximated to unity’, R ıs the gas con- 
stant, T ıs the absolute temperature at which the 180- 
therm was measured, and Ez 1s the heat of condensation 
of the adsorbate The BET parameters for various 
treated grains are given in Table 2 

Degassing treatments involved heating the grains for 
3 hina stream of dry mtrogen Isotherms measured after 
3 h degassing and after a further 6 h degassing at the 
same temperature were in excellent agreement For the 
water treatment, 24 g of grains of approximately 160p 
diameter (but contaimng an appreciable quantity of fine 
material) was heated ın 100 ml of distilled water under 
reflux for 24h After this time. the pH of the water was 
in the region 10 to 11 The alkal treatment involved 
heating the grains at 100° C m 10 per cent sodmm 
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Table 2 SUMMARY OF BET PARAMETERS TOR BENZENE ADSORPTION 1S0- 
THERMS AT 40° C 
Degassing Nix 10? 

‘fieatment femperatine (°C) mole g~! c 
None 100 486 10 43 
Water 50 18 30 816 

100 18 50 7 36 
150 17 70 8 63 
200 15 08 7 54 
245 1371 9 23 
300 1407 671 
350 13 94 7 84 
400 14 73 738 
450 13 90 5 80 
500 13 70 538 
Rohs dration 50 15 75 7 00 
sodium hydroxide 100 1,766 00 23 60 
400 1,577 00 14 41 
Reh dration 100 2,348 00 11 88 


hydroxide w/v In both instances, the treated grains 
were finally washed in a stream of distilled water Re- 
hydration was effected by passing a sticam of water over 
the grains for 24 h at 90° C 

The water treatment incieased Nm and hence the 
suface area (because there ıs a swplus of hydroxyl 
adsorption sites for the adsorbate to conform to a close 
packed structure in the monolayer) by a factor of four 
From the value of ce, which ıs related to the heat of 
adsorption’, it may be concluded that pores in the modified 
suiface are greater than 35 Å ın diameter? The decrease 
in ¢ value induced by the water treatment may be 
attributed to the different chemical compositions of the 
two surfaces, as a result of the preferential leaching of 
the weathering process Alteinatively, the rato of fiee 
hydioxyl groups (which are the strongest sites for adsorp- 
tion‘) to adjacent hydroxyl groups which are cross hydro- 
gen bonded may diffe: foz surfaces produced by the two 
hydroxylation processes, namely the water treatment of 
the grains and the production of the grains by crushing 
glass ın a humid atmosphere Separate experiments have 
shown that the c value was 10 for freshly prepared 
vitreous silica grains This would favour tne latter 
mechanism, that 1s, the existence of more single hydroxy] 
groups on the freshly prepared grains than on the 
weathered giains 

Thermally degassing the grains at successively higher 
temperatures causes a general decrease m Nm ande Itas 
possible that at the higher degassing temperatures, steric 
effects contiol adsorption, because benzene 1s adsorbed 
specifically on surface hydroxyl groups Thus the 
removal of these hydroxyl groups by heating the adsorbent 
would not only decrease the heat of adsorption, and hence 
c, but the adsorbed benzene molecules may not conform 
to a close packed configuration, for close packing, a 
surface hydioxyl concentration of greater than 24 
hydioxyl groups/100 A? ıs required, and at 500° C this 
concentration 1s within the range 1 6 to 29 (ref 4) The 
merease in values of Nm and c after rehydration of the 
surface substantiates the existence of these steric effects 
The reasons for Nm not returning to its original value 
may be explamed m two ways Fust, the degassing 
procedure causes an irreversible sintermg process and 
consequent loss of surface area to occur withm the porous 
layer Second, the porous layer undergoes an irreversible 
shiinking process which would also cause a decrease in 
surface area. Because the degassing temperatures involved 
aie rather low for stering processes, 1t seems probable 
that the second mechanism has occured, and this most 
likely over the temperature range up to 200° C 

Adsorption of benzene on glass surfaces which have been 
attacked by strong alkali shows high values for Mm and c 
The ngh c value 1s indicative of the presence of micro- 
pores (that 1s, pores of less than 35 A diameter) because 
the potential fields of the opposite walls of m:cropores 
overlap and are responsible for the gh attract.ve force 
(and high heat of adsorption) for the adsorbate Further- 
more, 1t can be appreciated that because of the proximity 
of the pore walls, monolayer capacity has not the usual 
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significance in microporous systems and therefore Na 
cannot be readily related to the surface area, although 
the high value of Nm shows the extensive nature of the 
porous layer The latter is confirmed by the 1esults of 
the final rehydration where the low value of c indicates 
the absence of micropores, but the value of Nm 1s very 
large and the surface area 1s approximately 500 times its 
initial value Thermal ageng of the microporous system 
shows, once again, a decrease in Nmande It was observed 
that If the microporous grains were immersed in wate, 
the pH of the water rose at an appreciable rate Re- 
hydration therefore removes material which was respon- 
sible for the microporosity 

The followmg principal conclusions may be stated 
When the soda—hme-silica glass 1s only lightly attacked 
by water or dilute alkah, a wide pore structure is formed 
which has thermal ageing properties similar to silica gel’ 
It is unlikely that the porous structure 1s globular, how- 
ever, because the silica content of the glass is large 
enough for the wide pore structure, formed by a pre- 
ferential leaching process, to be a continuous silica 
network The microporous stiucture contamed m the 
extensive wide pore structure (also observed by Liberti®) 
1s probably formed from soluble or partly soluble reaction 
products which have not been 1emoved from the decp 
porous layer $ 
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Preparation of Fibre Reinforced 
Nickel-Gold Alloys using a Solid 
State Reaction 


THE most obvious and frequently used method of making 
fibre remforced alloys is to take fibres of a metal or alloy 
with a relatively hgh melting pomt and permit a matnx 
of metal or alloy with a lower melting point to solichfy 
around them A more sophisticated approach, which 
has 1ecerved attention for a number of years, 1s to attempt 
to grow the fibres ın suu within the matx This has 
been achieved by Hertzberg}? and others using a tech- 
nique in which eutectic alloys are permitted to undergo 
unidirectional solidification This method 1s, however, 
1ather limited ın application because the alloy com- 
position, and thus the volume fiaction of fibres, 1s fixed 
This communication gives a preliminary account of 
another technique that we have recently developed which 
does not suffer from this limitation 

This new method, which uses a solid state reaction to 
create the fibres, has been demonstrated using alloys in 
the gold—nickel system The phase diagram for this 
system, which contains a simple miscibility gap, 1s shown in 
Fig 1 Ina series of experiments on the equatomic alloy, 
the specimens were solution treated at 900° C, quenched 
at room temperature and then aged, usually for 1 h, at 
various temperatures within the miscibility gap It was 
found that at temperatures above about 400° C the 
metastable solid solution which formed on quenching 
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dissociated directly into the two equilibrium phases by a 
discontinuous solid state reaction which nucleated at 
grain boundaries. The reaction rate was found to go 
through a maximum at about 600° C, and it became 
infinitesimally small as the miscibility gap boundary was 
approached. 

When the reaction products were examined by stereo- 
scopic electron microscopy using a replica technique, it 
was found that at the lowest reaction temperatures the 
nickel rich phase was precipitated in the form of roughly 
spherical particles with diameters up to about 1000 A 
within a matrix of the gold rich phase. As the reaction 
temperature increased the particles formed became larger. 
and then near 700° C the morphology changes to fibres 
a few tenths of a micron in diameter and many microns 
in length. In each grain several discrete fibre orientations 
were observed. Mechanical property studies showed that 
the small spherical particles produced a strong strengthen- 
ing effect, but there seemed to be no significant effects 
attributable to the fibres. The volume fraction of fibres 
was, however, only a few per cent and so this was not 
eonsidered surprising. 

The occurrence of only a few per cent of the nickel 
rich phase, that is of fibres, in the equiatomic alloy after 
equilibration at 700° C is consistent with the phase 
diagram and results from the marked asymmetry in the 
miscibility gap. This may readily be seen by applying 
the lever rule to this case. The lever rule also predicts, 
of course, that the proportion of the nickel rich phase 
should increase with increasing nickel content. This sug- 
gested to us that higher volume fraction of fibres might 
be obtainable by using alloys containing more than 50 
atomic per cent nickel. Accordingly, the experiments 
were repeated using alloys containing 50, 55, 60. 65 and 
70 atomie per cent nickel. This time, however, hardness 
rather than mechanical property measurements was 
used to assess strengthening effects. 

The results of this work showed that the morphology 
and kinetics of the dissociation reaction changed little 
with composition except that. as expected, the volume 
fraction of the nickel rich phase increased with increasing 
nickel content. In particular, the volume fraction of 
fibres increased and in the alloy having the highest nickel 
content exceeded 50 per cent. The fibres could be seen 
most convincingly in the stereoscopic pairs of electron 
micrographs, but quite convincing conventional electron 
micrographs were also obtained by careful manipulation 
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Fig. 2. Niekel rich tibresin an alloy containing 60 atomic per cent nickel 
and 40 atomic per cent gold (x 6,060). 
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of the shadowing technique. One of these, in this case 
for an alloy containing 60 atomic per cent nickel, is shown 
in Fig. 2. The hardness measurements showed peaks 
caused by fibres in every case except that of the equi- 
atomic alloy, thus demonstrating that the fibres do cause 
reinforcement when there are enough of them. The 
results for the alloy containing 70 atomie per cent nickel 
are shown in Fig. 3. The peak at 450° C is caused by 
the small spherical particles and that at 700° C by the 
fibres. 

Although these experiments show unequivocably that 
fibre composite nickel-gold alloys can be prepared, and 
that the fibres produce a strengthening effect. proper 
control of the fibre orientations to give directional 
strengthening has yet to be achieved. Experiments using 
directional heat treatments. and heat treatments in a 
magnetic field. are now in progress in our laboratory and 
may accomplish this. The applicability of the method to 
other allo stems also remains to be explored. There 
are many other systems with miscibility gaps, but pre- 
sumably the existence of a miscibility gap is not the only 
criterion to be satisfied before the method will work. It 
seems likely, for example. that the interfacial energy of 
the two equilibrium phases has to be highly anisotropic 
if fibres rather than spheres are to be formed. 
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Synthesis of Optical Quality 
Proustite and Pyrargyrite 


TuE compounds silver orthothioarsenite, Ag,AsS,, and 
silver orthothioantimonite, Ag;SbS;, occur in nature as 
small imperfect crystals and have been given the mineral 
names proustite and pyrargyrite, respectively. Harker? 
determined their structures and assigned them to the 
space grovp #3c. They are non-centrosymmetric uniaxial 
crystals with a large refractive index, large negative 
birefringence (no — n. > 0-2) and transmission over a wide 
spectral range (0-6-13 um). They also exhibit semi- 
conducting, photoconducting and piezoelectric properties. 

It was thought that these materials, having such prop- 
erties, might have useful applications in non-linear optics 
(K. F. Hulme and J. Warner, personal communication). 
Previous attempts to synthesize these compounds have 
been made by crystallization from aqueous solution’, by 
melt growth*-* and by hydrothermal growth, The 
latter resulted in transparent crystals of maximum 
dimension < 1 mm; other methods yielded opaque poly- 
crystalline material. We have succeeded in growing large 
single crystals suitable for the proposed applications’. 

The compounds may be considered as binary mixtures 
of two sulphides and the appropriate phase diagrams are 
known®*, Because the two compounds are so similar 
we shall describe only the growth of Ag,As8, (melting point 
480° + 3° C (M. M. Faktor, private communication). The 
growth of Ag,SbS, follows a very similar pattern. In the 
preliminary experiments, we melted together stoichio- 
metric proportions of high purity silver sulphide and 
arsenic trisulphide (British Drug Houses, Ltd., Poole, 
Dorset) in sealed quartz tubes and sclidified the melts by 
the normal freeze method at rates from 5 to 200 mm/h. 
These experiments yielded opaque products. No improve- 
ment was obtained by varying the composition of the 
melt about the stoichiometric composition. We con- 
firmed the low vapour pressure of volatile components 
over the melt, previously reported by Wernick®t, Zone 
refining at various rates in the range 5 to 25 mm/h for 
up to thirty passes, taking care to avoid loss of volatile 
constituents, yielded translucent material of large grain 
size which contained numerous inclusions throughout, as 
shown in Fig. 1. 

Careful microscopic examination of the ingots showed 
a cellular structure characteristic of constitutional super- 
cooling’. We therefore decreased the growth rate and 
increased the imposed temperature gradient until at a 
growth rate of 8 mm/day and with a temperature gradient 
of 6 C°/rom at the liquid—solid interface we obtained large 
single crystals which were devoid of cellular structure 
and inclusions which result from the entrapment of melt! 
in the cell walls. Crystals of 12 mm diameter and 50 mm 
length have been grown in sealed quartz tubes by normal 
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Fig. 1. Transmission micrograph of a slice of ingot showing characteristic 
cellular growth ( xe. 57). 


freezing of molten Ag,AsS, in both vertical and horizontal 
apparatus. The melt can exhibit considerable super- 
cooling; as much as 20 mm length has been observed to 
grow rapidly after nucleation. We found it convenient 
to rapidly freeze the first part of the melt and then to 
melt back to leave a 2~3 mm seed of polyerystalline 
material from which to propagate slow growth. Single 
crystals are readily obtained by promoting growth 
through a constriction in the quartz tube; in the case 
of vertical growth it was found that ten of the first 
twelve crystals grown were oriented within 30° of the 
optic axis. 

The interesting optical parameters and the potential 
uses of this material have been described elsewhere’. 
Examination of the conoscopic figure in polished slices 
indicates that there is little strain in the crystals as 
grown. Although we have not yet found a suitable etch 
to reveal the dislocation content, the uniformity of 
extinction between crossed Nicols indicates a reasonable 
quality of single crystals. 

The total impurity content of the material used was 
approximately 450 p.p.m. (excluding 250 p.p.m. of 
antimony). Of this 450 p.p.m., 200 p.p.m. was selenium, 
100 p.p.m. was iron and other appreciable impurities 
were silicon, gold, lead and copper. The cellular structure 
obtained under the conditions quoted is unlikely to be 
caused by impurity segregation and indeed the zone- 
refined material showed no improvement. Segregation of 
the chief components of the melt is more likely the cause 
of the cell structure observed*. Treating the compound 
as a pseudo-binary compound of Ag,S and As,.S;, it was 
determined experimentally that with a growth speed of 
8 mm/day and an imposed temperature gradient of 6 C°/ 
mm the onset of cellular structure occurs when the con- 
centration of arsenic trisulphide in the melt falls outside 
the approximate limits 22-28 mol per cent; at a growth 
speed of 4 mm/day and with the same temperature gradi- 
ent these limits widen to approximately 18-32 mol per 
cent of arsenic trisulphide. Optical quality single crystals 
have been regrown in the same apparatus, however, at 
growth rates up to 112 mm/day without marked deteriora- 
tion in erystal quality. 

These results and observations show that the chief 
problem in growing optical quality single crystals is the 
occurrence of a cellular structure. As is well known'+44, 
to avoid cellular growth the ratio of the growth rate to 
the temperature gradient in the melt must not exceed 
some critical value which is dependent on the degree of 
segregation at the solid-liquid interface. The origin 
of the segregation in these materials seems to be one of 
departure from stoichiometry rather than the presence 
of impurities. 
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MOLECULAR STRUCTURE 


Experimental Observation of an 
Antisymmetric Raman Scattering Tensor 


Ir 1s well known that the scattermg tensor for vibrational 
Raman scattering 1s symmetric! This ıs, however, not 
true for electronic Raman transitions (refs 1, 2 and 
unpublished results), and this has smportant mmplications 
m the selection rules for these transitions 

We have recently demonstrated (ref 3, and results to 
be published) by a priore theoretical calculations the 
remarkable degree of antisymmetry of the scatterimg 
tensor for electronic Raman transitions of compounds 
contaming trivalent lanthanides We report here some 
experimental observations of electronic Raman transitions 
where the antisymmetry of the scattermg tensor 1s directly 
demonstrated. 

In Fig 1, part of the 100° K Raman spectium of yttrium 
aluminium garnet doped with about 5 per cent Eu* is 
shown The two relatively weak lines at 286 cm-! and 
307 cm~! are not present ın the Raman spectra of other 
yttrrum aluminium garnet crystals and must be attributed 
to electronic Raman transitions taking place between the 
1F, groundstate and the crystal field 7F, levels of the 
Eu*+ ion (The possibility of the observed lines being 
caused by local mode vibrations can be excluded because 
of the temperature dependence and the mtensity of the 
transitions ) The positions of the electronic levels as 
found from the Raman spectrum are ın perfect agreement 
with the corresponding values derived from the optical 
fluorescence and absorption spectra‘ 

Raman spectra of crystals of yttrium gallium garnet and 
yttrrum vanadate doped with small amounts of trivalent 
europium have been reported previously®® Also m 
these other lattices electronic Raman transitions between 
levels of °F, and "F, have been found, so that the occur- 
rence of electronic Raman transitions between these two 
levels must now be considered to be firmly established 

According to Placzek! the components of the scattering 
tensor must transform as the matrix element <r|aga|bz>, 
where r and } are the wave functions for the levels 
between which the Raman transitions take place For 
the low lyng electronic states of rare earth 10ns in crystals, 


the total angular momentum, d , can be considered to be a 
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Relative intensity -> 
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350 
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Fig 1 Partofthe Raman spectrum of Eu*+in yttrium aluminium garnet 
The spectrum was excited with the 6328 A radiation of a hehum-neon 
laser The time lapse between successive steps was 16 sec 


good quantum number so that, neglecting the crystal 
field sphtting of the excited state, the transformation 
properties of the scattermg tensor will be determined by 
the symmetry operations ın the total rotation group It 
1s well known that ıt 1s possible to reduce the conven- 
tional cartesian tensor to a sum of three irreducible tensors 
which transform as states of total angular momentum 
0, 1 and 2, respectively. The unitary transformation 
linking the cartesian basis set to the irreducible set has 
been given elsewhere’ and ıb 1s found that the antisym- 
metric part of the scattermg tensor 1s determined solely 
by that part of the irreducible tensor with angular 


momentum dA =] 


For the trivalent europium ion the total angular momen- 
tum of the groundstate 1s equal to zero while the angular 
momentum of the first excited state 1s equal to one From 
the vector model of the addition of two angular momenta 
it 1s then found that only that part of the scattering 


tensor with quantum number d =] 3s non-vanishing for 


the electrome Raman transition "F> F, That such a 
transition 1s readily observed ıs then an experimental 
proof of the theoretical prediction given previously that 
the scattermmg tensor for electronic Raman transitions of 
rare earth ions ın crystals 1s nghly asymmetric 

This has rmportant imphcations for the selection rules 
of electronic Raman transitions as compared with the 
conventional Raman effect For the latter the selection 
rules will be given completely by the transformation 
properties of products of the type sy -+yx and tabulations 
of these products can be found m many places (see, for 
example, ref. 8) For the electrome Raman effect, how- 
ever, terms of the type zy-yx also contribute and 1% 
should be remembered that the operators ın the product 
do not commute so that this difference 1s usually a non- 
vanishing quantity. The transformation properties of 
this antisymmetric part can, of course, be handled by 
the powerful means of tensor operators, but there 1s an 
easier way out. 

The antisymmetric part transforms under all rotations 
as a vector, but under inversion as an axial rather than a 
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pola: vector? The same ıs true for the transformation 
properties of rotation about cartesian axis, so that the 
tiansformation properties of the antisymmetric part of 
the scattering tensor can be found duectly fiom the 
ee acter tables given, for example in Wilson Decus and 
1oss® 
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Mossbauer Effect Study of the State 
of Iron in Spinach Ferredoxin 


THE ferredoxins are an important group of enzymes 
which catalyse photochemical reactions in plants and 
photosynthetic bacteria They contain non-haem iron 
which 1s believed to be close to the active centre but which 
1s ın a chemical form which has not been unambiguously 
determmed Spinach ferredoxin is one of the simpler of 
these compounds, has a molecular weight of about 12,000 
and contains two iron atoms/molecule A Mossbauer 
study on this system has been made by Bearden and 
Moss! and on other non-haem iron proteins by several 
groups? In this communication, we describe Mossbauer 
effect measurements made both in the presence and 
absence of a magnetic field on spinach ferredoxin, and 1t 1s 
concluded that the iron atoms are both low-spin Fe*+ in 
the oxidized state, and there 1s one low-spin Fe*+ and one 
high-spin Fe? in the reduced state 

The Mossbauer effect has become an extremely powerful 
technique for the study of the oxidation state of atoms 
because (1) 16 1s non-destructive, ın contrast to chemical 
methods, (2) ıt 1s a property of a specific nucleus (for 
example, 110n-57), enabling vestigations without know- 
ing the complete X-ay structure of the molecule, and 
(3) the atoms can be identified, unlike in election spin 
resonance 01 susceptibility measurements 

The non-haem iron protems give no electron spm 
zesonance signal m the oxidized state, but on reduction 
they show an anisotropic resonance centred about g=1 94, 
which is quite unhke those found mn any other compound 
of iron investigated For spinach ferredoxin, the values 
are gz=1 89, gy=1 94 and gz=2 04 (ref 5) The structure 
and state of the non atoms are not known, though 1t has 
been assumed fiom the similarity of the electron spm 
resonance signals that ıt 1s the same for all the com- 
pounds The electron spin resonance line was broadened 
when one of these proteins (Azotobacter vinlandw) was en- 
riched with 1ron-57 (ref 6) and sulphu1-33 (ref 7), which 
suggested that the resonance arises from iron atoms which 
have sulphur neighbours Bayer et al 8 have made ferre- 
doxin which 1s free from iron (apofer1edoxin) which shows 
no election spin resonance signal, but on re-meorporation 
of the non the g=1 94 signal reappears 

Thus electron spin resonance measurements do not 
enable us to establish the valence state of the non atoms 
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and hence the Mossbauer effect may, in principle, be 
especially valuable here Because in highly covalent com- 
pounds the isomer shift 1s not very sensitive to the state 
of non, we studied the magnetic hyperfine interactions 
which together with isomer shift measurements may 
distinguish between high and low spm states, as well as 
between ferrous and ferric assignments The spectra 
observed in strong magnetic fields at low temperatures 
are complicated for polycrystalline materials by the effects 
of magnetic amsotropy and quadrupole splittings, but 
nevertheless certain usual features may be enumerated?’ 
(1) High spin Fe*+ shows a sharp six line pattern cor- 
responding to an effective magnetic field at the nucleus 
of 400 to 600 k gauss?! because the 10n 1s 1sotropic o1 
almost isotropie (2) Low spin Fet shows much broader 
lines because it has a large electric field gradient and 
anisotropic g-values 1anging between 1 and 3, although 
usually a six line pattern may be distinguished which 
corresponds to an effective field of 200 to 300 k gauss 
(3) High spin Fe?+ may show a wide vanity of possible 
Mossbauer spectra m magnetic fields because the quad- 
rupole coupling and the g-values are sensitive to its hgand 
environment (4) Low spin Fe?+ shows’? only a small 
broadening caused by the direct effect of the external 
magnetic field on the nucleus because this ion 1s non- 
magnetic and thus the internal field 1s zero 

Thus observations of the effect of a magnetic field on 
a non-magnetic Mossbauer spectrum should clearly 
identify high spin Fe?+ or low spin Fe? The remaining 
configurations of single 1ons low spm Fe*+ and high spin 
Fe?+, should be distinguishable by the large positive isomer 
shift (1 mm/sec or more) of the latter 

Spinach ferredoxin was prepared from spinach bought 
in the market which was carefully selected, washed and 
then stored at — 20°C The purification procedure was a 
modification of the method of Hill and Bendall!? We used 
Whatman D#22 anion exchangers, shghtly different con- 
centrations of acetate buffer, pH 5 5, and did not attempt 
to crystallize the protein The specimens were in frozen 
aqueous solution and the umon was not exchanged for 
enriched iron-57 so as to avoid any possible damage to 
the molecule, thus the intensity of the Mossbauer effect 
was weak but not impossibly weak The samples, 0 7 ml 
ın volume, were estimated to contain 118 mg fer:edoxin/ 
ml , based on E,2= 10 32 cm- mmoles} 

The Mossbauer spectra were measured using the spinach 
ferredoxin as the absorber and cobalt-57 ın chromium as a 
source of mono-energetic 14 4keV gamma rays The source 
was diiven on the vibrato: designed by Cranshaw’, and 
the spectra were 1ecorded on a multichannel analyser 

The spectra were measured for both oxidized and re- 
duced ferredoxin Reduction was produced with sodium 
dithionite, and was monitored by observing the electron 
spin resonance signal both before and afte: the Mossbauer 
effect measurement The specimens were also checked for 
biological activity immediately after beng prepared The 
Mossbauer spectia) were measured at temperatures of 
195° K, 77° K, 42°K and 15°K At the latter two 
temperatures magnetic fields of up to 30 k gauss could be 
appled Fields up to 5 k gauss were produced by an 
non cored electromagnet Fields up to 30 k gauss were 
produced by a superconducting solenoid 

After measurement the reduced samples were further 
checked for possible detenoration by allowing them to 
melt and re-oxidize m air, when they gave no electron 
spm iesonance signal, but gave the Mossbauer spectrum 
of Fig 1(a) and were still active On re-addition of 
dithionite the reduced spectra of Fig 1 (b) reappeared 

The Mossbauer spectrum of oxidized spmach ferredoxin 
at 77° K is shown in Fig 1 (a) The spectrum at 4 2° K 
is similar, and agrees in general with those of Bearden 
and Moss!, as does that of the reduced sample It consists 
of a pan of quadrupole split lines of almost equal intensity 
with separation of 0 6 mm/sec, and with jan isomer shift 
of 0 2 mm/sec with respect to wron metal The spectrum 
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tig 1 Mossbauer spectra or spinach ferredoxin (a) Oxidized 
T=77° K, (b) reduced, Z=77°K, (c) reduced, T=42°K The 


dashed line corresponds to the zero of absorption and 1s curved because 
of geometrical effects Decomposition into the spectra A and B ıs 
deseribed in the text 


varied only shghtly between 195° K and 15° K Further 
absorption was looked for at velocities up to +8 mm/sec 
but was not found Application of an external magnetic 
field of 30 k gauss at temperatwes between 1 5° and 
42° K produced only a small broadening of the Ines, 
corresponding to the non being in a non-magnetic state 
This suggests that the two iron atoms are both in a low 
spin Fe*+ state 

The spectrum at 77° K and at 4 2° K of reduced spinach 
ferredoxin 1s shown in Figs 1 (b) and (c), respectively It 
seems to consist of a pair of lines of unequal tensity 
ab the same velocities (—01 and +05 mm/sec) as in 
the oxidized spectrum, and ın addition a line or lines at 
positive velocities of between 2 and 3 mm/sec. which are 
temperature dependent At 4 2° K there is a line at +2 9 
mm/sec which appears to become less intense as the 
temperature mereases This seems to be caused by some 
of the absorption moving to lower velocities (about +2 
mm/sec) and there 1s also a shght change in the hne at 
+0 6 mm/sec which 1s sharper at 77° K than at 4 2° K 

The simplest interpretation of the spectrum at 4 2° K 
1s that 1t consists of a superposition of a spectium A, with 
a small quadrupole splitting (0 6 mm/sec) and isome1 
shift (+025 mm/sec), and a spectrum B, with a larger 
quadiupole splitting (about 3 0 mm/sec) and shift (about 
+15 mm/sec), ın approximately equal mtensities, al- 
though the spectrum with the larger splitting and shift 
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seemed-to-be-slightly more intense The superposition 1s 
such that the low energy lines of each spectium coincide 
so that the resulting line at — 0 1 mm/sec of the composite 
spectrum is the deepest It1s natural to associate spectrum 
A with iron which has not been 1educed because the lines 
are at velocities undistmguishable from those in the 
oxidized spectrum The isomer shift and quadiupole 
splitting by themselves do not allow an assignment to be 
made for the state of these atoms High spm Fe*+ can 
be ruled out, however, because 1t would have a large 
isomer shift and quadrupole splitting, which leaves either 
low spin Fe*+ o1 high or low spin Fe*+ Spectrum B if we 
are correct in analysing the spectrum im this way, clearly 
arises from high spin Fe*+ ions because of its large isomer 
shift and quadrupole splitting 

The spectra of the reduced specimen m external mag- 
netic fields applied at 4 2° K are shown m Fig 2 A com- 
parison with the spectrum in zero field (Fig 1 (c)) shows 
that, unlike the oxidized spectrum, an external magnetic 
field affects the spectrum, which shows that there aie 
magnetic iron 1ons present, and is consistent with the 
observation of electron spin resonance in the reduced 
state Spectrum A shows no internal magnetic field at the 
nucleus Thus of the three possible alternatives (high 
spin Fe*t having been already eliminated) 1t 13 identafied 
as arising from low spm Fe*+ ions, as Fet (high or low 
spin) would show large hyperfine fields Spectium B 
splits in the magnetic field more o1 less as one would 
expect for high spin Fe*+ The spectra do not seem to 
vary greatly with temperature (compare spectra in 5 k 
gauss in Fig 2 (a) and (b)), and a value of about 150 
k gauss is deduced for the mean hyperfine field at these 
sites The spectra ın 30 k gauss were not as good as 
those in small o1 zero fields because the experimental 
geometry in the superconducting magnet was not so 
favourable The puincipal point, however, that spectrum 
A is not drastically affected by an external field of 30 k 
gauss at 4 2° K is clear 
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big 2 Mossbauer spectra of reduced serene ferredoxin for (a) 5 

k gauss, F=4 2° K, (6)5h gauss, 7=1 5° K, (ce) 30k gauss, T=4 2°R, 

(3 30 kh gauss, T = 15°K Note that spectrum A 1s not drastically split 
by magnetic fields 
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It seems from the observed Mossbauer spectra that 
spinach ferredoxin ın the oxidized state contains low spin 
Fe*+ ions, and that on reduction about one-half of the 
tons are converted into high spin Fet ions That only a 
fraction of the iron atoms ıs affected on reduction was 
found previously from the intensity of the electron spin 
resonance signal, and ıb 1s consistent with the observation 
that spinach ferredoxin 1s a one electron donor™ 

If these assignments of the chemical states are accepted, 
there remain two important questions to be answered 
(1) how do the g=1 94 electron spin 1esonance signals 
originate, and (2) why do only about half of the ron atoms 
change their state on treatment with sodium dithionite ? 

Low spin Fe*+ has a non-magnetic giound state and so 
cannot give an electron spin resonance signal, while high 
spin Fe®~ usually does not give an electron spin resonance 
signal presumably because ıb 1s a non-Krameis ion and 
all degeneracies are removed by the Jahn-Teller effect 
Several people have proposed theories and models to 
explain the g-values ın spinach ferredoxin (a) Brintzinger, 
Palmer and Sands* proposed a scheme showmg that the 
resonance could arise from low spm Fet tetrahedrally 
co-ordinated to four sulphur atoms (b) Gibson, Hall, 
Thornley and Whatley’ proposed that in the oxidized 
state two high spin Fe*+ ions were antiferromagnetically 
exchange-coupled to give an S=0 state, and in the reduced 
state one of these 1s converted to high spin Fe*+ so that 
the resulting Fe?+—Fe*+ coupled system has S=4 and 
could have the observed g-values This theory hus the 
added attraction of explaiming why only half of the iron 
atoms may be reduced. (c) Blumberg and Peisach?* 
proposed that the electron spin resonance arises from & 
free radical which ıs antiferromagnetically coupled to the 
excited (S= 1) state of low spin Fe?t 

The Mossbauer effect data on the reduced state do not 
seem to be consistent with model (a) involving low spin 
Fe*+ or (b) with coupled Fe%+—Fe*+ states because the 
Fe*+ ions would give rise to a large hyperfine field when a 
magnetic field was apphed The high isomer shift (1:5 
mm/sec) of the high spin Fe*+ 10n rules out tetrahedral 
co-ordination (as in (@)). There remains suggestion (c) 
that the 1ron 1s in a low spin Fe** state, which could fit ın 
with the Mossbauer data of site A if the effect of the 
reducing agent 1s to produce a free radical with an unpaired 
electron spin, close to the iron 

We would emphasize that these conclusions have been 
made on the assumption of simple models There 1s the 
possibility that the effective component of the hyperfine 
interaction tensor for site A is very small because of 
accidental cancellation. Such a situation occurs m ferrous 
chloride?’ and in the FeCl,?- 10n'* Because of the small 
quadrupole splitting and the fact that the g-values are 
close to 2, however, both the dipolar and orbital hyperfine 
fields are small and ıt ıs unlikely that they could cancel 
the large negative core polarization field 

It ıs possible that there are more than two iron sites 
The apparent decrease in intensity of the line at +29 
mm/sec in the reduced spectrum at 77° K and the appear- 
ance of absorption near 2 mm/sec may result from a third 
iron state There also seems to be a continuous unresolved 
background in the spectra of the reduced samples which 
1s not present in the oxidized form, which may be evidence 
for iron in a third state with relatively slow electronic 
relaxation rates, but which might be able to give the 
electron spin resonance signal 

Although ıb therefore seems likely that spmach fer- 
redoxin in the oxidized state contains two low spin Fe% 
in the molecule, and ın the reduced state one low spin 
Fe?+ and one high spi Fe**, it 1s not possible to decide 
what is the origm of the g=1 94 electron spm resonance 
signal until all the details of the Mossbauer spectra have 
been explamed Studies with ferredoxin extracted from 
plants grown with enriched 1ron-57 are planned and should 
be valuable ım understanding the details of the magnetic 
behaviour 
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CHEMISTRY 


Visible Absorption Spectrum of Bromine 
Chloride 


A VISIBLE and near infrared band system in emission, 
produced from the combination of atomie chlorine with 
atomic bromine, Br+Cl+M=BrCl*+ MM, BrCl* =BrCl+ 
hy, has been reported recently! The transition involved. 
was thought to be *II,+->1X+ (ref. 1). Because no visible 
band absorption spectrum of bromine chloride has so far 
been published, no accurate vibrational or rotational 
constants for the states of this molecule are known The 
infrared absorption spectrum of bromine chloride?? gave 
only an approximate value for we” of 442 5 cm-!, because 
the 7*-8!Br and *5°’C] isotopic splittings were not resolved. 
This result is m agreement with an estimate of we”= 
440 cm~ by Herzberg’, based on an early study of two 
vacuum ultraviolet band systems of bromine chloride’ 

In the present work, we have recorded the *I]g+—1 + 
band system of bromine chloride in absorption using 
equilibrium mixtures of bromme, chlorme and bromme- 
chloride 

Although the equilibrium 


Br,(g)+Cl.(g) = 2BrCl{g); AH°=0 


hes to the right hand side at all temperatures used m this 
work (294°<7<690° K), with Keg=65 at 300° K, a 
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difficulty amses from the visible absorption bands of 
small quantities of bromine in the equilibrium mixtures. 
Because the banded spectrum of bromme chloride hes 
in the same wavelength region and 1s not well developed 
at room temperature, this probably accounts for the 
negative results of previous searches for the bromme 
chloride bands In the present study, absorption caused 
by molecular bromine was minimized by using a large 
excess of chlorine (initial (Po2/Ppr:) between 20 and 60) at 
total pressures near 700 mm of mercury; typical partial 
pressures of bromme chloride were thus about 20 mm 
of mercury The gaseous mixtures were contained in a 
uniformly heated 200 cm ‘Pyrex’ tube with 7 cm diameter 
‘Pyrex’ windows sealed on The continuum from a 55 W 
quartz iodine lamp was used with a system of plane 
murors and lenses to give a path length of 600 cm for 
absorption. All gas mixtures were allowed to equilibrate 
overnight 

The spectra were photographed with a 10y slit in the 
first order of a grating spectrograph of inverse lmear 
dispersion 40 A mm-!, the resolving power (10,000) was 
limited by the resolvmg power of the photographic 
emulsion Wavelength calibration was by means of a 
neon discharge tube The spectral range studied was 
5000 A to 7200 A, which was covered by ‘Panatomic X’ 
and I-N emulsions 

The absorption spectra of various mixtures of bromine 
and chlorme were examined at different temperatures 
At 294°K, the *IIoy4—'Xf band system of chlorine® at 
700 mm of mercury extended to about 5400 A (v” <2). 
The spectrum of a smular pressure of chlorme mixed 
with 12 mm of bromine contained several new, rather 
weak bands, degraded towards the red, in the region 
5400 A to 5800 A Bromine *Ioyu,—*Z; bands?! were 
very weak under these conditions. 

On mereasing the temperature (up to 690° K), the 
spectrum of chlorme (700 mm of mercury) developed 
progressions 1n v’ from higher values of v” (v” <5), so that 
at the highest temperature the chlorine band system 
extended to about 6100 A With a similar merease m 
temperature, the new band system from the chlorme+ 
bromine mixtures was relatively more intense, and ex- 
tended even further towards the infrared. About twenty- 
five additional bands extendmg to 7000 A were observed 
with medium intensity The same system was observed 
with greater intensity at 690° K using a mixture of 700 mm 
chlorine with 35 mm bromine 

Measurements of the wave-numbers of the heads of the 
new bands resulted in an identification with the same 
bromine chloride band system observed in emission from 
the combmation of bromine and chlorine atoms! With the 
same vibrational numbermg, short v’ progressions from 
6>v" > 0 of the 1X+ state were observed in the absorption 
spectrum. The (v’, 0) progression was not particularly 
intense, and was difficult to identify at higher tempera- 
tures on account of overlapping by chlorine (*I ou + — 9) 
bands and by bromine chloride continuum Bromine 
chloride heads near 6000 A were quite sharp, but some 
other bromine chloride heads were diffuse on account 
of the finite Br 79/81 isotopic splittings, which were not 
resolved with the dispersion of our spectrograph Cl 35/37 
isotopic splittings were observed for a number of bands, 
however. Table 1 shows the wavelengths of the band 
heads of the system bromine chlorine (®II94.—'Z*) 
observed m absorption and emission’. The agreement 1s 
good in view of the limited precision of measurements m 
the emission spectrograms 

The termination of the bromine chloride band system 
at the v*=0 progression, followed by continuous absorp- 
tion to shorter wavelengths, and the relative intensities of 
the v”=0 and v’>0 progressions, strongly suggests that 
the vibrational numbermg of the upper state given m the 
earher work! 1s correct In the absorption spectrum of 
bromine chlezide, transitions were observed to vibrational 
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Table 1 BAND HEADS OF BrO Et) 


o 
à 


a (À) a(A) 
(Absorption, this work) (Emission, ref 1) 


GA 
< 


8 o 5500 — 
7 A 5543 — 
(to Y (5586) i 
9 1 5604 — 
8 1 5638 — 
7 1 5680 5686 
8 1 5782 5735 
9 2 5744 — 
8 2 5780 5784 
7 2 5824 5820 
6 2 5877 5880 
9 3 5801 = 
8 3 5930 5932 
7 3 5976 5978 
8 3 6031 6032 
8 4 6085 — 
5 3 6091 6091 
7 4 6133 6133 
4 3 6159 6159 
6 4 6191 6190 
5 4 6256 6254 
7 5 6301 —~ 
4 4 6829 6324 
6 5 6360 6358 
5 5 6429 6426 
7 8 6471 — 
4 5 6501 6490 
8 6 6534 — 
5 6 8808 6604 
4 8 6685 8682 
3 8 6771 6766 


levels with v’=8 and 9, which he at 18,172+5 cm~ and 
18,288+5 em-!, respectively, above v’=0 of the *X+ 
state Because the dissociation mut for Br(?Ps) + 
Cl(P3) lest 18,007+50 cm- above v”=0, these observa- 
tions show that the excited state dissociates to Br(?P3)+ 
Cl(?P:) for which the dissociation mut 1s 18,888 cm- 
{ref 1) The earher identification of the upper state! 
as ?JI,; 18 therefore confirmed 

The band head analyses of the absorption and emission 
systems of bromine chloride (*IT,,—'Z*) gave the same 
values for the vibrational constants, withm the estimated 
limits of error. The mean values of all these data can be 
represented by the expressions 


G” (vom) = 443 5(v” + $)—-1 8(v" + 3)? for Ogu S14 


and 


G’(v)(om-*) = 16,705 + 239(v’ + 4)— 5 5(v’ + 4)®— 0 08 
(v +4)! for 2<v0’ <9 


The telatively large value for we’ye’ 18 consistent with the 
expected maximum im the potential curve of the "I+ 
state of bromine chloride (compare the "II+ state of 
iodine chloride?) The observations of intense continuous 
absorption and unfavourable Franck—Condon transitions 
from v”=0 at 294° K also support the prediction of a 
potential maximum at an energy just above v’=9 

The absorption spectrum of bromine chloride 1s cur- 
rently under further study m this laboratory, using a 
Jarrell-Ash 3 4 metre Ebert spectrograph 
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Potassium Selective Microelectrodes 
with Precipitate in the Tip 


THE thermodynamic analysis of physico-chemical pro- 
cesses ın the hving cell requires a knowledge of intra- 
cellular ionic activities This problem has stimulated 
zeseaich into the design of special microelectrodes which 
are selectavely sensitive to the different ions This has 
been achieved by using either reversible, glass insulated, 
metal microelectrodes! *, or the so-called membrane elec- 
tiodes* The inte1phase potential of a metallic silver— 
silver chloride electiode, the most commonly used, 1s a 
function of the activity of chloride ions in the solution 
and its selectivity pioperties aie determined by the 
presence of the silver chloride precipitate layer In mem- 
brane electrode systems, selectivity depends on the jon 
exchange properties of the membrane material, and the 
transifiembrane potential 1s a function of the ion activity, 
ratio across the membrane for a particular ion For the 
dations Ht, K+ and Nat, glass membrane ¢lectiodes? are 
usually used while sihcone-rubbe: membranes packed 
with certain precipitates or 10n-exchange substances are 
used for various anions* 

In the course of experiments, 1b was noticed that, in 
certam conditions, even ordinary glass microelectrodes 
developed selectivity properties The conditions in which 
this was observed were the following a microelectrode in 
contact with the cell wall (cation-exchange phase) of 
Natella cells®§ exhibited the characteristics of a Kr- 
electrode, the microelectrodes the tips of w hich were sealed 
with cellular materials maimtained the potentials of the 
cell wall even after removal from the cell This tap poten- 
tial was a function of the sodnun, aya", and potassium, 
ax*, 10n activities, with a slight selectivity for K? rather 
than Nat After prolonged immersion in 3 molar potas- 
sium chloride solution (about a month) or afte: bemg 
held in air for a few hours, the microelectrode potential 
was seen to increase greatly because of a new phase 
forming ın the tip, possibly a precipitate of potass1um 
chloride from the saturated solution Such microelectrodes 
were again selective for K* against Na+ with a selectivity 
coefficient’ (or permeability ratio) of 0 4 

These observations suggested that the usual micio- 
electrodes might be converted into electrodes sensitive 
to selected ions by scaling then tips with an 10on-exchange 
material which might be formed by precipitating a salt 
containing the particular ion The formation of the 
precipitate inside the tip of the microelectrode leads to 
the distribution of 10on activities between this newly 
created phase and the corresponding solutions contamed 
inside and covering the outside surface of the mucro- 
electrode 

In the present work, the two reagents used to precipitate 
sparingly soluble potassium salts (KX‘-precipitate) were 
nearly saturated solutions of sodium cobaltinitrite with a 
few drops of glacial acetic acid and dipicivlamine dis- 
solved in 1 molar sodium hydroxide (according to 
TUPAC’) There are two principal steps in the manufac- 
ture of a Ki-sensitive microelectrode of the precipitate 
type First, the tip of the microelectrode 1s filled with the 
potassium reagent, and, second, a precipitate of a potas- 
sium. salt ıs formed inside the tip 

Glass microelectrodes with a tip diameter of about lu 
could be filled by muicrocapillary forces®, the tip being 
inserted into the potassium reagent for 5 10sec (01 minutes 
if 16 was intended to fill the shank) Filling the micro- 
electrode could also be accomplishcd quite readily by 
1otating (screwing) a fine glass capillary 10d on the inside 
of the shank To form the precipitate m the trp, the elec- 
tiode was lowered into a 01 to 02 mola: potassium 
chloride solution This operation was viewed under a 
microscope The microelectrode was then filled with 
1 molar potassium chloride, using the standard ethanol 
boiling technique, to make contact with the precipitate 
fiom the inside To obtain mechanically stable precipitates 
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the temperature of the microelectrode, before boiling, 
should be kept at about 70° C for several hours i 

A more convenient method of making the K+-selective 
microelectrodes was to fill the shank with the K*-pre- 
cipitating reagent and then to make contact with this 
using a fine silver—silve: chlomde electrode The actual 
precipitate was deposited as deseribed For experrments 
with plant cells ıt 1s not necessary to deposit the potassium 
precipitate before Inserting the microelectrode mto the 
cell because the tip fills with cell sap as soon as it is 
introduced into the vacuole (by turgor pressure) 

The calibration of K+ microelectrodes was carried out 
in pwe potassium chloride and sodium chloride solutions 
in the range of 10-5 mola up to 1 molar The method of 
making electrical measurements is described elsewhere!” 
It was found that the potential of the K+ microelectrode 
(Ext) was a lmeai function of the logarithm of activity 
for the range 10-3 mola: to 06 molar The potential Ext 
could be expressed as Hx* =(RT/I) In (axt + aaya*) 
The best selectivity coefficient, o, achieved in the present 
work was 012 Because the activity of Na” in livmg cells 
1s low the effect of these ions on the Kr potential 1s quite 
small 


Potential (mV) 





0 12 24 36 43 60 


Tıme (min) 


Fig 1 The potential of the K -selectne microelectrode in potassium 

chloride and sodium chioride solutions of different concentrations 

(Na, refers to 10-? molar sodium chloride, Ni, to 10-! molar sodium 

chloride K, to 107 molar potassium chloride, etc) The potential of 

the selec tive electrode 1s measured against a standard 3 molar potassium 
chloride filled microelectrode 


The sensitive area of these K+ microelectrodes cor- 
responds to the suiface area of the open tip of ordinary 
microclectiodes The advantage of this method of making 
cation sensitive microelectrodes is that no additional 
insulation of the shank is requned The resistance of the 
K+ microelectiodes was found to be between 101 and 
3x10" Q, a value which ıs considerably lowe: than the 
resistance of cation selective glass electrodes The time 
response curves (Fig 1) suggest that there are two com- 
ponents of the electrode potential, a diffusion potential 
and a phase potential The diffusion component of the 
total potential for Na? 1ons 1s much greater than that of 
K+ ions, suggesting that the mobility of Na’ 10n 1s greater 
than that of Krions This 1s consistent with the idea that 
the Kt ions are more strongly bound and thus potential 
determming This is similai to the behaviour of K+ glass 
selective microelectrodes? 

Preliminary experiments have shown that the method 
of ion precipitation discussed can be extended to the 
manufacture of mucroelectrodes which are selectively 
sensitive to Cat+ and Na+, and possibly to other ions 

This work was cared out in the Department of Physio- 
logy, Australan National University, the School of 
Biological Sciences, Flmders University, and the School 
of Physics, University of New South Wales, while I was 
the holder of an exchange fellowship between Moscow 
State University and the Australian National University, 
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Discrimination of Chemiluminescent 
Mixtures: the Chemiluminescencegram 


A METHOD has been developed for the continuous measure- 
ment of the intensity of light obtamed m oxychemi- 
luminescence experiments with changes in the pH of the 
solutions The plot obtained, which has been called a 
chemiluminescencegiam, permits differentiation between 
the various compounds n a mixtuie capable of showing 
chemiluminescence In our experiments, luminol was 
chosen. to test the efficiency of the method 

Luminol was first shown to be a mxtwe of five com- 
ponents and not a pwe compound as 1s usually accepted 
Indeed luminol samples (‘Fluka’ for analysis, ‘Schuchardt’ 
for. analysis, and a sample prepared by ourselves!) were 
chromatographed on Whatman No 3 paper with 01 
normal sodium hydroxide as eluent and the lumimol 
sample was prepared as a 10-? molai aqueous solution with 
the stoichiometric amount of alkali added to produce the 
mono-salt The chromatogram which was developed in 
135 min showed five bands, all of which gave strong 
fluorescence when ilummated with ultraviolet lght 
(2537 A) Band 1, 13 5 cm fiom the start, showed a blue 
fluorescence, band 2, 19 cm from the start, had a greenish 
fluorescence, band 3, 23 em away, had a weak blue 
fluorescence, and band 4, a double band at 28 cm 
showed a greenish fluorescence Chromatography of 
3-nitrophthalhydiazide, prepared according to the method 
of Huntress et al ?, on the other hand, showed only two 
bands which when uUluminated with ultraviolet ight pro- 
duced no luminescence at all The components appeared as 
two dark bands This 1esult mdicates that the possibility 
that one or more of the bands which appeared on the 
luminol chromatogram were caused by 3-nitaophthal- 
hydiazide which had not been 1educed m the preparation 
procedure could be excluded 

The five components of the luminol mixture were then 
separated chromatographically, but, unfortunately, they 
were not m sufficient quantities for their structures to be 
established Enough material was obtained, however, for 
us to carry out some oxychemiluminescence experiments 
The five luminol components were oxidized, using the 
standard procedure with hydrogen peroxide and potas- 
sium ferricyanide ın alkaline solution, with simultaneous 
recording of the intensity of the hght evolved 

Out of the five components only fow showed chemi- 
luminescence, namely, bands 1, 2, 3 and 4 while band 5 
produced no hght at all The hght versus time curves 
obtamed fiom these four components were not similar to 
each other in these experiments or in experments in 
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which potassium ferricyanide was 1eplaced by haemin lt 
should be noted that the spectral distributions of the 
light in these experiments were also different, and the 
same was true for the ultraviolet absorption spectra of 
theso components 

The presence of fom fluorescent, as well as chemi- 
luminescent components, m what was considered to be a 
pue compound suggests another explanation for the 
chemiluminescence and fluorescence spectial distributions 
im different solvents reported? by White and Bussey 
Indeed the occurence of the two emission peaks in then 
spectra might be caused by the presence of two distinct 
molecular species mstead of two different kinds of excited 
state of the same molecule 

The chemluminescent components of the luminol mx- 
ture were distingwshed on the chemilummescencegram 
produced as follows A solution was prepared consisting of 
10 ml of 10-2 mola: luminol (the molecular weight of 
5-amino-2,3-dihydro-1,4-phthalazmedione), 10 ml of 30 
per cent sodium chloride, 10 ml of 1 normal sodium 
hydroxide, 5 ml 3 per cent hydrogen peroxide, 01 ml 
10-3 molar manganese chloride, and 10 ml of water 
Carbon dioxide (400 ml /mm) was bubbled through the 
solution (4 5 ml) which was in a tube placed ın front of a 
photomultiplie: connected to axecorde: The temperature 
in these experiments 1s eritical and should be carefully 
maintained between 8° and 14°C The recording obtained 
by this procedure was callcd a chermlummescencegiam 
and it is shown in Fig 1 (‘Schuchardt’ for analysis) 
Fig 2 was obtained fiom a luminol sample which we 
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Fig. 8 Chemiluminescencegram of 3-nitrophthalhydrazide 


prepared. The chromatographically separated components 
were then chemiluminescencegraphed and tha peaks of 
the lummol chemiluminescencegram (Fig 1) were 
attributed No I to band 1, No. III to band 3, No. IV to 
band 2 and No II to band 4 of the chromatogram. A 
chemulurmmescencegram of 3-mitrophthalhydrazide showed 
two peaks (Fig 3), indicating that both components 
of the mixture, established by chromatography, are 
chemiluminescent. Unsubstituted phthalhydrazide, how- 
ever, showed the presence of several chemiluminescent 
components Finally, a similar method was used on a 
mixture of very pure rhodamine B and fluor2zscem and 
only two peaks were obtained. 

This method, when carried out ın strictly standard- 
ized conditions, not only offers a simple way of dis- 
tinguishing the chemiluminescent components in & given 
mixture but also of identifying the known ones. Another 
characteristic of this process 18 that ıt offers a method of 
studying not only the light decay but also the ght build- 
up, during chemiuluminescence measurements Finally, ıt 
should be noted that the use of coloured reagents such 
as potassium ferricyanide and haemin is avoided, thus 
facilitating the study of the spectral distribution of 
chemulumunescence 

The self-lummescence of luminol, which 1s a handicap 
in 1ts use as a blood stam detector, has been overcome! by 
adding small amounts of 1-naphthol or 3-mdazolinone-4- 
carboxylic acid to the lumimol mixture used Adding 
l-naphthol to a solution of luminol resulted m an almost 
complete disappearance of peak No I This indicates 
that the component corresponding to band 4 on the 
luminol chromatogram ıs responsible for the self-lumim- 
escence of lummol, and that luminol, free from this 
component, would be an adequate detector of blood 
stains without any addition bemg necessary, especially 
because the additives mentioned are known tc cause an 
appreciable fall ın the luminescence intensity 

Preparative scale chromatography on a cellulose powder 
column resulted ın a complete separation of band 1 but 
the other bands were only enriched. Fractional precipita- 
tion by the controlled neutrahzation of alkaline solutions 


NATURE, VOL 217, FEBRUARY 3, 1968 


of luminol seems more promising and we are working in 
this direction at present. 
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BIOCHEMISTRY 


3-Methyl Histidine and Adult and 

Foetal Forms of Skeletal Muscle 

Myosin 

Recent mdependent investigations in this laboratory 
and by Asatoor and Armstrong? have shown that 3-methy] 
histidine is a normal component of actin isolated from the 
skeletal muscle of a number of species In the case of 
rabbit actin, which has been most vigorously purified and 
intensively studied, approximately one histidme in mne 
1s methylated and the 3-methy] histidine was found only 
ın one of the peptide fractions isolated from tryptic digests 
of this protem!. 

On careful study of the acid hydrolysates of highly 
purified samples of the two other principal myofibrillar 
proteins, myosin and tropomyosm, using the Beckman 
system for amino-acid analysis of biological fluids, nin- 
hydrin-positive material of identical elution rate to 
3-methyl histidine could be detected only m myosin? 
Milligram quantities of this material were isolated from 
15 g of myosin, and study of 1ts properties and those of 1ts 
dimtrophenyl and phenyl thiohydantoim derivatives 
confirmed that ıt was 3-methyl histidine This compound 
was present in myosin treated repeatedly with trichloro- 
acetic acid to remove any non-covalently-bound peptide 
and amino-acid contaminants and ın myosin purified by 
chromatography on DEAE cellulose* followed by frac- 
tionation with lithium chloride and ammonium sulphate 
The 3-methyl histidine was not a result of actin smpurity 
1n the myosin, for, although the former protein 18 present 
ın very low amounts (probably <1 per cent) in normal 
preparations, 1t could not be detected in the more highly 
purified myosin preparations when these were examimed 
by the Ouchterlony procedure usmg antibody to rabbit 
actin raised m the fowl 

Asatoor and Armstrong’ also briefly mention the 
presence of small amounts of 3-methy! histidine mm myosin 
but report that the amount decreased on purrfication. This 
has not been our experience 3-Methyl histidine was 
present only in the major components obtained on 
dissociation of the molecule by the alkali procedure of 
Gershman, Driezen and Stracher‘ and by succinylation® 
This evidence, and the fact that 3-methyl histidine is 
absent from light meromyosin fraction I but is present m 
heavy meromyosin and subfragment I (ref 1) in appre- 
ciably larger amounts relative to histidine than ın myosm 
itself, strongly suggests that the residue 1s an integral part 
of the myosin molecule and not a result of traces of a 
protein impurity containing 3-methyl histidine 

The amount of 3-methyl histidine estimated in rabbit 
skeletal muscle myosin varied from 1:44 to 1-88 moles per 
molecular weight of 500,000 Although there mught be 
some variation in the 3-methyl histidme content of 
myosin from different rabbits, particularly in those of 
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Table 1 8-METHYL HISTIDINE CONTENT OF MYOSINS 


Animal 
Rabbit 


Muscle 
Longissimus dorsi 


Type of preparation 
DEAE cellulose purified? 
HAC* 


Heavy component separated by succinylatien® 


Heart Rabbit Heavy component separated by succinylation® 
Mixed skeletal Rabbit DEAE cellulose purified? 
Mixed skeletal Rabbit en cellulose purified? 
Breast Fowl DEAE cellulose purified? 

Heavy component separated by succinylation® 
Mixed thigh Monkey Standard preparation® 


Age of No of pre- No of deter- 3-Methyl histidine 
animal parations munations Residues/10°g Resdues/mole 
Adult 5 9 0 33 +0 033 1 63 
Adult 3 3 0 35 
Adult 1 2 034 
Adult 2 2 027 135 
28 Day foetus T 11 Na Nil 
28 Day 1 2 0 23 115 
23 Day 1 2 0 24 1 22 
Adult 1 2 0 32 159 
Adult 2 4 0 32 
Adult 1 2 038 178 


* HAC, heavv alkal: component isolated as described by Gershman et al ¢ 
3-Methyl] histidine values calculated on the basis of the estimated ratio of 3-methyl histidine to histidine assuming myosin contains 14 4 residues of 


histidine per 10° g and has a molecular weight of 500,000 


different strains, ıt 1s considered that the observed 
scatter arose more from the difficulty ın obtaming an 
accurate estimation of this amino-acid in the conditions 
employed rather than from anımal variation. The fact 
that some variation occurred between duplicate assays on 
the same myosin sample confirmed this view. The mgh 
ratio of histidine to 3-methyl histidine ın myosin made 
accurate evaluation of the true area of the 3-methyl 
histidine peak very difficult, particularly if the histidine 
peak trailed to any extent The average 3-methyl histi- 
dine content of myosin purified by DEAE cellulose chro- 
matography, and using only estimates made from those 
chromatographic runs in which there was clear separation 
of the two peaks, was 1 63 residues per mole (Table 1) 
This value incorporates more data and 18 slightly lower 
than the previously reported figure’ of 1:71 residues per 
molecule of 500,000 

In contrast with the results with myosin isolated from 
skeletal muscle of adult rabbit, nmbhydrin-positive 
material corresponding to 3-methyl histidine could not be 
detected in significant amounts ın acid hydrolysates of 
myosin isolated from skeletal muscle of the 28 day old 
foetus (Table 1) In some preparations a very small 
amount of material which has not been identified was 
eluted just after the normal position for 3-methy] histidine 
This material was not consistently observed, and so 16 
was not considered to be a significant component The 
results indicate that m the rabbit there 1s little if any 
significant methylation of the histidine of myosin before 
birth and provides further evidence of structural differen- 
ces between the foetal and adult forms of myosin®?. The 
situation regarding methylation of the histidines in myosin 
seems to be different from that with actin where the 
foetal and adult forms appear to be very similar if not 
identical in 3-methyl] histidine content?. 

Investigations in this laboratory on the rabbit® and by 
Severm on the duck? show that the enzyme system 
responsible for the N-methylation of the mmdazole ring, 
as judged by the rise in anserine content of the non- 
protein fraction of muscle, does not become appreciably 
active until some days after birth. The difference between 
stages of development of the muscle at which occur the 
methylation of the histidine residues of actin and myosin 
raises some interesting questions about the biosynthesis of 
these proteins, the methylation systems involved and the 
metabolism of the myofibril as a whole 

In view of the hypothesis put forward elsewhere’? that 
the myosin from red muscle represents a form mter- 
mediate between that associated with fast white muscle 
and that present in foetal muscle, it was interesting to 
compare the 3-methy] histidine content of myosin isolated 
from cardiac and skeletal (longissumus dorsi) muscles of 
the adult rabbit 3-Methy] histidine was clearly present in 
the cardiac protein, and although the data are too limited 
for a firm conclusion the average values suggest that the 
3-methy] histidine content of cardiac myosin ıs lower than 
that of myosin isolated from white skeletal muscle 

The significance of the methylation of the histidines in 
the two myofibrillar proteims 1s not yet apparent, although 
the process 1s specific for a particular residue ın actin and 
18 probably so im myosin, as far as can be judged from our 


preliminary studies It 1s interesting, however, that the 
other well-documented example of a protem contaiming a 
methylated amino-acid, in this case lysine, 18 flagellm™ 
which also has a contractile function. Methylation of the 
histidine would be significant for the structure of the 
polypeptide chain because 1b confers a non-polar character 
on the imidazole ring and destroys its hydrogen bonding 
potential. Histidine has often been shown to have a role 
1n the specific biological activity of protems; and although 
1b 18 striking that actin and myosin, with their unique 
properties for interaction, both contain 3-methy! histidine, 
neither the presence nor absence of this residue in myosin 
seems to be essential for 1ts ability to combine with actin 
to form a viscous complex dissociated by ATP, or to act 
as an ATPase. Foetal myosin combines with adult actin 
apparently as effectively as adult myosin although no 
careful comparative studies have been carried out Foetal 
myosin does, however, hydrolyse ATP more slowly than 
the adult form of the enzyme? Possibly the differences ın 
the reactivity of its lysine residues and thiol groups to 
succinic anhydride and 5-5’-dithio bs (2-nitrobenzoic 
acid), respectively, and the quantum yield of the ultra- 
violet fluorescence of the tryptophan residues’? have more 
bearmg on the differences in enzyme activity of the adult 
and foetal forms of myosin 
Methylation of specifie histidines of the myosin molecule 
18 an interesting but unexplained aspect of the modifica- 
tion of the myosin molecule which oceurs durmg the 
transition from the foetal to the adult form of a contrac- 
tile protem and may reflect an aspect of specialization in 
muscle development It 1s also possible, as has been 
suggested elsewhere’, that myosin exists in isoenzyme 
forms, some of which contain 3-methyl histidine, and the 
complement of which ın a given myosin preparation will be 
characteristic of the type of muscle from which the protem 
is isolated 
This work was supported by grants from the Medical 
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Characterization and Rapid Labelling 
of Pituitary RNA 


ALTHOUGH there 1s a great deal of evidence that hormones 
may directly influence the production of rapidly labelled 
RNA in many different tissues’, some of rt is eymvocal? 
Changes ın rapidly labelled RNA of rat liver after the 
administration of hormones have been demonstrated 
by countercurrent distribution? The interpretation of 
these changes 1s by no means clear, but cortisone increased 
the amount of rapidly labelled RNA in rat liver and 
pecreased 1t in rabbit lymphocytes‘ The pituitary 1s a 
source of many hormones, the secretion of whici may be 
influenced by various factors, including the highty specific 
feed-back effects of the target gland hormones on trophic 
hormone synthesis It may then be possible ta examime 
the relationships between hormone action and rapidly 
labelled RNA production in this gland 

The RNA of young rat brain was easily labelled by 
direct imjection of *H-orotic acid’, but injection of 
radioactive orotic acid or uridine produced no labelling 
of the RNA from rat pituitaries The RNA was success- 
fully labelled by meubation of whole or halved zlands in 
Eagle s medium‘ ın the presence of *H-ur:dine 

Rats were killed by a blow on the head, were deeapitated 
and the piturtaries were 1apidly removed and the anterior 
lobes were placed in cold medium Two glands are 
sufficient for each experiment, but between four and 
eight may be used A sample of medium (1 ml) (with 
streptomycin and penicillin) contammg 500 pe of H- 
uridine, was used and the incubation at 37° C lasted 30 
min for rapidly labelled RNA or up to 
4 h for mbosomal RNA The pitwitaries 
were 1emoved and broken down ın 1 ml a 
of a cold mixture of 1 g of trisopropyl- 
naphthalene sulphonate, 6 g of 4-amino- 
salicylate, 1 g of NaCl, 100 ml of water 
and 6 ml of 2-butanol The mixture was 
extiacted with a mixture of phenol and 
cresol’ A second extraction was carried 
out ın the presence of 0 5 molar NaCl and 
then the nucleic acids in the top phase were 
precipitated with two volumes of ethanol 
Nucleire acids were dissolved ın 01 molar 
sodium acetate and ribosomal and rapidly 
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counts/mg of pitwtary, while the RNA from females 
had 2,120 counts/mg of pituitary 

Patterns of RNA from male and female pituitaries are 
shown in Fig la~d 

The rates of sedimentation of the two ribosomal com- 
ponents are the same as those of ribosomal RNA from rat 
liver, judged by sedimentation of RNA in the presence 
of labelled (carbon-14) ribosomal RNA from iat hver 
and the radioactive pattern after incubating the gland 
with “C-undme durmng 35 h followed by *H-urdine 
for 05 h, but even in these conditions a small proportion 
of carbon-14 label 1s found on the bottom of the gradient 
(Fig 1d) 

A large proportion of the rapidly labelled RNA 1s 
sedimented in the 1egion between the 28S RNA and the 
base This property is also characteiistic of RNA from 
tumours’, from young rat brain’ and other tissues!’ 
Still more radioactive RNA can be extracted from the 
base of the tube after the gradient solution has dripped. 
out This may be a separate fraction but accounts for a 
Ingh proportion of the radioactive RNA As postulated 
before®, this materal may result from the method of 
preparation using 4 molar NaCl to aggregate and pre- 
eipitate ribosomal with 1apidly labelled RNA The 
nature of this rapidly labelled RNA with a high rate of 
sedimentation 1s at present bemg examined 

It 1s hoped to use this method to examme the effect 
of hormones and of target gland ablation on the RNA 
from the anterior pituitary and the hypothalamus 

This mvestigation was supported by grants from the 
Medical Research Couneil and the British Empire Cancer 
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labelled RNA were precipitated with 4 
molar NaCl RNA was washed and 
purified as before and characterized by 
centrifugation in gradients of glycerol, 
sucrose, sulpholane with ethylurea or 
chloral! 

The mean weight of the anterior pibtwtary 
gland from female hooded iats (4-6 
months old) was 98 mg, whereas that 
from males of the same age was 70 mg 
The content of RNA/mg of gland was the 
same in both sexes, 70-95 ug/mg and 
usually the final recovery measured by 
isotopic dilution of added rat liver RNA 
labelied with carbon-14 was about half 

















thisamount The RNA of male pituitaries 
was more highly labelled ın 30 min than 
that of females by *H-uridine and, using 











Tube Ho 


500 ue /ml of incubation medium, specific 
activities of 700--3,000 cpm /ug of RNA 
for males and 300-600 cpm jug for 
females were obtained (32 per cent effici- 
ency) Using 50 ue of *H-uridine/ml] of 
incubation medium, the RNA from five 
male pituitaries had a mean activity of 
3,700 counts/mg of pitwtary while that 
fiom females had 505 counts/mg When 
8H-guanosine (50 ye /ml of meubation 
medium) was used for labellmg, the RNA 
from male pituitaries had a mean of 5,130 


Fiz 1 Sedimentation profiles of RNA fiom the anterior pitwtaries of male (a and c) 
and female (b andd)rats RNA (a) from three glands and (b) from two glandsin 0 1 molar 
sodium acetate buffer (pH 7 0) Jayered on a gradient of sulpholane (12 5-50 per cent) 
containing 20 per cent ethylurea, 0 1 molar NaCl, 0 01 molar tris (pH 9 0) and centrifuged 
at 40,000 rpm for 55h at 10° Cin the 3x5 ml rotor of MSE 7C/50 centrifuge RNA 
(ce) from two and a half glands 1n 0 1 molar NaCl, 0 01 molar tris HCl, pH. 7 4, layered on a 
gradient of glycerol (5-20 per cent) ın 0 1 molar NaCl, 0 01 molar trs HCl, pH 7 4 and 
centrifuged at 50,000 r pm for 100 min in the SW 50 rotor of the Spinco Model L RNA 
(d from one gland in 0 1 molar NaCl, 0 01 molar irs HCl (pH 7 4), layered on a gradient 
of glycerol (5-30 per cent) in 0 1 molar NaCl, 0 01 molar is HCl, pH 7 4 and centrifuged 
at 40,000 rpm for 190 min at 3° Cin the 3x5 ml 1otor of the MSE TC/50 centrifuge 

Tneubation was for 30 min with 500 xe jml of *H-undme for 3 5 h, (d) with 50 xc /ml of 
4C-uridine , Extinction at 260mp, ----- radioactivity of tritium, of 
ea-bon-14 The thick arrow indicates the penetration of the needle, the number at the 
sice of the radioactivity patterns indicates the radioactivitv extracted from the base 
olthe tube plus that in the liquid which remamed when the gradient had heen fractionated 

(figure not available for @) 
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Radiation Stimulated Incorporation of 
Thymidine into the DNA of Human 
Lymphocytes 
TRITIATED thymidine 1s incorporated into both strands 
of DNA in HeLa cells which have been exposed to ultra- 
violet and ionizing radiation t? This stimulated incorpora- 
tion can occur in concentrations of hydroxyurea’ which 
inhibit normal DNA synthesis 

We have found that human blood lymphocytes are also 
stimulated by radiation to incorporate thymidine into 
ther DNA ‘This process which occurs in about 90 per 
cent of nuiadiated lymphocytes ıs not inhibited by 
hydioxyurea and ocewns in the absence of phytohaemag- 
glutinin or other mitogens It can be readily demon- 
strated afte: exposwe to as little as 25 e1gs/mm* of 
ultraviolet light, a dose which inactivates less than 
30 per cent of the lymphocytes 

The whole blood of young healthy donors was passed 
through a column packed with nylon fibres! and one 
diop was collected every 8 sec Plasma gel in the ratio 
of 1 3 was added to the filtered whole blood and the 
mixture allowed to settle for about 20 min Of the white 
blood cells present in the upper layer, 98-99 per cent 
were lymphocytes The cells were washed once in phos- 
phate buffered saline, pH 72 (PBS), and immediately 
irradiated in open Petri dishes by a low pressure ultra- 
violet lamp delivering the bulk of its radiation at 2537 A 
with an intensity of approximately 5 ergs/mm?/sec The 
thickness of the cell suspension was about 1 mm and the 
concentration of cells for all irradiations was adjusted 
to 105/ml 

For autoradiography the cell suspensions, after irradia- 
tion m PBS, were centrifuged for 5 min at 1,200 rpm 
(2009) and the pellet was resuspended in NCTC 199 medium 
supplemented with 20 per cent calf serum (Miciobio- 
logical Associates, Maryland) and contaming 10 uc /ml 
(67 c /mmole) of tritiated thymidme (New England 
Nuclear) The cells were kept m suspension during a 
2 h meubation at 37° C in an atmosphere of 95 per cent 
au and 5 per cent carbon dioxide and then washed once 
m PBS containing 100 ug/ml of thymidine to block 
any further uptake of isotope After a further wash the 
cells were hypotonically treated in 1 per cent sodium 
atrate solution fo. 20mm Carnoy fixer was added to the 
cell suspension and the mixture was centrifuged The 


d pm /cell x 10- 








0 1 2 4 6 8 
Hours m tritiated thymidine 


Fig 1 The kinetics of :adiation-stimulated incorporation of thymidine 
into human lymphocytes The lvmphocytes were exposed to ultraviolet 
radiation immediately after separation from whole blood, then incubated 
at 37° C in the presence of 10-? molar hydroxyurea and 5 ye {ml of 
tritiated thymidine but without exposure to phytohaemaggiutinin ot 


other mitogens @, 500 ergs/mm*, JE, 25 ergs/mm?, A, 0 ergs/mm? 


pellet was .esuspended in fixer and shdes were prepared 
Kodak NTB2 nuclear track emulsion was used fox the 
autoradiographs Duplicate shdes were treated with 
l mg/ml of DNase for 1 h at room temperature, pH 7 2 
After 3 weeks at 4° C the slides were developed, stamed 
with haematoxylin, mounted in ‘Permount’ and examined 

When hquwd semtillation counting was used, 10- 
molar hydroxyurea was included in the incubation medium, 
to suppress the normal DNA synthesis occurrmg in a very 
small fraction of cells, in order to follow the stimulated 
incorporation Samples were removed from the culture 
bottles at various times, the number of cells pe: ml 
was determined and the samples were transferred to 
Millipore’ filters Following washes with PBS, 5 pei cent 
taichloroacetic acid and 95 per cent ethyl alcohol, the 
filters were completely dried at 100m temperature and 
placed cell side up 1n counting vials A. sample of 10 ml 
of ‘Premix M’ (Packard, Illinois) in toluene was added 
to the vials and the activity counted in a Packard “Tri- 
Carb’ counter using a channel 1atio method to determine 
efficiencies 

Data for the survival were obtained by incubating the 
imadiated cells as before but using NCTC 109 medium 
Samples were removed fiom the cultures on the fifth 
day after u1adiation and centrifuged The pellets weie 
resuspended in PBS, the vital stain migrosine (05 per 
cent, K and K Labs, Hollywood, Califorma) added 
m a ratio of 1 4 and viable cells were counted Viable 
and dead cells were distingwshed by their appearance 
under the phase contrast microscope viable cells showed 
clear cytoplasm with a soft-green nucleus, whereas dead 
cells showed black cytoplasm with a darik homogeneous 
nucleus 

Table 1 shows that some 90 per cent of the lympho- 
cytes incorporate tritiated thymidine into ther DNA 
following doses of ultraviolet light of 25-400 e1gs/mm? 
Less than 0 2 per cent of the cells incorporated thymidine 
in the absence of radiation This small fraction in normal 
DNA synthesis inco:porates more than ten times as much 
thymidine as the stimulated cells in the 2 h meubation 

EFFFCT OF ULTRAVIOLET LIGHT ON TRITIATED THYMIDINI INCOR- 
PORATION INTO HUMAN LYMPHOCYTES AND THEIR SURVIVAL 
Ultraviolet dose Percentage of Fraction survn mg 


Table 1 


{ergs/mm*) I vbelled cells* ifter 5 davs ft 
0 02 10t 
25 qL O77 
50 92 0 41 
100 93 0 094 
200 89 0 059 
400 90 0 030 


* Based on 500 cells at cach dose ‘The average number of giams pei cell 
resulfing from bachground was less than five, whereas the number in labelled 
cells varied between eleven and fifteen 

q Each value is based on four haemocy tometer readings 

t Adjusted values based on a 60 per cent survival for the contro] culture 

‘The meubation period was 2 h vb 2 concentration of tritiated thymidine of 
10 xc jmi (6 7 c jmmole) 
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period and thus can be readily distinguished in auto- 
radiographs from the radiation-stimulated cells. 

The cells that had been stimulated by the radiation 
to incorporate thymidine could respond to phytohaemag- 
glutanin when ıb was added to cultures of cells in fresh 
meubation medium by transforming and enterimg cell 
division. 

The stimulated incorporation of thymidine after doses 
of ultraviolet radiation as determined by liquid seintilla- 
tion counting 1s shown in Fig 1. Hydroxyurea, although 
1t does not completely suppress the normal synthesis of 
DNA, as shown by the 0 ergs/mm? curve, has enabled us 
to follow the stimulated incorporation and also to correct 
the data obtained for the irradiated cells The incorpora- 
tion of tritiated thymidine resulting from radiation 
alone occurs with no apparent delay following irradiation 
and 1s essentially complete after 6 h 

Doses of 1onizing radiation of between 1 and 16 krads 
also resulted in clearly demonstrable stimulated 1ncorpora- 
tion of thymidine The number of thymidine molecules 
incorporated per cell per rad following 1 krad ın a 2 h 
incubation period 1s three—a number simular to the cal- 
culated number of single strand breaks per rad in the 
DNA of human lymphocytes 

This work was supported in part by an Atomic Energy 
Conimission contract Oneofus(R G E )1sapre-doctoral 
trainee under a US Public Health Service granz 
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Peptide Inhibitors of the Renin- 
Angiotensin System 


RENIN 1s said to split a leucyl—leucine bond in alpha 2 
globulin substrate—angiotensmogen—to yield a deca- 
peptide, angiotensin I. Angiotensin I 1s subsequently 
converted into an octapeptide, angiotensin II, by a con- 
verting enzyme contained in plasma 
Angiotensin IT has a pressor activity We 
have studied the effects of synthetic 
peptides with a leucyl—leucine bond and 
their derivatives on the activity of remn 
in the formation of angiotensm The pep- 
tides were di-, tri-, tetra- and pentapeptides 
with leucyl—leucine bonds at the C-terminal 
end, ın the middle position, at the N-term- 
inal end or with one of the other structures 
as shown in Table 1 

The experimental conditions were as 
follows Synthetic peptide (10 mg) was 
added to the reaction system containing 
0 2 ml. of rabbit renin', 05 ml of plasma 
from a normal rabbit as substrate and 2:0 
ral of 0 9 per cent sodium chloride solution 
The mixture was incubated at 37° C for 
10 min and the reaction was then stopped 
by heating the mixture in a boiling water 
bath for 10 mın Pressor activity of the 
supernatant was tested on the blood 
pressure of an anaesthetized, vagotomized 
rat treated with pentolmum An minbi- 
tory effect of synthetic peptide was ex- 
pressed as a ratio of the pressor activity of 


d sali: 
experımental and control samples Semn 0 08 


151007 05 
Amount of plasma (ml ) 


Fig 2 Inhibitory effects ofsvnthetic peptides (No 105 (left) and 223 (right)) Lineweaver— 
Hurk-type plots of the relationship between the reciprocals of substrate concentration 
and reaction velocity 
Experiment (with compound) rabbit plasma 05,07,10,15 ml, rabbit 
renin 0 05 ml , compound (1 mg)in saline Tota] volume 3 1 ml, pH 6 8, 37° C, 5 min 
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Table 1 SYNTHETIO PEPTIDES WITH LEU-LEU BOND EXAMINED 
With Leu-Leu bond at C-terminus With Leu-Leu bond at N-terminus 


No No 
2 zLeu-Leu 113 z Leu-Leu-Val 
3 Leu-Leu 117 Leu-Leu-Val oMe 
4 Leu-Leu oMe 178 Tos Leu-Leu-Val 


7 CHO Leu-Leu 
51 CHO Leu-p-Leu 
52 CHO p-Leu-Leu 
53 CHO D-Leu-p-Leu 
59 Acetyl Leu-Leu 
60 Benzov! Leu-Leu 
101 z Leu-Leu NHNH, 
24 His-Leu-Leu 
25 His-Leu-Leu oMe 
141 z Pro-Phe-His-Leu-Leu 
With Leu-Leu bond ın middle 
position 
123 z His-Leu-Leu-Val 
187 z Phe-His-Leu-Leu-Val 
Without Leu-Leu bond 
15 Leu-Val 
54 Acetyl Leu-Val 
155 7 Leu-Val 
21 His-Leu 
21 His-Leu 
154 Leu-Val-Tyr oMe 
244 Tleu-Leu-Val-Phe oMe 
245 Val-Leu-Val-Phe oMe 
265 Val-Leu-Val-Tyr oMe 
Z, Benzyloxvearbonyl, D,D-form, oMe, methyl ester, oEt, ethyl ester 
* Effective as inhibitor 


30 


184 CHO Leu-Leu-Val 

186 Benzoyl Leu-Leu-Val 
187 CH;(CHy)19 CO Leu-Leu-Val 
188 C,;H,OCO Leu-Leu-Val 
215 2 Leu-Leu-Leu 

217 z Leu-Leu-Gly 

219 z Leu-Leu-His 

220 z Leu-Len-D-Val 
*105 Leu-Leu-Val-Tyr oMe 
221 Leu-Leu-Val-Gly oMe 
*223 Leu-Leu-Val-Phe oMe 
224 z Leu-Leu-Val-Gly 

225 z Leu-Leu-Val-Phe 

226 z Leu-Lev-Val-His 

227 Leu-Leu-Val-His oMe 
*242 Leu-I eu-Val-Phe oEt 
243 D-Leu-Leu-Val-Phe oMe 
261 D-Leu-Leu-Val-Tyr oMe 
*263 Leu-Leu-Val-Tyr oEt 


20 


15 


10 


Angiotensin formed (ng/ml } 


100 80 50 30 10 05 01005 0 


mg af No 105 or 228 


Fig 1 Invitroinhibition of the formation of angiotensin ın the presence 

of varying amounts of synthetic peptides ©, No 105, Teu-Leu-Val- 

Tyr oMe, ©, No 223, Leu-Leu-Val-Phe oMe Rabbit plasma 03 ml, 

rabbit renin 0 05 ml, peptide a geme 275ml ——>Incubation pH 6 8, 
°C, 5 min 





151007 05 
Amount of plasma (ml! ) 


Control rabbit plasma 05,0 7,10,15ml , rabbit renin 0 05 ml 
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Only the compounds Nos 105, 223, 263 and 242 among 
the synthetic peptides exammed mhibited the formation 
of angiotensin in this wm vitro system The ratios were 
0 4-0 55 (average, 0 5) for No 105, 0-04 (average, 0 2) 
for No 223, 01-07 (average, 05) for No 263, and 
04-07 (average, 05) for No 242 These four peptides 
were methyl or ethyl esters of Leu-Leu-Val-Tyr and Leu- 
Leu-Val-Phe, and they did not depress the blood pressure 
of the at None of the othe: peptides inhibited the 
formation of angiotensin 
Fig 1 shows the imhibitory effects of the varymg 
amounts of synthetic peptides Nos 105 and 223 on the 
formation of angiotensin The pressor activity was 
expressed as angiotensin produced (ng) compared with 
synthetic «-angiotensin IT amide (Ciba) About 25-80 ng 
of angiotensin was produced ın 1 ml reaction mxture 
The formation of angiotensin decreased as the concen- 
tration of synthetic peptide was increased Fig 2 shows 
that the mhıbıtory effects of both Nos 105 and 223 were 
competitive according to the Lmeweavei—Burk-type plot 
It 18 not clea: whether the peptides have an inhibitory 
effect on the 1emmn alone or on both the renm and the 
converting enzyme The decrease of pressor response, 
however, indicates the inhibition of the enzyme hydro- 
lysis of angiotensinogen, that ıs, 1t mdicates the mhibition 
of renin activity, because the bioassay used demonstrates 
not only the amount of angiotensm II, but also the 
amount of angiotensin I formed in the reaction system 
So it 1s clear that the peptides might mhibit at least 
renin activity Furthermore, no decrease of the pressor 
response of synthetic a-angiotensin II amide in the rat 
was observed by adding the peptides, Nos 105 and 223, 
to the angiotensin mjection This phenomenon suggests 
the peptides do not inhibit the rise of blood pressure 
caused by angiotensin 
To summarize, methyl or ethyl esters of synthetic 
tetrapeptides, Leu-Leu-Val-Tyr and Leu-Leu-Val-Phe, 
acted as competitive inmbitors m the renm plasma 
reaction system used The chemical structures needed 
for the antagonistic activity ae as follows (1) a leucyl— 
leucine bond at the N-termimal end in the tetrapeptide, 
(2) a leucyl-leucine bond with u-leucine (there was no 
inhibitory effect of the peptide with a leucyl-leucme bond 
with p-form instead of L}, and (3) the presence of tyrosine 
or phenylalanine at the C-terminal end The last con- 
dition suggests that the phenyl group ın the C-terminal 
amuno-acid might be essential 
We thank Dr H Bloch of the Ciba Pharmaceutical 
Institute for synthetic angiotensin IT 
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Binding of Calcium and Strontium 
by Alginates 
Soprom alginates markedly inhibit the intestinal absorp- 


tion of strontium im rats'* and man®:* without an appre- 
cable effect on caleram absorption so that they are of 
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interest as possible therapeutic agents in cases of mgestion 
of stiontrum-90 Algime acid is obtamed from certam 
seaweeds and 1s a polymer of p-mannuronic acid and 
L-guluronie acid? jomed by 1,4 lnkages* It has been 
shown that guluronic-1ich fractions of alginate ate the 
most effective in reducing strontium absorption in rats 
am vwo and in vitro? 

A measure of the calerum-stiontium ion exchange 
reactions with varous algmates has been obtamed by 
calculating the selectivity coefficients for these ions!, In 
this study the formation constants of the polyuronic acids 
were found by the 10n exchange resin procedure developed 
by Schubert##.1*, which assumes that the free metal 
ions in solution are neither hydrolysed nor polymenzed, 
which is hıghly probable in the case of strontium and 
calcium The formation constant of an organo-metallic 
complex 1s given by 


_ (K8/Ba)—1 
= 


where Kj and Ka aie the distribution coefficients of the 
metal between resin and solution in the absence and 
presence of the ligand respectively, A is the molar con- 
centration of hgand and n ıs the number of moles of the 
hgand relative to the metal in the associated molecule!? 
The distmbution coefficient 1s defined as follows 


K vol solution 
d = 
per cent metal in. solution wt resin 


The data obtained by this method can be represented m 
several ways dependent on the manner in which A 18 
expressed*4 In these experiments, concentration (A) 15 
expressed n equivalents of uronic acid assuming an equiva- 
lent weight for sodium uronide of 198 

The sodium uromdes (001-0001 equiv /l) were 
equilbrated with known weights of cation exchange resin 
saturated with sodium (“Dowex 50’) m a solution contan- 
ing 0 16 molar sodium ions and 10-? molar calcium-45 or 
strontium-85 at 25° Cand pH 72 Distmbution coefficients 
were calculated from the radioactivity remaming in tho 
supernatant The alginate derivatives were similar to 
those used previously for the study of inhibition of stron- 
trum uptake by an tn vtro testinal slice technique‘ and 
two to five different concentrations of uronide were used in 
each experiment 1-Guluronic acid monomer was synthe- 
sized by a modification of the method of Fischer and 
Dorfel’ and separated from other reduction products by 
chromatography on a column of ‘Dowex-1*45, 


E; 


per cent metal m resin 





Table 1 FORMATION CONSTANTS OF THE CALCIUM AND STRONTIUM COMPLEXES 
OF A SERIES OF ALGINATE DERIVATIVES OF VARYING GULURONIC ACID CONTENTS 
AND DEGREES OF POLYMERIZATION (D P ) 





Percentage Ky Sr 
uronic DP Kgy Ca Ey8Sr 
acid Ky Ca 
96 13 104 449 43 
93 8 124 443 36 
86 226 109 429 39 
72 75 110 353 32 
61 57 119 317 27 
41 440 143 208 15 
30 74 80 163 20 


The results are presented ın Table 1 together with gulu- 
ronic acid content and number average degree of polymen- 
zation, determined as previously described#® Monomenic 
L-guluronic acid has no detectable binding capacity for 
calcium or strontium ions 1n the experimental conditions 
By plotting log (Kj/Ka—1) agamst log A it was found 
that caleruam and strontium ions formed a 1 1 complex 
with all the alginate fractions studied in the concentration 
ranges employed. The formation constants for strontrum 
alginate are one and a half to four times greater than 
those for calcium alginate in these conditions Inhibition 
of intestinal cation transport by alginate should therefore 
have a greater effect on strontium than calerum absorp- 
tion This series of formation constants seems to parallel 
the ın vitro inhibition of strontium uptake by rat duodenal 
shees as shown by a simular series of algmate derivatives‘ 
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There 18 a good correlation between guluronie acid 
content and strontrum-algmate formation constants 
which supports recent data!® The calcrum alginate form- 
ation constants do not appear to be related to guluronic 
acid content except that there 1s a marked merease from 
30 per cent to 40 per cent guluronic acid ‘The relative 
binding of strontium compared with calcium tends to 
merease with gulurome acid content As guluronie acid 
monomer has little or no specific cation binding capacity, 
this property of uromides 1s solely one of the polymer. 
The smallest unt exhibitmg this bindmg 1s not known 
but must be between the degrees of polymerization of 
one and eight There ıs no evidence of the formation 
constants of the calcium and strontium polyuronide com- 
plexes depending on the degree of polymerization in this 
alginate series 

No marked inhibitory effect of alginate on the intestinal 
absorption of other cations has been described Such 
investigations of the stability of an algmate—metal com- 
plex are useful ın predicting the hgand’s effectiveness n 
reducing the absorption of a given metal 10n. 

Ithank A P Halestrap for valuable technical assistance 
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Influence of pH, Sodium and Calcium 
lons on the d.c. Resistance of Black 
Egg Lecithin~Cholesterol Films 


CoNFORMATIONAL changes in coherent arrays of amphi- 
phies, such as phospholipids, are believed to be important 
in the function of biological membranes? Daniell and 
Davson* suggested that the bimolecular lipid leaflet com- 
prised the basic structural umt in many natural mem- 
branes, but only recently has this fundamental structure 
become available for direct experimental investigation® 
These so-called black hpid films have de resistances of 
10°10 Q cm? (refs. 4 and 5), but 1t 1s known that with 
certain preparations the resistance characteristics are 
markedly affected by the composition of the aqueous 
environment’? This communication outlines some pre- 
luminary observations on the effects of pH, in the presence 
of sodium and calcium ions, on the dc resistance of egg 
lecithin—cholesterol films 

The black membranes were prepared by smearing a 
solution of 10 mg of chromatographically pure egg 
lecithin and 10 mg of reerystallized cholesterol mn 10 mi 
of n-decane across a 1 75 mm diameter hole bored in the 
wall of a ‘Delrin’ (Dupont de Nemours) vessel immersed 
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in the appropriate aqueous phase Membrane resistances 
were determined by applying potentials up to 100 mV 
across silver-silver chloride electrodes situated m the 
mner and outer compartments and monito1ing the current 
by a sensitive ammeter 

In the first series of experiments, the aqueous phase 
comprised 01 normal sodium chloride to which various 
amounts of hydrochloric acid or sodium hydroxide were 
added to adjust the pH to values varymg from 1 to 11 
The exact value was measured before and after the 
determination of conductance using a standard pH meter 
Comparison experiments using solutions the pH of which 
was controlled by érzs and phosphate buffers gave identical 
results In the second series of measurements, sodium 
chloride was replaced by 0 1 normal calcium chlonde In 
a third series of experiments, the effect of varying con- 
centrations of calerum chloride on membranes in 01 
normal sodium chloride and known pH was mvestigated 
The rate of growth of black film varied with pH and the 
nature of the ion At both high and low pH in sodium 
chloride, film formation was rapid, but at pHs greater 
than 9 in calerum chloride thinning was very slow and the 
film became rather rigid 

Tn all cases d c resistance was found to be ohmic, at least 
up to applied potentials of 60 mV At higher potentials 
the current—voltage curve became convex towards the 
voltage axis, with the departure from Imearity occurring 
at lower voltages at the extremes of pH The dielectric 
breakdown voltage was reduced to about 70 mV at high 
and low pH compared with about 150 mV at near 
neutrahty Spot checks at 40 mV showed that the con- 
ductance increased in proportion to the growth of black 
film It was concluded from this that the conductance 
oceurred through the bimolecular region 

Curve a of Fig 1 shows the resistance obtained with 
films prepared in 01 normal sodium chlonde at pHs of 
between 0 and 9 All pomts are means of at least five 
determinations on two different phospholipid—cholesterol 
solutions Attempts to form films in solutions of higher 
pH were unsuccessful Replacement of sodium chloride 
by calaum chloride of the same normahty completely 
altered the form of the resistance-pH curve (Fig 1, curve 
b) and black films formed at pHs as high as 11 Addition 
of calcrum chloride in the range 10-4 to 1 normal to an 
aqueous phase of 01 normal sodium chloride at various 
predetermined pHs showed the membrane resistance to 
increase with the concentration of calcium chloride 
(Fig 2) It ıs particularly interesting to note that at 
pH 10 and 11 the presence of only 0 001 normal calerwm 
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Fig 1 Resistance as a function of pH in 01 normal sodium chloride 
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chloride was sufficient to enable films to be prepared 
whereas ın the absence of calcium chlonde complete black 
films could not be formed. 

These results show that there 1s a strikmg difference m 
the resistance characteristics of lecithin—cholesterol films 
formed ın the presence of sodium and calcium ions, and 
that when only sodium 1s present the resistance-pH 
curve passes through a maximum Tt 1s stall only possible 
to speculate on the factors responsible for these observa- 
tions Recent monolayer studies with egg lecithin have 
shown that exchange of calcium ions for sodium tons in 
the aqueous subphase produces considerable changes in 
both surface potential and pressure-area curves? These 
changes are attributed to the ability of calerum ions but 
not sodium ions to form bridge linkages between neigh- 
bourmg phosphatidyl choline head groups A similar 
mechanism probably plays some part in the resistance 
changes observed with bilayers Ionization of the zwit- 
terionic phosphatidyl choline head groups at the extremes 
of pH would tend to open the lattice and increase its 
permeability to 10ns, but at high pH, ın the presence of 
calcrum, this expansion 1s prevented by chelation 
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MICROBIOLOGY 


Transducing Phage for 
Pseudomonas putida 


THE extensive biochemical knowledge of various Pseudo- 
monas species? would be considerably enhanced if genetic 
analysis was possible in these organisms Conjugation 
and transduction have both been demonstrated for P. 
aeruginosa®.®, but, despite apparently many other 
attempts, only recently has a transducing phage been 
characterized for P puteda* 

This communication describes the isolation of a trans- 
ducing phage for P putida which seems to be different 
from the phage pfl6 described by Gunsalus and his 
colleagues Ten strains of P. putida were provided by 
Professor A Rorsch (Rijswijk, The Netherlands) These 
were isolated from soil and are all characterized by the 
ability to use atropme as a sole carbon source The 
media and cultural techniques used in this work are the 
same as those described ın publications from this labor- 
atory on P aeruginosa phages® All cultures were grown 
at 30° ©. 

Preliminary work (unpublished results of B W Hollo- 
way and J Niblack) had shown that, in a limited range of 
strains, lysogeny could not be detected in P putida, and 
so we tried to isolate phages for P putida from sewage 
by the standard techmiques One such phage was isolated ; 
this has been called PP1 and has been characterized in 
the following ways 

As isolated, PP1 gives indistinct hazy plaques when 
plated on P putida PMBL-4Bl A clear plaque vanant 
(PP1C) occurs at a frequency of about 1/1,000 turbid 
plaques We have not been able to propagate the turbid 
plaque form to titres greater than 10%/ml and all work 
has been carried out with the clear plaque varant. 
Plaques on PMBL-4Bl are 2-3 mm in diameter with a 
distinct edge and a slightly hazy terior because of the 
growth within each plaque of mdividual small bacterial 
colomes Such colonies have been isolated and are 
resistant to PP1C but are not lysogenic Phage adsorption 
is usually 80-90 per cent with no apparent dependence 
on the growth phase of the bacterrum The burst size 1s 
about 90 with a latent period of 25-30 min The phage 
1s cormparatively resistant to ultraviolet irradiation, 
showing linear inactivation, with a 2 log reduction of 
infectious particles at a dose of 3,400 ergs/mm? 

Propagation of the phage has been best achieved by 
the layer agar technique For reasons which are not yet 
clear, the highest titres of phage achieved by this method 
have only been about 2x 10°/ ml and are usually lower 
than this In the preparation of transducing phage, the 
input of phage to the layers 1s critical and best trans- 
ducing titres have been obtamed where the plaques are 
just confluent after overnight mcubation The phage 
has a lmited host range, stram PMBL-4Bl beng the 
only sensitive strain among fourteen strains of P putida 
so far tested In addition, PP1 did not plaque on any of 
eleven strains of P fluorescens tested Phage pfl6* does 
not form plaques on any of these strains of P putida 

PP1C 1s a general transducing phage This was demon- 
strated as follows an overnight broth culture of a 
recipient auxotroph was moculated into fresh broth and 
grown until 1t was m exponential phase It was then 
centrifuged, resuspended in calcium (001 molar) sahne 
and infected at a multipheity less than 01 with phage 
grown on the prototrophic parent stram After 20 min 
adsorption at 30° C, the culture was centrifuged, resus- 
pended in saline, and 02 ml aliquots were plated on to 
minimal medium 

In these conditions, transduction occurs at a frequency 
of about 10-%/plaque forming particle and 10-*/recipient 
bacterum The low multipheity of mfection 1s essential 
for reproducible and workable levels of transduction for 
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at higher multiplicities of infection the lytic action of 
PP1 evidently mterferes with the recovery of trans- 
ductants Transduction has been shown for a variety of 
auxotropic markers including the requirements for trypto- 
phan, isoleucine plus valine, leucine and methionine 
Transduction does not occur when the recipient 1s made 
phage resistant (presumably a non-adsorbing mutant), or 
if the phage ıs propagated on the same auxotrophic 
stram used as the reciprent The transduced colonies are 
still sensitive to the phage Transduction frequency 
mereases by a factor of 3-5 when the phage 1s irradiated 
with ultraviolet ight (2,500 ergs/mm*) before adsorption 

Phages active on P pulida are much rare: than those 
plating on P aeruginosa, either as isolates from sewage 
or derrved from lysogenic strains ‘Transducmg phages 
aie usually not virulent and ıt ıs likely that phages such 
as PPL or pf16 are not virulent or intemperate but are 
non-lysogenizing forms of temperate phages 
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IMMUNOLOGY 


Neonatal Splenectomy : Absence of 
Runting in Mice 


Kalpaktsoglou, Yums and Good! recently reported that 
early splenectomy of mice ean cause a runting and wast- 
ing syndrome similar to that associated with neonatal 
thymectomy The rmmportance of this finding to ou 
current concepts of the development of :mmunological 
competence was stiessed, as were the clinical implications 
for a variety of haematological diseases and for resistance 
to extracellular pathogens Experiments performed 
several years ago ın our laboratory (unpublished work) 
and others? had failed to detect such effects, so we felt 
it essential to re-investigate this question to determine 
whether the newer findings were generally applicable 
We used mice of strams C57BL6/JAu, C,H/HeAu, 
C;H/Bt and BALB/CAw as well as the F, hybnd BALB/ 
Cx C57BL/6, which were splenectommzed within a few 
hours of birth Mice were cooled on ice blocks, an meision 
was made in the left lateral body wall, the spleen was 
removed with curved forceps and the wound was closed 
with a single stitch Mice were kept warm for a few 
munutes after splenectomy before returning them to therr 
mothers Unoperated mice served as controls in each 
htter Operative mortality was negligible once the pro- 
cedure had been mastered Some animals were lost ın 
the first few days followmg operation, because of post- 
operative neglect and cannibalism by the mother (Table 1) 
Anmmals were examined at regular intervals before 
autopsy at 8 weeks old The results are presented m 
Table 1 Death after the immediate post-operative period 
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Table 1 EFFECT OF NEONATAL SPLENECTOMY ON GROWTH AND SURVIVAL 
IN MICE 
No of Survival at 
Stram hitters Treatment No 1 weeh 8 weehs 
BALB/CAu 3 Operated 10 10 10 
Unoperated 9 9 9 
C57BL6/J Au 6 Operated 19 11 10 
Unoperated 14 12 1i 
C;H/HeAu 2 Operated 7 6 6 
Unoperated 7 7 T 
C,H/Bt 3 Operated 14 10 10 
Unoperated 10 8 8 
Cx O57BL(F) 4 Operated 18 15 14 
Unoperated 14 14 13 
Total 18 Operated 68 52 50 
Unoperated 54 50 48 
Table 2 BODY WEIGHTS OF EAPERIMENTAL ANIMALS AT AUTOPSY (8 WEERS) 
Females* Males 
No Weight No Weight 
Operated 19 19 9g 15 236g 
Unoperated 17 198g 21 23 3g 


* Excludes pregnant females 


wa» found to be minimal (4 per cent) ın both the operated 
and control groups Runting was not observed (Table 2), 
the mean body weights of control and unoperated animals 
did not differ significantly, and there were no signs of 
wasting disease 

These results are in sharp contrast to those of Kal- 
paktsoglou et al1, who reported a mortality of 67 4 per 
cent which occurred primanly between the third and 
fourth week of hfe following a runtmg with an onset 
between the twelfth and sixteenth day Why these 
differences between experiments should exist 1s not clear 
It 1s, of course, known that runting may vary with 
laboratory conditions, for example, neonatal thymectomy 
fails to cause runting in germ-free animals**+ On the 
other hand, studies with mutant muce indicate that con- 
genital absence of the spleen does not dimimish antibody 
titres obtained ın response to immunization with Pas- 
teurella pneumotroprea®, and animals without spleens can 
survive and breed readily*? Because the experiments of 
Kalpaktsoglou et al} offer no sham-operated control 
animals, one may wonder whether the observed runting 
and mortality might be caused by a non-specific effect of 
the operation, performed, after all, at a time when the 
ummune system of the animal ıs not yet well established. 
Whatever the cause for the discrepancy, 1t 1s clear that ıt 
would be premature to generalize about the essential role 
of the spleen ın murine post-natal survival 
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Herpesvirus Infection of Human 
Mesodermal Tissue (Cornea) detected 
by Electron Microscopy 


Herpesvirus homens (herpes simplex virus) usually infeets 
tissues of ectodermal origin, particularly skm, mucous 
membranes and the central nervous system Viral 
replication has been observed m mesodermal cells (prin- 
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cipally leucocytes) in experimentally infected rabbits? and 
mice? and in tissue cultures of human leucocytes? and 
embryonic fibroblasts‘. There has been little evidence, 
however, that infection of mesodermal cells plays a part 
in primary or recurrent human infections. 

Herpetic infections of one commonly affected site in 
man, the cornea, frequently lead to pathological changes 
in the mesodermally derived stroma’. In corneal herpes, 
the virus can be easily isolated from the typical dendritic 
lesions in epithelium, but it is rarely recovered from eyes 
with chronic stromal herpetic keratitis®. For this reason 
it has been assumed that deep herpetic keratitis is a form 
of host response which does not depend on direct viral 
infection of the corneal stroma. 

We have observed herpesvirus in the stroma of five 
corneas which were obtained at surgery from patients 
with chronic herpetic keratitis (Table 1). Two were the 
originally diseased tissue (A and B1); three others were 
corneal grafts which had been in place for 32 days (B2), 
8 months (C), and 14 months (D), respectively. For 
electron microscopy, portions of all five corneas were fixed 
with cold 3 per cent glutaraldehyde in a 0-067 molar 
cacodylate buffer, and after 4 h-3 weeks they were post- 
fixed with 1 per cent osmic tetraoxide in a phosphate 
buffer. Specimens were embedded in ‘Epon’ and thin 
seetions were cut for electron microscopy. 

Particles resembling herpesvirus were found in the 
stromal layers of all five corneas. These particles con- 
sisted of polygonal, electron-dense shells (capsids) about 
70 my in diameter (Fig. 1). Some of the capsids contained 
a mass of electron-dense material (nucleoid), others 
seemed to be empty. Still others, seen in the vicinity of 
intact cells or within cytoplasmic vacuoles, were sur- 
rounded by a membrane corresponding to the viral 
envelope (Fig. 1 inset). These naked and enveloped 
particles were identical with the herpesvirus particles 
which were observed by us in experimentally infected 
rabbit corneas which had been prepared in the same way’. 

Viral particles were seen in the corneal stroma in 
intimate association with intact cells (Fig. 1) or as aggre- 
gates mixed with unidentified debris. In four corneas, 
intact cells were found with capsids in their nuclei and 
with enveloped particles outside the cell membrane or 
within the cell vacuoles. In three specimens (B1, B2 and 
C), there were large masses of virus particles between 
the collagen lamellae of the cornea. Like the intact 
infected cells, these masses of particles occurred in the 
deepest layers of the cornea, distant from the surface 
epithelium. In one specimen (B2), virus particles were 
seen also within cytoplasmic vacuoles of the polymorpho- 
nuclear leucocytes, probably as a result of phagocytosis. 

In four of the five corneal specimens which were 
examined (A, B1, C and D), many cells in the corneal 
stroma contained virus capsids within their nuclei (Fig. 1). 
Sequential studies of herpesvirus replication have shown 
that virus particles entering a cell are enclosed in a cyto- 
plasmic vacuole’, that the viral envelope is removed’, 
and that naked particles can be found free in the cyto- 
plasm but not in the nucleus during the early phase of 
infeetion®. As the growth cycle continues, newly formed 
virus capsids appear in the nuclei of infected cells shortly 
before infectivity increases*. In our specimens, the 


Table 1, HERPESVIRUS IN HUMAN CORNEAS 
Herpesvirus particles Herpesvirus 
by electron isolation attempts 
Specimen microscopy Corneal swab Minced tissues 

A + Neg. N.D. 
Bl + Pos.+ Neg. 
B2* + Neg. Neg. 
c* + N.D. N.D. 
D* + N.D. N.D. 


* Previously transplanted tissue. 
+ Hight months before the tissue specimen was obtained. 
N.D., not done. 
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Fig. 1. Corneal stromal cell in specimen B1, There are numerous naked 
herpesvirus particles in nucleus (lower right), and partieles with en- 


velopes outside cell (top). Altered corneal collagen is at left of cell 

(x 35,000). Inset: extracellular particles from same specimen with 

dense central nucleoid surrounded iy capsid and outer envelope 
( x 91,000). 


presence of virus particles in nuclei indicates that virus 
replication had indeed taken place within cells in the 
stroma of these corneas. The absence of viral particles 
in the nuclei of cells in specimen B2 could have been a 
result of treatment with 5’ iodo-2-deoxyuridine which is 
known to inhibit herpesvirus replication. The formation of 
enveloped particles outside the cell membrane and in 
cytoplasmic vacuoles of cells containing nuclear particles 
indicates that the final step in the formation of fully 
mature virus particles had taken place®. 

Attempts to isolate herpesvirus before surgery were 
made by swabbing the cornea with a cotton tipped 
applicator which was then immersed in maintenance 
media with 2 per cent foetal calf serum (Table 1). Por- 
tions of two corneas (B1 and B2) were minced in the 
same media. Media surrounding the swab or the minced 
tissue were inoculated into Maben cells. A single isolate 
of herpesvirus was obtained from patient B during an 
episode of epithelial (dendritic) keratitis, 8 months before 
surgery. Swabs of cornea A, Bl and B2 immediately 
before surgery failed to yield virus, as did the minced 
tissue from specimens Bl and B2. 

The failure to recover virus in cell cultures of corneal 
material from eyes not showing typical epithelial lesions 
confirms past experience®. The following are among 
possible explanations for this inability to isolate virus 
from corneas with herpes-virus particles. 
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(1) Only a few cells at a time might have been producing 
infective virus, and this process could have been limited 
to a small part of the cornea; this might have led to an 
accumulation of virus particles even though relatively 
little infective virus was present. The cornea, even in 
diseased states, is avascular and dense, and the removal 
of particulate matter such as virus particles could be a 
slow, inefficient process. Because herpesvirus is thermo- 
labile*, the particles seen in our specimens could have 
accumulated for many days and would have lost infectivity 
while retaining their morphological identity. (2) Only a 
small proportion of particles seen in section were struc- 
turally “complete”. It has been suggested that “complete”? 
particles are more infective than “naked” particles, but 
this has not been confirmed’. (3) These virus particles 
might belong to another member of the herpesvirus 
group, for example, varicella-zoster virus or cytomegalo- 
virus. At some time in the course of their disease, however, 
all these patients had the typical dendritic corneal lesions 
commonly associated with herpes simplex, and they all 
exhibited clinical signs characteristic of chronic herpetic 
keratitis. 

The exact identity of the cells which were infected with 
herpesvirus seen in the stroma of these corneas could not 
be established with certainty. Following experimental 
infection with herpesvirus, the stroma of rabbit corneas 
might contain regenerating keratocytes, fibroblasts, poly- 
morphonuclear leucocytes, lymphocytes, plasma cells 
and macrophages (histiocytes)!*. Cells which were infected 
with herpesvirus in the human corneas in this study had 
only one nucleus, little organized endoplasmie reticulum 
and few specialized organelles. They were clearly neither 
polymorphonuclear leucocytes nor lymphocytes. Prob- 
ably derived from embryonic mesoderm", shey could 
well have been fibroblasts or keratocytes. 

The presence of herpesvirus in corneal stromal cells 
indicates that herpesvirus proliferates in mesodermal as 
well as ectodermal cells. Infection of conneetive tissue 
cells could alsc play a part in the pathogenesis of herpes 
infections at other sites, and could be concerned with the 
latency of the virus between recurrences of clinical 
activity. 
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Failure to detect Interferon.in the 
Urine of Persons with Virus Infections 


Wuen rabbits or mice are inoculated intravenously with 
interferon or with an inducer of interferon formation, 
interferon appears in their urine’~*. Indeed, with rabbits, 
appreciably higher concentrations can be found at the 
same time in the urine than in the serum?*. In contrast, 
we report here two studies in which interferon was not 
detected in urine from humans with viral infections. 

One study which has been summarized elsewhere’ 
involved children with mumps, measles cr chicken-pox. 
The urine was collected from three groups of seven or 
nine children with each disease, from the first day when 
the rash appeared or the salivary gland swelled, for 4 days. 
A sample of urine which was collected from each child 
during each period of approximately 8 h was treated at 
pH 2 for 5 days at 4° C and was then returned to pH 7 
and assayed for interferon. Serial dilutions were made in 
Eagle’s medium from an initial one in four dilution, and 
these were added to groups of three tube cultures of 
human embryo lung cells. After incubation overnight 
at 37° C, the tubes were drained, rinsed twice with fresh 
medium and challenged with one hundred infecting doses 
of HGP rhinovirus. After 3 days at 33° C, the cytopathic 
effect (CPE) was scored on the conventional 1-4 scale, 
and the 50 per cent CPE-inhibition endpoint was determ- 
ined graphically. A laboratory reference human inter- 
feron preparation was included in all assays as a control. 
No interferon was detected in any of the urine samples. 
Some of the urine sample from two children within each 
of the groups was then concentrated seven to nine times 
by pressure dialysis in ‘Visking’ tubing, but still no 
interferon was found on assay. Because of the theoretical 
possibility that the acidification or pressure dialysis 
treatments had caused losses of interferon, a number of 
urine samples were assayed without such treatments, but 
again with negative results. We also found that small 
amounts of human leucocyte interferon which were added 
to normal urine were stable at pH 2 and on pressure 
dialysis. 

Because blood samples were not collected, it is not known 
whether interferon was present in the blood of the children 
during the period of urine collection. Petralli, Merigan 
and Wilbvr?, however, vaccinated children with live 
measles virus and found interferon in their blood 7-11 
days later. In our investigation, urine was collected from 
three children with measles from the onset of prodromal 
symptoms, that is, about 10 days after infection, until 
4 days after the appearance of the rash. By analogy, 
it seems likely that interferon was present in the blood 
during at least part of this time, but none was detected 
even in concentrated urine samples. 

Merigan® found very small amounts of interferon in 
concentrated urine samples from children with mumps. 

Wheelock and Sibley’ found interferon in the blood 
of subjects vaccinated with yellow fever virus. We 
therefore subcutaneously vaccinated six volunteers with 
the 17D strain of yellow fever virus (104 mouse 50 per cent 
lethal doses). Serum and urine samples which were col- 
lected on days 0, 4, 5, 6, 7, 8 and 36 were assayed for virus, 
interferon and antibody. All volunteers showed a transi- 
ent viraemia between the fourth and seventh day after 
vaccination, and all had a rise in antibody titre on day 36. 
Interferon was found in the sera of three volunteers at 
the time of the peak of viraemia or a day after. The 
maximum levels were 4, 10 and 1 units of interferon per 
ml., but no interferon was found in any of the urine 
samples. During the course of this work, Dr A. Quercioli 
of the University of Siena informed us that he also was 
unable to detect interferon in the urine of volunteers who 
were vaccinated with yellow fever virus. 

From collaborative studies with workers in six different 
laboratories currently studying human interferon, we 
believe that our assay for human interferon is at least of 
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average sensitivity Our results, together with those of 
Morgan and Quercioh, suggest therefore that subjects 
infected with mumps, measles, chicken-pox and 17D 
yellow fever viruses do not excrete mterferon in their 
urine in amounts which are readily detectable by present 
methods In contrast, Soloviev!! reported that inter- 
feron was present in urme from patients who were infected 
with influenza A2 virus in concentrations higher than 
those in the serum 
We thank all the general practitioners and volunteers 
who co-operated in this study 
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CYTOLOGY 


New Simple Method of 
Micrurgy on Living Cells 


A SIMPLE method has been developed whereby micrurgy 
on living cells such as nuclear transplantation and cyto- 
plasmic injection m amoebae can be performed with 
greater ease and rapidity The present method differs 
from those used currently!‘ in that the need for a 
mucro-hook to hold cells and the use of mmeral oil (liquid 
paraffin) to prevent the evaporation of culture medium 
are elimmated This is done by placing the cells on an 
agar surface When the excess medium surrounding the 
cells is withdrawn, they remam firmly attached durmg 
operations ‘The agai gel apparently replaces the medium 
that evaporates, and there 1s no damage to the cells durmg 
the period required for mierurgy Thus, for example, 
nuclei are transplanted between amoebae ın open drops 
with a micro-probe alone 

This principle can be applied to both the origmal hang- 
ing drop method! and the modified shde method’ For 
preparation, 0 6 per cent agar in the cell culture medium 
is boiled, filtered and poured while hot onto clean glass 
slides or coverslips (agar with different purities and at 
different concentrations was tried, but ordinary bac- 
teriological, non-nutrient agar obtamed from Fisher 
Scientific Co was found to be most suitable) As soon as 
the agar cools and gelates, cells can be placed on 16 and 
are ready for operations 

No hooks are used, and so it 1s necessary to place cells 
ın desired positions beforehand For example, the donor 
and recipient cells for nuclear transplantation are placed 
side by side before withdrawing the excess medium After 
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this, the cells cannot move and different ones can be 
easily distinguished by their relative positions during and 
after operations 

With a good objective that has a relatively long working 
distance, of which there are several makes avaiable, the 
slide method 1s preferred to the coverslip method In the 
shde method, no mversion of the operation stage 1s neces- 
sary and there 1s more freedom of movement both with 
the miero-tool and the slde For example, usmg a circular 
rotating microscope stage, the direction of the arrange- 
ment of cells bemg operated can be easily changed up to 
180 degrees With the slide method, the micro-probe 18 
bent downwards and applied to the cells from above! 

The advantages of this new method are obvious and 
manifold first, there ıs no hook to make and use, thus 
eliminating the most troublesome portion of the micrur- 
gical work As a result, operations can be performed with 
much greater ease and rapidity than with other methods 
For example, as many as 200 amoebae can be easily 
enucleated ın an hour and thirty nuclear transplantations 
can be carried out during the same period in optimal 
conditions (compare ref 3) 

While the agar-coated shdes were designed primarily 
for micrurgy on amoebae, they were also found useful m 
immobilizing other motile cells such as Tetrahymena and 
Paramecvum for microscopic examination and manipula- 
tion of these cells 

We thank Professor J F Daniell for his interest and 
advice The work was supported by a grant from the US 
Publie Health Service 
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PATHOLOGY 


Sebaceous Gland Activity in 
Breast Cancer 


A NUMBER of observations suggest that human breast 
cancer develops under hormonal influence Several 
such observations include (a) breast cancer 1s predomin- 
antly a disease of women, (b) the admmustration of 
oestrogenic materials produces breast tumours In experi- 
mental anımals!, (c) the course of breast cancer ıs m- 
fluenced by ablative endocrine procedures or by the 
administration of exogenous hormones m both humans 
and experimental animmals*-*, and (d) the length of the 
menstruating years and the number of pregnancies affect 
the frequency of the disease ın any given population®-® 

The physiological role of oestrogens in breast cancer has 
not been clearly elucidated, although this has been exam- 
med m some detail Measurements of the urmary ex- 
cretion of oestrogen metabolites ın women with breast 
cancer as compared with age-matched control populations 
of healthy and ıll females have revealed no uniformly 
significant differences?! 

Studies of total urmary 17-ketosteroids, as well as andro- 
sterone and aetiocholanolone, have not demonstrated any 
significant abnormal pattern in women with breast 
cancer’! Bulbrook et al have demonstrated that the 
clinical response to ablative surgery was predictable from 
the concentrations of urmary aetiocholanolone and 17- 
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hydroxycorticoids, arranged as a statistical pnenomenon 
and termed the “discriminant” The higher the urinary 
values of aetiocholanolone in relation to hydroxy- 
corticosteroid levels, the better the response rate to the 
ablative endocrine surgery The “discrimmant” may also 
predict the clinical course of a woman with early breast 
cancer 

Study of certain tissue and organs knowr to be wmn- 
fluenced by hormonal factors may reveal biological 
information relevant to the problem of breast cancer The 
sebaceous gland 1s such an organ 

The development and activity of the sebaceous glands 
of the skin are primarily under the direct influence of 
androgen!? In prepuberal subjects, admimstration of as 
httle as 5 mg of methyltestosterone daily will stimulate 
the sebaceous glands’? This change can be cbserved m 
histological sections as well as in an increase in sebum 
production, a quantitative measurement which is an 
accurate indicaton of sebaceous gland function- Marked 
development of the sebaceous gland occurs in both sexes 
at puberty, although throughout the adult years signifi- 
cantly higher concentrations of sebum are nosed in men 
than m women In the female, sebaceous gland activity 
declines significantly after menopause In men such a fall 
in sebum production does not occu , rather there 1s a very 
gradual decime. Bilateral orchiectomy in zhe elderly 
male, however, results mn a marked fall in sebaceous gland 
secretion*4 

The administration of oestrogen will result n a reduc- 
tion ın sebaceous gland activity This effect, even from 
very large doses of oestrogen, 1s prevented by the con- 
comitant administration of disproportionately small 
amounts of androgen, indicating that there 1s nc target-site 
antagonism between oestrogen and androgen’? Pro- 
gesterone, ın physiological amounts, does not stimulate 
the sebaceous gland’® The role of corticosteroids has 
not been clearly defined, but there 1s evidence to suggest 
that they are needed in a permissive role tc allow for 
sebaceous gland response to androgenic stimulation! 
The exogenous administration of suppressive doses of 
glucocorticoid may cause a reduction of sebum secretion in 
women?’ 

Sebum production was measured by a gravimetric 
technique'® in twenty-two postmenopausal women with 
advanced breast cancer, aged 50 yr or older, who had never 
received exogenous hormone therapy All these women 
had undergone radical mastectomy some years before 
sebum testing Twenty women had undergone sponta- 
neous menopause, although three patients hed surgical 
oophorectomy l-3 yr after established menopause, and 
two women were still menstruating at the time of surgical 
oophorectomy 

As controls, thirty-one healthy premenopausal women 
in the fifth decade (ages 40 to 49 yr), thirty-five post- 
menopausal healthy females (ages 50 to 86 yr), and twenty- 
sıx postmenopausal women with advancing cancer m other 
sites were studied The latter group meclutled seven 
reproductive (thee ovarian, two endometrial, one 
cervical, one pelvic), two urmary, sıx gastro-intestinal, 
four head and neck, four lung, two unknown pr'mary, and 
one lymphoma ‘Two of the patients m this latter group 
had been treated with bilateral oophorectomy for 
gynaecological cancer, but both were long past spontaneous 
menopause at the time of surgery No hormonal therapy 


Table 1. MEAN SEBUM CONCENTRATIONS IN WOMEN 


Sebum production 


Group (mg/10 em*/3 h P values 
+1 standard error) 

(9) Premenopausal, normal 187+0 20 
b) Postmenopausal, norma! 1024010 
(ce) Cancer, non-breast 0974015 
(d) Breast cancer 2114028 

(a) versus (b) and/or (e) <001 

(d) versus (b) and/or (e) <001 

(a) versus (d) Nov significant 


(b) versus (c) No, significant 
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Fig 1 Sebum production in individual women studied 


had been administered ın any of these patients One 
woman had received abdominal irradiation 2 yr before 
sebum testing 

The mean ages of the three postmenopausal groups 
were postmenopausal healthy females, 670 yr, breast 
cancer patients, 62 0 yr, and cancer, non-breast patients, 
65 Oyr 

The sebum data (Fig 1 and Table 1) are expressed as mg 
of surface lıpıd/3 h period/10 cm? area of forehead skin 
Each subject was tested two or three times, 1-2 days 
apart, and the results averaged The mean level (mg/ 
10 em?/3 h) and one standard error of the mean m the 
groups is shown in Tablé"1 Statistical compamson of the 
postmenopausal healthy group versus the cancer, non- 
breast group (also postmenopausal), reveals no significant 
differences The value for the postmenopausal breast 
cancer group is sigmificantly higher than the other two 
postmenopausal groups (P<001) and 1s statistically 
similar to the premenopausal control group 

Only three breast cancer patients had sebum values 
below the mean of the healthy postmenopausal control 
group ‘Two of these three women had a prior oophor- 
ectomy (age 52 and 53 yr) Fifteen of the twenty-two 
bieast cancer patients had values greater than two 
standard errors above the mean of the postmenopausal 
controls 

It would seem that the sebaceous gland is stimulated 
by endogenous androgen, with testosterone, A‘-andro- 
stenedione and dehydroepiandrosterone as the likely 
agents in thıs regard These androgens have been shown to 
stimulate sebaceous gland activity when admmuistered 
exogenously*® The likely source of this stimulatmg 
material ıs the ovary or the adrenal gland or both 

Seven women, from both postmenopausal cancer 
groups, had undergone surgical oophorectomy months to 
years before testing Resulting sebum values were 
0 14, 051, 0 59, 1 16, 1 64,218 and 335mg That some 
of these women showed high levels of sebum production 
might indicate that the stimulatmg material is not 
uniquely ovarian in origm The mammalian adrenal ıs 
known to produce A‘-androstenedione and dehydro- 
eprandrosterone, and 1s probably capable of synthesizing 
testosterone*.° A specific end organ sensitivity, however, 
cannot be excluded 

Urinary androgen metabolites were not measured in 
these women, but reports in the literature dicate that 
excessive amounts of aetiocholanolone and androsterone 
have not been found m patients with breast cancer™ 
The highly specific sebaceous gland target action of 
testosterone or A‘-androstenedione, however, may require 
only a small quantity of this materal, which may not be 
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reflected in either the urmary 17-ketosteroid level or the 
speerfic urmary 11-desoxy-17-oxysteroids Decreased 
biological activity of oestrogen by itself would not be 
expected to uncover a weak androgen effect on the 
sebaceous glands, inasmuch as studies have shown that 
there 1s no direct target-site antagonism between andro- 
gens and oestrogens” 

The data suggest the possibility that postmenopausal 
women with advancing breast cancer are, 1n general, in an 
androgen-stimulated imternal environment, and as a 
group are quite different in this 1egard from women with 
other advancing cancers and from healthy postmenopausal 
women, although virihzmg effects were not observed in 
these patients (hirsutism, voice changes, acne lesions) 
Whether this androgen activity 1s secondary to advancing 
breast cancer or can be found with early non-metastatic 
cancer is now being investigated, as 1s the study of plasma 
androgen concentrations in relation to sebum production 
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PHYSIOLOGY 


Effect of Oxygen Concentration on the 
Development of Two-cell Mouse 
Embryos 


UNTIL recently, studies on early mammalian embryos 
were relatively infrequent because of difficulties in obtain- 
ing material and in maimtaining the viability of the 
embryos New methods for routine collection and culture? 
have partially overcome these obstacles and several 
specfic biochemical requirements for growing mouse 
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embryos ın vtro have been determined?*. Using these 
methods, we have determined the oxygen concentration 
required by mouse embryos developing ın vitro 

Two-cell mouse embryos were cultured for thiee days 
ın vitro in Brinster’s medium for ovum culture’, with the 
following concentrations of oxygen ın the gas phase 
19 9 per cent, 5 0 per cent, 2 5 per cent, 1 7 per cent, 15 
per cent, 1 0 per cent, 0 5 per cent and 0 per cent In each 
experiment, one control group of embryos was gassed 
with 95 0 per cent air plus 5 0 per cent carbon dioxide, and 
balance nitrogen All experiments were maimtained at 
atmospheric pressure To assure equilibration of the 
culture medium with a known oxygen tension (pOQ,)}, a 
continuous flow of gas was used throughout the experi- 
ment The various proportions of gases were fixed by a 
system of pressure reduction valves and flowmeters, using 
air from a central compressor, carbon dioxide from a 
cylnder and a mixture of 95 0 per cent nitrogen plus 5 0 
per cent carbon dioxide from a cylinder? Flow rates were 
set according to cahbration charts provided by the 
Matheson Company In one experiment, the composition 
of the mixture, as prepared with the flowmeteis, was 
checked by the method of Scholander, which 1s accurate 
to +0015 volume per cent® The calculated oxygen 
concentration was 0 97 per cent, and the analysis indicated 
the actual concentration was 115 per cent Because this 
mixture was one of the lower values of oxygen concen- 
tration used in the culture experiments and the required 
flow 1ates were in the least accurate range of the flow- 
meters, other higher concentration oxygen mixtures were 
presumed to be at least as accurate as this one 

For each experiment, two-cell embryos fiom several 
mice were pooled and then distributed ın groups of fifteen 
in several drops of culture medium Three days later, the 
number of morphologically normal blastocysts in each 
drop was recorded The fractional response was converted 
to an angular value’ for the purpose of statistical analysis 
(see ref 10) Table 1 shows the mean angulai responses 
and standard errors, as well as the mean percentage 
1esponses, for data which were pooled from several experi- 
ments at each oxygen concentration from 17 per cent to 
Opercent To analyse for the significance of differences m 
response, an analysis of variance was done for data from 
each concentration from 17 per cent to 05 per cent 
oxygen 

Two-cell embryos develop into normal blastocysts im 
concentrations of 1 0 per cent oxygen and greater There 
was no significant treatment effect at 1 7 per cent, 1 5 per 
cent or 1 0 per cent oxygen At 0 5 per cent oxygen there 
was a significant decrease ın the number of blastocysts 
developing from two-cell embryos (P<0001) In an 
anaerobic atmosphere, 0 per cent oxygen, there was no 
development This indicates that equilibration of the gas 
with the culture medium occurred ın a few hours, because 
not more than one cleavage occurred after the embryos 
were placed in the anaerobic incubator 

Variation in developmental response of two-cell embryos 
to cultivation wm vitro is caused by a number of factors, 
one of the most important bemg small variations in the 
age of the embryos at the beginning of culture Such 
variation accounts foi the difference in response of the 


Table 1 
Oxygen concentration Mean angular response Percentage 


(volume per cent) of normal development response 
17 42 93 +3 22 46 
199 47 4542 68 54 
15 45 034195 50 
199 50 64 +2 29 60 
10 31 32+2 18 27 
199 28 96 +3 32 24 
05 17 98 + 2 04* 10 
199 31 8842 95 28 
00 74 +0* 0 
199 46 67+2 40 53 


The first four figures are mean responses from twelve drops of culture 
medium, fifteen embryos per drop The remaining are means of eighteen 
drops All means are + standard error 


*P<0001 
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controls among the different experiments This does not 
affect the validity of the results, because equal numbers of 
control embryos and expermmental embryos were taken 
from a common pool in each experiment 

The fact that embryos develop a pO, of approximately 
7 mm of mercury in 10 per cent oxygen, 1s not mcon- 
sistent with an aerobic metabolism Chance, Schoener 
and Schindler!! have demonstrated by + vive measure- 
ments on the rat brain that the pO, of extracellular blood 
18 much less than 4 mm of mercury, when the electro- 
encephalogram response and breathing stop As this pO, 
the mcotinamide adenine dinucleotide in the rat bram 1s 
reduced 80-90 per cent. This seems to be the level of 
reduction of pyridine nucleotide above which cellular 
function ceases The intracellular pO, at this degree of 
nucleotide reduction as measured 1n yeast is less than 0 1 
mm of mercury 

These results indicate that the mouse embryo 1s capable 
of normal development ın vitro at very low oxygen tensions 
Whether this capacity is ever utilized ın vwo ıs not known, 
because oxygen tensions of 40-75 mm of mercury have 
been found in the Fallopian tube of the rabbit}? 
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Stimulus-induced Release of Substences 
from Olfactory Bulb using the 
Push-Pull Cannula 


SEVERAL methods have been used to study neurohumoral 
release within the mammalian brain These melude the 
use of collecting cups affixed to the cortical surface, 
ventricular cannulae for the perfusion of cereprospinal 
fwd pathways*-* and the push-pull cannula? With the 
last device. perfusion fluid 1s passed through the inner 
tube of a concentric dual-barrelled cannula and is re- 
covered by siphoning through the outer barrel Because 
it makes possible perfusion of small regions of cerebral 
tissue, even in the depths of brain, the push-pull cannula 
has been widely used to investigate the spontancous and 
stamulus-induced release of acetylcholine? 19-1” 

Certain nerve terminals in the olfactory bulb contain 
substantial quantities of norepinephrine and serotonin!*:1° 
The microelectrophoretic administration of either of these 
monoamines to some bulb neurones alters thar firmg 
patterns? These findings, together with the well docu- 
mented effects of drugs which deplete or antagonize 
monoamines in the olfactory bulb?!-?*, suggest that nor- 
epinephrine or serotonin may serve as neuromediators 
in this structure and prompted the present study Using 
the push-pull cannula we found that olfactory stimulation 
caused a marked merease in the efflux of radicactively 
labelled norepinephrine and serotonin from the rat olfac- 
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tory bulb Stimulation also increased the efflux of labelled 
inulin and other nert substances which are unlikely to 
have transmitter function Evidence for the release of 
potential neurotransmitters usmg the push-pull cannula 
im brain, which does not clude controls for non-specific 
release, should therefore be mterpreted with caution. 

Adult Osborn~Mendel rats were lightly anaesthetized 
with 15 per cent urethane (approximately 1 ml /100 g 
body weight, injected intiaperitoneally) Then either 
3H{-7-D,L-norepinephrine (10 uc, specific activity 88 c/ 
mmole) or *H-serotonin (25 pe, specific activity 21 ¢ / 
mmole) was injected into the cisterna magna When 
norepinephrine or serotonin is admunistered intracistern- 
ally, its regional and subcellular distribution seems to 
follow that of the endogenous amine**~** In these experi- 
ments, assay of the olfactory bulbs of four rats killed 60-90 
mn afte: intracisternal mjection of *H-norepinephrine 
confirmed the substantial accumulation (4-13 mpe /mg) 
of the exogenous amme and of 1ts metabolites 

Under stereotactic control, the push-pull cannula 
(fashioned from a 15 gauge needle and Clay-Adams PH-20 
polyethylene tubing) was inserted 1 mm beneath the 
surface of the bulb, and perfusion with Elhot’s B irrigating 
solution (Baxter Laboratories) at 37° C was begun at a 
rate of 02 ml/min The perfusate was collected during 
consecutive 1 min intervals and assayed for total radio- 
activity by hquid scintillation spectrometry Trmtium 
levels followed a multiphasic exponential decay curve 
which tended to plateau afte: approximately 30 mim of 
perfusion Throughout the experiment, a gentle stream 
of air was delivered at a constant rate into both nostrils 
by means of plastic catheters A switching device allowed 
the air current to be bubbled through either pure water or 
a dilute aqueous solution of such odorous substances as 
pyridine, isoamyl alcohol, n-heptane or almond extract 

When the tritiated amine levels were steady (40-200 
min after the intracisternal injection of ether *H-nor- 
epinephrine or *H-serotonin), the animal was exposed to 
an odour for 1 min This stimulus consistently resulted m 
a three to ten-fold rise in the tritium efflux above base- 
line levels (Fig 14) Such odour-induced alterations ın 
trtum efflux could be repeated up to four or five times 
after a single mtracisternal myjection The imereased 
efflux was detectable immediately on stimulation, was 
usually maximal during the second 1 min interval follow- 
ing cessation of stimulation and persisted for 3-5 mm 
thereafter An exposure of at least 15 sec to an odorant 
was necessary to produce detectable release 

Several tests of the specificity of these findings were 
then carried out (1) There was no change in the efflux of 
labelled monoamine during exposure to loud noises or 
on electrical stimulation (1-5 V, 3 msec, 20 Hz) of the 
contralateral forepaw for 1 min It thus seemed unlikely 
that the odour-induced alterations in tritium efflux re- 
sulted from a general arousal reaction (2) The changes 
induced by odour were not reduced m anrmals previously 
subjected to bilateral superior cervical ganglonectomy, 
thus indicating that release was not dependent on the 
sympathetic mnervation of the olfactory bulb (3) In 
order to examune the possible influence of local alterations 
in the integrity of the blood-brain barrier or in the 
cerebral blood flow, the standard mtracsternal dose of 
3H-norepmephrine (10 pe ) was given intravenously In 
these circumstances, no spontaneous or odour-induced 
efflux of tritium from the olfactory bulb was detectable 

As a further test of the specificity of the stimulus- 
induced release of potential neurotransmitters found m 
these experiments, several metabolically mert, “C-labelled 
substances such as inulin (1 pe, 38 me /g), urea (1 pe, 
51 me /mmole), or a-aminoisobutyiice acid (1 pe, 0 32 
mce /mmole) were injected with the *H-ammes On 
odorous stimulation, a substantial rise in the efflux of 
the C-labelled compound mvariably accompanied the 
augmented *H-amine efflux (Fig 1B and C) Tests with 
increasingly mild odorant exposures revealed no dif- 
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rat olfactory bulb followmg intracisternal injection of (A) 10 ue 

3|H-7-norepmephrine, (B) *H-norepinephrine (@) plus 1 we C-urea 

(O), or (C) °H-norepinephrine (e) plus 1 we of *C-mulin(O) Nostrils 

were exposed to isoamy! alcohol vapour for 1 min at the times indicated 

In A and B, rats were anaesthetized with urethane, mm C, immobilized 
with d-tubocurarine and artificially ventilated 


ference in threshold between norepmephrine and mulin 
A wide anterior craniotomy was performed in several 
anımals ın an attempt to reduce possible stimulus-related 
changes in intracranial pressure This procedure failed 
to modify the odour-induced response of either of the 
compounds The odcrant-increased efflux of both muln 
and the amines was not disassociated in artificially 
ventilated, unanaesthetized rats immobilized with d- 
tubocurarine (Fig 10). These animals were prepared 
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under general anaesthesia and subsequently received local 
anaesthesia to all pressure pomts and wound margins 
It did not seem that the concurrent effiux of these sub- 
stances could be attributed either to the anaesthesia 
or to the respiratory changes which occasionally accom- 
panied odorant stimulation 

Inulin injected into cerebrospinal fluid remains largely, 
if not exclusively, in the “extracellular” space®’, so the 
odour-induced alterations ın 1ts efflux found here suggest 
that local changes within this compartment may attend 
neural stimulation During perfusion with the push-pull 
cannula, a steep concentration gradient may be created 
in the artificial extracellular space surrounding the cannula 
tip Relatively small variations in hydrostatic pressure 
or in the transport or diffusion rates of extracellular com- 
ponents might produce substantial changes in the con- 
centration of these substances in the push-pull cannula 
perfusate Although there 1s convincing evidence that 
labelled norepinephrine injected mto the cerebrospinal 
flud 1s rapidly taken up mto intraneuronal stores??, 1t 1s 
impossible to decide whether the stimulation-mduced 
alterations ın norepimephrine efflux reflect physiological 
release from such intracellular stores or merely extra- 
cellular shifts of residual exogenous amine 

While these considerations may be less important when 
the push-pull cannula is used to study the release of 
endogenous substances, the mevitability of perfusing 
traumatized tissue in which the normal intra-extracellular 
barriers may be compromised seriously complicates the 
interpretation of results Improved controls are necessary 
before data derived from the push-pull cannula can be 
confidently cited as evidence of release of potential 
cerebral neurotransmuitters 

We thank Robert Young for his excellent technical 
assistance and Dr Donald W. Straughn for his critical 
review of the manuscript This work was carried out 
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Effect of Secretin on Human Reczal 
Mucosa in vivo 


Iris now more than 60 years since secretin was discovered 
and since its significance with respect to pancreatic and 
biliary secretion was recognized! Later mvestigations 
have led to the conclusion that pancreatic juce? and 
bıle? can both be considered to be a mixture of two 
fluid components which are probably secreted by different 
cells and under mdependent physiological ccntrol, that 
1s, they are made up of a fluid which 1s rich in electrolytes 
and a fraction containing a high concentration of the 
macromolecular secretory products of the exocrine cells 
The principal effect of secretin seems to be to stimulate 
formation of the “electrolyte fraction”, but its precise 
mode of action 1s still unknown 

Despite widespread mvestigations, there 1s no con- 
elusive evidence that secretin has any physiological 
effects on tissues other than the exocrine pancreas and 
the liver In particular, detailed studies have failed to 
show any effect on Brunner’s glands‘ or on the transfer 
of fluid and electrolytes across the rat rleum® and frog 
skin’. Recent observations which were made in this 
laboratory, however, suggest that secretin may have some 
action on human rectal mucosa—an epithelium across 
which considerable movement of water and electrolytes 
1s known to occur 

Durmg tests of pancreatic function on children with 
cystic fibrosis (CF) and on healthy controls’ recial suction 
biopsies were taken, both at the start of the test and 
15 min after mjection of secretin (2 ru/kg body weight 
in § ml of isotomie salme) A multipurpose biopsy tube 
was used and the specimens, which were obtamed 5-6 cm 
from the anal orifice, were fixed in Bown’s solution 
Paraffin sections (6u) of the fixed tissue were stamed with 
haematoxylm and eosm and with stains specific for 
mucosubstances (for example, colloidal iron-PAS and 
toluidine blue) 

After secretin had been injected the surface epithelium 
of the rectal mucosa showed distinct changes which 
were not seen in the specimens at zero time the nucle) 
seemed to be displaced towards the luminal surface while 
the area at the base of the cells, between the nuclei and 
the subepithelial connective tissue, took on a “fuzzy” 
appearance (Fig 1) These changes were seen in every 
post-secretin specimen, but the entire surfece layer 
was not always equally affected Furthermore, there 
were no well defined effects on the goblet cell mucus 
which could be shown histochemically Injection of 5 
ml of isotonic saline alone produced no visible changes 
in the appearance of the mucosa Similar results were 





Fig 1 A, Surface epithelium of human rectal mucosa before injection of 
secretin {x 1,120) B, Rectal mucosa from the same subject 15 min 
after injection of secretin ( x 1,120) 
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observed in both CF and control tissue, but the CF 
response to secretin seemed to be less marked, ıt must 
be stressed, however, that this 1s a qualitative observa- 
tion which was made on a small number of cases only 
(that 1s, three CF and thee controls) 

The precise interpretation of these observations 18 not 
clear, but we suggest that the appearance indicates 
changes at the base of the epithelial cells, possibly in the 
extracellular region—a site which may well be important 
m controlling the rate of movement of fluid from the 
connective tissue proper into the cells Polyelectrolyte 
mucoid material has been shown external to the plasma 
membrane of many cell types*, and could envelope 
virtually all cells (the “extraneous mucoid coat”)? 
Interaction of a polar polypeptide such as secretin with 
this extracellular layer could well cause structural altera- 
tions, resulting m the modification of its “porosity” 
towards fluid and electrolytes Thus the changes which 
we have observed could indicate an effect on fluid distribu- 
tion at the base of the epithelial cells which are actively 
involved in fluid transfer 

The effect of secretin both on rectal mucosa and on the 
exocrine pancreas 1s now being studied m greater detail 
in rats and kittens, with special emphasis on the mecha- 
msm by which fluid movement in these tissues is controlled 
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Calcium Spikes of Nerve Cell 
Membrane: Role of Calcium in the 
Production of Action Potentials 


Tus communication reports the observation that the mem- 
brane of bullfrog sympathetic ganglion cells 1s capable 
of producing action potentials (calcrum spikes) ın an 
isotonie solution of calcium chloride in response to cathodal 
currents which are apphed through an intracellular 
recording microelectrode! 

In record 1 of Fig 1, the action potential (sodium 
spike) which was produced in Ringer’s solution 1s shown 
The calerum spike which was obtamed after a ganglion 
was perfused with an isotonic solution of calcium chloride 
(83 mmolar) containing 2 mmolar potassium bicarbonate 
for more than 3 h ıs shown in record 2 The resting 
membrane potential and the effective membrane resist- 
ance in this solution (mean values for seven cells being 
approximately 100 mV and 200 MQ, respectively) were 
much larger than those ın Ringer solution (mean values 
for ten cells bemg approximately 65 mV and 40 MQ, 
respectively) The threshold for initiation of calcrum 
spikes was considerably higher than that for sodium 
spikes, the threshold membrane potentials ranged from 
—5 to —10 mV (among seven cells) in the isotonic 
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Fig 1 Record 1 shows the action potential of a ganglion cell in Ringer 
soluwon, and records 2 and 3 show the action potentials of two other cells 
of the same preparation in an isotonic solution of calc:um chloride 

rds 4, 5 and 6 were obtained ın succession from a cell of a different 
preparation during perfusion with a solution contaimimg 57 mmolar sod- 
1um chloride, 18 mmolar calcium chloride, 2 mi mmolar potassium 
bicarbonate and 114 mmolar sucrose, 5 min after the perfusate was 
changed toa solution containing 57 mmolar sodium chloride, 41 5 mmolar 
calcium chloride and 2 mmolar potassium bicarbonate, and 8 min after 
addition of tetrodotoxin (5x 10-* g/cc), respectively An electrically 
differentiated record of each potential wave lies immediately above them 
The graph shows the maximum rate of rise of the spike action poten- 
tials of a cell induced at varying membrane potential levels during 
perfusion with Ringer solution and with a low calcium (0 18 mmolar) 
Ringer solution was plotted against the membrane potential level The 
membrane potential level was varied by applying anoda! or cathodal 
currents through the recording microelectrode Arrow indicates mem- 
brane potential level in the absence of eatrinsic currents The largest 

rate of rise in Ringer solution 1s taken to be 100 per cent 


solution of calcxum chloride and from —40 to —45 mV 
(among ten cells) in Ringer solution The overshoot of 
the calcium spike was larger than that of the sodium 
spike, the peak potentials of the sodium and calcium 
spikes ranged from 25 to 30 mV and 40 to 50 mV respec- 
tively The mean values of the maximum rates of rise 
of the calcium spikes (seven cells) were about 25 per cent 
of those of the sodium spikes (ten cells) Because the 
IS-component of the calcium spikes could not be isolated’, 
1b was assumed that the calcium spikes had originated 
from the soma membrane Repetitive 1esponses (calecrum 
spikes) were readily produced if a strong cathodal current 
was applied (record 3, Fig 1) 

The value of the peak potential of the calcium spike 
was almost lmearly proportional to the calemmm concen- 
tration ın the external solution (the calerum concentration 
was altered by replacing caloum chloride with equimolar 
amounts of sucrose), the increment for a ten-fold increase 
m the calcium concentration bemg about 30 mV This 
suggests that the inward movement of calerum across the 
membrane 1s responsible for the production of the calerum 
spike No action potentials were produced with calerum 
at a concentration less than 5 mmolar The calcium 
spike was more resistant to tetrodotoxin than was the 
sodium spike The sodium spike disappeared within 5 
min m the presence of 5x107 g/ml of tetrodotoxin, 
whereas the calcium spike was depressed but not abolished 
im. the presence of 5 x 10-* g/ml of tetrodotoxin Procaine 
(5x 10-3 g/ml), which blocked the sodium spike within 
a few minutes, markedly prolonged the falling phase and 
shghtly depressed the rising phase of the caleruam spike 
The characteristics of the calaum spikes resembled those 
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of the anthropod muscle? and of the molluscous giant 
nerve cells*-5 

In Ringer solution containng 18 mmolar calcium, 
the calcium current may be very small compared with the 
sodium current durmg the action potential The calcium 
current, however, seems to make a considerable contribu- 
tion to the mward current during the action potential 
produced ın a solution of sodium containing a relatively 
large amount of calcıum Furthermore, the calerum in a 
solution of sodium 1s able to depress the sodium current? 
These actions of calcium can be seen in records 4, 5 and 6 
of Fig 1 Record 4 was obtained in a solution containing 
57 mmolar sodium and 1 8 mmolar calerum (isotonicity 
was maimtained with 114 mmolar sucrose) When the 
calcium concentration was increased to 41-5 mmolar, the 
level of the threshold membrane potential was markedly 
raised and the maximum rate of rise of the action potential 
was decreased conspicuously, while the peak level of the 
action potential was increased, as seen in record 5 When 
tetrodotoxin (5x 10-§ g/ml ) was added to the perfusate, 
the threshold membrane potential level was raised 
further and the maximum rate of rise of the action poten- 
tial was rapidly decreased to a certain extent within a few 
minutes without appreciably changing the peak level, 
and then remained there, this would be the calerum spike 
(record 6) 

Another effect of calcium which was observed with the 
present preparation was that ıt removed mactrvation of 
the sodium carrying system® This is graphically lus- 
trated in Fig 1, ın which the maxunum rate of rise of the 
sodium spike produced at a relatively low resting potential 
level ıs decreased ın Ringer solution contammg 0 18 
mmolar calerum 

In conclusion, calcium ıs capable of (1) acting as a 
charge carrier, (2) removing sodium mactivation, and 
(3) depressing the sodium current durmg the production 
of the action potential of sympathetic ganglion cells 
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Effects of Vasopressin, Theophylline 

and Cyclic Adenosine Monophosphate 
on Short-circuit Current across Isolated 
Rabbit Ileal Mucosa 


VASOPRESSIN causes 1apid, equal increases 1n short-circuit 
current (Isc) and rate of transport of sodium when added 
to the serosal surface of frog skin or toad bladder?.?. 
Several investigators have presented convmeing evidence 
that this alteration m the active transport of sodium 1s 
pnmarily, if not entirely, a consequence of increased 
passive permeability of the mucosal surface to sodium, as 
well as to other small hydrophilic solutes? Adenosine- 
3’ 5’-monophosphate {cyclic AMP) and theophyllme have 
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been shown to mimic the effects of vasopressin on Isc and 
osmotic water flow across toad bladder? It has been 
suggested that cyclic AMP is the more direct mediator 
of the permeability change and that vasopressin and 
theophylline exert their effects by mcreasmg the concen- 
tration of cyclic AMP in the epithelial cells’. 

Theophylline and cyclic AMP have been observed to 
merease acid secretion but not Isc across frog gastric 
mucosas Vasopressin has been observed to cause a 
marked but transient increase in Isc across stripped 
guinea-pig caecum® and to cause a small but more pro- 
longed increase ın Isc and osmotic water flow across toad 
colon’ It would therefore seem that these compounds 
could alter 10n transport in several epithelial membranes, 
imcluding mammalian imtestinal mucosa, but that the 
10n transport systems which are affected mghi not be the 
same in every instance 

We have observed an increase in Isc when either vaso- 
pressin, theophylline or cyclic AMP was added to the 
serosal surface rabbit ilea mucosa wm wiro Onservations 
on the Isc alterations caused by these compounds m 
sodium chloride, choline chloride and sodium sulphate 
contammng Ringer solutions are presented ın this com- 
munication Changes ın Isc were determined rather than 
changes ın electrical potential alone, because the former 
directly measures net 10n transport across the tissue while 
the latter depends on passive 1on permeabiliiy as well, 
which can be greatly altered by changes ın ionic com- 
position of the bathmg medium. 

Segments of distal ileum from New Zealand white male 
1abbits were stripped of their outer mesothelium and two 
principal muscle layers, and were clamped as flat sheets 
between two identical half chambers Mucosal and 
serosal surfaces of the tissues were perfused at 37° C 
from separate reservoirs containing oxygenated solutions 
which were identical except for the addition of D-glucose 
(15 mmolar) to the serosal side and D-maanitol (15 
mmolar) to the mucosal side Unless otherw:se stated, 
the perfusates had the following ionic composition in 
mmoles/l1 sodium, 141, potassium, 10, calcium, 1 25, 
magnesium, 11; chloride, 127; bicarbonate 25, dı- 
hydrogen phosphate, 0 3; hydrogen phosphate, 16 In 
some experiments choline was substituted for scdium and 
sulphate was substituted for chloride (sodium, 185, sul- 
phate, 83) or for both chloride and bicarbonate (sodium, 
193, sulphate, 100) Perfusates were continuously gassed 
with 95 per cent oxygen, 5 per cent carbon dioxide if they 
contained bicarbonate and with 100 per cent oxygen if 
they did not Apparatus and methods which were used 
for the determination of Isc were essentially those pre- 
viously described‘! In many expermments a continuous 
recording of Isc was obtained by using an automatic 
voltage clamp 

Compounds were not tested until the Isc was stable 
and at least 20 mm had elapsed after the beginnmg of 
perfusion At the end of each experiment the viability of 
the tissue was established by eheiting a substantial 
increment ın Isc on the addition of D-glucose (15 mmolar) 
to the mucosal perfusate (cholme was replaced by sodium 
before adding glucose) 

Vasopressin (‘Pitressin’, Parke Davis) caused a large but 
transient (2-5 mim) increase ın Isc withm 30 sec of addition 
to the serosal perfusate at concentrations as low as 
5 mu/ml A maximal response seemed to be attamed at 
a concentration of 25-75 mu/ml The short duration of 
the effect was mamfested at concentrations as high as 
2 u0/ml Vasopressm (400 mu/ml) was meffective when 
added to the mucosal perfusate alone The effects of 
synthetic arginine and lysine vasopressin (Sandoz Pharma- 
ceuticals) on Isc were indistinguishable from that of 
“Pitressin’ 

The increment in Isc induced by vasopressin dis- 
appeared despite the persistence of actrve hormone in the 
perfusate This was shown when the original perfusate 
was added to another piece of mucosa eliciting another 
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Table 1 INOREMENT IN ISC (vAMP/OM*) 
Ringer solution 
Sodium, Choline, Sodium, 
Compound chloride, chloride sulphate, Sodium, 
bicarbonate bicarbonate bicarbonate sulphate 
Vasopressin 
(50-400 mu#/ml ) 110+ 9 (11) 0 (5) 11+ 3 (5) 0 (8) 
Theophylline 
(5-10 mmolar) 123+14 (10) 2222 (9) 84+ 10 (4) 0 (8) 
Cyclic AMP 
{3-7 5 mmolar) 97411 (9) 30 +6 (4) 21+ 1(3) 0 (8) 
D-Glucose 87+ 56 o (2) 444+ 5(5) 46411 (5) 


(10-15 mmolar) 


Peleg ge mean values+1S EM are given No of experiments in paren- 
eses 


laige merease ın Ise Furthermore, the addition of a 
second increment of vasopressin equal to the first failed 
to produce another response whether 1t was added xm- 
mediately after the mıtıal effect had disappeared or 1 h 
later A substantial second response was elicited, however, 
by first washing the serosal surface with vasopressin-free 
solution (three changes of solution) and then adding the 
amount of vasopressm which was origmally used A 
response was produced in this way as early as 10 mm 
after the first change of solution A moderate second 
response was also elicited when a modest initial concen- 
tration of vasopressin (7 to 20 mu/ml ) was followed by 
a twenty-fold mcrement in concentration. 

While the present observations do not permit formula- 
tion of a precise mechamsm for the transient character of 
the Isc response to vasopressin, they are consistent with 
the following two general mechanisms, one of which might 
be relevant (l) Vasopressin might be rapidly imactivated 
by intracellular enzymes and both active and mactive 
forms of vasopressin might compete for specific hormone 
receptor sites A second vasopressin response might only 
occur therefore 1f a ertical ratio of active to mactive 
intracellular hormone concentrations were exceeded 
(2) The metabolic events set into motion by vasopressin 
could rapidly deplete the mucosal cell of a compound 
which 1s essential for the Isc response and the contmued 
presence of the hormone or one of its metabolites could 
inhibit resynthesis of this compound 

Cyche AMP (1 to 75 mmolar) and theophylline (1 to 
10 mmolar) caused rapid and sustained increases ım Isc 
when added to the serosal perfusate (Table 1). This 
effect was almost completely inhibited by 10-* molar 
ouabain which was added 15 min earher The earlier 
addition of vasopressin did not dimmush the subsequent 
response to theophylline or cyche AMP. Maximal amounts 
of the latter compounds, however, completely prevented 
a subsequent vasopressin. response 

To determine which ions are involved in these mcreases 
in Ise, the effects of vasopressin, cyclic AMP, theophylline 
and glucose on Isc across mucosae perfused in choline, 
sulphate—bicarbonate and pure sulphate Rimger solutions 
were compared (Table 1) The effects of mucosal glucose 
are included here m order to show that sodium transport 
can be stimulated ın the absence of any chloride or 
bicarbonate ın the perfusate Although responses were 
considerably smaller in choline and solutions contaiming 
sulphate, definite sustamed mereases in Isc were caused 
by cyche AMP and theophylline in the absence of sodium 
and in the absence of chloride, but not in the absence of 
both chloride and bicarbonate Further experiments 
with theophyllme ın bicarbonate-free sodium chloride 
Ringer solution showed that a substantial Isc response can 
also be obtamed ın the absence of bicarbonate provided 
that chloride 1s present 

These results suggest that both chloride and bicarbonate 
are actively secreted by rabbit ileum in response to 
cyche AMP and theophylline. Whether or not vasopressin 
also elicrts an anion secretory response cannot be surmised 
as the hormone did not sigmficantly alter Ise in solution 
of either choline or sulphate. 
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Teratogenic Effects of Hypoglycin-A 


Hyvoeziycin-A' has been shown to be a non-protemogenice 
amuno-acid of the structure L-«-amino-§-methylenecyclo- 
propanepropionic acid? It ıs the toxic element of the 
fruit of Blughia sapida (called ‘“‘ackee” m Jamaica) which 
18 a common Jamaican dietary item Hypoglycin is 
considered to be responsible for the “vomuting sickness”, 
an acute condition, frequently observed im Jamaica, 
which 1s characterized by persistent vomiting and a 
coma’: In expermental animals, hypoglycm-A causes 
a delayed hypoglycaemia, vomiting’® and fatty degenera- 
tion of the liver® 

The teratogemeity of hypoglyem-A was tested on preg- 
nant albino rats weighing between 170 and 180 g The 
first day of pregnancy was considered to be the morning 
when sperm was found m the vagmal smear Fifteen 
pregnant rats were then given daily intraperitoneal 
injections of an aqueous solution of hypoglyem-A (70 
per cent of the pure substance, 30 mg/kg body weight), 
from the first to the fifth day of gestation The animals 
were kept m individual cages at room temperature 
(22°-25° C) and were fed a standard ‘Purina’ rat chow 
and were provided with unlimited water Foetuses which 
had been recovered from pregnancies terminated on the 
nmeteenth and twentieth days of gestation were weighed 
and examined for the presence of external malforma- 
tions, foetal resorption sites were counted and random 
foetuses from each litter were fixed in Boum’s solution 
Free-hand sections were made and examuned for visceral 
malformations’. Thirteen pregnant animals, which were 
not treated, served as controls 


Table 1 TERATOGENIO EFFECTS OF HYPOGLYOCIN-A ON THE RAT EMBRYO 
Pregnant Total Malformed Normal 
rats implantations Resorptions foetuses foetuses 
Treated with 125 7 {110) 
hypoglycin-A. 15 E 8 
84 E+S 
Control 105 1 (6) 98 


E, Exencephalocoele, S, syndactyly 


The results are shown in Table 1 The incidence of 
foetal malformations, resportion of foetuses and retarded 
foetal development (decrease ın size and weight) in the 
groups of animals which were treated was significantly 
higher than in the control groups The abnormalities 
observed were exencephalocoele and syndactyly The 
numbers ın the litters were not affected 
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Effect of Dietary Carbohydrate on 
Hepatic Lipogenesis in the Rat 


It has been suggested that dietary sucrose 1s implicated 
in the aetiology of ischaemic heart disease! If this were so, 
dietary sucrose would produce diferent metabolic effects 
from other dietary carbohydrates. In man and exper- 
mental animals, substitution of sucrose for starch in the 
diet can result’ in dimimshed growth, mcreased concen- 
trations of serum cholesterol and alterations in liver 
lipids? Elevated concentrations of plasma triglyceride 
result in man from eating sucrose®~* or fructose’ as com- 
pared with glucose, while the substitution of fructose or 
sucrose for glucose or starch in the diets of rats causes an 
increased liver lipid content® These results suggest that 
the effects of sucrose are caused by the fructose content 
of the sugar 

The purpose of the experiments reported here was to 
study the mfluence of dietary sucrose, fructose, glucose 
and rich starch on hepatic lipogenesis and the activities 
of some enzymes thought to be associated with lipogenesis 

Male Wistar rats were given the experimental diets ad 
libitum for 6 days and were 45-49 days old when killed 
The standard diet used contamed 628 per cent soluble 
carbohydrate, 23 per cent protem 4 4 pei cent fat, 3 8 per 
cent fibre and 60 per cent ash One group of animals 
was maintained on the standard diet, but thew drinking 
water was replaced by 20 per cent fructose The rest of 
the diets consisted of 68 per cent of the stated carbo- 
hydrate, 24 per cent casem, 39 per cent mmeral salts 
muxture’, 048 per cent corn ol. 0 48 per cent cod liver 
oil, 2 9 per cent gelatine and 0 58 per cent yeast extract 
Enzyme activities and acetate mcorporation mto lipid 
were estimated by methods described by Taylor, Bailey 
and Bartley? 

Table 1 shows that provision of dietary carbohydrate 
in the form of fructose rather than glucose results in 
higher activities of hepatic pyruvate kinase, malic enzyme 
and ATP citrate lyase This confirms the results of Freed- 
land, Cunliffe and Zinkl™ and Kornacker and Lowen- 
stem!* In animals given the diet contammg sucrose 
enzyme activities were mtermediate between those of 
the fructose and glucose fed anmmals When the dietary 
carbohydrate was given as diet 86, enzyme activities were 
similar to those of the animals fed on glucose In diet 86, 
the carbohydrate 1s predominantly barley and wheat 
starch It is mterestmg-that much greater activities 
of enzyme are found if rice starch 1s used as the source 
of carbohydrate The difference in pyruvate kinase 
activities between rats fed sucrose and diet 86 supports 
the suggestion of Bartley et al 1° and Yudkin and Krauss! 
that the high rat liver pyruvate kmase activities reported 
by Krebs and Eggleston! when they fed animals high 
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‘Table 1 CHANGES IN LIVER WEIGHT AYD ACTIVITY OF SOME RAT LIVER ENZYMES AND OF [1—-“C] ACETATE INCORPORATION INTO RAT LIVER LIPIDS WITH 
CHANGE IN DIET 
Pyruvate kinase Mahe enzyme ATP-citrate lyase Acetate mcorporated Liver weight 
Diet activity activity activity into lipid (umoles/90 (percentage 
(„moles substrate uttlzed/min/g wet weight of liver at 25° C) muin/g of liver slice) body weight) 
Diet 86 310+ 11(5) 6 5+0 69 (6) 1114012 (6) 106+0 29 (11) 445+0 17 (10) 
Fruetose 85 0+10 9 (5) 13 9+1 70 (6) 3 51+0 83 (6) 0 5840 18 (12) 5 254017 (10) 
Glucose 380+ 44(5) 75+0 80 (6) 1 69+0 51 (6) 100 +0 23 (12) 4 85 +0 20 (10) 
Sucrose 66 5412 2 (5) 96+ 0 86 (6) 2 99 +0 48 (8) 0 62+019 (11) 47040 19 (10) 
Rice starch 5004 33 (5) 9 2+2 27 (6) 1 96 +0 35 (8) 0 40 +0 08 (12) 4 35 +0 21 (10) 
Diet 86 + 20 per 900+ 59 (5) NE NE 


cent fructose 


The results are given as means+ S E M with the number of observations in parentheses 


dets for 6 davs 


carbohydrate diets were, at least in part, caused by the 
nature of the carbohydrate (sucrose) Table 1 also shows 
that hepatic pyruvate kmase activities can be raised if 
drinking water 1s replaced by 20 per cent fructose 

Although the activities of hepatic enzymes thought to 
be associated with lipogenesis are found to be higher in 
animals receiving dietary fructose or sucrose than in those 
fed diet 86 or glucose, acetate incorporation into lipid of 
liver slices was lower A simular result was obtained for 
the anmals fed on starch Zakom et al *, also using liver 
slices, were unable to detect a difference in acetate meor- 
poration between animals fed fructose, glucose and 
sucrose, but there was greater incorporation of acetate 
mto lipid by homogenates of liver from rats which had 
been fed a sucrose rich diet than from those given a starch 
rich diet16 

Although our results suggest that the activities of some 
hver enzymes depend on the nature of the dietary carbo- 
hydrate, ıt 13 possible that the effects were caused by 
ingestion of different quantities of the varous carbo- 
hydrates Table 2 shows the amount of carbohydrate 
eaten and the weight gained by the groups of rats The 
mereased enzyme activities produced by fructose and 
sucrose cannot be explained by greater mtake of these 
two carbohydrates Ifisocalonc diets had been given, the 
difference between the fructose and sucrose results and 
the others would probably have been gieater There 
seems to be a difference in enzyme activity produced by 
dietary rice starch compared with dietary wheat and 
barley starch (diet 86) Provision of fructose m the diet 
not only led to a low carbohydrate intake compared with 
the other diets but also resulted in the least weight gam 
(Table 2) 


Table ? AMOUNT OF CARBOHYDRATE EATFN BY, AND WRIGHT GAIN OF, 
RATS GIVEN VARIOUS DIETS 
Carbohydrate eaten Weight gain 
Diet (giday/rat}) (g/dvy/rat) 
Diet 86 111 29 
Fructose 85 08 
Glucose 93 20 
Sucrose 80 20 
Race starch 117 19 
Diet 86 + 20 per 121 19 
cent fructose (7 1 from diet 86 and 
5 0 from 20 per cent 
fructose) 


The animals were given the experimental diets for G days The results 
zre the means for twenty-eight rats except for the diet 86 + 20 per cent 
fructose when only ten animals were used 

Changes in the activities of enzymes in response to 
changes (of quantity or kind) of dietary carbohydrate are 
presumably secondary to changes in the concentrations 
of specific metabolites which induce the enzymes Thiee 
1esponses can be distinguished 1f the diets differ in quantity 
of carbohydrate“, nature of the monosaccharide or the 
polymeric state of the carbohydrate Two factors are 
umportant ın considering how the diets affect amounts of 
mducer first, the rate at which the sugar 1s presented 
to the liver, which 1s governed by the rate of digestion and 
absorption, and second, the manner m which different 
monosaccharides are metabolized by the liver 

In the absence of evidence that glucose and fructose are 
absorbed at grossly different rates, differences m their 
metabolism must explain nutritional dissimilarities When 
fructose or sucrose are fed to rats a considerable amount 


NE, not estimated The rats were given the expermmental 


of fructose 1s thought to reach the hver!? Fructose 
which 1s metabolized by the liver to dihydroxy acetone 
phosphate and glyceraldehyde and then through the 
glycolytic sequence to pyruvate, 18 utilized by liver shces 
much more rapidly than glucose’® By-passing the rate 
hmuting phosphofructokmase step of glycolysis (which 13 
the point of feedback control by ATP and citrate’) is 
hkely to result ın more rapid conversion of fructose to 
pyluvate than of glucose to pyruvate In man, feeding 
fiuctose leads to higher concentrations of blood pyruvate 
than does feeding glucose®#+_ The increase ın pyruvate 
kinase produced by fructose diets ıs probably a result of 
accumulation of a metabolite mtermediate between fruc- 
toso and pyruvate, and because animals fed onj starch 
have a higher content of hepatic pyruvate kinase than 
starved animals it 1s probable that the induger 16 on 
that part of the glycolytic pathway common tø fructose 
and glucose metabolism There 1s a species diiference mm 
control of pyruvate kmase by carbohydrate Mouse liver 
pyruvate kinase activities show little alteration with 
change ın diet (unpublished results) 

An increase ın pyruvate formation with fructose or 
sucrose diets would cause increased formation of acetyl- 
CoA ‘The excess acetyl-CoA may be utilized for fatty 
acid synthesis The merease in the activities of malic 
and citrate cleavage enzymes, thought to be associated 
with lipogenesis, 13 m accord with this view, so 1b was 
surprismg that the rise in these two enzymes was not 
accompanied by an increased incorporation of "C acetate 
nto the lipid of liver shees It 1s possible that the postu- 
lated increase in the acetate pool would cause dilution of 
the labelled acetate so that 1ts mcorporation would not 
give an adequate mdex of hpogenesis 
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2 -Tetrapod Characteristics of the Pituitary 
_ Gland of Calamoichthys calabaricus 


“Calamoichthys and the better known Polypterus comprise 
the most primitive group of living ray-finned fishes, and 
are regarded as palaconiscid relics'-*. Some of the earliest 
“reports on the morphology of the fish pituitary gland con- 
cern this group’~’. In re-evaluating the morphology of 
the pars distalis in primitive actinopterygian fishes, a 
portal vascular system between the inferior surface of the 
- infundibulum and the sinusoids of the pituitary gland was 
discovered in Calamoichthys. 

India ink injected through the heart of the anaesthe- 
¿tized animal revealed the portal system to good advantage 
(Fig. 1). Two small arteries ramify within the meninges 










$ “Parasagittal 50m thick nitrocellulose section of median eminence. 
a Ink was injected. A, Artery of primary capillary bed; EP, 
> ependyma of third ventricle; P, portal vessels; PD, pars distalis. 


: Fig. 2. Electronmicrograph of median eminence, Line at lower right 
. dndicates 0-54. C, Capillary lumen; E, endothelium; PC, pericapillary 
: space; NS, neurosecretory granule. 


Fig, 3. Araldite 0-5z thick section of pars intermedia, PI, and neuro- 
hypophysis, N. Arrows indicate concentration of neurosecretory 
š material about capillary lamina, 
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and converge along the inferior surface of the infundi- 
bulum. They then directly enter the pars distalis and 
constitute the sole demonstrable vascular supply to the 
entire pituitary gland. The morphology of the primary 
capillary bed of the portal vessels is similar to that of 
tailed amphibians*. Electronmicroscopy of the median 
eminence reveals a morphology indistinguishable from that 
of various amphibians’, Axons containing elementary 
neurosecretory granules measuring 1000-1500 A and syn- 
aptic vesicles measuring 500 A abut against a loose peri- 
capillary space which is 4000 A wide (Fig. 2). Occasional 
fenestrae are seen in the capillary endothelium. There 
seems to be no specialization of the pars distalis into a 
terminal zone or tuberal region as in the lungfish Proto- 
plerus')2 or in tetrapods. 

In addition to a median eminence and hypothalamo- 
hypophysial portal system similar to that of amphibians, 
there are specialized pericapillary neurohaemal contacts 
within the neurobypophysis. These are similar to’ the 
neurohaemal contacts of the pars nervosa of the amphibian 
pituitary gland (Fig. 3). Electronmicroscopy of ‘these 
areas reveals elementary neurosecretory granules measur- 
ing 1500-2000 A and of lesser electron density than those 
of the median eminence. 

Typical piscine features of the pituitary gland of Cala- 
moichthys are the interdigitation of pars intermedia and 
neurohypophysis, and the presence of a saccus vasculosus 
with Kroenchenzellen. 

Calamoichthys apparently retains the primitive hypothal- 
amo-hypophysial portal system, a feature which it shares 
in a modified form withthe elasmobranchs, chimaeras; lung- 
fish and tetrapods. The loss of the portal system in ganoid 
and teleost fishes may be a secondary feature, associated 
with the evolutionary trend toward direct neurosecretory 
and secretomotor innervation of the pituitary gland in. 
the latter groupi®™, eee 

This work was supported by a US Public Health Service 
graduate training grant. 








MıcHaEL D. Laaios 
Department of Pathology, 
University of California, 
School of Medicine, 
San Francisco, California. 


Received October 9, 1967. 


4 Goodrich, E. S., Palaeobiology, 1, 87 (1928). 

2 Kerr, J. G., J. S. Budgett Mem. Vol. (Cambridge University Press, 1907), 

3 Bergi S., Trav. Inst. Zool. Acad. Sci, USSR, 5 (Ann Arbor, Michigan, 

t Romer, A. S., Vertebrate Paleontology, third ed. (University of Chicago 
Press, 196), 

$ Waldschmidt, J., Anal, Anz.,2, 308 (1887). 

* Bickford, E. E., Anat. Anz.,10, 465 (1895). 

? Gérard, P., and Cordier, R., Ann. Soc. Roy. Zool. Belg., 67, 87 (1937). 

* Green, J. D., Anat. Rec., 99, 21 (1947), 

* Oota, Y., and Kobayashi, H., Zeit. f. Zellfor., 60, 667 (1963). 

i19 Smoller, C. G., Gen. Comp. Endocrinol., 7, 44 (1966). K 

u Wingstrand, K. G., Vidensk. Afedd. Dansk Naturhist. For., 118, 193 (1956). 

1$ Kerr, T., and van Oordt, P. G. W. J., Gen. Comp. Endocrinol., 7, 549 (1066)«:. 

13 Follenius, E., Areh. D’Anai, Microsc., 54, 195 (1965). . 

# Vollrath, L., Zeit. f. Zelifor., 78, 234 (1967). 


Biological Action of Blood Serum of 
Schizophrenic Patients in relation 
to Stress 


THE presence in the blood of toxic substances,.the-action 
of which on the brain is presumed to cause disturbances in 
mental function, is frequently suggested as a factor in 
the pathogenesis of schizophrenia'-*. The sources and 
the chemical nature of such substances are still unknown. 
Many publications claim, however, that the body fluids, 
such as blood and urine, of schizophrenic patients show a 
wide spectrum of pathological activity on various test 











gy” 


objects and the psychiatrie literature usually refers to 
this-as “toxic action”. The body fluids of schizophrenic. 


patients seem to change the functions not only of various 
processes. in isolated biological systems (for example, 
isolated cells, tissue cultures and biochemical processes), 
but also the function of whole organisms. 

Itis- not. yet known, however, whether such reactions 
“are specific or non-specific (for example, stress reactions). 
The non-specific reactions of the body. fluids of schizo- 
phrenic patients have not been sufficiently investigated, 
although this question is of primary importance, especially 
in the study of responses in animals where the reaction 
to any injurious effect (for example, to the action of 
stressors) commonly includes many different patterns of 
adaptation-stress-reaction. 

This communication presents the results of some inves- 
“tigations of stress reactions in animals to which blood 
serum from schizophrenic patients had been administered. 

The experiments were carried out with rabbits and rats. 
The serum was administered intravenously to rabbits in a 
dose of 3 ml./kg body weight and a dose of 10 ml./kg body 
weight torats. Sera from sixty-four patients with periodic 
schizophrenia, from fifty-six patients with nuclear 
schizophrenia and from fifty-seven normal individuals 
were used. 11-Hydroxy-corticosteroids were estimated 
before administration of the serum and at 2-5 h intervals 
afterwards. Blood sugar and lymphocyte counts were 
also taken before injection and afterwards at intervals of 
4,2 and 25 h. After the animals had been killed, 
internal organs were examined and the concentrations of 
adrenaline and noradrenaline in the hypothalamic region 

of the brain were estimated. The concentrations of corti- 

costeroids in the blood and catecholamines in the brain 
_-were determined by fluorimetric methods*-’. 
.. After the administration of serum from the normal 
sontrols in the rabbits, corticosteroids showed a rise in 
onecentration after 1 h (at 2-5 h the concentration was 
6941-0 mg/100 ml. P<0-05 compared with normal— 
‘3840-7 mg) and there was a fall in the lymphocyte 
count (after 2-5 h—55 per cent from ths baseline, 
P<0-001). There was also a temporary hypoglycaemia 
«(18 per cent below baseline). In the internal organs there 
“Was no severe alteration, and only a hyperaemia was 
observed. In the hypothalamus there was an increase 
in the adrenaline content of brain tissue; 0-32 mg/g 
compared with the normal 0-07 mg/g, P<0-05. These 
results are presented in Fig. 1: we suggest thai they show 


the activation of the function of the hypothalamus- 


"pituitary hypophysis-adrenal cortex system. 
-< The structure, the extent and the degree of the reaction 
of the animals to the injection of serum from schizophrenic 
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Fig. 1. Blood corticosteroids (a), sugar (b) and lymphocytes:(e) after the 
administration of the serum of normal persons to rabbits, 
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Fig. 2. Blood corticosteroids (a), sugar (b) and lymphocytes (e) after the 
administration of the serum of patients with periodic schizophrenia, 
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Fig. 3. Blood corticosteroids (a), sugar (b) and lymphocytes (e) after 
the administration of the serum of pauente with nuclear schizophrenia 
jo rabbits 


patients were all different and, moreover, some of thè — 


differences in reaction seemed to be related to the pattern — 
of development of the disease (that is, whether it was 
periodic or nuclear). Nas 
After the administration of serum from patients with 
periodic schizophrenia, a pattern of activation of the 
hypothalamic-hypophysis-adrenal cortex system. was. 
found similar to that after the injection of normal serum, 


There was a statistically significant increase in the consi 


centration of corticosteroids after 1 h (1 h, 6-9+1+1 mg/100 ` 
mil.; 2-5 h, 5-1 mg/100 ml., compared with a baseline of © 
36+ 0-8 mg/100 ml.) and a fall in lymphocytes (after 

2-5 h to 50 per cent of the baseline, P< 0-001). In this © 
group, however, a rise of 15-20 per cent in blood sugar was 
observed as well as the lymphopenia and this was assumed 
to be a corticoid hyperglycaemia because of the statiatical 
correlation between the two reactions (Fig. 2). In this 
group there was also a statistical augmentation in the 
hypothalamus. not only of adrenaline but also of non- 
adrenaline (non-adrenaline was 1-07 mg compared with 
0-43 mg in normal animals). On examination of the inter- 
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nal organs a hyperaemia associated with very small 
haemorrhages along the intestinal tract was observed, 
especially in the diverticuli R 

After administration of serum from patients with nuclear 
schizophrenia (that 1s, schizophrema with a gradual and 
malignant progress) the reaction pattern ın the rabbits 
was different again The most important difference was 
the absence of any augmentation of the concentration of 
corticosteroids as well as the absence of a lymphopenic 
reaction (Fig 3) In these cases, typical stress reactions 
were not obtained, and in the hypothalamic region there 
‘was no increase in catecholamines In some cases, how- 
ever, there were marked changes in the internal organs, 
consisting of massive haemorrhages and sometimes small 
ulcers especially along the intestinal tract Furthermore, 
sometimes in this group, there was a marked stable hyper- 
glycaemia (up to 100 per cent of the normal) Similar 
results were found in the experiments on rats 

These features of anrmal stress reaction to the admin- 
stration of serum from patients with different forms of 
the disease could have great importance not only for the 
interpretation of the biological (“toxic”) action of the 
serum of schizophrenic patients, but also m providing 
clues concerning the pathogenesis of this disease and 
providing an understanding of some of the clinical-somatic 
symptoms 
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Relationship between Total Body and 
Muscle Respiratory Rates in Infants 
with Malnutrition 


Montgomery! and Monckeberg? have observed altered 
levels of oxygen consumption by malnourished infants 
before and during therapy of nutritional deficits There 
are indirect indications of changes in tissue oxygen meta- 
bolism ın malnourished children Glucose tolerance 
tests reveal delayed clearance of intravenous glucose 
loads? It has been found that the malnourished infant 
has a reduced ability to utilize acetate, glucose and 
pyruvate when these were administered as “4C isotopes. 

There have been several enzyme studies of liver and 
muscle tissue from malnourished children*-* As 
previously noted”*, the study of isolated enzymes m vitro 
may have little bearing on the altered physiology of mal- 
nutrition n vwo. There ıs greater physiological sigmifi- 
cance in work on 2 vitro activities of enzyme chains or 
coupled reactions which are dependent on structural 
integrity!” We have compared the oxygen uptake of 
skeletal muscle with the total metabolic rate of infants 
recovering from malnutrition 

The infants varied ın age from 8 to 30 months The 
echnical characteristics of infantile malnutrition m 
Jamaica have already been described?:**, 

The fasting infant was lightly sedated with chloral 
hydrate or paraldehyde Oxygen consumption was 
determined in an open system while the subject slept A 
constant flow of room air was maintained for 30 mmutes 
through the system A portion of the effluent air was 
analysed for oxygen with an oxygen cell and for carbon 
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Table 1 EFFECT OF MALNUTRITION ON OXYGEN CONSUMPTION 
No of QO, al jmg 
Total body obser- QO, ul /mg wet wtih protem/h 
{mequtv /kg) vations Body Muscle Muscle 
A Less than 30 2 0 29 0 32 3 73 
B 80 to 40 10 048+003 035+004 8124188 
C Greater than 40 12* 050+003 0594008 7434128 
P value (difference be- 
tween groups B and C) 002 0001 0 05 


* Total body potassium was determined on only six of these subjects The 
others had completely recovered from malnutrition and are assumed to be 1n 
the normal range of total body potassium In this analysis the average of 
duphcate QO, determmmations was utilized Means and standard error are 
given 
dioxide by a manometrie technique For comparison 
with tissue respiratory rates, the basal oxygen consump- 
tion 1s expressed as QO, ml O,/kg tissue/h 

Muscle samples weighing 10-20 mg were obtained by 
needle biopsy of the quadriceps muscle" within 2 h of 
the measurement of basal oxygen consumption. After 
weighing, the biopsy sample was homogenized by hand in 
005 ml of 0:25 molar sucrose The glass homogenizer 
was kept in a brass block on 1ce The homogenate was 
centrifuged for 5 mm at approxumately 300g at 5° C and 
the supernatant was used for measurement of oxygen 
consumption Protem content of the homogenate was 
determined by the method of Lowry et al ¥". 

Tissue respiration was measured in duplicate by the 
cartesian diver method!® The reaction mixture consisted 
of equal parts of potassium phosphate buffer (pH 7 4), 
magnesium chloride (02 molar) and sodium succinate 
(0-3 molar) After a 5 min equilibration period, three 
manometric readings were obtained at 10 min intervals 
and averaged to determine the rate of respiration Results 
were calculated as ml of O,/kg wet weight/h (QO,/wet 
weight) and pl. of O,/mg protein/h (QO,/protem). 

Whole body potassrum was measured in a 4 m whole 
body counter described by Garrow!*. The subjects were 
counted to an accuracy of 6 per cent and the results 
corrected for self absorption 

The total body potassrum content can be used as one 
mdex of the degree of malnutrition These values were 
used to group the subjects in Table 1. A significant 
difference was observed between groups B and C, the two 
groups large enough for statistical evaluation Both the 
muscle and total body QO,/wet weight were reduced m 
the subjects with reduced total body potassium No 
reduction ın muscle QO,/protein content of homogenate 
supernatant was seen 

There ıs a correlation between basal oxygen consump- 
tion of the body and en vitro QO,/wet weight With twenty- 
three duplicate samples the correlation coefficient was 
0525 The relation 1s described by Y= 23+0 84X, where 
23 ıs the Y intercept and 0 84 ıs the computed slope, 
the points are plotted in Fig 1 

A significant decrease in muscle respiration occurs in 
malnourished children It ıs proportional to the change 
m basal metabolic rate The fluctuations in oxygen 
consumption of the malnourished infants'* are there- 
fore related to alterations within tissues as well as altered 
respiring tissue mass 

Succinate dehydrogenase 1s localized ın mitochondria”? 
The observed alterations in tissue respiration may be 
linked to alterations m muscle mitochondrial content 
Montgomery! demonstrated that a reduction in muscle 
cytoplasm occurs ın severe malnutrition It 1s reasonable 
to assume that the number of mitochondria is also 
reduced The results could be explained by depletion of 
mitochondria because the oxygen consumption per mg 
protem (that 1s, per mitochondrion) 1s unchanged by 
malnutrition We cannot, however, rule out the possi- 
bility of the inhibition of mitochondrial respiration 

In healthy adults, muscle oxygen consumption accounts 
for only 25 per cent of basal energy expenditure?! In 
malnournshed children, muscle mass/kg body weight 18 
reduced to half compared with that of the adult! 
Muscle metabolism must account for only a small 
fraction of basal metabolism of the malnourished child 


476 


1,050 
900 
750 


600 


450° | 


Muscle oxygen consumption 


300 4 


150 | 
eee ay a as Om | 
100 


200 300 400 500 600 700 800 
Total body oxygen consumption 











Fig 1 The relationship between on mtro muscle and in vivo total body 

oxvgen consumption mn infants recovering from malnutrition The 

points are means of duplicate observations on muscle homogenate The 

calculated slope and 94 per cent conadenco hmuts are mdicated on 
e grap 


Because of the demonstrated relationship to total oxygen 
consumption, the alterations ın muscle respiration must 
reflect alterations in other tissues 
Waterlow!* studied liver homogenate respiration with 
the same techniques in a similar group of malnourished 
children No significant alterations ın sucemate oxida- 
tion, based on fat-free dry weight, were observed Data 
from chemical analyses of the liver from malnourished 
children” reveal smaller changes in the K to N ratio than 
those seen ın muscle*? Sparing of the liver may be at the 
expense of muscle depletion We suggested that muscle 
has a buffering capacity against depletion of liver potas- 
sum and possibly other vital viscera®*, This biological 
“law” has been proposed by Levinson and Watkin™ and 
Waterlow and Stephen* for nitrogen homeostasis It may 
be true for tissue respiration as well as for electrolyte 
metabolism 
Ths work was supported by Muscular Dystrophy 
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BIOLOGY 


Interoceanic Colonization of a Marine 
Goby through the Panama Canal 


TuE Panama Canal (Fig 1) represents a potential pathway 
for the interoceanic dispersal of marine fishes The fresh 
waters of Lakes Gatun and Miraflores have, however, 
effectively maintained the isolation of all but a few, of 
the marine shore fishes which are found on both coasts 
of the isthmus, those species which aie able to cross this 
barrier are not known to breed on the opposite coast? 
The neotropical genus Lophogobwus is represented in 
Panama. by two species, Lophogobwus cristulatus (Ginsburg) 
from the Pacific coast of Panama and Costa Rica and 
Lophogobwus cyprinoides (Pallas) which ıs widespread 
throughout the Caribbean We report here a breeding 
population of L cyprinordes in the Pacific, and examine 
some aspects of this successful colonization through the 
canal 
The Miraflores Third Lock area (Fig 2),1n which this 
population was found, ıs unique m many ways The 
Third Locks project was begun by the Panama Canal 
Company ın 1941 ın an effort to provide an auxiliary set 
of locks for the canal. When the project was abandoned 
1n 1943, a large excavation 4,400 ft long, 300-500 ft wide 
and 60-85 ft deep was left adjacent to the Pacific entrance 
of the Canal The excavation was filled with sea water 
from the nearby canal entrance and with fresh water from 
run-offs At present the exchange of water between this 
lagoon and Panama Bay 1s maimtained only at high tides 
by means of several underground culverts As a result of 
this arrangement the water m the Third Lock 1s brackish, 
bemg about 12°/% at the surface and 18°/,, at 50 ft This 
18 m contrast to the figure of approximately 30°/,. m 
adjacent areas of Panama Bay The Third Lock experiences 
only a few inches rise and fall of water level as compared 
with the Pacific tidal oscillation which averages 16 ft 
This relatively low tidal amplitude 1s analogous to that 
found on the Atlantic coast where the average tidal range 
1s less than 1 ft The steep basalt sides of the Third Lock 
are covered with oyster shells which provide the major 
habitat for Lophogobius The presence of adherent oyster 
shells ın a non-tidal situation ıs unusual on the Pacific 
coast; ın most cases, their periodie exposure during low 
tides renders them unsuitable cover for fishes. 
Lophogobvus cyprinoides seems to be the dominant 
species ın the Third Lock Other goby and eleotrid 
genera, centropomids and lutjanids are sometimes found 
along the occasional shallow mangrove areas, but only 
the latter group seem to be present in significant numbers 
Numerous individuals of Lophogobwus from the Third 
Lock and Atlantic locahties were exammmed to determine 
whether any morphological differences existed between 
the two populations The evidence dicated that the 
specimens from both localities constituted one homo- 
geneous population 
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Fig. 1, The Panama Canal, The distance between the Atlantic and Pacitic termini is approximately 50 miles. 


Breeding tests were designed to detect the presence 
of any reproductive isolating mechanisms which could 
pave evolved in these two groups. Control pairs of D. 
 eyprinoides from both localities as well as pairs of the 
Pacific species L. cristulatus were established in 10 and 
20 gallon aquaria which were continuously supplied with 
running sea water. Pairs of the six possible combinations 
“between these three populations were also isolated. Fishes 
“were fed minced shrimp and clams daily and each pair 
was provided with a triangular clay tile nest site. The 
“resulta of these breeding experiments are summarized in 
Table 1. All the control groups, particularly those of 
I. cyprinoides, bred freely in the laboratory. All the 
-erosses between individuals of L. cyprinoides from the 
- Atlantic and Pacific localities produced frequent spawnings. 


No. spawnings were obtained from the hybrid pairs 


of L. cyprinoides x L. cristulatus. This is not surprising 
because L. cristulatus is morphologically quite distinct from 
` L: cyprinoides. It does indicate, however, that species 

‘of Lophogobius are unlikely to spawn indiscriminately 
< when confronted with a no-choice mating situation. 
“fhe larvae of both control (Atlantic x Atlantic) and 


fable 1, RESULTS OF BREEDING EXPERIMENTS WITH PANAMANIAN SPECIES 


or Lophogobius 
No. of No. of 
Species crossed pairs Total days spawnings 
examined paired observed 
T. cyprinoides x L. cyprinoides 3 167 12 
Atlantic Atlantic 
cyprinoides x L. cyprinoides 2 90 10 
Third Lock Third Loek 
D, cristulotua x L, crixtulatus i 371 5 
Pacific Pacific 
L. eyprinoides x L. cyprinoides 5 286 22 
Atlantic Third Lock 
E. eristulatus x L, cyprinoides 3 311 0 
Pacific Atlantic 
D, erisbulatus x L. cyprinoides 3 160 0 
Pacific Third Lock 


experimental (Atlantic x Third Lock) spawnings of L. 
cyprinoides have now been raised past metamorphosis 
with no apparent differences in viability. It should be 
possible to determine the fertility of the F, generation 
in order to investigate further the presence of possible 
incipient genetic differences between the parental and 
colonizing population of L. cyprinoides. 

This is the first record of a species of fish passing through 
the Panama Canal and successfully colonizing the opposite 
coast. The fauna of this region is not well known, however, 
and therefore it is quite possible that a careful survey 
would reveal other similar cases of successful amphi- 
American migrations. The success of L. cyprinoides 
in colonizing the Miraflores Third Lock and its failure 
to colonize other areas along the Pacific coast may be the 
result of a number of factors. When it was completed, 
the Third Lock represented an unoccupied habitat with 
a relatively large area capable of supporting demersal 
fishes. A euryhaline species such as L. cyprinoides was 
pre-adapted to colonize successfully a brackish water 
area®?, At the same time the reduced salinity of this area 
undoubtedly prevented many of the stenohaline species 
which inhabit adjacent areas of Panama Bay from in- 
vading the Third Lock. The lack of competition from 
other bottom dwelling species, partioularly Blennidae 
and Gobiidae, could account for the dense population 
of L. cyprinoides. In spite of the abundance of L. cypri- 
noides in the Third Lock, the species does not seem to 
have dispersed further into adjacent Pacific coastal areas. 
The factor limiting their distribution could be the lack 
of a suitable unoccupied niche rather than either the 
inability of the species to adapt to the Pacific environment 
or the fact that the numbers of individuals are insufficient 
to constitute a propagule. No indications of any morpho- 
logical changes or presence of reproductive isolating 





Fig. 2. 


Mosaic aerial photograph indicating: (1) Third Lock Lagoon; (2) position of underground culverts connecting Third Lock Lagoon 
with Pacific Ocean; (3) Miraflores Lock; (4) fresh water lake; (5) Pacific terminus of the Panama Canal leading into Panama Bay. 
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mechanisms were found, and at 
population seems to be identical 
This is not. surprising because the founding population 
could have been large and only a short iso ation period 
has elapsed. Indeed, it is quite probable that gene flow 
is still maintained through the canal. 

We thank Ray S. Birdsong, Doug F. Heese, Charles 
M. Keenan and Anthony P. Mann for advice and assist- 
ance. This work was supported by grants from the US 
National Science Foundation and the Smithsonian 


reh F tion. 
Research Foundation Roserta W. RUBINOFF 


Ira RUBINOFF 
Smithsonian Tropical Research Institute, 
Box 2072, 
Balboa, Canal Zone. 
Received November 20; revised December 15, 1967. 
* Hildebrand, S. F., Zoologica, 24, 15 (1938), 
* Breder, C. M., Amer. Mus. Nov., 551, 1 (1932), 
* Hollister, Q., Bull. NY Zool, Sot., 37, 183 (1934), 


Differences in the Quality of Birds 
nesting in the Centre and on the 
Edges of a Colony 


In many bird colonies there is a surplus of adult birds in 
or about the colony which fail to breed’-?. In several 
species, the failure to breed can be attributed to the 
inability to obtain a suitable nest-site within the colony 
limits, and this results in competition for the limited 
number of available sites. Experiments on the kittiwake 
„Rissa. tridactyla have shown that some of these non- 
breeding adults will breed if suitable unoccupied ledges 
are made available in the centre of the colony, but similar 
“sites remain unused on the periphery (Coulson, in prepara- 
tion). This and other observations indicate that the 
competition among males, which are responsible for nest- 
-site selection, is more intense in the colony centre and 
_ investigations were made to determine whether the birds 
„nesting centrally in the colony differed in quality from 
_ thoge breeding near the edge. 
hit kittiwake colony at North Shields, Northumber- 
‘land “as been studied in detail during the past 15 years 
and all the birds have been individually marked for 
recognition‘. For purposes of analysis, the colony has 
been divided into two sections, the centre and the edge, 
according to the position and density of the nests. The 
adult mortality rates and breeding biology of these two 
groups have been compared. 

Mortality rates have been estimated from the disap- 
pearance of marked birds. The breeding birds show a very 
strong site and colony tenacity*, and there is no evidence 
of birds moving from colony to colony. The annual 
mortality rates of male and female kittiwakes breeding in 
the centre and on the edge of the colony are shown in 
Table 1. The mortality rate among males nesting on the 
edge is about 60 per cent higher than in those nesting in 
the centre, but the difference between the two groups of 
females is not significant. This differentia mortality 
could result from differences in the conditions in the two 
areas, or it could be caused by a selection of birds at the 
time of recruitment into the two areas. There is no 
indication that “stress” is greater at the edge of the 
colony; there is considerable evidence suggesting the 
opposite. The weight of males at the time of first breeding 





Table 1. MEAN ANNUAL MORTALITY RATES OF MALE AND FEMALE KITTIWAEKES 
NESTING AT THE EDGE AND IN THE CENTRE OF THE COLONY 


Centre Edge 
No. of No. of 
bird-vears No. Percentage bird-vears No. Percentage 

at risk dying mortality atrisk dying mortality 

Males 404 47 11-6 807 57 18-6 
(z*=617, 1 df. P <002) 
Females 412 34 8-3 332 38 114 
{g'=2-15,1d.£ Not significant) 






present the colonizing | 
to the parental stock. © 
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Table 2. WEIGHTS AND WING LENGTHS OF MALE AND PEMALE KIPTIWAKES 


BREEDING IN THE CENTRE AND ON THE EDGE OF A COLONY 


Centre Edge 
Mean Mean Dif- 
No. weight 8E. No. weight S.Z. ference 
. (g£) ig (centre 
Males edge) 
All breeding birds 108 393-5 +21 105 3859 +20 + 76* 
Survived more than 36 397 t41 28 3891 t49 +60 
5 
Died within 5yr 53 38388 +34 51 383 +429 +50 
Mean wing length 99 3088 +065 101 309-7 +064 —O 
Females 
All breeding birds 83 347-9 +2-9 84 3509 +33 -30 
Survived more than 27 358 +62 21 360 +70 ~2-0 
5yr 
Died within 5 yr 37 345 +35 43 344 t44 -10 
Mean wing length 93 2998 +088 94 301-8 F074 =—20 


*P<O01, 
All weights and measurements were taken during the first year of breeding, 


differs by a small but significant amount between the 
two areas (Table 2), but there is no such difference in the 
females, nor is there a significant difference between the 
mean wing lengths of the males. Those males recruited 
to the edge appear to be of a similar structural size to 
those which enter the centre of the colony, but they differ 
slightly in the quantity (and perhaps quality) of certain 
body tissues. 

Table 2 shows that both the male and female kittiwakes 
which survive 5 years or more from the time of first breed- 
ing are significantly heavier at the time of recruitment than 
their neighbours which died within this period (P<0-01 
in each sex). It seems that subsequent survival is partly 
related to the body weight at the time of recruitment. 
It is possible to account for much of the observed differ. 
ential mortality between males breeding on the edge and 
in the middle of the colony because of the higher propor- 
tion of low weight males recruited at the edge of the 
colony. The intense competition for nest sites in the 
centre results in very high selection for vigorous males 
with less severe selection towards the edge of the colony. 

Other aspects of the breeding biology of the kittiwakes 
in the two areas show significant differences. There are 
a larger mean clutch size, higher hatching success and 
more young fledged per pair in the centre of the colony 
(Table 3). There is also a large difference in the propor- 
tion of birds which change their mate from one breeding 
season to the next. It has been shown that breeding 
success is lower among kittiwakes which are forming the 
particular pair for the first time and that age also influ- 
ences the fecundity‘. More investigations are required to 
establish the role of these factors in producing the differ- 
ences in the breeding biology shown in Table 3. The 
differences in the reproductive rate, however, between 
birds breeding in the centre and on the edge of the colony 
seem to be the direct or indirect result of variations in the 
quality of the males recruited in different parts of the 
colony. None of the differences were the result of predation. 

These results have important implications in ecological 
studies on colonial birds and in understanding colonial 
organization. It is important to study representative 
samples of birds when measuring the mortality rates of 
colonial birds and also when estimating the mean repro- 
ductive success of the species. These findings also suggest 
that the adult birds which fail to obtain a breeding site 
may be individuals of even poorer quality than those 
which succeed in acquiring an edge site. If this is the 
case, it would seem probable that their survival rate may 
be much lower than any group of breeding birds and the 
loss to the population of this breeding potential may not 


Table 3. COMPARISON OF THE BREEDING BIOLUGY OF KITTIWAKES BREEDING 
ON THE EDGE AND IN THE CENTRE OF THE COLONY 
Centre Edge 
No. of nests 
Clutch size 
Hatching success 
Breeding success 


323 
2-03 + 0-028* 
70 + 1-8 per cent* 
65 per cent 


433 
2:18 + 0-024 
76 +14 per cent 
68 per cent 
1-48 


Young fledged /pair 1:324 
Per cent change mate/year 29 per cent 54 per cent* 
Mean date of first egg May 16 May 20* 


*P<0-01. 
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great as would appear from proportions of adult 

eding birds. i 
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Chemical Protection against 
_ X-irradiation by a New Reducing Agent 
- l,4-Dithiothreitol in Marsupial 
_ Leucocytes in Culture 
_ ‘Tux sulphydryl compounds! are among the most effective 
and useful groups of chemicals with a protective action 
against the damaging effects of X-rays in living organisms. 
In 1964, dithiothreitol (DTT) was put forward by Cleland? 
as a new protective agent for sulphydryl groups against 
idation. Because DTT is a solid with high solubility 
in water with a very low vapour pressure and little 
tendency to be oxidized by air, it should be superior in 
hese respects to the thiols already in use, some of which 
are sparingly soluble or have an objectionable smell?. 
Yo data have been reported on DTT as a protective agent 
ainst irradiation damage, for which it would seem 
to be particularly well suited. We have irradiated 
ucocyte cultures of the potoroo Potorous tridactylus in 
presence and absence of DTT to determine the protec- 
ve action of DTT against induced chromosome breakage. 
‘The low chromosome numbers (2n= 13 in male and 12 
n female) and the distinct morphology of the potoroo 
chromosomes enable an accurate estimation of damage at 
`- metaphase to be made. Translocations involving two or 
“more chromosomes can be recognized without ambiguity. 
Leucocyte cultures were prepared from oxygenated 
blood obtained from an anaesthetized potoroo by heart 
puncture using an intraperitoneal injection of 60 mg/ml. 
of ‘Nembutal’ (1 ml./4 Ib. body weight). Samples of 
B ml. half of which received 0-5 ml. of DTT (0-1 mg of 
DTT/ml. of whole blood) 1 h before irradiation, were 
irradiated with 200 r. at 100 r./min (half value layer 
0-5 mm copper; 235 kV peak). Treated and control 
cultures were kept at room temperature. One hour 
later, all blood samples were mixed with a few drops of 
phytohaemagglutinin (PHA, Wellcome) and after a few 
minutes the samples were centrifuged for 5 min at 100g. 
The supernatant plasma with suspended leucocytes was 
removed, and the leucocytes precipitated by centrifuging 
-for 7 min at 100g. The supernatant was discarded and the 
cells were washed twice in complete medium to remove 
traces of DTT and autologous serum. A sample (0-5 ml.) 
of complete medium was added to each sample of washed 
leucocytes from 5 ml. of blood; the cells were dispersed 
and were placed in culture flasks with 8 ml. of complete 
medium (Parker's 199, 12 per cent foetal calf serum 
and 2 per cent PHA). DTT solution was made by dis- 
solving 50 mg of dithiothreitol (Cleland’s reagent, Calbio- 
ehem} in 50 ml. of Hanks balanced salt solution (BSS) 
-sterilized by filtration. Cultures were incubated for 72 h 
at 37° C with ‘Coleemid’ (Ciba) added for the last 2 h 
of the culture period to give a final concentration of 0-004 
per cent. Leishman microscopic preparations were made 
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Table 1. CHROMOSOME DAMAGE IN LEUCOCYTE CULTURES FROM S-IRBADIATED 
FULLY OXYGENATED BLOOD OF Potorous WITH AND WITHOUT DITHIOTHREITOL 


Two-hit 

X-rays DTT Chromatid Chromosome events, Cells 

deletions deletions chromosome scored 
DDT treat- + + 5 66 5 100 
ment + + 2 63 7 100 
+ + 2 62 10 100 
Mean + + 3 6441-01 Tales 200 
DTT control + - 10 79 18 100 
+ - 8 70 26 100 
Mean + - 9 Wr 45 22440 200 

Spontaneous 

aberration — - 2 12 0 100 
Mean* - ad 7416 12414 0 400 


* Mean for parallel controls done at other times but in similar conditions. 
a aoa was 200 r. at a rate of 100 r./min; DTT dose was 0-1 mg/ml. 
whole blood. 


after hypotonic treatment and fixation (1 glacial acetic : 
3 ethanol). 

All cultures gave good mitotic indices and chromosomal 
damage was noted as follows: chromatid and iso-chroma- 
tid deletions were taken as one-hit events, and chromoso- 
mal interchanges, such as conjugation of an acentric pair 
with another chromosome, rings and dicentrics, were noted 
as two-hit events. 

All the damage can be expected to be chromosomal 
because all the cells were irradiated in G, Spontaneous 
aberration, however, will produce chromatid deletions 
and some iso-chromatid deletions. Some iso-chromatid 
deletions are indistinguishable from chromosome deletion 
produced by irradiation. In Table 1 the level of spontane- 
ous breakage is shown in concurrent control cultures 
and in parallel controls made at different times. It is 
clear that there is no significance in the chromatid deletions 
produced by spontaneous breakage. Significant differ- 
ences, however, occur in the number of aberrations. of 
the chromosome type. The presence of DTT significantly 
decreases chromosome aberrations in irradiated cultures; 
the chromosome deletions are reduced by 17 per cent 


and the two-hit events by as much as 68 per cent. Ifthe 


damage is calculated as the number of hits per cell, then 
the presence of DTT during irradiation reduces the total 
damage by a half (Table 2). 


Table 2. PROTECTION AGAINST X-RAY INDUCED CHROMOSOME BREAKAGE. 
BY DITHIOTHREITOL 





DTT No. of No. of hita/cell allowing Cella. 
present hits/cell. [for spontaneous aberration scored 

- 2-18 2-06 200 

+ til 0-99 300 


X-ray dose to all cultures;was 200,r."at.a rate of 100 r/min. DTT dose was 
0-1 mg/ml. of whole blood. 


There is still no theory which explains the prophylactic 
action of sulphydryl compounds satisfactorily. Baeq 
and Alexander? consider that the protection against 
X-irradiation by sulphydry! compounds at the molecular 
level involves the interaction of sulphydryl groups with 
the radicals themselves, and that processes such as in- 
stantaneous repair of the primary lesion by hydrogen 
transfer are ultimately responsible for the increase in 
radioresistance. 

In our experiments, the most significant decrease in 
the aberrations is in the two-hit chromosomal events. 
It is possible therefore that, like 2,3-dimercaptopropanol 
(BAL)**, DTT acts by shortening the time during which 
chromosome breaks remain open, that is DTT is capable 
of reacting with other breaks. 

It is probable that BAL and DTT have a similar mechan- 
ism for their action because of the similarity in their 
chemical structure (I). 


CH,-OH CH,-SH 
ĊH-SH ĊH-oH 
CH,-SH (H-on 
(BAL) CH,-SH (DTT) (1) 


Sulphydryl compounds may act by enhancing the pro- 
cess of repair**; for example. they convert a coenzyme A 
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molecule (Cod-SH) in an inactivated state to a dis 

-through a free radical oxidation’, ees 
CoA-S-S-CoA + RSH—>-CoA-SH + R-S-S-CoA 

R-8-S-CoA + RSH—R-S-S-R + CoA-SH (2) 


The molecule of DTT has two sulphydryl groups, and 
sọ it is twice as effective as the monothiols, and it should 
be more effective in the repair mechanism mentioned in 
equations (1) and (2), because the disulphide formed is a 
sterically favoured cyclic one (equation (3)). 








CH,SH 
| HOA, 
CoA-S-S-CoA + CH -OH — 8 
i | +2Co0A-SH (3) 
CH -0H S 
| 
CH,-SH HO” 


This increases its effectiveness, giving it an even lower 
redox potential than that of BAL; DTT is capable of 
maintaining monothiols in the reduced state and reducing 
dithiols quantitatively?. 

If we are correct in assuming that BAL protects the 
processes of active oxidative metabolism necessary for 
the healing of broken chromosomes, then our results would 
imply that DTT had a similar action on rejoining. The 
simplest hypothesis is that DTT acts as a reducing agent 
by almost eliminating the oxygen effect, beeause it does 
not reduce the total damage by more than 50 per cent. 
Whatever the mechanism, dithiothreitol is an effective 
protector against ionizing radiation in living cells and it 
decreases all types of chromosomal breakage significantly. 

_ It would be valuable to make a direct comparison with 
_ BAL in the same cell system and also to determine (by 
establishing the optimum concentration and period of 
treatment) whether a 50 per cent reduction in damage is 
the limit of effectiveness. 
_ We thank the Australian Institute of Nuclear Science 
¿and Engineering, which supported this work, and the 
Tasmanian Animals and Birds Protection Board for per- 
mission to obtain specimens of Potorous tridactylus. 
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Method for deriving a Survival Curve of 
Young Calves in Wild Ungulates 


In animal demography attention is often drawn to the 
lack of data on very young animals'?, for the relatively 
delicate remains of juvenile corpses are easily destroyed or 
consumed by predators. The Uganda defassa waterbuck 
Kobus defassa ungandae Neumann, in the Queer. Elizabeth 
Park, western Uganda, is continuously breeding and mono- 
tocous. In such an animal an approximate survival curve 
for the first 6 to 7 months of life can be constructed from 
the lactation status of the parent. Lactaticn state is 
determined by gross examination of the sliced mammary 
gland in slaughtered animals. 

Females more than 3 years old are usually lactating up 
until the sixth month of pregnancy, or they have lost their 
calves. If one is not lactating, therefore, the month of 
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Fig. 1. Survival curves for the first six months of life in waterbuck 


calves derived from the numbers of lactating ( W-— B) and non-lactating 
(@ --- ©) females, 


pregnancy, determined in this study by using the method — 
of Huggett and Widdas*, suggests that the calf was lost © 
sometime before that date. In the waterbuck, the time of __ 
occurrence of the post-partum oestrus is not known with ok 
certainty. It may be variable, although evidence suggests 

it to be about 21 days. Mating, followed by conception, 
usually occurs at this time. These variables mean that an 
arbitrary figure must be taken as a starting point. For the © 
waterbuck, thirty days was considered a reasonable period. 
This figure was based on results obtained from slaugh- 
tered animals. Thus the month of gestation plus one 
month in non-lactating females tells us the age up to 
which the calf may have died (Table 1). Clearly if a female 
is four months pregnant and not lactating, the previous 
calf may have died at any time in the preceding five 
months. But the lactating animals also represent an Iz 
series in life table terminology, which shows the actual 
calf survivors alive at that time, for lactation terminates 
rapidly once suckling ceases. Plots of a dz curve and an le 
curve, the former curve derived from non-lactating females 
and the latter from lactating, show that the curves are 
similar (Fig. 1). In practice, the lz curve is the more 
reliable, for the only variable factor used in deriving it is 
the length of the post-partum delay before fertilization, 
whereas in the dz curve there is the additional error in 
the determination of the date of death of the calf, which 
increases with increasing age of pregnancy. 

Although it is not possible to confirm the accuracy of a 
life table derived by this method without reference to a 
large number of calves marked at birth, the estimated 
mortality of 49 per cent in the first six months of life, 
which this method gave, compared with estimates of 52 
per cent and 56 per cent derived from methods of direct 
observation. 

In continually breeding mammals the application of this 
method eliminates much of the guesswork previously 
applied to this sector of the survival curve. 

This work was supported by a grant from the 
Science Research Council, and facilities were kindly 


Table 1, LACTATION STATE OF FORTY-ONE FEMALES ACCORDING TO MONTH 
OF PREGNANCY 


Month Lactating lz Non-lactating dz Month+1 
8 5 21 4 20 1 
1 4 16 0 16 2 
2 KA 12 4 16 3 
3 6 10 5 12 4 
4 1 4 1 7 5 
5 3 3 6 8 6 
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An Introduction to Fluid Dynamics 

G. K. BATCHELOR, F.R.S. 

Aimed at giving the student a basic understanding 
of the dynamics of real fluids, this book makes 
forty years, research on flow systems and flow 
phenomena available to the undergraduate. It as- 
sumes no previous knowledge of fluid dynamics 
and the material has been selected to introduce 
the reader to the more important ideas and 
applications. Although the book is intended pri- 
marily for second, third and fourth vear students 
of applied mathematics, it will also be useful to 
students starting graduate studies in mathematics. 
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laneous decontamination problems, and health 
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account of the subsequent discussion. 
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APPLIED SCIENCE 


Role of Austenite and Mineral Oil 
in Lubricant Failure 


‘Tue suggestion! that the failure of lubrication in gears is 
“eaused by the actual contact temperature reaching a 
-eritical value (150° to 200° C) at which the desorption of 

surface active compounds present in oils occurs has 
been supported? by evidence obtained from modified 
‘Bowden—Leben’ friction apparatus. With mineral oils, 
the friction change could not be observed in this apparatus 
with a tool-steel friction pair, but it showed up sharply 
with stainless steel (18 per cent chromium, 8 per cent 
nickel). The mechanism of the difference between the 
two is the subject of this communication. 

With a similar apparatus we used a steel (EN 39 B) 
which was chiefly bainite (hardness, Vickers pyramid num- 
ber 440) but no austenite. In Fig. 14 the friction tem- 
perature curve, using an Admiralty turbine oil, OF P-90, 
and a tungsten carbide hemispherical slider, is shown. 
By gas carburizing and suitable quenching of the EN 39 
B steel, the surface contained martensite and retained 

< austenite. The friction temperature trace is shown in 
. Fig. 1B for a 25 per cent retained austenite sample 

- (Viekers pyramid number 740). A transition temperature 
-ghows up clearly, and Fig. 10 shows the friction tem- 
“perature trace for a 5 per cent retained austenite sample 
(Vickers pyramid number 750). No sharp increase is 

found. 

In carburized steel, the retained austenite content is 
highest just below the surface; the finish grinding of gears 
must often result in changes in austenite content, and the 
importance of this large change in the friction temperature 
characteristic, consequent on the presence of austenite, 
must be recognized in gear testing. The scuffing loads are 
extremely variable and such a seatter could well come 
from the change in austenite content. Niemann and 
Lechner’ have demonstrated that alloys containing aus- 
tenite reduce the load carrying capacity of gears. 

The previous communication? did not give any reason 
for the transition temperature being absent in tool steel 
when using plain mineral oil (light stock). Mr A. Eyres 
suggested that the reactivity of the sulphur compounds 
usually present in plain oils should be studied. 

- We considered that sulphur compounds, for example, 
might react slowly with austenite but sufficiently rapidly 
with martensite so that, when the critical temperature 
was reached in the slow speed friction machine, physical 
desorption would be masked and a transition would not 
be seen. A similar mechanism would also occur for oils 
containing extreme pressure additives. In running 
machine parts, such as gear teeth, the ambient tem- 
perature is much lower than the total flash temperature 
“achieved in the contact zone and the eontact time is 
short; thus the reaction will not have oceurred to the 
game extent, and a critical temperature will still be 
observed for martensitic steels and plain oils and, especial- 
ly in the running-in period, where chemical reaction has 
- eeeurred least, for oils containing extreme pressure 
additives. 
Groszek and Palmer‘ isolated surface active compounds 
-present in oils by percolation through columns of activated 
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Fig. 1. A, Friction temperature curve using ‘Bowden-Leben’ machine 

(average of at least four traces) using a tungsten carbide slider and an 

uncarburized EN 39 B rider. Velocity, 0-02 cm/sec; load, 2-5 kg; tur- 

bine oil lubricant. B, Friction temperature curve using carburized 

EN 39 B with 25 per cent retained austenite; turbine oi] lubricant. 

C, Friction temperature curve using carburized EN 39 B containing 
austenite only; turbine oil lubricant. 





magnesium oxide and reported that the compounds 
exist at a concentration of about 0-4 per cent and contain 
sulphur. No transition temperatures were obtained from 
the friction temperature curves for the 25 per cent 
retained austenite sample or uncarburized EN 39 B when 
using white oil (oil from which surface active compounds 
have been removed) lubricant, but when 0-59 per cent 
of the surface active compound was added to the white 
oil a quite different result was obtained for the two sur- 
faces. The carburized steel containing retained austenite 
showed a critical temperature (Fig. 2), but the uncarbur- 
ized steel gave no sharp critical temperature (Fig. 3). It is 
suggested that this effect is caused by some reactive 
compounds in the surfactant reacting faster with mar- 
tensite than with austenite and thus excludes the possi- 
bility that the absence of a critical temperature was a 
result of oxidation products formed in the ‘Bowden-Leben’ 
system but not necessarily in gear and disk systems. 
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Fig. 2, Friction temperature curve using a tungsten cartide slider and 
a carburized EN 39 B steel rider containing 25 per cent resained austen- 
ite; lubricant, 0-59 per cent by weight surface active compound in 
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Fig. 3. Friction temperature curve using an uncarburized EN 39 B 
steel rider; lubricant, 0-59 per nt by want surface active compound 
nw! oil 


These findings are clearly very important far the choice 
of gear steels. 

We thank A. Groszek for the surfactant, and the British 
Iron and Steel Research Association for carrying out the 
heat treatment and the X-ray determination of the 
austenite content. We also thank P. T. Holligan and Dr 
Bruce Kelley for many useful discussions. One of us 
(W. G.) thanks the Mobil Oil Co., Ltd., for the award of 
a bursary. W. GREW 
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GENERAL 


Test of the Alignment Hypothesis as the 
Reason for the Mosaic Unit Phenomenon 


I Have reported'? that ancient floor mosaic patterns 
tend to be certain absolute sizes (mosaic units), and I 
suggested? that the reason was practical. 

There is (refs. 1-3 and unpublished work) a mathemati- 
cal hypothesis—the alignment hypothesis—as follows. 
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If particles, randomly drawn from a population of 
particles of sizes and shapes varied randomly within 
limits, are packed in adjacent rows, the probability 
of particles forming a line transversely through these 
rows is much higher at certain intervals than elsewhere 
(Fig. 1A). 

We may (ref. 3 and unpublished work) have here the 
explanation of the mosaie unit phenomenon because the 
mosaic stones of ancient floors (ref. 3 and unpublished 
work) are usually of random varied sizes and shapes 
within limits, and there is varied evidence (refs. 2 to 5 
and unpublished work) that the ancients usually placed 
stones without special selection, shaping or special 
spacing, usually as adjacent rows. Thus the mosaic 
patterns of the ancients would tend (if the alignment 
hypothesis is true) to turn out most regular when made to 
certain dimensions (“alignment intervals”, see Fig. 1B), 
and they may have found this by experience. 

There is close agreement (refs. 1 and 3 and unpublished 
work) between the typical sizes of ancient mosaic patterns 
and their sizes predicted from the alignment hypothesis; 
there is no more than 1 mm difference between the 
observed modal value (¢=1-3 mm, when c=1 mm for 
n> 104) and the calculated value for each of the eleven 
most typical pattern sizes. This suggests that the align- 
ment hypothesis works in reality. 

If it does, “alignment” in the simple state of Fig. 1A 
should exist in unpatterned mosaics. I find that this is 
true; a frequency distribution of the distances between 
257 pairs of these alignments is shown in Fig. 3. More- 
over, they cluster about the commonest pattern sizes. 
Fig. 2A shows a typical case. 
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Fig. 1, Diagram of what is meant by alignment (4) showing also the use 
of alignments to a mosaicist (B). 


Alignments have been demonstrated (work to be pub- 
lished) as a packing phenomenon in modern pebble 
floors, fish roes and other? materials, but a test 
to see if alignments oceurred among cleaned ancient 
mosaic stones packed in the laboratory had not been 
attempted. 

The simplest method of making this test is for a naive 
volunteer to place ancient mosaic stones (without special 
selection or spacing) in adjacent rows. Twenty-six 
aggregations about 50 cm long and six aggregations 
about 110 cm long were formed (five to ten rows wide). 
In twenty-eight aggregations, sixty-two alignments ran 
from one side to the other. The observed alignment 
intervals clustered at the predicted alignment intervals 
(Fig. 3). 

I also laid stones myself (but in the dark so that I 
could not see the packing), using grooves to guide the 
production of sets of eight adjacent rows. Eighteen 
aggregations were about 32 em long and two were about 
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55 em long. Laying stones in daylight, I blocked my 
view of those already packed with a screen. Forty aggre- 
gations were about 55 cm long and eight were about 
72 em long. Removing the screen (and illuminating those 
done in darkness) showed alignments, passing through 
the full eight rows. Again, they clustered at the expected 
intervals (Fig. 3). 

Human facters were climinated as follows. Cleaned 
ancient mosaic stones were poured on to a grid of num- 
bered squares. Volunteers moved the stones about until 
only one lay in each square. I then selected a random 
number by the conventional full technique® using random 
number tables?*. The stone in the square with this 
number was removed and added to the rows, where it 
was packed tightly. 


ALIGNMENT 





ORIGIN as Seco 


Fig. 2. Demonstration that the alignments observed in 
A typical interval of occurrence of an alignment occurred spontancously 
coincided with a typ 

Building an 


To decide which face of this stone should lie upper- 
most, I threw a die. If the result was one, I did not 
turn the stone, if two I turned the stone so that its face 
pointing towards the right hand side of the grid lay 
uppermost, and so on. (All the stones were faced to the 
sides of the grid by volunteers.) 

The orientation of each stone was decided by tossing a 
coin. If “tails”, it was turned clockwise through a right 
angle in the plane of the grid; if “heads”, it was left. To 
decide which way around the stone should lie in this 
position, another toss was made. If “heads”, the stone 
was revolved through 180° in the plane of the grid: if 


ew 25-fcm 






ancient mosaics can be produced experimental 


ical interval between alignments in an ancient mosai 
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“tails”, it was left. Twenty-five aggregations about 70 cm 
long resulted. Sixty-eight alignments ran through the 
full width of eight rows, and again clustered about the 
expected intervals. (There was no alignment in one 
aggregation.) 

This method was slow, so I made a packing machine. 
Cleaned ancient mosaic stones fell from a hopper onto a 
conveyor belt, where they were constrained to form rows 
by strips tensioned along the length of the conveyor. They 
first passed under rubber flaps to make them lie flat, and 
were then packed by their progress being obstructed by a 
guillotine. Raising the guillotine cleared the channels 
for a fresh test. 

One hundred and six aggregations were obtained (mean 
length 30 em), with 234 alignments (passing through the 
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y, simply as a packing phenomenon, 

among ancient mosaic stones randomly packed by machine (8). This 

rn a o at Aldborough, Yorkshire (courtesy of the Ministry of Public 
Works). 


full five rows), which clustered at the predicted intervals 
(Fig. 3). Fig. 2B shows a typical case. (There was no 
alignment in three aggregations.) More of the intervals 
agreed with the expected distances when cach alignment 
was measured from the preceding alignment instead of 
from the start of the aggregation (Fig. 3). Some aggre- 
gations were short because tests were stopped if stones 
were forced up out of their channels, but they were 
always greater than 13 cm in length, and often were 
about 45 em long (three > 115 em). 

These alignments occur among cleaned ancient mosaic 
stones packed without cement. and vet the typical 
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intervals agree (Fig. 3) with the alignment intervals in 
ancient mosaics, in which stones are packed with cement. 
This supports the deduction that cement plays little 
part in stone packing. 

While before!-*.4, confirmation of the alignment hypo- 
thesis was observational, the existence of the alignments 
predicted by the alignment hypothesis has now been 
tested experimentally with mosaic stones and found 
to be true. The reason for the mosaic unit phenomenon 
seems to be the alignment phenomenon. 
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Research Award, for which I am grateful. 1 thank Pro- 
fessor Roger Warwick for support, and also Professor H. 
Kalmus and Professor E. R. Laithwaite. I also thank 
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Antiquities and the Ministero della Pubblica Istruzione 
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BOOK REVIEWS 


MORE NEWTON LETTERS 


The Correspondence of Isaac Newton 

Vol. 4 1694-1709 Edited by J. F Scott Pp xxxn+ 
578+6 plates (London Cambridge University Press, 
1967 Published for the Royal Society ) 231s 


ONE cannot say that the documents collected in the 
present volume of Newton’s correspondence throw much 
new light on the course of his career during the period ıb 
spans, although this was the time when the most con- 
siderable event occurred in his public activity In 1696, 
he exchanged academic hfe in Cambridge for a position 
of higher social distinction in the civil service in London 
About his work at the Mint, first as warden, then as 
master, we are well informed by Sir John Craig’s authori- 
tative study Newton at the Mant (Cambridge University 
Press, 1946), and the numerous letters and documents 
now published only serve to confirm and illustrate the 
already known picture of a conscientious, industrious, 
efficient, rather harsh and far from progressive admuinis- 
trator 

From his last years at Cambndge date Newton’s last 
creative effort m science, his work on the theory of 
the Moon Other scientific preoccupations, such as the 
preparation of the second edition of the Principia, the 
publication of the Opticks, his taking up the presidency 
of the Royal Society, have left scarcely any traces in the 
correspondence Newton’s relations with his gifted dis- 
ciples, Halley and David Gregory, were more concerned 
with the affairs of the Mint than with problems of mathe- 
matics and astronomy In his efforts to work out the 
numerous corrections to the Moon’s orbit, Newton turned 
to Flamsteed for accurate observational data The cordial 
spuit in which this collaboration started soon gave way, 
however, to a painful succession of acrimonious recrimina- 
tions, which completely spoiled the human relations 
between the two men 

This was the more unfortunate, for they were soon 
drawn. together again in the important and difficult task 
of publishing the corpus of Flamsteed’s very accurate 
observations and the new star catalogue based on them 
The lamentable story of this undertaking looms large in 
the biographies of the two heroes, and its first part 1s 
abundantly documented, m the volume under review, by 
authentic texts of the relevant letters and drafts, for the 
climax we have stall to wait until the next volume appears 
In a well written preface, the editor, J F Scott, passes 
a balanced judgment on this painful business, and after 
perusing the documents I cannot but concur with his plea 
for looking on Flamsteed’s behaviour with more indulgence 
than on Newton’s 

This fourth volume of the series 1s the first to appear 
under the sole editorship of Dr J F Scott It fully keeps 
up the standard of excellence of the previous ones In- 
deed, 1f anything, 1t even improves on this standard In 
particular, ıt seems that the editor has enlisted a more 
extensive co-operation of experts on the special topics 
treated in the letters, thus providing a commentary of 
the greatest possible accuracy and rehability 

L ROSENFELD 
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DIFFERENTIAL EQUATIONS 


Ordinary Differential Equations 

A Fist Course By Fred Brauer and John A Nohel 
Pp xvi+457 (New York and Amsterdam W A 
Benjamin, Inc, 1967) $1075 


Transversal Mappings and Flows 

By Ralph Abraham and Joel Robbm Pp x+161 
(New York and Amsterdam W. A Benjamin, Inc, 
1967) $12 50 


Ordinary Differential Equations is a good textbook for 
students of apphed mathematics, science and engmeering 
The subject matter 1s not presented as a piece of pure 
mathematics, with applications, but rather as a series of 
physical problems leading to differential equations and 
hence to a need for a theory of such equations, cluding 
methods for solution All the usual methods of solution 
are presented There are chapters on boundary value 
problems and on systems of differential equations There 
1s no discussion of non-lmear equations, but there are 
chapters on numerical methods of solution and on the 
use of the Laplace transform in solving equations 

Transversal Mappings and Flows 1s a very advanced 
and highly specialized book originating m a series of 
lectures given at the University of Princeton in 1965 
It deals with aspects of the qualtative theory of ordinary 
differential equations, especially the search for generic 
properties of vector fields Various results are proved 
by a new method, called transversality theory, which has 
been developed from basic ideas introduced by Thom in 
1954 The first half of the book expounds the foundations 
of transversality technique and the second half deals 
with applications to flows 

While the book may be of value to researchers mter- 
ested in the study of dynamical systems, ıt must be smd 
that ıt 1s hkely only to be understood by pure mathe- 
maticians It starts with a review of the differential 
calculus in Banach spaces and the theory of manzfolds, 
orientation, vector bundles and other topics belonging to 
differential topology Various new results or new methods 
of proof are presented for the first trme 

L S GODDARD 


PULSE RADIOLYSIS 


Pulse Radiolysis of Water and Aqueous Solutions 

By A K Pikaev Translated by Scripta Technica, Inc 
Translation edited by Edwm J Hart English edition 
revised and augmented by the author Pp xvi+295 
(Bloommgton and London Indiana University Press, 
1967) 758 


Purse radiolysis 1s the study of the chemistry of the 
immediate short lived products of a very short pulse of 
1onizing radiation, the products usually bemg detected by 
their optical absorptions It developed from flash photo- 
lysis and has become a rich field of research in the last 
few years, with the development of the electron linear 
accelerator and other machines capable of delivering 
isolated pulses of electrons of many joules of energy and 
from a few microseconds long down to a few nanoseconds 
with corresponding rapid rise and fall times This book 
is the result of a very complete survey of the literature by 
the author as a way of getting mto the field It was 
originally published in Russian in 1965, but this later 
English translation has been considerably revised to 
melude as much as possible of the recent publications 
About half the book deals with the steady state radiolysis 
of water and aqueous solutions at high and low dose rates 
This, while not bemg strictly pulse radiolysis, gives 
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useful background to the many reactions involved and 
reviews much of the earlier literature The sections on 
the sources of pulsed radiation and experimental tech- 
niques are the weakest part of the book The basic prin- 
ciples behind the expermental techniques are chefly 
ignored, particularly the special design of the optical 
systems needed in this field Thuis ıs basically a matter of 
using a very intense hght source, getting as much as 
possible concentrated in the irradiation cell and then get- 
ting 1t down a rather lengthy light path out through a 
protective radiation maze and eventually through a 
monochromator on to a photocell The fourth chapter 
deseribes the methods for identifymg the transient 
products and determming the reaction rates and, because 
1t 1s a series of résumés of the recent hterature, lacks an 
overall cohesion A very comprehensive summary of 
published expermments, however, 1s contained in two 
extensive tables Tablo 15 lists the relative rate constants 
for the reactions of OH, H and the hydrated electron with 
more than 200 pairs of solutes, and Table 16 the absolute 
1ate constants for the radicals with more than 500 solutes 
The book provides a useful introduction to pulse radio- 
lysis and will be a useful reference for those working ın 
the field C W GIBERT 


PHYSICAL METHODS IN BIOLOGY 


Magnetic Resonance ın Biological Systems 

Edited by A Ehrenberg, B G Malmstiom and T 
Vanngaid (Proceedings of the Second International 
Conference held at the Wenner-Gren Centre, Stockholm, 
June 1966) (Wenner-Gren Centre International Sympo- 
sium Series, Vol 9) Pp vm-+431 (Oxford, London 
and New York: Pergamon Press, Ltd , 1967) 140s net 


A VALID reason for pubheation of the proceedings of a 
meeting ın book form ıs to convey the results of ensuing 
discussions. Unfortunately, in this book any such discus- 
sion has been omutted 

The forty-nine original research papers presented deal 
with the applications of highly sophisticated techniques 
of magnetic resonance, namely. NMR, EPR and Moss- 
bauer spectroscopy, to ‘‘sub-molecular”’ biology, as Hugo 
Theorell defines it ın his openmg address There are also 
introductory papers on electron nuclear double resonance 
(ENDOR) and nuclear electron double resonance The 
biological systems range from nucleic acids to paramag- 
netic metal complexes 

Tb 18 possible to lighlight only a few of the topics 
covered. NMR 1s used to gain information about the 
structure of peptides, to measure fast reaction 1ates and 
to determine binding positions in metal complexes EPR 
18 used. to probe the structure of heme and non-heme iron 
piotems, copper-contaiming enzymes, metal flavoproteins 
and single crystals of proteins Flow techniques of EPR 
and their applications to the Innetics of flavin redox 
systems and to the conformation of labile free radicals are 
described 

The technique of spin-labelling in which a stable 
organic free radical ıs attached to a molecule of biological 
interest and used as a probe 1s introduced m a paper by 
McConnell The technique 1s also applicable to NMR as 
shown by Sternlicht e¢ al Here use is made of the pertut- 
bation of a protein spectrum caused by the unpaired spin 
of the bound radical 

The group of papers dealing with Mossbauer spectro- 
scopy 1s introduced by a paper briefly describmg the 
theory and instrumentation and some applications of the 
method to ferredoxins In practice the method 1s hmited 
to molecules containing iron-57 

This is a specialist book contammng a wealth of mforma- 
tion, while the introductory papers are of wider inter- 
est The book could, however, have been improved if 
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more papers had contained concise 
abstracts 
The volume ıs well produced and contains a good 
subject index, but the high price reminds one, unfortu- 
nately, of the business interest ın these publications 
M. EBERT 
N J F Dopp 
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BIOLOGICAL CLOCKS 


The Physiological Clock 

By Erwin Bunning Revised second edition (Heidelberg 
Science Library ) Pp. 167 (London: Longmans, Green 
and Co, Lid , New York Springer-Verlag, 1967 ) 
24s paperback 


We do some things only or especially at certain times of 
the day or the year At mght, flowers close up, leaves 
droop, some animals become actrve, others torpid 
Maine animals and plants fit their activities to the tides 
and to the phases of the Moon We have known foi 
some years that most of these rhythmical activities 
persist for a time when the environmental rhythms are 
eliminated and ıb ıs clearly advantageous to organisms 
to be able to predict, say, the dawn or the full Moon 
Some animals navigate by means of the Sun or the stas, 
some plants and animals regulate their seasonal activities 
by detecting the length of the night For both these 
purposes chronometers are needed Professor Bunning’s 
book deals with what we know about the nature of the 
clock and how organisms use ıt Huis examples are drawn 
from plants, man and other anmmals Huis method 18 to 
present the problems and then the experiments that beax 
on their solution, and in many ways the-book 1s a model 
for what a biological monograph should be An enormous 
amount of experimental data is presented within a short 
space, much of 1t in text figures, and clearly a lot of thought 
has gone into the arrangement of the work and the 
elimination of specialist jargon im order to mterest all 
biologists The design of experiments 1s stressed especially 
because, m this field, many false conclusions have been 
reached in the past because of the complexity of an 
organism’s response to its environment 

The first edition of the book was published in German 
in 1958 and a first English edition, based on tho second 
German edition and printed in Germany, appeared in 
1964 The second English edition 1s a revised version of 
this There are a few more pages, more small print and 
fewer diagrams Some errors of fact have been corrected 
This edition retains Professor Bunning’s preference for 
relaxation oscillation as the mechanism of the clock as 
opposed to harmonie oseillation Arguments on the other 
side are presented, but half-heartedly Simularly the 
argument that the circadian rhythm may be a beat pheno- 
menon is dismissed more 1eadily than some of us would 
lke In amonograph by such an authority, such personal 
preferences are what we want, but I should lke 1t to be 
more obvious that not everyone agrees 

In a book of this excellence ıb 18 a pity to have to 
complan about presentation, but undoubtedly the 
author does not do himself full justice because of this 
The book 18 not easy to read This 1s due partly to the 
English style in spite of, or perhaps because of, the 
battery of experts who have helped the author with the 
translation It ıs also partly due to the poor printing 
There are many spelling and grammatical errors carried 
over from the old edition and new ones have appeared, 
although this edition 1s prmted in America The archaic 
“afore mentioned” [stc] has replaced “above mentioned ’ 
and words are now often hyphenated at the wrong places 

However, all students of biology should make the effort 
to read the book if they have not already read an earlier 
edition F A L Crowes 
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WATER AND THE WORLD 


The Problem of Water 

A World Study By Raymond Furon Translated by 
Paul Barnes Pp xvi+208+14 photographs (London 
Faber and Faber, Ltd , 1967) 42s net 


Water, Weather and Prehistory 


By Robert Rakes Pp xvi+208+18 plates. (London 
John Baker, 1967) 45s net 


THESE books, with a common subject, have very different 
objectives, but neither author seems to be quite clear 
what his 1s or how to reach ıb 

Professor Furon is at the Faculté des Sciences in Paris 
The sub-title of his book—‘‘A World Study’—seems to 
promise the kind of synoptic account that would be 
welcomed by all sorts of hydrologists everywhere, but 1b 
contains so much Paris pump hydrology that one wonders 
why it was translated (Mr Barnes has done a very good 
job) The author 1s obsessed with quantities, and his 
British publishers provide the maddenmg and quite 
unnecessary English equivalent for every continental or 
metric figure quoted As an example that will also reveal 
the scientific calibre of the book, Furon calculates an 
annual water use in North America on the basis of the 
following unsupported statement (page 163) ‘Each 
inhabitant in 1960 required daily 2,870 litres (some 650 
gall ) for industry, 3,210 litres (700 gall ) for agriculture, 
and 500 litres (110 gall ) for public supplies’ Now all 
he has to do ıs multiply by the number of days ın the 
year, then by the population, and out comes an estimate 
of the 1960 national need (Why bother with measure- 
ments when the hydrologists’ job can be done as easily 
as this ?) 

The book shows no feeling for qualities, and in spite of 
a formidable hat of references Furon seems to be unaware 
that there are a few ideas in hydrology, that some of his 
numbers can be put nto a coherent framework, and that 
there are criteria, not yet all good enough, for rejecting 
or at least questioning some of the numbers he accepts as 
established truth Asan example he attempts to make 
out a water balance sheet for part of the Paris basin and, 
scorning anything as clear as the simple equation of con- 
tinuity, he gives a long prose account that ends in chaos 
There ıs no inquest; yet a telephone call to Versailles 
could have produced an evaporation estimate (twice 
the value he used) that would have put things right His 
own. reaction 1s that 1t 1s all very difficult, but 1t doesn’t 
matter—the area has no economic importance as a source 
of water 

Mr Raikes has the complementary failing of beg too 
much concerned with qualities and not enough with 
quantities even the quantity that he must use frequently 
always has a qualitative adjective, monotonously the 
same (for example, “up the hill ın the higher ramfall 
areas”) His philosophy seems to be “I am a civil 
engineer working on water in and near Baluchistan, if I 
call my craft ‘hydrology’ 1t becomes a science, and I 
become a scientist—even omniscient As such I can 
disagree with any professional in any discipline, and by 
making the reservation (page 28) that this 1s not intended 
as a technical treatise, I can dodge the responsibilty of 
reproducing the evidence or reasoning that I question 
At the end I'll put in a graceful note saying how stimulat- 
ing these disagreements have been ” The result ıs a book 
liberally peppered with bright ideas and clever thinking, 
all praiseworthy even if not all new, but completely 
spoiled by occasional sneers One of his targets is H H 
Lamb, ignored by Raikes until on page 101 he ıs mis- 
quoted and his reasoning dismissed as “absurd”? On 
checking Lamb’s statement 1+ turns out to be a very 
cautious inference from someone else’s data Absurd? 
Not in the least 

And now for the books rather than their authors 
Furon wants the nations of the world to do somethmg 
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about the world’s water supply, but rt 18 only 1n the very 
last hnes that he mentions the International Hydrological 
Decade, m which more than one hundred governments 
are doing what he asks for 

The book has many short chapters all contaming a lot 
of facts, usually given without a source, not always the 
same when repeated, and not always converted by the 
same factor After bnef reviews of water in biological 
material and of the properties of fresh water and sea water, 
a longer survey of water in agnculture adds very little to 
what might have been written thirty years ago, but 16 18 
here that his own special interest begins to emerge. All 
too short, there are delightful smppets of information on 
historical hydro-geology, sometimes irrelevant, but their 
sparkle emphasizes the dullness of the rest of the book 
(From one such interlude, Furon concludes that the 
Syrian climate has not changed in the past 3,000 years, 
and 1t 1s much easier to agree with him than with Raikes 
making the same assertion) Surveys of water out of 
control and of water in industry (chiefly French) follow, 
and then a review of supplies of drmking water comes 
nearest to being a “world” study After a short chapter 
on pollution, there 1s a long account of ways of findmg 
water, with dowsing grven an extended discussion that. 
concludes ‘‘unbounded creduhty 1s not confined to 
France” Modern geophysical techniques are described, 
usually as part of a special case study, but the technical 
level ıs low only the easy ideas are explained 

The longest chapter 1s on development problems in 
arid zones and ıt seems to be based on an unstated axiom. 
that to grow more food there must be more cultivated 
land. In the course of examining what the semi-arid 
regions might contribute he slips into Raikes’s theme in 
considering how far productivity has been affected by 
climatic change- he concludes that the semi-and countries 
round the Mediterranean have the same climate now as 
2,500 years ago, but there have been changes in this 
period (in diary form he tells us that the fifteenth century 
was a “century of great disturbance caused by astronomi~ 
cal phenomena. of intersection of perihelion of Moon with 
its apsis node during winter solstice’’-—Mr Raikes, please 
note) His case studies lead him to the question, “Is 
further irngation ın the Sahara possible ?” but in effect, 
the answer 1s on a previous page “The water is worth 
more than the product”? The final chapter—“The Thirst. 
of the World’’—contains little more than the figures for 
North America (already quoted), the decision that we'll 
not be able to exist on dew but may eventually get our 
fresh water from the sea 

From Sir Mortimer Wheeler’s fulsome preface, Mr 
Raikes’s book should be compulsory readmg for all 
students of man’s history There are those who attribute. 
the surges ın the conflict between nomads and pastorahsts 
to differences m their sensitivity to climatic change, 
particularly to the shift ın extremes that would accom- 
pany a shift ın a mean Ratkes’s thesis ıs that during 
the past 9,000 years there has been no change in world 
chmate the early cultures that grew near the eastern 
end of the Mediterranean did so in a climate the same as 
161s now, and there has been no significant change between. 
His personal research contribution is based on an accept- 
able working hypothesis relating kind of culture to rainfall 
chmate and from ıb he shows that the distmbution of 
archaeological sites corresponds very closely to what 
would be inferred from present-day isohyets it 1s & fair 
deduction that climates now and then are the same 
This welcome piece of scholarship could be the start of 
a useful errtical discussion, but his arguments about 
constancy impress neither ın form nor in content 

Most of the book 1s about the surface hydrology of 
semi-arid areas Near the beginning there 1s an outline 
of the scope of hydrology, and as one who later makes an 
earnest appeal for the avoidance of jargon Raikes tucks 
in a fair amount of his own, here and elsewhere A survey 
of water and climate as agents in changing geomorphology 
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contams some slightly maccurate soil physics and some 
half truths about erosion there is no consideration of 
any medium other than water for the transport of soil 
material Two chapters on water as a factor in plant 
ecology possibly put too much emphasis on the impor- 
tance of ground-water and the use plants make of ıt 
Next comes the partial survey and rejection of the evidence 
for post-glacial climatic change, and then some interesting 
case studies show how the special knowledge of a thought- 
ful water engineer can re-interpret the evidence from 
archacological digging. Finally, there 1s a sermon on the 
desirability of “The Inter-discrxphnary Approach” to large- 
scale ecological problems, with many words to explain 
tinter” and none to define “discipline” Although ıb has 
all been said before, 1t needs repetition from time to time, 
and these two books show that hydrology itself would be a 
worthwhile subject for treatment H. L Penman 


LIVING PRIMATES 


A Handbook of Living Primates 

Morphology, Ecology and Behaviour of Nonhuman 
Primates By J. R Napier and P H Napier Pp xiv+ 
456 (114 plates). (London Academic Press, Inc 
(London), Ltd , New York Academic Press, Inc, 
1967) 126s , $21 50 


Tur study of primate biology as a facet of the analysis 
of human origins and variation has matured during the 
past half century, in phase with the development of 
general evolutionary theory In the late nineteenth 
century, the standard handbook of the primates—a two 
volume compendium by H O Forbes, now almost a 
classic m the field-—centred almost exclusively on the 
natural history (much of it anecdotal) together with the 
taxonomy of the order. A modern handbook 1s therefore 
required to present, ın accordance with present systematic 
practice, not only the much expanded body of morpho- 
logical data, but also that bearmg, for instance, on 
primate physiology, ecology and genetics It 1s to this 
task that Dr and Mrs Napier have addressed themselves 
in the preparation of this book—-the only modern hand- 
book of the primates available today ın a concise form 

The first section, “Functional Morphology of Primates”, 
presents the major stiuctural features of the order in 
relation to the presumed overall trends of change dis- 
cernible through its subdivisions 

The second and much the largest part of the work 
provides a series of abbreviated “profiles” of each primate 
genus Each profile comprises such data as are available 
about, for instance, the geographical range, ecology, 
bodily dimensions, external and mternal morphology, 
locomotion, genetics and serology, behaviour and social 
life, reproduction and development, together with some 
notes on longevity and breeding record m captivity 
Each account 1s followed by summary lists of references, 
compounded at the end of the volume mto an overall 
bibliography of some 800 titles 

The third section of the work presents a systematic list 
of the various primate species, correlating, for example, 
formal and vernacular names, and supplemented by notes 
relating to the taxonomy ofeach genus This 1s followed 
by accounts, more detailed than would have been appro- 
priate in the second section of the volume, of such topics 
as the ecology of the African primates, locomotor patterns, 
limb proportions and associated features, together with 
such vital statistics of primate genera as have, to date, 
been gleaned 

The volume 1s illustrated with more than 100 plates of a 
quality uniformly high and, at times, outstanding 

A book of this type must, of necessity, be eclectic and 
every student of primate biology is hkely to note some 
fact or reference that, in his opmion, ought to have been 
ineluded or given a different emphasis Others may claim 
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that Dr Napier has possibly given somewhat too great 
a prominence to certain aspects of primate biology to 
the detriment of others Again, certain of the general 
premuses outlined in the early pages of the volume are 
unlikely, in all details, to meet with universal agreement 
Nevertheless, few will dispute that the present volume 
provides not only a unique compendium of modern know- 
ledge of primate biology but also a most usable guide 
to the principal sources of original literature 

The volume is intendcd as a source book, and it would 
be unjust to reproach the authors for not attempting to 
enquire into the extent to which contrasts in many of the 
physiological, genetical and morphological characters 
correlate or contrast with accepted schemes of primate 
systematics In many cases, the data are, as yet, insuffici- 
ent to enable such studies to be carried out effectively 
and a stated purpose of the work 1s to indicate the extent 
of the gaps It 1s only as these are gradually closed that 
the overall body of data can be combined in a multivariate 
scheme summarizing the overall contrasts between extant 
primate groups Erro H ASHTON 


INDUSTRIAL MICROBIOLOGY 


Progress in Industrial Microbiology 
Vol 6 Edited by D J D Hockenhull 
don. Heywood Books, 1967) 84s net 


Tus sixth volume of Progress ın Industrial Microbiology 
is one of a series of international reviews which each year 
covers a number of selected topics from the rapidly 
expanding field of industrial microbiology. This particu- 
lar volume, edited by D. J D Hockenhull, deals with 
seven subjects ranging from the production of mfamycins 
to continuous culture, and should be of interest to workers 
ın many disciplines 

As a review it fulfils the function of providing a brief 
account of the history of most of the subjects, describes 
the latest developments m research and refers to more 
detailed works elsewhere 

The first paper, “Production of Polyene Antifungal 
Agents by Streptomycetes’’, outlmes the fungicidal 
activity and chemical properties of these organisms It 
also summarizes the toxicities of various polyenes and 
considers the conditions used in their production This 
review of Perlman’s 1s particularly useful because the 
polyene group constitutes a very important group of 
antifungal antibiotics P. Sens: and J E Thiemann have 
written a detailed paper on the production of rifamycins— 
among the latest therapeutic agents Discovered by 
Sensi, Margalith and Timbal of the Lepetit Research 
Laboratories in Milan, an important property of rifamycin 
1s that modification of some functional groups of the mole- 
cule yields other compounds with high antibacterial 
activity It seems that the production of rifamyein is 
favoured by a number of elements and ıt has also been 
shown that, for maximum yields of antibiotic, high aeration 
rates are required only at a very specific stage of the 
fermentation 

The paper which I found most interesting 1s that on the 
bacteriology of fish spoilage and preservation by J M 
Shewan and G Hobbs of the Torry Research Station, 
Aberdeen As they point out, fish spoilage depends on a 
number of factors includmg the initial bacterial flora, 
the flora acquired durmg handling and processing, the 
conditions to which the fish have been subjected durmg 
storage and processing, and on the actual chemical com- 
position of the fish Preponderant pathogenic flora 
are Pseudomonas, Achromobacter and Flavobactervum, 
but when fish are caught close to land, typical coliform 
and food-poisoning bacteria can be isolated Smoking 
and salting are both traditional methods of preservation, 
newer methods melude freezing, use of antibiotics and 
Irradiation 


Pp 281. (Lon- 
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Other papers ın the review are “Studies on the Mechan- 
ism of Actinomycin Production”, “Recent Developments 
im the Production and Industrial Appheations of Amylo- 
lytic Enzymes derived from Filamentous Fungi”; “‘Large- 
vclume Respuometers with Particular Reference to Waste 
Treatment”, and ‘Continuous Culture” 

The book serves a useful purpose, but, as with all 
reviews, the matenal takes time to amass and may 
therefore be not quite up to date ANNE CLAYTON 


BOTULISM 


Botulism 1966 

Edited by M Ingram and T A Roberts (Proceedings 
of the Fifth International Symposium on Food Micro- 
biology Moscow, July 1966) Pp xn+531 (London 
Chapman and Hall, Ltd, 1967) 126s 


Tae fifth mternational Symposium on Food Microbiology 
was the first on botulism There are more than fifty 
papers from at least nine countries in this account of the 
proceedings 

In the first section, on ecology, papers on spore dis- 
tribution emphasize Russian, American, Scandinavian and 
English investigations of Clostridium bolunum type E in 
fish, mud and soil samples In a paper on fish and fish 
products associated with type EH there ıs some soud 
commeicial and public health advice about the reasonable 
shelf life of smokcd and packcd fish products, the action 
of inhibitors from smoke, and the dangers mherent ım 
casual home or peasant industry production of smoked or 
preserved fish products 

Concerning spore survival there is strong emphasis on 
certain aspects of food processing, and in particular the 
association of the concentration of sodium chloride, 
nitrate and mtrite with the doses of gamma radiation 
necessary to destroy Cl botulinum There 1s comment 
on the addition of sodium citrate for this purpose, although 
further work 1s clearly needid in this rmportant field of 
preservation Concerning germination and growth are 
papers which partly support and substantiate the 
researches mto the action of certain concentrations of 
sodium chloride, mtrate or mtmte m hmiting or pre- 
venting growth and toxin production of types A, B or E 
There 1s re-emphasis of the mherent dangers of vacuum 
packcd products held at relatively high storage tem- 
peratures 

The difficulties, as well as the advanced and intensive 
work, concerning the establishment of precise data about 
the chemical constitution of botulism toxins are evident 
from papers in the second section, on the characterization 
of botulinus toxins Work on the action of some animal 
and fungal enzymes on toxins has a possible practical 
appheation im connexion with the high and low msk of 
certain foods The action of trypsin on a precursor 
(protoxin) considered to be practically mactive 1s investi- 
gated in a Japanese paper, which stresses the necd for 
the molecular concept of research Findings from such 
work may have some clinical significance in the treat- 
ment of botulism when the area of maximal toxin 
absorption in the intestine and the criteria for activation 
of an mert protoxin are considercd 

The third section on animal botulism covers the disease 
in munk, gulls and duck The work on mink 1s an investi- 
gation of type C and its toxin production only when 
mixed with a symbiotic organism Death in gulls caused 
by botulism 1s proved, either directly or by drowning 
when in water, because of loss of stabihty It seems that 
a less il] bird may well recover on land but would prob- 
ably die by drowning when on water 

The fourth small section of special topics has a paper 
which reports how electrophoresis was used to examine 
relationships between Cl. botulanum and non-toxic Clos- 
tridvum or even non-toxic mutants Results are pre- 
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liminary but encouraging. Other research has suggested 
that the production of bacterrocine by Cl botulinum 1s 
not related to 1ts toxigenic power 

In the fifth section on laboratory diagnostic methods 
and techniques there 1s a specific description of the 
isolation of type F in the Pacific coast area of the United 
States, and a turther paper outlines the problems of isola- 
tion and identification from heavily contaminated sources 

The final section concerns the control of botulism and 
clanfies the reasons why controlling this disease needs so 
much precision and care, and emphasizes the pubhe 
health problems associated with the difficulties many 
laboratories have m finding reasonable methods of 
detecting suspected botulism contamination. A very 
true reference 1s made to the generation of management 
and workers who have never been directly associated with 
any knowledge of a classical outbreak of botulism ‘This 1s 
also prase tor the commercial standards in the food 
industries, but obviously a spirit of apathy or even 
ignorance could develop Basic knowledge 18 always. 
needed to appreciate the potential risks and problems. 
The need to maintain strict standards and not to deviate 
from proved techniques ıs substantiated by a description, 
of an outbreak of botulism investigated ın North 
America, involving a canned liver paste 

I must congratulate the publishers and the editors, 
the result of their work ıs a most comprehensive and 
informative volume It should be of interest to many 
workers beyond the mmedhate field of food microbiology, 
for so much of the work reported 1s fundamental rather 
than applied I L Martin 


A MODEST PROPOSAL 


Report from Iron Mountain 
On the Possibility and Desirability of Peace With 
Introductory Material by Leonard © Lewm Pp 141 
(London Macdonald) 18s 


Mr Lewin’s work is almost a major literary event His 
satire on an American think-tank’s treatise on the dire 
consequences of peace 1s nearly m a class with Swift’s 
proposal for relieving famine m Ireland The begmnmg 
is brihant John Doe, a professor at a large university 
in the Middle West, “telephoned me one evening last 
winter. We met for lunch the next day at a midtown, 
restaurant He was obviously disturbed. ”. 

The suspense grows What Mr Doe has to hand over 
is the report of a Special Study Group organized by the 
American government to prepare a contingency plan for 
“permanent peace” The group’s first and last meetings 
were held at Iron Mountain, New York (a real place 
where corporation records are stored on microfilm in 
underground vaults), but otherwise ıb shifted from place 
to place to preserve secrecy Its conclusions were so. 
shocking—that war is necessary to social stability—that 
both the committee and the government suppressed 1b. 
Mr Doe (a pseudonym, of course) none the less felt obliged 
to see the report published and handed ıb over to Mr 
Lewin, who saw to publication 

The book 1s said to have caused great stir m America, 
where some people think that Professor Galbraith 1s the 
true author and others even suspect that 1 1s the genuine. 
handiwork of a secret governmental commission That 1s 
hard to beleve The body of the book—the alleged 
“report”—displays the same wit and style as does the 
introduction, the best guess ıs that ıt 1s Mr Lewin’s 
handiwork through and through His ear for the speech 
of the American defence pedant 1s perfect that blend 
of ponderous jargon and uncomfortable frankness: 
“Most of us [the committee] and that mcludes me, had a 
record of abnormally high uric acid concentrations in the 
blood” The trouble 1s that his umitation succeeds too 
well. The report, asıb ıs spun out, 18 as dull as its real. 
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lfe counterpart page-length paragraphs, cluttered with 
italics and footnotes and latinate neologisms 

The question to be asked 1s whether this book 1s 
genuinely shocking People who believe in general and 
complete disarmament will think so and will be grateful 
to Mr Lewin for exposing the callousness of some American 
strategists What could be ugher than to calculate that 
war is necessary, not only as a balance to an economy 
otherwise regulated by supply and demand, but as a 
siphon to remove the ignorant young disruptive men from 
society ? But whethér others will find it disturbing 1s 
doubtful Is war really “the principal motivational force 
for the development of science at every level”? If one 
cannot assent to this, or similar assertions, then the thesis 
of Iron Mountam Boys (as they sometimes referred to 
themselves) loses 1ts force 

It ıs even possible that this book fails in 1ts purpose 
to stimulate people to think about the dependence of the 
American economy on weapons production and of the 
American government on the advice of experts who 
suppose themselves to be objective It pretends that 
there 18 no permanent peace because societies do not 
find ıt useful, rather than because aggression 1s part of 
the human condition And ıt perpetuates the “we-they” 
myth that 1s what wars are often about “We” are quite 
different from “them” and they are wrong (‘“Them” m 
the context of this book are the think-tanks, the Rand 
Corporation, the Hudson Institute, and Mr Herman 
Kahn, the father of the mega corpse ) 

A modest proposal, therefore, from an admirer Mr 
Lewin ıs an excellent writer his dialogue 1s crisp, his 
mastery of the 1diom faultless, his sense of showmanship 
superb, and could anyone have thought of a better title ? 
Could he not acknowledge his authorship of this book 
and go on to writing more fiction? BRENDA MADDOX 


University News: — University College of Swansea 


Dr P C THoNEMANN, at present chief research scientist, 
Division head, Experimental Division B, Culham Labora- 
tory, UKAEA, has been appointed a professor of physics 
and head of the Department of Physics as from April 22 


Appointments 


REAR ADMIRAL Jonn E. Crank has been appointed 
deputy director of the Jet Propulsion Laboratory of the 
California Institute of Technology 


Dr S G Owen, at present reader in medicime and 
elinical sub-dean in the University of Newcastle upon 
Tyne, has been appointed second secretary to the Medical 
Research Council 


Announcements 


Tax Institution of Chemical Engineers has instituted a 
new medal, the Counal Medal, which is to be awarded 
annually to a person who has given exceptional service to 
the stitution on a special project or projects The first 
award is to be made to Mr P L Baldwin, in particular 
for ns work as chairman of the working party on “The 
Controlled Storage and Recovery of Particulate Solids” 
The Arnold Greene Medal, given annually for contribu- 
tions to the mstitution’s progress, has been awarded to 
Mr H Fossett 


Meetings 


ELecTROCHEMISTRY, February 19-23, Melbourne (Dr 
D F A Koch, Division of Mineral Chemistry, CSIRO, 
P O. Box 124, Port Melbourne, Victoria, Australia) 
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Cirrus Symposium, March 17-26, University of Cal- 
forma, Riverside (Professor H D Chapman, Department 
of Soils and Plant Nutrition, University of Calforma, 
Riverside, Cahfornia 92502) 


METALLURGICAL Developments in Low-Alloy Steels for 
Mechanical Engineering Applications, April 2-4, Scar- 
borough (Mr J R Powell, BISRA, 24 Buckingham Gate, 
London SW1) 


High Pressure Research Meeting, April 9-11, Centre 
d’Etudes Nucléaires de Cadarache (M Rapin, CEA, 
Service MA, BP 61, 92 Montrouge, France) 


INTERFERENCE Problems associated with the Operation 
of Microwave Communications Systems, April 22-24, 
Institution of Electrical Engmeers (Conference Depart- 
ment, The Institution of Electrical Engmeers, Savoy 
Place, London WC2) 


AUTOMATION for Productivity, May 14-16, Institution of 
Electrical Engmeers (Conference Department, The In- 
stitution of Electncal Engmeers, Savoy Place, London 
WC2) 


INDUSTRIAL Measurement Techniques for On-line Com- 
puters, June 10-14, Institution of Electrical Engineers 
(Conference Department, The Institution of Electrical 
Engineers, Savoy Place, London WC2) 


CORRESPONDENCE 


Si Units 


Srr,—The issue of Nature of December 30 (216, 1272, 
1967) quotes a draft of a document by a committee of the 
Royal Society on metric units andthe SI Listed together 
with SI units are “Units to be allowed in conyunction 
with SI” These are described ın the text as ‘‘com- 
patible” with SI although the meaning of this 1s not 
clear in many cases 1t appears to be merely that they 
are multiples of ten times the SI unit These multiples 
are not, in general, in the recommended steps of one 
thousand 

The SI at last offers a real opportumity of establishing 
a coherent system of umts which 1s common to both 
scientists and engineers Once alternative units are 
allowed, coherence 1s lost and we will continue to have 
“working formulae” (using the non-SI units) which differ 
from the basic equations Conversion factors, the curse 
of applied scientists, will remain with us—and they will 
be unfamihar ones It ıs difficult to understand why a 
body such as the Royal Society should advocate the 
retention of non-SI units such as the poise and stoke— 
presumably merely because they are fammliar The case 
for the bar is little better ıt ıs of convenient size for 
some purposes, but 1s this of any real consequence ? The 
use of prefixes to indicate multiples and submultiples of 
basic untts 1s an entirely satisfactory and well established 
practice for example, the uF and pF are in everyday 
practical use, the basic unit, the farad, bemg itself well 
outside the range of magnitude commonly encountered 
The SI umt of pressure, the N/m?, 1s not far from the 
centre of the range of common pressure measurement, 
bearing ın mind the existence of vacuum technology. 

Is 1t too late to hope that the Royal Society will fully 
recognize the advantages of having one unit for one 
quantity, and of having coherent units, and therefore to 
abandon the bar, stoke, poise and gauss ? No doubt there 
1s justification for a few non-SI umts, but 1t does not 
exist for these quantities 


G W. ALDERTON 


39 Cross Green, 
Upton Heath, 
Chester 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open ta the public) 


Monday, February 5 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, WC2), at 5 30 pm —Mr F E Willams, Mr F A Wilson and 
Mr a T Knox “Future Trends in the Design of Subscribers’ Telephone 

ents 


INSTITUTION OF ELECTRICAL ENGINEERS, JOINT PROFESSIONAL GROUP (at 
Savoy Place, London, WC2), at 530 pm —Duiscussion Meeting on “The 
a aaa or the British Electrical Indicating Instrument”, opened by 

r olds 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piccadilly, London, Wi), at 6 pm—Mr L G Culleton Presidential 
ess 


SOOIETY OF CAEMICAL INDUSTRY, LONDON SEOTION (joint meeting with 
the Fine Chemicals Group, at 14 Belgrave Square, London, SW1), at 6 30 
p m Professor R C Cookson ‘Some Aspects of Photochemistry” 


Tuesday, February 6 


SOCIETY or CHENICAL INDUSTRY, PESTICIDES GROUP—PHYSICOCHEMIOAL 
AND BIOPHYSICAL PANEL (at 14 Belgrave Square, London, SW1), at 10 a m 
—Symposium on "The Effects of Rain on Plants and Pests” 


UNIVERSITY OF LONDON (at the Royal Veterinary College, Royal College 
Street, London, NW1), at 5 pm —Professor M G P Stoker “Tumour 
Viruses and Tumour Cells” * 


CHELSEA COLLEGE OF SCIENCE AND TECHNOLOGY, UNIVERSITY OF LONDON 
(at College Hall, College House, Manresa Road, London, SW3), at 5 30 pm 
reece Dorothy Hodgkin, OM, FRS “Molecules and Biology” (Chelsea 

ecture 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
Diviston (at Savoy Place, London, WC2), at 530 pm—Mr K Smith 
amas Landing of Aircraft—-Contro] Techniques m All-weather Aircraft 

erations” 


INSTITUTION OF ELECTRICA ENGINEERS, POWER DIVISION (at Savoy 
Place, London, WC2), at 530 pm—Mr K R Haigh “Electrical Cable 
Glands for Underwater Vehicles and Oceanographic Equipment” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5 30 p m — 
Sir Lawrence Bragg, CH, ERS “How We Hear, Speak and See” (McRobert 
Lecture Lecture for Si:th Form Boys and Girls from Schools in London and 
the Home Counties To be repeated on February 7) 


UNIVERSITY OF LONDON (at King’s College, Strand, London, WC2), at 
530 pm—Dr M. H Seevers (Michigan) ‘Psychological Aspects of Drug 
Dependence” * 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 5 30 p m —Professor A N Davison “The Myelin Sheath 
and Its Biochemistry” (Enghth of fifteen lectures on “The Scientific Basis of 
Medicine” organized by the British Postgraduate Medical Federation )* 


SOCIETY OF CHEMICAL INDUSTRY (at 14 Belgrave Square, London, SW1), 
at6pm—DrN J L Megson “Leo Hendrik Baekeland and the Chemistry 
of Phenolic Resins” (Baekeland Memorial Lecture) 


Wednesday, February 7 


COLOUR GROUP (GREAT BRITAIN) (at Imperial College, London, SW7)— 
Meeting on “Cosmetics” DrT J Elliott “Colour Cosmetics”, “Television 
Make-up” by a member of the BBC Make-Up Department 


ROYAL INSTITUTION, HISTORY OF SCIENCE Discussion Group (at 21, 
Albemarle Street London W1), at 1 pm —2Lt Commander D W Waters 
“The Adoption of Marıne Tıme Keepers at Sea” * 

SOCIETY FOR ANALYTICAL CHEMISTRY (at the Wellcome Foundation, 
Euston Road, London, NW1), at 3 p m —Meeting on “Enthalpımetry” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, WC2), at 5 30 R m-—Dr H G Lubszynskı, Mr N Barford, 
Dr B Mayo and Mr J Wardley “A New Electrostatically Focused and 
Deflected Vidicon”, Mı P C Ruggles, Dr N A Slark, Mr D P Mouser and 
MrP H Batey “Beam Separation and Low Noise Read-out in Isocons” 


ROYAL MICROSCOPICAL SocrEtry (at the Middlesex Hospital Medical School, 
Cleveland Street, London, W1), at 530 pm——Dr A Boyde ‘Electron 
Microscopy of Surfaces of Hard and Soft Tissues” 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 530 pm-—Professor J Robson “Pam and Pain 
Suppression” (First of three lectures on “The Scientific Basis of Dentistry” 
organized by the British Postgraduate Medical Federation )* 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m —Dis- 
cussion Meeting on ‘“Traming of Engmeers for Management” 


UNIVERSITY OF LONDON (at the Institute of Archaeology, Gordon Square, 
London, WC1), at 6p m —Mr I P Joliffe ‘Sources of Maritime Archaeology 
— Coastal Research in Britain” * 


Thursday, February 8 


Roya Society (at 6 Carlton House Terrace, London, SW1), at 9 30a m — 
Discussion Meeting on “The Logical Analysis of Cerebral Functions” organ- 
wea by Professor J Z Young, FRS, and Professor H © Longuet-Higgins, 
Q 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street London, 
wD, atlpm—Mr E Howe "Wiliam Savage and the Royal Institu- 
ron”? 


SOCIETY FOR ANALYTICAL CHEMISTRY, PARTICLE SIZE ANALYSIS GROUP 
and the NORTH OF ENGLAND SFCTION OF THE SOCIETY FOR ANALYTIOAL 
CHEMISTRY, with the MANCHESTER SECTION AND COLLOID AND SURFACE 
CHEMISTRY GROUP OF THE SOCIETY OF CHEMICAL INDUSTRY (at the Man- 
chester Literary and Philosophical Society, 36 George Street, Manchester), 
at 2 30 p m —Meeting on “Dispersion Problems in Particle Size Analysis” 
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INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, WC2) at 530pm-——MrR H D Hardy 
‘A System for Transmission and Display of Weather Information” 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 530 pm—Dr A M Harper “Regulation of Cerebral 
Circulation” (Ninth of fifteen lectures on “The Scientific Basis of Medicine” 
organized by the British Postgraduate Medical Federation )* 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINES 
GROUP, and the DIESEL ENGINEERS AND USERS ASSOCIATION (at 1 Birdcage 
Walk, Westminster, London, SW1), at 6 & m —Discussion Meeting on “‘In- 
vestigation of Diesel Engine and Turbo-Charger Interaction” 


UNIVERSITY OF LONDON (at Queen Elizabeth College, Campden Hull Road, 
London, W8), at 6 pm-—Professor D Gabor FRS “Foreseeing and Con- 
trolling the Future” * 


ARBORICULTURAL ASSOCIATION (in the Lecture Room Royal Horticultural 
Society’s New Hall, Greycoat Street, London, SWI), at 630 pm — 
Roland Huddleston and Mr Michael Hardy ‘The Firat Six Months of the 
Civic Amenities Act” 


UNIVERSITY OF LONDON (at Withersdane Hall, Wye College, near Ashford, 
Kent), at 815 pm—Professor J N Black ‘Energy Relations in the 
Management of Resource Systems” * 


Friday, February 9 


FEDERATION OF BRITISH PLANT PATHOLOGISTS (in the Lecture Theatre, 
British Museum (Natura! History), Cromwell Road, London, SW7), at 10 50 
a m —Duiscussion Meeting on “The Techniques and Problems in the Produc- 
tion and Use of Virus-tested Planting Material” 


ROYAL INSTITUTION PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 pe -Dr Y V Morozov ‘Radiative and 
Radıatıonless Transition Probabilities in Organic Molecules” * 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS Division (at 
Savoy Flace, London, WC2), at 530 p m —Mr G F Craven “Evanescent 
ode Filters” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, Wi) at 9 pm — 
Professor Paul T Matthews, FRS, “Elementary Particles”, 


Saturday, February 10 


BRITISH SOCIETY OF RHEOLOGY, and the BRITISH MIOROCIRCULATION 
Socrety (at the Royal College of Surgeons, Lincoln’s Inn Fields, London, 
WC2)—Symposium on “Haemorheology and the Microcirculation” 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum 
London Road, Forest Hill, London, SE23), at 330 pm —Professor A N 
Tucker “Life and Death of an East African Rainmaker" * 


Monday, February 12 


UNIVERSITY OF LONDON (in the Botany Theatre, University College 
London, Gower Street, London, WC1), at 530 pm-—-Dr R J Benthem 
(Utrecht) ; Conservation in Land Use Development I Reconstruction of 

andscape” 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECHANIOAL 
HANDLING MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, 
SW1), at 6 p m —Duscussion Meeting on “Passenger Handling” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned 

LECTURER (with a good honours degree ın mechanical! engineering or 1n a 
related subject, and preferably a particular interest ın mechanical vibration 
and/or contro] systems) ın the MECHANICS AND MECHANISM GROUP of the 
DEPARTMENT OF MECHANICAL ENGINEERING, to contribute to the teaching 
and research work of the Department in the field of dynamics—The Secretary 
to the University Court, The Universit}, Glasgow (February 10) 

LEOTURER or ASSISTANT LECTURER (preferably with research interests in 
semi-conductors, solid state electronics and surface electronics) in the 
DEPARTMENT OF ELECTRICAL ENGINEERING and ELECTRONICS—The Regis- 
trar, The University, Liverpool, quoting Ref RV/342 (February 15) 

ASSISTANT LECTURERS or LECTURERS (2) 1n the DEPARTMENT OF PURE 
MATHEMATICS (for at least one of these posts preference will be given to appli- 
cants with special interest in functional analysis}—The Registrar, The 
University, Liverpool, quoting Ref RV/313 (February 16) 

LECTURER (either medically or scientifically qualified candidate) in the 
DEPARTMENT OF CHEMICAL PATHOLOGY—The Registrar and Secretary, The 
Unversity, Leeds, 2 (February 17) 

LECTURER (with a higher qualification in medicine) in THERAPEUTICS— 
The Acting Secretary, The University, Aberdeen (February 17) 

LECTURERS (2) (with university, commercial or industrial experience in 
some branch of computer science) in CoMPUTING—Lhe Secretary, The 
University, Aberdeen (February 17) 

SECOND CHAIR OF APPLIED MATHEMATICS—The Registrar, The University, 
Newcastle upon Tyne (February 17) 

RESEARCH FELLOW IN TEXTILE ENGINEERING to investigate problems 
concerned with the division of heat and wear between two high speed steel 
rubbing surfaces—The Registrar and Secretary, The University, Leeds, 2, 
quoting Ref 68/38/2 (February 19) 

ASSISTANT LECTURER in BIOMETRIGS—The Secretary and Registrar, 
University College of North Wales, Bangor, North Wales (February 20) 

LECTURER (with a good honours degree and preferably a minimum of two 
years’ practical experience ın industry and/or research) ın the DEPARTMENT 
OF CIVIL ENGINEERING—The Registrar, Queen Mary College (University of 
London), Mile End Road, London, E1 (February 23) 

ASSISTANT EXPERIMENTAL OFFICER (with a degree m a biological subject 
or an equivalent qualification) to take part ın research on hybrid varieties of 
wheat and barley—The Secretary, Plant Breeding Institute, Maris Lane, 
Trumpington, Cambridge (Februarv 26) 

LECTURER or ASSISTANT LECTURER IN EXPERIMENTAL PSYCHOLOGY— 
The Assistant Registrar (Establishment), The University of Sussex, Essex 
House, Falmer, Brighton, Sussex, quoting Ref 873/1 (February 29) 
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READER IN ANTHROPOLOGY at the LONDON SCHOOL OF Econostos-—The 

Academic Registrar (A), University of London, Senate House, London, WC1 
March 1) 

$ READER/SENIOR LECTURER in MATHEMATICS (STOCHASTIC PROCESSES) ab 
the University of Queensland, Australi i—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(London and Brisbane, March 1) 

SENIOR LECTURER, LECTURER or ASSISTANT LECTURER (preferably with a 
special interest in comparative vertebrate zoology or anımal physiology or 
animal (vertebrate) ecology) in ZOOLOGY at the University of Zambia-—The 
Inter-University Council, 33 Bedford Place, London, WC1 (March 8) 

UNIVERSITY POSTDOCTORAL TEACHING FELLOW in the DEPARTMENT OF 
CHEMISTRY—The Registrar, University of Nottingham, University Park, 
Nottingham NG? 2RD (March 29) 

CHAIR OF Paysics, and CHAIR OF CHEMISTRY at Flinders University of 
South Australiww—The Registrar, Flinders University of South Australia, 
Bedford Park, South Australia, or The Secretarv-General, The Association of 
Commonwe vith Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1 (Australa, March 31) 

GWENDOLYN MICHELL CHAIR OF MEDICINE at the Un:versitv of Adelaide— 
The Secretery-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW! (Australia, March 31) 

CHAIR OF Puysics—The Institute of Physics, University of Aarhus, 8,000 
Aarhus, C, Denmark (Apri! 1) 

MASTER (preferably with an interest In statistics or computer work) to 
teach Mathematics to all levels including the Sixth Form——The Master, 
Dulwich College, London, SE21 


REPORTS and other PUBLICATIONS 


(not meluded ın the monthly Books Supplement) 


Great Britain and Ireland 


You Have Looked After St Dunstan's The 52nd Annual Report of 
St Dunstans Pp 24 (London St Dunstan’s ) [2111 
Ministry of Technology Water Pollution Research 1966 The Report 
of the Water Pollution Research Lahoratory Steering Comnuttee with the 
Report of the Director of Water Pollution Research Pp xu+176+4 
plates (London HM Stationery Office, 1967) 15s Gd net {2111 
The Roval Soctety Scientific Research in Schools Committee—Report 
to Counci! 1967. Pp 17 (London The Royal Society, 1967 ) {2211 
The Scams of the South Wales Coalfield By H F Adams Pp vi+20 
plates (London The Institution of Mining Engineers, 1967) 42s [2211 
University of Sussex Science Policv Research Unit-—First Report 1967 
Pp 22 (Brighton University of Sussea, 1967 } {2311 
Discovery Reports, Vol 85 Pp 1-30 Seasonal Formation of Laminae in 
the Car Plug of the Fin Whale By H S J Roe (London Cambridge 
University Press, 1967) 26s net [2311 
Bulletin of the British Museum (Natural History) Geology Vol 15, 
No 3 Burrows and Surface Traces from the Lower Chalk of Southern 
England, By W J Kennedy Pp 125-167+8 plates (London British 
Museum (Natural History), 1067) 42s 2311 
Report of a Discugston Mceting on Data for Scrence and Technology held 
at the Roval Society, London, on 5 June, 1967 Pp 65 (London The 
Roval Societv, 1967 ) [2711 
Mental Health Research Fund Pamphlet No 5 The Psvchosomatic 
Disorders Pp 15 (London Mental Health Rescarch Fund, 1067) (2711 
University of Oxford Report of the Committee on the Ashmolean 
Museum (Supplement Xo } to the Uniwersity Gazelle, Vot 98, November 
1967) Pp 99 (Oxford The University, 1967) 10s (2711 
Departinent of Ldueation and Science Report of the Committee on 
Scales of Salartes for the Teaching Staff of Colleges of Cducation—Enyland 
and Wales, 1967 Pp vut+15 (London HM Stationery Office, 1967) 
2s 6d net [2711 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue 


The direct postal price per subscription for one or two copies of 
NATURE each week is 

*12 MONTHS (52 issues and 4 indexes) 
Great Brtain and Eire 
United States of America 
Canada 
Elsewhere overseas by surface mail 


(Charge for delivery by ar mail on application) 
*Shor'er periods pro rata (Minimum three months ) 
MULTIPLE SUBSCRIPTIONS 


For subscribers who take more than two copies of NATURE each 
week these reduced annual rates are offered 
12 MONTHS (52 issues and 4 indexes) 


SAA 


GB & USA Canada 
Ene (by air freight} 


£14.00 each 
$48 each 
$52 each 
£1400 each 


{by air freight) 
(by air freight) 


Elsewhere 
(surface mail) 


Number of 
Copies 


Each 
£13100 
£12150 
£1200 


Each 
$46 50 
$44 50 
§42 50 


Each 
$50 50 


Each 
£13100 
$48 30 £12150 
$46 00 £1200 


J E N EEE isin 
Mulnple subscriptions must run concurrently Every copy will be 
posted separately and for speed of delivery each subscription can be 
addressed to a different individual, or department at the same address 
(ZIP essential for US A) 


3-5 
6-11 
12 or more 
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National Institute for Research mm Dairymg—Report 1966 Pp 178 
(Shinfield, Berkshire National Institute for Research in Dairying, Universit; 
of Reading, 1967) 10s 281. 

The Royal Society Report of Council for the year ended 30 Septembe 
1967 Pp 85 (London The Royal Society, 1967 ) : 

Footpaths and Bridieways a Piea for their Protection Pp 9 


London 
The Ramblers’ Association, 1967) 1s 6d : [281: 


Other Countries 


US Department of Commerce/Environmental Science Services Adminis 
tration Winter Storms Pp 8 (Washington,DC Government Printin; 
Office, 1967) $015 2711 

National Museum of Canada Natural History Papers, No 35 (Septembe: 
30, 1967) Notes on the Riostratigraphy of Dinosaurian and Microfossi 
Faunas in the Edmonton Formation (Cretaceous), Alberta By Dale A 
Terli and T Potter Chamney Pp 22 (Ottawa Queen's Printer 

[271 

The Annual of Czechoslovak Medical Literature, 1965 (National Medica 
Library of Czechoslovakia) Pp xx+697 (Praha Czechoslovak Medioa 

ress, 7 291 

India Council of Scientific and Industrial Research Annual Repi ol 
the Central Minmg Research Stition 1965-1968 Pp 394 (Dhanbad, 
Bihar India Central Mining Research Station, 1967 ) 2911 

Australia Commonwealth Scientific ane Tndustrial Research Organiza- 
tion Division of Fisheries and Oceanography Technical Paper No 25' 
Inorganic Phosphate, Organic Phosphorus, and Nitrate in Australian Waters 
Bv L F Kirkwood Pp 18 (Melbourne Commonwealth Scientific and 
Industrial Research Organization, 1967 ) {2911 

The Walter and Elza Hall Institute of Medical Research Annual Reports, 
1966-67 Pp 93 (Parkville, Victoria The Walter and Eliza Hall Institute 
of Medical Research, 1967 ) [2911 

Republic of South Africa Department of Commerce and Industries 
Division of Sea Fisheries Investigational Report No 63 The Occurrence of 
Phvilosomata Off the Cape with particular reference to Jasus lalandii. 
PPTI Lazarus Pp 38 (Sea Point, Cape Town Division of Sea aay 
Annals of the South African Museum, Vol 49, Part 1 Bantu Pottery of 
Southern Africa Bv A Lawton Pp 440+25 plates (Cape Town 
Sonth African Museum, 1967 ) {2911 

New Trends in Biology Teaching, Vol 1 Prepared bv R Heller (The 
Teaching of Basic Sciences) Pp xv+298 (Paris United Nations Educa- 
tional, Scientific and Cultural Organization, 1967 } 2911 

Indian Forest Bulletin No 246, New Series (Entomologv) Revision of the 
Indian Species of the Genus Alierecerotermes silvestre (Isoptera Termitidae 
Amitermutinae) By Banı Prashas, R S Thapa and P K Sen-Sarma 
Pp 66 (Delhi Manager of Publications 1966) Rs 800 (8011 

WHO Technical Report Serres No 370 Pesticide Residues tn Food-— 
Joint Report of the FAO Working Party on Pesticide Residues and the WHO 
Expert Committee on Pesticide Residues, Geneva, 14-24 November 1966 
Pp 19 3s 6d No 873 Specifications for the Identity and Purity of Food 
Additives and their Toxicolourcal Evaluation—Some Emulsifiers and 
Stabilizers and Certain other Substancces—'lenth Report of the Joint FAQ/ 
WHO Expert Committee on Food Additives, Geneva, 11-18 October 1966, 
Pp 47 5s (Rome Food and Ayricniture Organization of the United 
Nations, London H M Stationery Office, 1967 } 3011 

Government of Midras Report of the Government Analvst and the Chief 
Water Analist for the year 1961-62 Pp 4 (Madras Government of 
Madras, 1966 ) [3011 

Umited States Department of the Interior Geological Survey Bulletin 
1216 Geology of the Republic Quadrangle and a Part of the Aeneas Quad- 
rangle, Form Countv Washington By Siegfried Muessig§ Pp vi+135+ 
plate 1 Bulletin 1227 Geology of the Mount Wilson Quadrangle, Western 
San Juan Mountains, Colorado By Calvin § Bromfield Pp vi+100+ 
plates 1-6 (Washington,DC Government Printing Office, 1967) [412 
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Isotopes in Chemistry 
J. F. DUNCAN and G. B. COOK 


The text 1s not confined to simple tracer studies, 
but includes topics arising directly from the 
properties of the isotopes th.mselves—isotope 
effects, recoil, electronic and nuclear excitation, 
and the artificial elements—and relates them to 
other fields (e g stable isotopes, nuclear magnetic 
resonance, and the Mossbauer effect) Readers 
will obtain a general view of the versattlity of 
isotopic methods, which are still breaking into new 
fields ofstudy 71 text figures 55s net 

(paper covers 21s 6d net) 


Chemistry and 
Industry 


Applications of Baste Principles in 
Research and Process Development 


Edited by D G. JONES 


This book’aims to give students an 1dea of the way 
ın which basic concepts are applied across the 
whole field of industrial research and development 
There are chapters dealing with examples of such 
applications ın physical, organic, and inorganic 
chemustry and ın the development of a chemical 
process 58 text figures 40s net (paper covers 
205 net) 


Theory of Crystal 
Dislocations 
F. R. N. NABARRO 


Acomprehensive survey of our present knowledge 
of the theory of dislocations in crystals Attention 
1s paid not only to the geometrical and elastic 
properties of dislocations in a continuum and ina 
crystal, and to the interactions of dislocations with 
point d.fects, but also to the effects of dislocations 
on the electrical, magnetic, thermal, and optical 
properties of crystals 231 text figures £9 9s net 
International Sertes of Monographs on Physics 


OXFORD 
UNIVERSITY 
PRESS 





now In its second year 
BIOCHIMICA ET BIOPHYSICA ACTA 


PROTEIN STRUCTURE 


ELSEVIER’S JOURNAL FOR PAPERS AT 
THE FOREFRONT OF RESEARCH ON 
PROTEIN FINE STRUCTURE AND CON- 
FORMATION 


Isolation and covalent structure - solution proper- 
ties - subunit dissociation and interaction - im- 
munochemistry - probing of active sites - magnetic 
and spectroscopic analysis of metallo- and pigment- 
bearing proteins - electron microscopy of proteins 


A sample of forthcoming papers 
Amino acid composition of -lactoglobulins - K. Bell, 
H.A. McKenzie & D C. Shaw (Canberra, Australia) 


Structural characterization of hemoglobin N 
R.T Jones et al (Portland, USA) Seattle 


Trennung der S-Sulfonate des Schweineinsulins an DEAE- 
Sephadex 
Y. Shimonishi & H Zahn (Aachen, Germany) 


Naturally occurring analogues of porcine corticotropin 
S Lande et af (New Haven, USA) 

Albumin volume and conformational change relationships 
S Katz (Morgantown, USA) 


Fibrinogen - fibrin interaction 
V.A. Belitser et al (Kiev, USSR) 

Rheumatoid factor-reactive peptides from human IgG 
C.S Henney, R Jeffens & DR Stanworth 
(Birmingham, UK) 

Myosin B from Myxomycete plasmodium 
S Hatano & M. Tazawa (Nagoya, Japan) 


Energy transfer ın oligotyrosyl compounds - J.A. Knopp & 
J W. Longworth (Oak Ridge, USA) 


Circular dichroism af squid rhodopsin 
Y. Kito, M Azuma & Y Maeda (Osaka, Japan) 
Etude du spectre infra-rouge du collagène acido-soluble 
A Huc &J Sanejouand (Lyon, France) 


Optical and magnetic properties of Pseudomonas azurins 
A.S Brill, G.F. Bryce & HJ. Mana (New Haven, 
USA) 


Ordered as a part subscription to BBA, a personal 
or departmental ‘Protein Structure’ costs US$54.00 


Details for 1968- 
Biochim Biophys Acta, Vols.154, 160 & 168 
(P4, P5 & P6), 9 issues, total price US$54.00, 
Dfl.195.00. Airmail surcharge for USA and 
Canada US$0 90 


Back volumes P1, P2 & P3 (1967) are also available 


Send orders to your regular bookseller or to 


ELSEVIER PUBLISHING COMPANY 
P.O, BOX 211, JAN VAN GALENSTRAAT 335 
AMSTERDAM (THE NETHERLANDS) 


ž Elsevier 
Publishing 
Company 
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Classified Advertisements 


Semi-displayed £6 per single column inch 
Minimum £3, each additional 1/12th of an inch 
IOs Full page £158, Half page across £80 
Colour (orange) £20 extra 2/6 ıs charged 
for the re-direction of replies to advertise- 
ments with a box number 


ADVERTISEMENTS SHOULD BE ADDRESSED 
TO T G Seott and Son, Limited, | Clement's 
Inn, Strand, London, W C2 Telephone 
01-405 4743 Telegrams Textualist, London, 
wc2 











APPOINTMENTS VACANT 


DEPARTMENT OF PHYSICS 


UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 


Applications are invited for the following staff 
appointments 


1 EXPERIMENTAL PHYSICIST (Atomic 
Physics) Preference will be given to can- 
didates with interests in atomic collision 
optical pumping or similar phenomena 


2 EXPERIMENTAL PHYSICIST (Solid State 
Physics) Preference will be given to can- 
didates with interests in ESR, optical 
properties of solids and related subjects 


3 THEORETICAL PHYSICIST Preference 
will be given to candidates with interests 
in the physics of atomic collisions 


In each case the successful candidates will be 
expected to instruct in undergraduate and post- 
graduate courses and to devote a part of ther 
ume to rescarch The appointments may be 
made at the ranks of Assistant Professor, Asso- 
cate Professor or Professor at which properly 
qualified candidates can expect salaries of not 
less than $9000 $12 000 and $15 000 per annum 
respectively 


Inquiries should be addressed to Dr L Krause, 
Head Department of Physics (393) 





TWYFORD LABORATORIES LIMITED 


(A subsidiary of Arthur Guinness Son 
and Co (Park Royal) Ltd 


require 


LABORATORY TECHNICIAN 


to join a small team working on biological 
and chemical problems associated with bac- 
tenal endotoxin As the work will be 
concerned with the chemical aspects of the 
research, an interest in chemical analysis 
is essential, and experience in this type of 
work would be helpful 


The person we select is likely to have 
some ‘A' levels (including chemistry), or 
ONC or similar qualifications 


The conditions of employment are good, 
and include free lunches, generous pension, 
Itfe insurance schemes and sickness bene- 
fits, 16 days’ annual jeave Salary will 
be on scale from £850 to £1250 accord- 
ing to age and experience 


App'y to the 
Personnel Officer, 
TWYFORD LABORATORIES LTD 
309 Elveden Road, 
NW 10 


31) 





UNIVERSITY OF WATERLOO 
DEPARTMENT OF BIOLOGY 
WATERLOO, ONTARIO, CANADA 


Applications are invited from students for post- 
graduate studies leading to MSc or PhD Areas 
of research cover most fields of biology includ- 
ing Freshwater Biology, Taxonomy Microbiology, 
Physiology, Genetics and Palynology Teaching 
Fel owships to the value of $2,600 for eight- 
month academic year, plus summer stipend of 
$1 000 avatlable Dr H B N Hynes, Chairman 

Applicauons to be addressed to Department 
of Biology, University of Waterloo, Waterloo 
Ontano Canada (405) 














Analytical 


Microscopist 


The output of our client’s modern, well-equipped, clean, air-condi- 
troned laboratories, situated North-west of London, 1s visible proof 
that they have one of the most advanced instrument development 
facilities in Europe 
A replacement 1s now required for their microscope specialist who 
has been promoted to head the Assessment Department Suvported 
by existing physical and chemical services, the position would suit 
applicants with experience in the use of modern polarismg and UV 
microscopes in forensic, organic, physical, biomedical or petrological 
analysis and possessing a degree or equivalent in an appropriate 
subject The appointee will be contributing to the improvement of 
sensitive instrument systems, whose performance 1s strongly influ- 
enced by recondite aspects of physical chemistry, using an elabor- 
ately equipped Zeiss Photomicroscope for assessment and isolation 
of unidentified materials, of orgamic contaminants and their proper- 
tres, and to support research into the surface processes concerned 
If you are interested in discussing this appointment, which offers 
work on problems in new and unexplored fields, besides generous 
conditions of service such as four weeks holiday a year and assist- 
ance with housing, please wnte, giving a brief summary of your 
career to date, to 

T. L Roberts (Ref. AM/218), 

R F. White & Son Ltd, 

(Incorporated Practitioners in Advertising) 

72 Fleet Street, 


London, E.C 4. 


(Should there be a company to whom you do not wish your applica- 
tion to be forwarded please advise by covering letter) 


(492) 


Agricultural 
Science Graduate 


required by AN FORAS TALUNTAIS (The Agricultural Institute) for 
its Soil Fertility/Chemustry Department Starting salary up to £2,465 
depending on qualifications and experience Marriage and children’s 
allowances Superannuation Scheme (special arrangements can be 
made in the case of an FSSU member) ESSENTIAL Honours 
University Degree or equivalent 


Further particulars and application forms from the Director, An 
Foras Taluntais, 33 Merrion Road, Dublin, 4, Ireland (Quote ref 
N3) Latest date for receipt of completed forms—February 28, 1968 

8 


(414) 


ROTHAMSTED EXPERIMENTAL 
RESEARCH ASSISTANTSHIPS STATION 


IN PHYSIOLOGY HARPENDEN, HERTS 


Pedology Department has vacancies for (A) 


Applications are invited for Research CHEMIST to work on soil organic matter/trace 


Assistantships from qualified students wish- elements (B) CHEMIST/PHYSICIST to study 
ing to work towards the M or ano soil minerals by X-ray diffraction Applicants 
degrees Supend range $3000 to should have HNC, LRIC, or BSc degree 
ber annum Salary according to age and expertence in grade 

Write for further mformation to of Assistant Experimental Officer (£744 to £1 243) 


or Experimental Officer (£1,365 to £1 734) 
Superannuation 

Applications to the Secretary, giving full par- 
tleulars and names of two referees and quoting 
reference 1052/105 A or B, to the Secretary by 
February 29, 1968 (399) 


Dr D H Copp Head, 
Department of Physiology, 
University of British Columbia 
Vancouver 8, BC, Canada (401) 
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HUNTINGDON RESEARCH 
CENTRE 


RESEARCH OFFICERS 


Graduates in biological sciences are re- 
quired for participation in research work 
in the field of safey evaluation of drugs 
and other chemtcals Preference will be 
given to candidates under 25 years of age 
who have an interest in mammalian sys- 


tems, associated with a broader physico- 


chemical knowledge They should have 
iniuative and organising ability, and experi- 
erce in some facet of the pharmaceutical 
industry would be considered an advan- 
tage Library and soctal facilities are good, 
and four weeks’ holiday will be granted per 
year 

Applications should be addressed to the 
Personnel Officer, Huntingdon Research 
Centre, Huntingdon, quoting reference 
GHW/5/G (483) 





UNIVERSITY OF GLASGOW 
CHAIR OF VETERINARY PATHOLOGY 
Applications are invited for appointment to the 

Chair of Vetermwary Pathology which will be- 
come vacant on October 1, 1968, by the retire- 
ment of Professor J W Emshe The holder of 
the Chair has responsibility for the subjects of 
Veterinary Pathology, Bacteriology and Parasito- 
logy 
Applications (twenty copies), with the names of 
three persons to whom reference may be made 
should be submitted not later than February 29, 
1968 with the undersigned, from whom further 
particulars may be obtained 
ROBT T HUTCHESON, 
Secretary of the University Court 
(439) 





FOURAH BAY COLLEGE 
UNIVERSITY OF SIERRA LEONE 


Applications invited for (a) Lectureship or (b) 
Assistant Lectureship in Geology Candidates 
preferably with postgraduate experience, should 
have interests in the field of metamorphic_petro- 
jogy Salary (a) Leone 2,400 to Leone 4 740 per 
annum . (b) Leone 1,900 to Leone 2,400 per 
annum FSSU_ (1 Leone=10s sterling), plus 
supplementation (normally tax free) of £275 to 
£350 per annum (sterling) for those designated 
under British Expatriate Supplementation Scheme 
Various allowances , family passages 

Detailed applications (six copies), naming three 
referees by March 14, 1968, to Inter-University 
Council, 33 Bedford Place, London, W C 1, from 
whom particulars are obtainable (489) 





UNIVERSITY OF BOTSWANA, 
LESOTHO AND SWAZILAND 


Applications mvited for (a) Lectureship or (b) 
Assistant Lectureship in Crop Production for 
duties in Swaziland at the Agricultural College 
and University Centre Applicants should have a 
degree ın Agriculture or Tropical Agriculture plus 
graduate experience in the Tropics or Sub- 
Tropics Experience ın the field of Agricultural 
Education advantageous Duties to be assumed 
July, 1968, or soonest thereafter Salary (a) 
R3100 to R 4,700 per annum, (b) R 2,600 to 
R2,800 (1 Rand=11s 8d sterling) Various 
allowances, gratuity, family passages, biennial 
overseas leave 

Detailed applications (six copies), naming three 
referees by March 20, 1968, to Inter-University 
Council, 33 Bedford Place, London, WC1 from 
whom particulars are obtainable (488) 


UNIVERSITY COLLEGE OF 
NORTH WALES 
ASSISTANT LECTURER IN BIOMETRICS 


Applications are invited for the post of 
Assistant Lecturer in Biometrics The person 
appointed will be responsible for teaching and 
some consultation in the application of statistics 
to biological problems He may also lecture on 
mathematics at an elementary level to first-year 
biology students The person appointed would 
be a member of the staff of the School of Plant 
Biology The salary will be at a suitable pomt 
on the scale £1,105 by £75 to £1,180 by £80 to 
£1 340 

Applications (two copies), giving detatls of age, 
qualificauons and experience, together with the 
games of three referees, should be sent by 
February 20 1968, to the Secretary and Regis- 
tar, from whom further particulars may be 
obtained (420) 


XXXIII 


Senior Research 
Physical Metallurgist- 
AUSTRAL 


An important overseas Group company, John Lysaght (Australia) 
Limited, which makes and markets sheet steel and a range of 
processed and fabricated products, with an annual turnover well 
into eight figures (sterling), wishes to appoint a PhD in metal 
physics or physical metallurgy to its Central Research Labora- 
tory staff at Newcastle, New South Wales. Candidates should 
have had several years of research experience since obtaining 


their higher academic qualifications 


Participation in the company’s research programme will be both 
challenging and rewarding The present programme includes 
orientations in various types of low carbon steels from hot coil 
to finished product, via control of recovery and recrystallisation 
processes, following interstitial elements by Mossbauer, electron 
microscopy, X-ray diffraction 


Commencing salary will be negotiated around $47000 Excellent 
superannuation scheme, free life assurance and other staff bene- 
fits Fares and transport will be arranged and some assistance 
will be given with getting suitable accommodation in Australia 


Please write, in strict confidence, quoting U 108. 
to the 

Director of Personnel, 

Guest, Keen & Nettlefolds Ltd., 

22 Kingsway, London, W.C 2 












Plastics Division 






We have vacancies for 


JABSTRACTORS 


Ain the Patents and Library Department at our Welwyn Garden City 
Headquarters Desirable qualifications are l(a) a degree or Higher National 
Certificate (Chemistry) or (b) the completion of Part ! or the whole of a 
Ñ degree course in Chemistry, irrespective of the result and (2) a working 
iy knowledge of a foreign language The work comprises abstracting, indexing 
M and searching the patent and academic and technological literature on the 
Ñ production and use of plastics materials 








Conditions of service include a 374-hour, five-day week, Pension Fund and 
Profit Sharing Scheme Recreation and Restaurant facilities are available 



















Pe E rintt S 


Apply briefly quoting ref No A23220 t 

P. J. Whittingham, Personnel Department, 
E imperial Chemical Industries Ltd., 

| PLASTICS DIVISION, 











(432) 
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UNIVERSITY OF EDINBURGH 


Department of Pharmacology 
GRADUATE BIOCHEMIST required to 


Glaxo Research Ltd. 
Stoke Poges, Bucks. 


Fermentation Research 


Our extended research programme gives rise to the following 
senior appointments 


Biochemist 


1s needed to take charge of one of a number of research projects in the 
Biochemistry Section He should be interested in working with bio- 
logical products from micro-organisms and preferably should have had 
experience in the fields of nucleic acid and/or enzymes He would be 
supported by graduate and technical assistants. 

The position would be suitable for a Ph D, biochemist with at least 
2 years’ post-graduate practical experience Ref. U 260 


e e 

Biologists 

There are two vacancies for mature graduates to work on the discovery 
of new microbial metabolites in the fields of enzymes and antibiotics 
Candidates should combine a sound knowledge of microbiology and 
genetics They should have a Ph D or alternatively be graduates with 
considerable research experience They will have appropriate technical 
assistance Ref U 261 


Auto-Analyst 


to run an expanding section where the work 1s concerned with the 
analysis of metabolites and where there 1s scope for the development 
of new assay methods Computer facilities are available for data analysis 
Candidates should be graduate chemists or the equivalent with a 
comprehensive training in chemical analysis and also experience in 
auto-analytical techniques Ref U 262 


We pay progressive salaries and offer excellent working conditions and 
fringe benefits including pension and bonus schemes Please write 
quoting the appropriate reference to the Senior Personnel Officer 
(GJB), Glaxo Laboratories Ltd , Greenford, Middlesex 





(S09) 


BROOKE BOND RESEARCH 
LABORATORIES 


BLOUNTS COURT, 
SONNING COMMON, READING, 


assist in a research programme on the 


metabo ism of cerebral tissues Research 
experience =n 


methods desirable, but not 


BERKS 


biochemical 
essential 


separative 


A SCIENTIST or TECHNICIAN is re- 


Opportunities exist for study for a higher 


degree 
annum 


Salary Scale £1,050 to £1,340 per 


Apphcations, in writing to the Clerical 
Officer, Unk for Brain Metabolism, Depart- 
ment of Pharmacology, University Medical 
Scheol, Teviot Place, Edinburgh 8 (456) 


quired for Taste and Odour evaluation work 
im connection with tea and other consum- 
able products Salary will be commensu- 
Tate with age and experience 


Applications to the Administrative Office 
at the above address, quoting reference SE 


(435) 
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POSTGRADUATE STUDY IN 
CHEMISTRY 
UNIVERSITY OF MANITOBA 


Financial support up to $4,200 per 
annum for First and upper Second-class 
honours graduates m MSc and PhD 
programmes in chemustry Travel assistance 
available 

Details from R H Betts, Head Chem- 
istry Department, University of Manitoba, 
Winnipeg 19, Manitoba, Canada (236) 





UNIVERSITY OF ST ANDREWS 
DEPARTMENT OF APPLIED MATHEMATICS 


Applications are invited for a post of LEC- 
TURER or ASSISTANT LECTURER in Applied 
Mathematics The current research Interests 
within the department he primarily in the fields 
of Fluid Dynamics Numerical Anatysis and 
Plasma Dynamics but applications for this post 
may be made by candidates with interests in any 
branch of Applied Mathematics Salary scales 
Lecturer £1470 to £2630, Assistant Lecturer 
£1105 to £1340, starting salary according to 
qualificauions and experience FSSU, gran 
towards expenses of furniuure removal 

Five copies of apphcations with the names of 
three referees should be lodged by February 29 
1968 with the Sccretary of the University Col- 
lege Gate, St Andrews from whom further par- 
ticulars may be obtained (485) 


EAST MALLING RESEARCH 
STATION 
STATISTICS SECTION 


Vacancy for an able graduate in Statistics or 
Mathematics Research encouraged Biological 
or horticultural imterests an asset Access to 
computers Appointment in the Scientific Officer 
grade or possib'y Senior Scientific Officer subject 
to adequate pror experience 

Further details and apphcation forms from the 
Secretary, East Malling Research Station, Maid- 
stone, Kent (426) 


MEDICAL RESEARCH COUNCIL 
BIOLOGICAL STANDARDS 


The National Institute for Medical Research 
has a vacancy m the Division of Bio ogical Stan- 
dards for an honours graduate, preferably trained 
in chemistry, to work on development and appli- 
cation of the radioimmunoassay technique to 
measurement and study of various biologically 1m- 
portant polypeptides Incremental] salary, within 
the range £1050 to £1,785 per annum, accord- 
ing to age and qualifications, with FSSU 
benefits 

Applications should be sent, by February 29, 
1968 to the Director, National Institute for 
Medical Research, Mill Hill, London, NW7 
from whom further particulars may be tg 
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BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 
Applications are invited for the post of Re- 
search Assistant in the Department of Crystallo- 
graphy for a team engaged on research on the 
X-ray s*ructure determination of crystalline pro- 
teins. Appheants should possess qualifications or 
experience in scientific programming and prefer- 
ably some acquaintance with crystallography 
Salary on the scale of £890 by £55 to £1,110 by 
£75 to £1,260 per annum 
Application forms may be obtained from the 
Secretary, Birkbeck College, Malet Street WC1 
Closing date February 19, 1968 (428) 





MANCHESTER REGIONAL HOSPITAL 
BOARD have a vacancy for a male or female 
Scientific Officer ım the laboratories of the 
BLOOD TRANSFUSION SERVICE An 
Honours degree in science pharmacy or biology 
is essential Salary £963 (first- or second-class 
honours) rising to £1,658, though candidates with 
postgraduate qualifications or experience may be 
given a higher starting salary —Applications 
should be sent to the Director, Regional Blood 
Transfusion Centre, Roby Street, Manchester 
from whom further particulars may be as 
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BIOCHEMIST REQUIRED TO ASSIST IN 
research on bie pigment metabolism Experience 
with liver perfusion techniques and enzymes 
desirable but not essential Opportunites for 
higher degree Salary £930 to £1 400 —Further 
detas from Dr B H Billing, Medical Unit 
Royal Free Hospital Gray’s Inn Road, London 
weil (390) 
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SP3000 





The most sophisticated spectrophotometer in the world 


The most automated The world’s first 

with built-in digital presentation of absorbance 
values The Unicam SP3000 ultraviolet 

and visible spectrophotometer 

The SP3000 automatically measures from one to 
50 samples at up to 10 different wavelengths 
The instrument presents absorbance or 
transmittance on a built-in dluminated digital 
display The reading ıs printed simultaneously on 
an electric typewriter 

For accuracy the SP3000 depends on a new and 
unique photometric system which uses single 





UNICAM 


Precision 
Spectrophotometers 





beam optics together with an auxiliary radiation 
standard This eliminates errors due to 
unbalanced beam geometry or photomultiplier 
gain drift Automatic calibration before every 
measurement ensures high accuracy—readout 
resolution ıs 0 1%T or0 001A And reliability has 
been thoroughly proved tn a comprehensive 
programme of field trials 

Further details of the SP3000’s 

outstanding performance are 

contained tn a technical brochure 

Write for tt today 
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Based on the well-known Histokinette Automatic Tissue 
Processing Machine, the new “Hendrey Automatic Side 
Staining Machine offers the same degree of simplicity 
and efficiency, combined with ease of operation and 
considerabie savings of time and labour 


The new machine dramatically eases the burden of 
manual staining for the Laboratory Technician involved in 
an increasing work load ın exfoltative cytology, and allows 
staining to proceed automatically and with very little 
supervision 

The most important feature of the machine ıs the great 
accuracy of staining and consistency of results obtained 
with it The provision of 23 covered beakers on the 
machine means that it is eminently suitable for the 
Papanicolaou staining process, but the machine can be 
used to stain any specimen wh’ch can be mounted on a 
microscope slide, and it can operate other staining pro- 
cesses provided that not more than 23 stations are 
required in the complete cycle 


The shde carrier accommodates 36 standard microscope 
slides tn one load and uniform staining ts ensured by the 
combined perpendicular and rotary movement which ts 
employed during the time that the slides are tmmersed in 
the various staining hquids 


“Hendrey” 
Automatic 
Slide 
Staining 
Machine 
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| Full details available on request 

HENDREY RELAYS & ELECTRICAL EQUIPMENT LTD BATH ROAD, SLOUGH, BUCKS Telephone BURNHAM 609/612 Telegrams HENDRELAY 


SLOUGH, Telex No 84314 Chamcom Slough, Hendrelay On Admrraity, Principal Ministries and Post Office Lists ARB & Min of Tech Approved Design 
and Inspection Sole Export Distributors Measuring & Scientific Equipment, 25-28 Buckingham Gate London SW 














NOW O.R.D + C.D 
The We are pleased to announce that a 
P OLARMA T. 1 C 62 Circular Bickram attachment has been 


Automatic designed by the National Physical 
2 Laboratory and will shortly be available 
Spectropolarimeter for this outstanding spectropolari- 


meter. Like the Polarmatic itself, this 
new device will once again open up new 
thresholds tn biological research 


A great deal of engineering development 
has enabled us to offer this attachment 
to both new and present users of the 
O.R D. instrument. For full details 
write to Dept. N 


We now have capacity for aluminising 
certain types of mirrors, at short notice 





SOLE DISTRIBUTORS IN UK OF 
SCHOTT INTERFERENCE FILTERS 
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Less Money to Spend 


THERE ıs very little to cheer about im the United 
States budget for 1969 (see page 505), although there 
may be some relief among scientists that several 
conspicuous projects have survived more or less un- 
scathed the wave of parsimony which has swept through 
the Federal Government m the wake of the Vietnam 
war The new proton accelerator at Weston in Illmois 
will be built on time (or perhaps even sooner, to judge 
from the vigour and the cleverness with which Dr 
Robert Wilson and his colleagues have embarked on the 
detailed design work now m hand) Expenditure on 
defence research will also mcrease, though principally 
because of the decisions taken in the past few months 
about the development of new kinds of weapons 
systems—the anti-ballistic missile system, for example 

With economy in the air, it 1s unlikely that much of 
the extra money bemg laid out by the Department of 
Defense will spill over into other fields—indeed, there 
1s a serious danger that the economies will actually 
diminish the amounts of money which the armed 
services have been accustomed to spend on the support 
of comparatively academic research m the United 
States Nobody should be surprised if that happens, 
for ıt has been clear for some time that over-dependence 
for research funds on what the military departments can 
afford to spare from their large budgets 1s potentially 
too dangerous for comfort, to say the best about 1t. In 
the same spirit, 1t 1s not remarkable that NASA, in its 
quite understandable attempt to preserve for itself as 
much freedom of manoeuvre as possible for the period 
after 1969, should have chosen to economize by cutting 
back on what ıt proposes to spend on strictly scientific 
work 

It remains to be seen how these economies will be 
apportioned between the companies which build and 
launch satellites and the teams of people in the uni- 
versities responsible for the design of instruments and 
the interpretation of results, but here again there 1s a 
danger that the universities will find themselves bereft 
of funds on which they have become accustomed to rely 
If next year Congress should be as eager to reduce the 
Admunistration’s requests for funds as 1t has been m the 
current financial year, the consequences for American 
universities could be quite serious 

So what, then, should be done? At this stage no 
purpose will be served by wrmging hands about the 
prospect of misfortune The reasons for the financial 
strmgency which has come on the United States are 
plain enough for most people to see, and much as many 
people would like to see them go away, there are few 
who would pretend that the full weight of policy-makmg 
m the United States should be exclusively determmed 
by a concern for the health of fundamental science 
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Moreover, 1t 1s only seemly to acknowledge that there 
has been no serious mterruption of the tendency, 
which has become apparent m recent years, for the 
Federal Government to shoulder mcreasing responsi- 
bility for the welfare of higher education The conse- 
quences are most clearly to be seen in the continuing 
growth of financial support for university students, 
graduates and others In the long run, universities 
m the United States can only profit from still further 
developments along these Imes, for some sharmg of 
the cost to students and their families of four years 
at a university 1s a necessary means of making sure 
that all the people m need of university education 
eventually find their way there 

By the same test, however, American universities, 
already jealous enough of their independence, may take 
recent experience in Britain as a further warning of the 
risks of Federal subventions for bwidmgs and other 
facilities Whether state governments or the nostalgia 
of alumni are invariably preferable to the Federal 
Government as sources of support is another issue, of 
course, but even m the United States the entirely 
mdependent university 1s almost a thing of the past 
The pomt which emerges most clearly from the new 
budget 1s that the fabric of university teaching in the 
United States will not be unduly cramped by what has 
happened 

The pinch will be felt ın the research laboratories, 
and the most constructive course to follow will be to 
seek the kinds of structural changes ın the machinery 
for supporting fundamental research which are likely 
best to serve the long-term mterests of fundamental 
research, both mm the umiversities and elsewhere 
The most urgent need 1s to re-examine the mtervention 
of the muission-oriented agencies ın the support of 
fundamental research—which does not imply that the 
Office of Naval Research was anything but far-sighted 
when ıt embarked on its academic programme of 
research after the war, that the Atomic Energy Com- 
mission 1s in any way deficient m 1ts role as mdulgent 
uncle to laboratories such as the Brookhaven National 
Laboratory and provider of cyclotrons to the universi- 
ties, or even that the Department of Defense 1s malevo- 
lent ın seeking to foster centres of excellence at the 
universities by supplying funds under what it calls 
Project Themis The big-spending agencies have done 
a splendid job m the past two decades, but there are 
now a great many reasons for beleving that the agencies 
should play a smaller part The fact that science 
budgets tend, at present, to be marginal budgets 1s 
the immediate reason for thinkmg this It 1s, however, 
much more mportant that in present circumstances 
there ıs no ready means by which the mtentions and 
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the ambitions of the several agencies can be compared 
effectively with each other And m the long run the 
United States as a whole should profit from some 
machinery for making sure, for example, that a reason- 
able wish to embark on a programme of space research 
should not be followed by some of the extravagances 
which have marked the past few years In other 
words, the goal should be an mdependent agency 
able to make decisions about the commitment of 
resources in the whole of fundamental research and 
with the power to spend money as well. 

This, of course, 1s where thoughts turn naturally to 
the mdependent agencies—the National Science Foun- 
dation and the National Institutes of Health On 
paper, at least, both of them seem to have done 
reasonably well Both of them will have a little more 
money, and the extra $24 millon on the budget of the 
National Science Foundation works out at something 
like an merease of 5 per cent In practice, however, 
this means an increase of merely $14 millon on what 
the foundation has to spend on basic research, and there 
18 no question that the $230 million at the foundation’s 
disposal ıs too small a proportion—10 per cent—of the 
federal money which finds 1ts way into research at the 
universities This anomaly is particularly gallmg when 
1t 18 acknowledged that the foundation spends nearly 
as much on the support of science teaching as on 
research, and that the cost of what are called support- 


Physicists and Public Issues 


Tue American Physical Society seems to be making 
heavy weather (see page 502) of the proposal by Dr 
Charles Schwartz that members of the society should 
be allowed to raise political issues at meetings and in 
various publications of the society It needs very 
httle clairvoyance to know what kinds of issues Dr 
Schwartz and his supporters wish to raise, and 1t would, 
of course, be wrong to suggest that physicists should 
be less concerned about matters such as the war in 
Vietnam or the construction of anti-missile defences 
than other professional groups—smologists, for 
example, or radio engineers It would also be wrong to 
diminish the importance of some of the issues which 
Dr Schwartz and his supporters have quoted as poten- 
tial subjects for public discussion withm the American 
Physical Society What 1s happenmg m south-east 
Asia, for example, may well become a turning pomt m 
modern history It 1s also mevitable that political 
developments of various kmds—the costmg of a budget, 
for example—can be of vital importance for the 
profession of physics But this, of course, 1s not the 
pomt The immediate question 1s the extent to which 
great learned societies should engage m the public 
discussion of umportant public issues Although there 
1s very little doubt that Dr Schwartz and his supporters 
are making an unacceptable request, the issue js mter- 
esting and also important They have done a public 
service m bringing ıt mto the open 

There are several mterlocking questions to be decided, 
but the one which has most often been overlooked m 
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ing services—information handling and forward plan- 
ning—had already passed $50 milhon a year ago This 
is not, of course, to suggest that these activities are not 
good works, although 1t 1s probably too late for the 
National Science Foundation to recapture the co- 
ordmatmg functions which have long smece been 
assumed by the Office of Science and Technology 
There 1s, however, a real danger that the tail will wag 
the dog, or even that the dog itself will altogether 
disappear 

But the National Science Foundation 1s too weak to 
occupy the centre of the stage This 1s the customary 
explanation of 1ts lowly position m the pecking order 
The truth 1s that some of this weakness 1s internal— 
and remediable—and that some of 1t 1s a simple con- 
sequence of the way m which the mussion-oriented 
agencies act as patrons of the sciences on a lavish 
scale The Daddario Bull, which has been hatching m 
Congress so long as to suggest that ıt may now be 
addled, will not tackle this problem, and ıt 1s only fair 
to acknowledge that a good many influential officers 
of the Administration, especially m the Office of Science 
and Technology, do not see 1t as a problem at all In 
practice, however, 1t will be a great misfortune if the 
year ahead, which may well see the retirement of Dr 
L Haworth, the director of the National Science 
Foundation, 1s not also taken as an opportunity for 
a massive strengthening of 1ts position 


the debate m Physics Today is the proper function of a 
learned society In the last resort, a society 1s a kmd 
of club Its existence stems from the common mterests 
of 1ts members To begm with, for example, most 
learned societies come mto existence because there 1s 
a need for channels of communication between people 
concerned with similar academic problems The 
members may have bitter disagreements among them- 
selves about all kinds of subjects—the correctness of 
a theory or the size of the subscription fee—but they 
are bound together by their common need of some 
means of expressing opinions to similarly mterested 
colleagues With the passage of tıme, several develop- 
ments may come about There 1s, for example, a 
tendency for large societies to spawn sub-societies 
within themselves m response to the development of 
new specialized interests 

It 1s also natural that the interests of many societies 
should often grow beyond the academic confines ın 
which they are launched Physical societies naturally 
interest themselves mn questions such as the supply of 
tramed manpower and the salaries of professional 
people, for example, for these, too, are issues on which 
the members of the societies may fairly be said to have 
a common interest As committees are usually well 
enough aware, however, even a few dissenters are 
enough to brng a new venture to a halt. That 1s as it 
should be, for 1t would be self-destructive of a society to 
follow a course which alienated even a handful of 
serious members ‘This 1s the sense m which Professor 
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Orear 1s mistaken to claim that silence implies acquies- 
cence Often ıt means just busyness By the same 
test, 1t 1s mistaken of Dr Schwartz to think that the 
agreement of one per cent of the membership of a society 
1s a sufficient mandate for new undertakings Ninety- 
nine per cent would be a better figure from which to 
open negotiations But with that reservation, there 
1s no need artificially to restrict the scope which 
learned societies should choose for themselves If 
they wish to become pressure groups, there 1s no reason 
why they should deny themselves that luxury, and 1t 1s, 
of course, delightfully dismgenuous that Dr Edward 
Teller, who has been a one-man pressure group on 
defence policy for several years, should now maintam 
that pressure groups area nuisance Where societies are 
concerned, what matters 1s what most members want 

There remains the question of how physicists m the 
United States should set out to tackle the kinds of 
questions which Dr Schwartz would hke to raise withm 
the American Physical Society The first thmg 
is that if there 1s a group of physicists which feels 
a need to take a special interest m public issues, and 
if 1t considers that 1t has something special to contri- 
bute, there 1s no reason why it should not form a 
society specifically for that purpose In tıme 1t might 
even estabhsh a reputation for responsibility and 
good sense. 


Fast Reactors in Europe 


Tur European Nuclear Energy Agency celebrated its 
tenth anniversary ın Paris last week with the cheerful 
announcement of a plan to investigate the building of a 
fast reactor as a joint project It has been decided to 
set up two working parties—one technical, one more 
directly industrial—on fast reactors The formation of 
the technical group was prompted by the uneasy 
feeling that fast reactors have so far been developed on 
too narrow a front. Hitherto 1t has been assumed that 
the best method of cooling 1s by pumping hquid sodium 
around the reactor At the back of people’s minds has 
been the feeling that perhaps gas or steam would do 
the job equally well Although those who have invested 
in fast reactor development already, including the UK 
Atomic Energy Authority, have presumably satisfied 
themselves on the pomt, the delegates at the recent 
meeting ın Paris saw no harm in making doubly sure 
The working group will therefore be making a technical 
study of the two systems, and comparmg them with 
sodium coolhng ‘The group will report back m June, 
and 1f there then seems a need to go ahead and produce 
some hardware, this could be set in motion by the end 
of the year Much will, of course, depend on the 
reaction of individual countries to the report 

The other workmg party has been set up with the 
mtention of taking early mdustrial soundings about 
possible fast reactor projects Its aim ıs to devise 
ways in which any jomt reactor development under- 
taken by ENEA could be smoothly handed over to 
industry when ıt ıs complete One delegate at the 
ENEA meeting described the formation of this group 
as one of the fruits of the Dragon project Dragon 1s 
coming to an end without as much industrial follow-up 
as some people consider it deserves Happily, there are 
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some signs of interest, five European companies have 
jomed forces to consider the formation of a European 
organization to promote the sales of reactors using 
Dragon high temperature technology The companies 
are the Nuclear Power Group (UK), Belgonucléaire 
(Belgium), Gutehoffnungshutte (West Germany), 
SNAM Projetti Sp A (Italy) and Groupement Atom- 
ique Alsacienne Atlantique (France) This is an 
encouraging sign of mternational mterest m the system. 

At the same time, ENEA has set up a committee 
whose task ıt will be to press forward the commercial 
application of heavy water reactors m Europe 
Although almost every conceivable variety of heavy 
water moderated reactor has been designed—and a 
number have been built—electmaty utilities have 
tended to fight shy of them The new group will 
attempt to break through this consumer resistance, 
fortified perhaps by the knowledge that the British 
example of the breed, the steam generating heavy water 
reactor at Winfrith, reached its full design capability 
of 100 MW late last month The UKAEA, which 
designed and built the SGHWR, has its own ideas about 
selling ıt, and has prepared a contract ın collaboration 
with Finnish industry to supply an SGHWR to Imatran 
Voma Oy, the Finnish electricity utility 


Money for British Postgraduates 


TuE Department of Education and Science 1s thinking 
of transferrmg all responsibility for postgraduate 
awards to central government Consultations are m 
progress with the Committee of Vice-Chancellors and 
Principals, the Association of University Teachers, 
the Association of Prmcipals of Technical Institutions, 
the Association of Teachers in Technical Institutions, 
the National Union of Students and the National 
Society of Art Education 

At present these awards are made by various 
departments, mcluding the Department of Education 
and Science and the Scottish Education Department, 
as well as by research councils and local education 
authorities m England and Wales Although local 
education authorities can, in fact, make awards m any 
field—even. to cover research leading to a doctorate of 
philosophy—the awards are usually provided to cover 
vocational courses such as diplomas in management 
studies, or for polytechnic courses These awards are 
financially sumilar to the ones provided for first degree 
courses and are assessed according to parental income 

The Secretary of State for Education and Science, 
Mr Patnck Gordon Walker, has told local authori- 
ties that the present division of responsibility 18 
causing mncreasmg difficulty to applicants, academic 
authorities and award-making bodies In 1966, at the 
annual conference of the Association of Education 
Committees, a resolution was passed calling on the 
Department of Education and Science to assume full 
responsibility for awards for postgraduate study 
apart from those studies of a strictly vocational nature 

Mr Gordon Walker adds that this proposal ıs not 
concerned with the total number of postgraduate 
awards made from public funds but simply with “the 
most efficient and economical way of admmuistermg 
them” He further mamtams that until the idea of 
central control 1s completely acceptable, there 1s no 
pomt ın considermg m detail the way m which this 
might be brought about 
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Controlling Drugs 


Tum Medicmes Bill pubhshed m Britam this week 
(HMSO, 10s 6d )—less than five months after the 
Samsbury Commuttee’s report on the relationship 
between the pharmaceutical mdustry and the National 
Health Scheme-—-proposes a number of controls and 
safeguards 1n the mportation, marketing and retailing 
of medicinal products One of the prmerpal decisions 
made ıs to appoint a Medicmes Commission with eight 
members from medicine, vetermary medicine, phar- 
macy, chemistry other than pharmaceutical chemistry, 
and pharmaceutical mdustry This body will advise 
on matters relatmg to the admmustration of the Bill 
or, generally, in relation to medicinal products, but 
it will also be required to advise on the pattern and 
membership of expert committees 

The Bul also follows the Samsbury Committee m 
laymg down that a “product licence” will be required 
before any medical product can be marketed m 
Britam, regardless of where it 1s produced Doctors, 
dentists and others will, however, be allowed to con- 
tinue making up their own mixtures, but vetermary 
surgeons and practitioners will have to comply with 
certain standards on vaccines and sera 

Appheations for and renewals of licences will have 
to be made to the hcensmg authority, which will take 
account of factors such as safety, efficacy and quality 
in relation to product licences, the facilities and control 
arrangements ın relation to manufacturers’ hcences, 
and premises and storage facilities m relation to whole- 
sale dealers’ licences Requests cannot, however, be 
refused on the grounds of sellmg price and, mdeed, 
refusal on any grounds can only be enforced after 
consultation with the appropriate committee or the 
commission ‘The licensing authority will be able to 
reserve the right to suspend hcences on a number of 
grounds—for example, if the standards to which a 
product 1s manufactured are no longer satisfactory 
A product licence or certificate will also be required 
before elmical and field trials can be carried out, and 
the risk mvolved will have to be considered by the 
hcensmg authority Moreover, every clinical trial 
certificate will expire after two years but can be renewed 
on application The question of cluding medicmal 
products in animal feedmg stuffs 1s also covered in the 
Bul, this will only be possible m accordance with the 
conditions in a product licence or field trial certificate 
Ultimately ıt will be for the Minister of Health to 
specify which medicinal products are safe enough to be 
sold without the supervision of a pharmacist 

According to the Bull, subject to certain provisions 
it will now be an offence for any commercially 
interested party to issue advertisements that are 
false or misleading This provision replaces the one 
in the Food and Drugs Act with respect to false and 
misleading advertisements for drugs Furthermore, 
the Bull allows regulations to be made concerning the 
particulars m an advertisement, the form and manner 
of presentation, and m addition 1t enables the hcensmg 
authority to call for copies of advertisements Persons 
other than lcence holders will not be able to issue 
advertisements without the consent of a heence holder, 
and a fine not exceeding £100 will be imposed on anyone 
contravening this restriction Copyright ın the British 
Pharmacopoeia may pass from the General Medical 
Council and be assigned to Her Majesty future editions 
will be prepared by the Medicines Commission or an 
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appropriate committee under its direction, and the 
editions will then be published by the ministers on 
the Commussion’s recommendations 

Obviously the success of the Bull will depend on how 
strictly the new regulations are followed Those who 
fear that the new Bill is unduly restrictive should 
perhaps look at the Umited States where the Com- 
mittee of the National Academy of Sciences 1s giving 
the Food and Drug Administration a sharper bite than 
1t has had in the last few months 


The Government Inspector 


Tus Comptroller and Auditor-General began his visits 
to British universities last week First on the hst was 
the University of Sussex at Brighton, to be followed by 
the University of Lancaster In spite of the cries of 
horror which greeted the announcement some months 
ago that the universities would now be subject to an 
audit by the comptroller and his staff, the occasion 
seems to have passed off without madent 

The Exchequer and Audit Department, which 1» 
responsible for carrymg out the audit, seems not yet 
certain exactly how ıb 1s to be done “We're feeling 
our way,” one member of the staff explamed But the 
general pattern of visits seems hkely to be that two 
members of the staff will visit universities for about 
two weeks at a time, and quite literally examime the 
books Surprise visits are defimtely not on—‘‘We 
always notify the universities m advance” It 1s 
thought that about a dozen universities will be exam- 
med each year, which means that the whole lot will be 
covered in about four years But more frequent visits 
aie not ruled out—it all depends how difficult the job 
turns out to be A new section has been set up at the 
department specifically to deal with the task 


Scientists Redundant 


THE angry reaction to the news of AKI factory closures 
seems to have made the giant GEC cautious m its 
dealing with its research workers Following the 
announcement that the telecommunications labora- 
tories at Blackheath and Harlow are to close came the 
statement that work would be transferred to other 
research establishments at Coventry and Wembley, 
where more technicians would be needed as well as a 
“substantial number of engmeers and scientists” 
Official comment suggested that the company would 
be more occupied in persuading people to move with 
them rather than in pacifymg the ones who will be 
redundant This may indeed be the case for some of 
the older men, particularly im the development engineer- 
mg section, because some of them have had to move 
several times already, to keep up with reorgamzations 
For the rest, ıt 1s believed that offers of employment 
will be made to selected staff only 

The closing of the Harlow sections comes as the 
third and final stage of reduction Originally the 
laboratory served three sections of AEI with a staff of 
300 workmg on radio, sales and telecommunication 
In 1963 the radio mterests of the company were sold, 
work on semiconductors and transistors ceased and 
total staff fell to about 180 The cables section was 
withdrawn ın 1966 and the remammg staff of 140 
remamed. for telecommunications Rather than bemg 
involved in the expertise of the subject, the group has 
concentrated particularly on the materials science side, 


NATURE, VOL 217 FEBRUARY 10 1968 


working on advanced materials and developmg mero- 
electronics It ıs thought that a few workers will be 
offered posts at Wembley, where fundamental work 
m this hne is carried out, but GEC already has a 
well established group working on materials science 
There ıs also a group at Harlow which 1s just gettmg 
going onto production engineermg and automation, and 
it 18 feared that the GEC 1s just not mterested in this 

It 1s highly likely that a similar story would emerge 
from the Blackheath laboratories, but GEC is trying 
to restram comment The statement that the company 
1s to build up powerful research teams, particularly at 
Wembley, 1s being received with scepticism by some 
of those affected ` 


New Man at Harwell 


Dr WALTER MARSHALL is to succeed Dr Robert Spence 
as director of the Atomic Energy Research Establish- 
ment at Harwell on Aprl 1 One of his prmeipal tasks 
will be to supervise the practical and commercial assist- 
ance which the establishment hopes to give to mdustry 
in Britain 

Dr Marshall, who 1s 35, jomed the AERE m 1954 
and became head of its theoretical physics division m 
1960 He was appomted deputy director m 1966 
Dr Spence became head of the chemistry division at 
Harwell m 1946 and has been director since 1964 He 
now goes to the University of Kent to take up the 
mastership of the new third college, as yet unnamed, 
and the chair of apphed chemistiy 


New Man in France 


THERE 1s great pleasure ın France that the new head 
of the Délégation Générale de la Recherche Scientifique 
et Techmque is Dr Pierre Aigram, until this week mn 
charge of higher education at the Ministry of Educa- 
tion Dr Agram is 43 and 1s a physicist by origin and 
smce 1959 has been secretary-general of the French 
Physical Society His career has alternated spells 
in government departments with intervals of 
academic hfe He has, for example, held scientific 
positions with the French navy, the atomic energy 
commission (CEA) and, most recently, the army He 
was at the Collège de France for a brief spell ın the 
early fifties and has been connected with the univer- 
sities of Lille and Paris He has won himself a high 
reputation as an energetic and sensible man 


Physics Information 


Tue American Institute of Physics has landed the first 
istalment of a grant from the National Science 
Foundation which 1s hkely to amount to more than a 
milhon dollars ın the next five years and which will be 
spent on the study and development of new techniques 
in the dissemmation of formation in physics Work 
has already begun on the project, which was described 
at the New York meeting of the American Physical 
Society at the end of January by Dr H W Koch, 
director of the American Institute of Physics Like 
the American Chemical Society, the American Institute 
of Physics, which 1s a federation of several learned 
societies ranging ın size from the American Physical 
Society to the Society of Rheology (with a few hundred 
members), has come to occupy a central position m the 
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publication of onginal material m physics Dr Koch 
said that the mstitute’s journals have been publishmg 
more than 50,000 pages in aggregate each year for 
several years now The total size of all 1ts journals 
seems m fact to be doubling every five years The 
american Institute of Physics ıs perhaps more out- 
spoken than other similar organizations in its behef 
that there would be benefits m devices which could 
replace formal publication 

The plan for the mformation study now begun will 
cover several aspects of this problem For one thing, 
there 1s to be a thorough study of the uses of computers 
in the storage and retrieval of wnformation In this 
sense, the Institute of Physics will be following the 
Chemical Abstracts Service, which ıs now publishing 
lists of titles on magnetic tape It seems, however, to 
be acknowledged that physicists may not be as well 
served by computer storage as are the chemists—for 
one thing the costs of tape retrieval seem to be igh 
and mformal exchanges of preprints among mterested 
groups of physicists have been well developed But 
the Institute of Physics 1s also hoping to tackle directly 
the qualitative problems of the scientific hterature, 
and the programme of work ahead 1s to include a serious 
attempt to decide what part formal articles m the 
scientific journals should play m the dissemination of 
information A convmemg answer would be well 
worth a million dollars 


Doctorates in the United States 


A STATISTICAL report on the education and subsequent 
employment of PhD students and their equivalent in 
the United States has been published by the National 
Academy of Sciences for the Office of Scientific Person- 
nel of the National Research Council (Doctorate Re- 
eyprents from Uniied States Unwersitres, 1958-1966) 
The source of all the mformation 1s the Documents 
Records File which 1s compiled from extremely detailed 
surveys of graduates completing doctoral degrees This 
file goes back to 1920 and must surely be the envy of 
higher education authorities m other countries for 1ts 
thoroughness All subjects are covered m the report, 
though there 1s no doubt about the predommance of 
science and technology In 1966, a total number of 
17,865 graduates received doctorates, of which 6,077 
(34 02 per cent) were ın physical sciences and enginee1- 
ing, and 2,869 (1606 per cent) were m biological 
sciences A further 2,666 (14 92 per cent) were awarded 
doctorates in the social sciences Altogether there has 
been an average growth rate of 92 per cent over the 
period 1958-66 Engineering has had the most spec- 
tacular merease—in 1966, four times as many doc- 
torates were given in this field as m 1958 Corre- 
sponding to the growth m numbers of PhDs are 
figures for the growth m numbers of colleges and 
universities There 1s also a detailed analysis of the 
pattern of doctoral education—the time taken to 
register for higher degrees after completion of first 
degrees, transference from one course to another and 
from one mstitution to another durmg the period of 
study and so on 

Of interest to the followers of the Swann and Willis 
Jackson reports on scientific and technical manpower 
are the analyses of postdoctoral employment Colleges 
and universities are the mam employers of higher 
degree graduates ın all fields and a greater percentage 
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Table } FIRST EMPLOYMENT OF HIGHER DEGREE GRADUATES IN THE USA 
Elementary 
Year of College and Govern- Non- Foreign Total with 
Field of doctorate doctorate and secondary ment profit Industry Other employer known 
university school employer 
Total all fields 1961-63 18,877 1,722 2,410 1,305 4,319 763 2,828 $2,224 
aaa 1964-66 27,362 2,082 2,921 1,760 5,499 te ate in 
Physical sciences 1961-63 4,643 27 598 374 3,521 345 ; 
d engineering 1964-66 7,259 5 845 498 4,540 597 1,338 15,082 
Biological scrences 1961-63 3,096 33 640 193 442 126 808 5,338 
1964-66 4,255 4 776 289 516 184 1,135 7,159 
Social sciences 1961-63 3,133 143 827 372 227 191 487 5,380 
1964-66 4,328 82 833 497 255 203 610 6,808 


are attracted each year This trend ıs especially 
marked in the physical sciences and engineering 
Industry is the major employer of physical scientists 
and engineers, but 1t employs fewer than 10 per cent m 
other fields The percentage of scientists and engineers 
with doctorates gomg mto mdustry, however, has 
fallen rapidly from 44 per cent m 1958-60 to 30 per 
cent in 1964-66 Mathematics, physics and chemistry 
show especially sharp declines in industrial employ- 
ment Fewer than 10 per cent of the new higher degree 
graduates accepted employment overseas, but this 
figure should be balanced against the number of foreign 
graduate students (14 per cent) m the country Bram 
drain enthusiasts should have fun working on all these 
figures 


No Merger for Engineers 


THE projected merger between the Institution of 
Mechanical Engineers and the Institution of Heating 
and Ventilating Engmeers 1s off After discussions 
lastmg the best part of a year, the heating and ventilat- 
mg engineers finally decided that they no longer wished 
to press on with the merger The decision has left the 
mechanical engineers shghtly baffled “We don’t know 
why they decided against the merger” an official said 
this week “It’s very disappomting ” 

Merger talks began when the heating and ventilating 
engineers decided that they wanted to mcrease their 
mfluence ‘The easiest way of domg this, short of a 
royal charter which was very unlikely to be granted, 
was to amalgamate with an established body The 
obvious choice was the Institution of Mechanical 
Engineers, and talks began It was first agreed that 
the heating and ventilating engmeers should enjoy a 
status within the combined institution much like that 
enjoyed by the automobile engineers They would 
have been virtually an autonomous group, with their 
own. council and their own chairman, and members in 
the different classes of membership in the IHVE would 
have been able to transfer to the equivalent classes in 
the combmed body The [HVE would have been able 
to publish 1ts own journals and hold its own conferences 
and meetings The mechanical engmeers had agreed 
to set up Jomt working parties to study the problem of 
technician engineers, whose position the JHVE was 
anxious to protect Despite all this, the heating and 
ventilating engmeers told the mechanicals on December 
20 that they did not wish to proceed 

One heatmg engmeer suggested this week that the 
THVE feared that 1t would be swamped when ıt jomed 
the mechanicals There does seem to have been some 
opposition within the profession, although the mech- 
anical engineers say that they have received several 
letters from individual members of the [HVE regretting 


the decision The Institution of Mechanical Engmeers 
denies that 1 ever wanted to make a takeover bid for 
the IHVE, and “smcerely hopes that this 1s not the 
end of the affair The door 1s not closed to further 
talks” Meanwhile, jomt meetings will contmue as 
before Clearly the hope ıs that the IHVE will even- 
tually see the folly of its ways 


Safety in Space 
by Angela Croome 


SEVERE strictures on National Aeronautics and Space 
Administration (NASA) complacency, which it con- 
siders was responsible for the deaths of three astronauts 
in last year’s Apollo fire, are contained in the Con- 
gressional report of 1ts own mquiry mto the circum- 
stances of the accident. Some of the Senate space 
committee are doubtful xf the shortcommgs of the 
contractors’ work would have come to light without 
the accident, and NASA 1s emticized for not passing 
on to Congress reservations on the performance of the 
Apollo mam contractor, North American Aviation, 
which was the subject of a secret NASA report m 
1965 In summary, ‘“NASA’s performance—the 
evasiveness, the lack of candour, the patromzng 
attitude exhibited towards Congress, the refusal to 
respond fully and forthrightly to legitimate congres- 
sional inquiries, and the solicitous concern for corporate 
sensitivities at a tame of national tragedy—can only 
produce a loss of congressional and public confidence 
in NASA programmes” 

In the meantime, extensive replacement of materials 
in the capsule and spacesurt to make these “almost 
fireproof” has been completed A quick escape hatch 
has been substituted for the previous design The total 
cost of these modifications 1s estimated at $100 milhon 
The changes have forced the forfeit of between 600- 
1,000 Ib im the overall weight of the spacecraft and 
this m turn has required the re-design of the return 
parachute system to supportit A fully fire-resistant 
material, Beta fabric, has replaced high-temperature 
nylon (Nomex) for the outer layer of the Apollo pres- 
sure-suit The mflammable boot-soles and helmet 
(polyurethane) have been replaced by carboxy-mitroso 
rubber and a silicone material respectively Nomex 
has been substituted for nylon as the material of the 
suit lmer. The opportunity has been taken to make the 
sut more comfortable and durable Metallized patches 
cover pressure pomts and the outside of the gloves are 
equipped with artificial nails or claws to assist sample 
collection It 1s estimated that about 1,000 yards will 
be the walking limit of an astronaut kitted out for the 
first lunar excursion 

On its first fight on January 23 the Apollo lunar 
model acquitted itself well, and NASA authorities are 
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now considering whether the other scheduled unmanned 
flight could be dispensed with. Premature cut-off 
of propulsion firings has been attributed to over- 
conservative programming of the on-board guidance 
computer and not to malfunction. 

Thorough check-out of the various components of 
the lunar landing mission is essential, since there is 
considered to be no possibility of survival or rescue 
from an accident on or near the Moon. Dr George 
Mueller, director of the manned spaceflight programme, 
recently made clear that on the Moon there will be a 
36 h oxygen supply for the two astronauts, not a large 
margin on the projected 22 hour stay. No rescue pro- 
visions are being made. It would take a month at 
least to get a relief party out there, Dr Mueller pointed 
out. 

Nevertheless NASA has recently appointed a Safety 
Director whose job it will be to look into the problems 
of orbital rescue as well as the more conventional 
aspects of spacecraft and range safety. In his mid-40s, 
Bob P. Helgeson has had experience in atomic energy 
as well as with the X-15 hypersonic research aircraft 
programme. 


Hovercraft Launched 


Tue largest hovercraft in the world took to the water 
this week for its first trial. Built by the British Hover- 
craft Corporation at Cowes, the hovercraft is called 
the SRN 4, or, more grandly, the first of the Mount- 
batten class. It will be used as a cross-Channel ferry 
by British Rail and by the Swedish firm Hoverlloyd, 
carrying 254 passengers and 30 cars, or 600 passengers. 
Despite unpleasant weather conditions for the launch- 
ing, the four-engined craft got away successfully, and, 
it seems, comparatively quietly, although so long as 
hovercraft are propelled by large aero engines driving 
propellers they are never likely to compete for quietness 
with muffled oars. The launching is a great moment for 
those who have supported the development of hover- 
craft in Britain, and for their inventor, Mr Christopher 
Cockerell, who was there to see it happen. 

Sadly, it is not quite so cheerful a moment for the 





The SRN4 hovercraft on its first trial. 
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design staff of the British Hovercraft Corporation. 
The company announced this week that 40 members 
of the design staff working at Hitchen will be laid off 
over the next 2 months. The reason for this, the 
company says, is twofold. At the end of 1967, a 
number of projects which the company had hoped to 
start work on at Hitchen and Cowes failed to material- 
ize. Coupled with the cuts which the Ministry of 
Defence has made, this has meant that design staff 
will have to go. Some, it is hoped, will be found work 
with Westland Aircraft (one of the two major share- 
holders in BHC). At Cowes, there should be sufficient 
work to sustain the design team. 


School Mathematics 


Tue report of the director of the School Mathematics 
Project. for 1966-67 has a cheerful tale to tell about 
the acceptance of the new courses as qualifications for 
entry to universities. Dr Bryan Thwaites says that 
“with only one or two exceptions” all university 
departments of mathematics are prepared to accept as 
candidates for entry students with a pass in the 
Advanced level examination in what is called “SMP 
Mathematics”. Even so, it seems, suspicions persist 
in the schools that a double dose of SMP is likely to be 
a safer means of being accepted than a single dose, and 
these suspicions seem to be borne out by the reaction 
of some of the universities to the new courses. Dr 
Thwaites says that “at least some university depart- 
ments are going against the spirit of their formal 
acceptance ...” by asking extra of intending students. 
It remains of course to be seen whether Dr Thwaites’s 
exhortation will bring backsliding universities to heel. 

To judge from what the report says, the publication 
programme is now virtually complete. This means that 
courses are available for students between 11 and 18. 
One innovation, however, is that the School Mathe- 
matics Project has turned itself into a trust which will 
presumably be able to superintend the further develop- 
ment of the teaching materials now available. 


Undivided Seconds 


from our Oxford Correspondent 


RATHER surprisingly, Congregation at Oxford has 
reversed its decision to divide the second class degree 
into upper and lower parts, a proposal accepted last 
term by 101 votes to 99 (see Nature, 216, 631; 1967). 
This term’s debate, on an opposition amendment that 
the division should be indefinitely postponed, was 
very much better attended. The debate, however, 
seemed somewhat confused, with members finding it 
hard to distinguish the germane from the irrelevant. 
There was a certain amount of doubt whether the 
original proposal had been to enlarge the second class 
as well as divide it, or merely to divide it—-the two 
measures having rather different effects. The final 
vote for the amendment was 171-121, so that for some 
time at any rate Oxford will be making no official 
distinction between types of second class. What will 
happen, doubtless, is that fewer Thirds will be awarded, 
and that the Fourth Class will cease in practice to 
exist. So Oxford will be aligning its degree classes 
with those of other British universities while avoiding 
the difficulties of subdividing the second class candi- 
dates, most of whom would be on the borderline of 
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the subdivision. As the second class comes to embrace 
all but the best and the worst, it will become more 
important to distinguish candidates by giving marks, 
and by tutorial recommendation, a system more 
equitable to examiner and candidate alike and one 
not dissimilar to the practice in universities outside 
Britain. 

While Congregation has been discussing these moves, 
a group of junior members of the university has 
petitioned the Privy Council for changes in the pro- 
cedure under which students are disciplined. At 
present two senior members—the Proctors—are respon- 
sible both for seeking out offenders against university 
regulations, and also for judging and sentencing them. 
The signatories of the petition are asking that the 
roles of police and judiciary should be separated : 
they propose that students should appear before a 
disciplinary committee to which they and the proctors 
would put their cases. The petition also asks that the 
disciplinary committee should be appointed by the 
Vice-Chancellor in consultation with the student 
council, but there is less likelihood that the authorities 
will accept this part of the proposal. The fact is that 
the university does not formally recognize junior 
members or their representatives, although two 
thousand students are graduates. It is only under an 
Act of Parliament, which takes a commendably 
tolerant attitude to their existence, that junior mem- 
bers are allowed to make representations to the Privy 
Council when new university statutes are being estab- 
lished. There has been no official comment on the 
petition from the university authorities yet. 


New Man at Heriot-Watt 


Dr R. A. Surru, Professor of Physics at the Massa- 
chusetts Institute of Technology, is to succeed Dr H. B. 
Nisbet as Vice-Chancellor of Heriot-Watt University 
on June 1. Dr Smith, who was born in Scotland, began 
a distinguished career at the Royal Radar Establish- 
ment in 1939, becoming head of the Physics Depart- 
ment in 1947. He took up his present chair in 1962. 

At Heriot-Watt he will doubtless preside over the 
university's projected move from its present site in 
Edinburgh to Ricearton, six miles west of the city, 
where it will not only have room to expand but will 
also be less immediately under the shadow of Edinburgh 
University. The move to Riccarton is expected to take 
place in 1975, by which time the student population 
will have grown from 1,500 to 3,000. Whether that 
change will mean that people no longer ask whether 
Edinburgh needs two universities is another matter. 


Commonwealth Universities 


Tar United Kingdom has now replaced Canada as the 
Commonwealth country with most university members 
in the Association of Commonwealth Universities. 
This is revealed in the report of the association for 
1966-67, in which it is announced that the admission 
of several new British universities brings the number of 
member institutions in Britain up to 43, compared 
with 42 in Canada. 

Tn his introduction to the report the secretary- 
general of the association, Dr J. F. Foster, describes 
the association as mainly a service organization pro- 
moting the activities in London of its member universi- 
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ties in all parts of the world, including the United 
Kingdom. He contrasts the function of the association 
with that of many other international associations of 
universities which have as their main aim the spread- 
ing of a particular culture and encouraging studies of 
special questions of educational policy. 

One unusual task which the association assisted 
during the year was the mounting of a “Retrieval 
Operation” by Canadian institutions. This was to 
persuade Canadians working in British universities to 
return to posts at home, and involved the sending of a 
party of Canadian officials to Britain. The association 
provided the Canadians with interviewing facilities and 
secretarial services in London. 

The report shows that the appointments service run 
by the association is mostly used by members in 
Australia, New Zealand, Malaya and Hong Kong; 
this appears to be because the North American universi- 
ties favour the making of an appointment after private 
enquiry and negotiation. 


Oxbridge Admissions 


A PLAN for studying the relationships between Oxford 
and Cambridge admissions arrangements and sixth 
form curricula in British schools has been launched with 
£14,000 of the Schools Council money. The operation 
is being financed for an initial period of two years. 
The investigation will be directed by Sir Desmond Lee, 
with a management committee consisting of Mr John 
Morrison, President of University College, Cambridge, 
Mr J. D. Mabbott, President of St John’s College, 
Oxford, and Dr E. J. Bowen, Honorary Fellow of 
University College, Oxford. Sir Desmond will be 
retiring as headmaster of Winchester College later this 
year and will take up a Senior Research F ellowship 
at University College, Cambridge, in the autumn, 
In the meantime a research assistant will be appointed, 
and with Dr Bowen in charge of the Oxford end of the 
project it is hoped that work can begin in the near 
future. 

The movement towards a broader curriculum in 
schools has been causing concern in Cambridge, where 
admission arrangements have been geared to highly 
specialized sixth forms, particularly those in the inde- 
pendent schools. A review of selection methods was 
thought to be necessary if the university was to 
continue to attract the large number of good students 
that it has in the past and if more entrants were to 
come from smaller maintained schools. The idea of a 
special investigation body was put forward by Mr 
Morrison, when the usual monthly committee on the 
subject was thought to be inadequate for a thorough 
inquiry. The scheme has grown to include Oxford 
because the problems of selection there are similar. 
Mr Morrison hopes that the investigation will reveal 
the extent of the problem of producing people who are 
prepared for the highly specialized Oxbridge courses, 
If there is less specialization in schools, then it will 
not only be the admission requirements that will need 
to be changed but also the content of the degree courses. 

The organizers of the new project hope that the 
solutions which they suggest for Oxbridge may also 
provide something of value to other universities. 
Whether other universities will accept this view remains 
to be determined; for some years there has been some 
reason to complain that the existence of a special 
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relationship between Oxbridge and the schools has 
set up strains elsewhere, so that an attempt to provide 
another special solution for the Oxbridge problem may 
seem a perpetuation of an existing misfortune But 
this may be only half the story Sw Desmond Lee is 
the principal architect of the Schools Council’s proposal, 
now abandoned, that the sixth form curriculum for 
most British schoolchildren should consist of two 
principal courses of studies and a number of “mimor’ 
courses Mr Morrison, on the other hand, 1s an advocate 
of a broad curriculum based on five subjects (see Nature, 
215, 1329, 1967) Perhaps the Schools Council has 
found a way of making the prmeipal gladiators settle 
therr scores before tackling the more general problem 
of the universities as a whole 


Money for Authors 


AFTER years of campaigning, it looks as if British 
authors may yet receive royalties for their books 
borrowed free from public hbraries So far there 1s no 
proposal for legislation, but authors have become more 
optimistic ın the past few months The problem of 
paying royalties to authors—the Public Lending Right, 
as 1b 1s called—has been bubbling away for several 
years now, with occasional bursts to the surface when 
events help or hinder the cause Another bubble burst 
last week with the publication of a pamphlet, The Arts 
Council and Public Lending Right (6d , post free from 
the Arts Council) 

This sets out the council’s interest in the subject and 
outlines a scheme 1t proposes for a Public Lending 
Right (PLR) When the council set up its Literature 
Panel in 1966, one of the first steps was to appomt a 
special workmg party and its report was approved 
and adopted by the council m 1967 Because the 
money needed would have to come from public funds 
and government legislation would be necessary, the 
council has formally submitted the report to the 
Department of Education and Science It is anybody’s 
guess 1f and when the Government will promote the 
necessary Bill It could possibly make the next 
parhamentary session, but authors fear that PLR will 
hardly rate among the top priorities 

Authors have long been aggrieved that there 1s no 
equivalent of the Public Performing Right to cover the 
lending of books from pubhe libraries Composers, 
publishers and authors receive fees for the performance 
of any work, musical or dramatic, ın addition to the 
sale of the origmal publication In effect, authors 
believe that Public Lending has become the equivalent 
of Pubhe Performance They feel that the recent 
development of the public libraries, which now lend 
about 500 million volumes a year, has taken place 
without anything approaching commensurate return 
to the producers of the books A recent survey drew 
attention to the plight of some authors Few earned 
anything lke enough money to hve on from their 
writing alone It 1s also argued that organized lending 
radically affects the economics of book publishing One 
library book may survive 200 issues (with one rebind- 
ing) from which the author would receive one single 
royalty payment and the publisher a comparable sum, 
from the origmal sale 

Earlier schemes have involved payment to authors by 
libraries based upon the number of times the book 1s 
issued, and the money has been obtained from small 
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charges to borrowers Lıbrarans were, however, 
opposed to that scheme, two Government Bulls were 
defeated and the subject was omitted from the 1964 
Public Libraries Act Librarians argued that to charge 
borrowers was an abandonment of “free? publhe 
hbraries, that any payment to authors by libraries 
would mvolve administrative costs to the detriment of 
book stocks, and that the development of public 
hbraries helped, not hmdered, book producers 

In the new scheme, a system would be devised on 
the Damsh model, using book stocks as its basis, 
rather than book loans as found m Sweden It 1s 
proposed that a Library Compensation Fund Committee 
should be estabhshed to admimuster a compensation 
fund, which would be suppled by an annual grant 
paid to the committee from public funds The size of 
the grant would be related to the total annual expen- 
diture of Public Library Authorities on books Pay- 
ments to authors and publishers would depend on the 
stocks held ın public libraries It would be impractical 
for all libraries to send returns of stocks, so 1b 1s pro- 
posed that only sample libraries (three in England, for 
example) would send figures These stock figures would 
be compared with the total of stocks held by all 
libraries The fund committee would work out which 
books qualified under the scheme and ıt would then 
calculate the rate of compensation payable per volume 

The scheme appears to be more easy to opetate than 
earlier suggestions, but reservations about the scheme 
remain The sample of hbraries, only three per year, 18 
very small and hardly representative Only public 
hbraries are represented, not all hbraries Stock taking 
by the sample libraries will stall be difficult, especially 
now that many libraries no longer keep such detailed 
records How will the fund committee decide which 
authors should benefit *—British copyright books 
mclude a number not written by British nationals 
Computeiization of records for admmistering the fund 
might be possible now that books publshed since 
October last year have a standard book number, but 
this would exclude the thousands of books pubhshed 
previously These pomts will all have to be thought 
out m detail by the Department of Education and 
Science if the scheme 1s to work 


New Abstracts 


A NEW abstracts journal, Metals Abstiacts, has begun 
its monthly appearance with an issue for January 
1968 The journal 1s published jomtly by the Institute 
of Metals, London, and the American Society for 
Metals, Cleveland, Ohio It replaces the Remew of 
Metal Interature and Metallurgical Abstracts, the 
respective publications of the two societies, which 
will now cease Overlap between them was in fact 
considerable, and the new journal 1s a rationalization 
which should benefit both its producers and its users 

Metals Abstracts arms to provide a complete coverage 
of the world’s metallurgical hterature, and will m 
fact contam almost twice the number of abstracts 
that appeared ın the British Metallurgical Abstracts In- 
dustrial users m Britam may regret, however, that 1ts 
price to them has also mereased, the former will cost 
£116 ($280) a year, while the latter cost £20 For 
hbraries the cost of Metals Abstracts will be £41 ($100) 
and for members of the societies £10 ($25) Monthly 
and annual indexes will be provided for additional fees 
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The new journal 1s produced and printed m Britam, 
the mdex, compiled by a computer, 1s produced in the 
United States 


Physicists and Politics 


Tue discussion of public issues by scientists 1s less rare 
in the United States than in Britam, where lips are 
usually sealed—in publi, at least But despite greater 
individual loquacity ın the United States and the 
existence of several scientific journals which devote 
themselves to a discussion of public issues (Screntest 
and Citizen and The Bulletin of the Atome Scientists, 
for example), the learned societies have so far kept 
their meetings and their journals free from controversial 
issues such, as the war in Vietnam But 1f Dr Charles 
Schwartz of the University of California at Berkeley 
has his way, the American Physical Society will soon 
change all this He has proposed to the society an 
amendment which would allow discussion of any issue 
if one per cent of the membership of the society wished. 
1 The suggestion was discussed at the APS meeting 
which has just finished in Chicago, and now goes to a 
full ballot of the membership of the society 

Predictably enough, the issue has roused passions 
on both sides Dr Schwartz himself has had a brisk 
wrangle with the editors of Physics Today, an APS 
publication, about whether ıt should publish an 
account by him of the proposed amendment His 
letter, eventually published along with others which 
give both sides of the issue, says that “there exists a 
whole range of issues where the technical activity of 
physicists gets tied up with political decision making” 
Unless physicists can make their opmions clear, Dr 
Schwartz says, they deserve to be judged by the 
dictum “silence imphes consent” Dr Jay Orear, of 
Cornell Umversity, who 1s chairman of the Federation 
of American Scientists, agrees He thmks that scien- 
tists have a duty to protect the public from scientific 
hoaxes, large or small, and suggests that the establish- 
ment of an anti-missile defence system 1s a suitable 
place to start 

Dr Karl K Darrow, however, the secretary emeritus 
of the APS, has other ideas “The society has lived, 
thrived and done immeasurable service to physics 
under constitutions that limit its object to the advance- 
ment and diffusion of the knowledge of physics ” 
Besides, opening the society to political discussions 
might endanger its tax-free status, he thmks Edward 
Teller, from the Lawrence Radiation Laboratory, 
makes a more philosophical pomt He says that 
pressure groups which exist m the United States have 
not been a beneficial addition to the constitution 
Although, as he says, “1t 1s a widely accepted thesis 
among physicists that they know best and should be 
consulted on every occasion”, he thinks that physicists 
do best by keepmg quiet, except on rare occasions when 
politicians make outrageous statements Dr Frederick 
Seitz, president of the National Academy of Sciences, 
says that physicists have “countless avenues outside 
their profession through which they can express their 
views” He opposes the amendment, but sees no 
reason why Physics Today should not be used for some 
measure of social or political comment on subjects 
immediately related to physics 

In Britam, nobody has ever suggested that the 
Institute of Physics and the Physical Society (as 1t 
hkes to call itself) should go m for political discussion, 
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and Dr L Cohen, secretary of the society, sounds enorm- 
ously reheved that this is so ‘“There’s a difference m 
temperament, and, of course, we don’t have the Viet- 
nam war,” he says, explaming the apparent mdifference 
of British scientists Nevertheless, there is occasionally 
a need for careful management—the CERN 300 GeV 
machine, for example, 1s now as much a political as 
it 1s a scientific decision Political discussions, he 
feels, would be a disruptive mfluence on the society, 
which already has to weather the tensions which 
result from a membership of both academic and mdus- 
trial physicists 


Wellcome Foundation 


For the first time the Wellcome Foundation—parent of 
three groups of companies Wellcome or Burroughs 
Wellcome, Cooper, McDougall and Robertson Ltd , 
and Calmic Ltd —s making pubhc its full annual 
report and accounts, contaming a ten year record 
The figures show that world-wide sales for the year 
ending August 31, 1967, reached a total of £50-5 million, 
an increase of just over 15 per cent on the previous 
year And Sir Michael Perrm, chairman of the founda- 
tion, records profits before tax of £639 mllon—an 
ierease of 12:4 per cent Furthermore, 1t seems that 
the effects of devaluation will on the whole be to the 
advantage of the foundation, because of its large 
overseas investments 

All profits recerved as dividends by the foundation 
are channelled mto the support of medical research 
Expenditure by the group last year on research and 
development was £286 milhon One particular 
product of the group’s commercial research durmg 
the year was the discovery of allopurmol, a drug 
which 1s used for the control of gout A new scheme, 
mentioned in the annual report, will provide for all 
research and development within the group to be 
centrally controlled and co-ordmated—a scheme which, 
it 1s hoped, will extend busmess and mecrease the 
profitabilty of the group 

Research of a non-commercial nature 1s supported by 
the Wellcome Trust on a generous scale, and it has 
recently announced that a renewed grant of up to 
£36,000 1s bemg made to two British parasitologists— 
Dr R Lamson and Dr J Shaw—to support their work 
in Belem, Brazil, on the epidemiology of cutaneous 
leishmaniasis This 1s an imsect-transferred disease 
causing extensive facial disfigurement 

The first grant of £47,500 was made m 1964, and 
the decision to renew the grant was prompted by the 
encouraging results that have been obtamed Both 
Dr Lamson and Dr Shaw have worked on leishmaniasis 
m other parts of the world, but they chose Brazil for 
this particular programme because of the high incidence 
of the disease there and because of its particularly 
disfiguring effects—extensive destruction of the nose 
and parts of the throat Together they have confirmed 
an earher suspicion that the organism Lewshmama 1s 
transferred to humans by a particular species of 
sandfly of the genus Phlebotomus from the primary 
host, which they have shown to be two species of forest 
rodents 

Although Dr Lamson believes that 1t 1s possible for 
an individual to develop immunity to the disease, 
very little is known about the details of the immunology 
and 1t has so far proved extremely difficult to detect 
antibodies ın the blood of immune individuals 
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Cigarette Maker’s Puff 


Brrrarn’s three millon anglers are by therr numbers a 
tempting bait for any producer of mass consumer 
goods This has not escaped the attention of John 
Player and Sons of Nottmgham, makers of Players 
No 6, a brand of cigarettes 

Last week Players moved into a country hotel on 
the Thames to launch its ‘£10,000 Research Scheme 
to Help British Anglmg” The research scheme, a 
grandiose venture indeed, calls for a team of fisheries 
experts to cross the Channel and spend a whole three 
weeks in Holland, Belgium and Germany, where they 
will exammme continental methods of conserving fish 
On their return they will apply ther findings for the 
benefit of British anglers The team will be accom- 
panied by a film unit which, to plagiarize the firm’s 
own publicity, will make a “colour documentary film 
showing the work and findings of the delegation, to be 
ils at lectures and on free loan to all anghng 
clubs” 

Some may suppose that a search of the scientific 
literature would with greater efficiency reveal any 
starting contimental advances ım fish conservancy 
But such an endeavour would hardly make the subject 
of a film, prommently sponsored by Players and on 
free loan to all angling clubs It 1s also hard at first 
to see why Players 1s contributing only £1,000 to the 
£10,000 “research” scheme and allowing the rest to be 
raised by angling competitions throughout Brtam 
But the prizes for all these competitions are bemg 
donated by Players, which 1s unlikely to take pains to 
conceal 1ts generosity 

The fact that the scheme will take people out into 
the open air doubtless explams why the Minister of 
Sport sent a representative He went as far as to 
say that “This is a great new development in the angling 
world, and Players are to be congratulated on their 
pubhe spinted action m launchmg the scheme” 
Other members of the British Government, who have 
banned cigarette companies from advertismg on 
television, and who intend to prevent them from giving 
away coupons with their products, may not feel quite 
so cheerful about the scheme 


Measles Vaccine 


Tue Mimistry of Health will launch m May a campaign 
to vaccinate agamst measles all children between the 
ages of l and 15 years who have not yet contracted 
the disease Trials carried out by the Medical Research 
Council, and experience in the United States and else- 
where, mdicate that the vaccme ıs highly effective 
and that 1ts widespread use could lead to the eradica- 
tion of measles as a childhood disease Measles is a 
biennial epidemic and reported cases m an epidemic 
year, of which next year m Brita 1s one, may rise 
to 750,000 For most people the disease is mild, but 
about one person in a hundred has to be admitted to 
hospital and m some cases the disease may be fatal, 
between 1962 and 1966 there were 434 deaths attribut- 
able to measles 

The cost of the campaign 1s expected to be about 
£1 milhon during the first year 1f the maximum number 
of susceptible children—between 34 and 4 million— 
come forward for vaccmation In each subsequent 
year there will be about 800,000 newborns to be vac- 
emated ın their second year of hfe The money saved 
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from not havmg to treat measles in the population 18 
expected to cover amply the costs of the vaccmation 
campaign It1s not yet known what period of immunity 
1s conferred by the vaceme, but 1t 1s thought unlikely 
that booster mjections will be necessary Antibodies 
have been detected m children’s blood up to sıx years 
after vaccination 

Children m Britam are already offered 1mmunization 
in their first year of life agaist diphtheria, tetanus and 
whooping cough—these vaccmes are injected together 
m a single “cocktail’’—and agamst poho, which 18 
given orally Vaccines for smallpox, and now measles, 
are given m the second year of hfe 


Health in Vietnam 
by Anne Clayton 


Nor least among the troubles of the population of 
Vietnam 1s the mcreasing medence of plague, cholera, 
typhoid and other dengue-like diseases These infec- 
tions increase wherever there are large-scale uncon- 
trolled movements of the population A prelimmary 
report on the subject has now been prepared by the 
World Health Organization It mdicates that there 
1s a grave danger that infections may spread to other 
nations of the Pacific basin The report, prepared 
during the past six months at the request of the 
World Health Assembly, was designed to answer 
several questions Is there evidence of deterioration 
in. the level of general health of crviian populations ? 
Have the health services been adversely affected ? 
Has a situation arisen mm Vietnam which creates 
potential health hazards or problems for other coun- 
tries? Any report of this nature 1s necessarily m- 
complete, but m view of the many difficulties faced 
by the mvestigators the report 1s a commendable 
effort 

For South Vietnam, the mformation has been 
provided by the official records of the WHO, WHO 
Epidemiological and Vital Statistics Reports, the 
Government of South Vietnam through the Regional 
Office for the Western Pacific and by reports received 
by the WHO quarantine unit The account of the 
situation m North Vietnam 1s based on more lmited 
information contamed ın a number of booklets which 
have appeared m North Vietnam together with the 
report of a long technical interview with the Miımster 
of Health in North Vietnam, Dr Pham Ngoc Thach 
The WHO document now issued 1s at pains to emphasize 
the incomplete character of this information, “which is 
not open to the usual methods of confirmation” The 
most recent figures in the reports refer to 1964, and 
the WHO report says that until official statistics are 
available, “the health situation m North Vietnam must 
remain somewhat obscure” On the basis of the com- 
parison which ıt has been possible to carry out, how- 
ever, 1t does seem that North Vietnam 1s less seriously 
afflicted by disease than the south, and that 1t 1s taking 
measures to prevent the situation getting out of hand 

In South Vietnam, epidemic plague, cholera and an 
upsurge of syphilis and gonorrhoea are distinctive 
features, other communicable diseases, especially 
tuberculosis, together with the lack of adequate sanita- 
tion and water supply, are, however, major public 
health problems Plague infection has been reported 
to be widespread among rodents and fleas at certain 
ports and airports, and cases of the disease have now 
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been recognized ın 27 of the 47 provinces This situa- 
tion 18 worsened by the large-scale movements of the 
avilan and military population, the prevailing environ- 
mental and sanitary conditions, the large number of 
vermin with their accompanying ectoparasites, the 
disruption of control programmes and the prevalence 
of antibiotic-resistant strains of Pasteurella pestis 

The numbers of cases of typhoid and paratyphoid 
are also alarming, a total of 934 people were mfected 
m 1966 Similarly, cases of cholera have risen from none 
in 1957 to 835 m 1966 and cases of encephalitis from 
10 m 1957 to 330 m 1966 The mncidence of diphtheria, 
poliomyelitis, malaria and rabies 1s also creasing at an 
alarmmg rate Rehable figures of the medence of 
venereal diseases are not easy to obtam, and the 
problem 1s complicated by the presence and movement 
of military personnel and others hvmg apart from their 
families and homes It is certam, however, that an 
increase of gonorrhoea reachmg epidemic proportions 
has occurred among adolescents and young adults 

To judge from the figures available, the situation in 
North Vietnam ıs surprismgly mild by comparison 
Plague, cholera and other dengue-like diseases seem 
to be absent Pohomyelitis has been virtually eradı- 
cated and tuberculosis has been substantially cut back 
typhoid fever 1s also on the way to extmction The 
reasons for these differences are not clear, but, as the 
report emphasizes, the mformation available for 
North Vietnam 1s not open to the usual methods of 
confirmation Bacterial dysentery seems to be one 
of the most widespread diseases and all venereal 
diseases are present Leprosy 1s also endemic 

What measures are bemg taken to combat these 
large-scale infections’ Accordmg to the report, 
vaccination and immunization are bemg used, but 
once again North Vietnam seems to have taken the 
lead As many as 13 milhon people m the north 
have been inoculated agamst smallpox and up to 18 
milhon against cholera These compare with the figures 
of more than one million and more than two milhon 
respectively in the south In 1967, there were 1,184 
hospitals and other establishments m South Vietnam 
for the care of m-patients and out-patients, and 
twenty-six operating theatres m provincial hospitals 
have been built or redesigned the number of medical 
personnel of the Mimistry of Health has mcreased over 
the years between 1962 and 1967 Long-range plan- 
ning in South Vietnam 1s not easy, the report mam- 
tams, because of the unsettled state of the country 
It has been suggested that an expert group should be 
appointed to study the situation and establish a national 
health plan, and a short-term consultant was provided 
by the WHO durmg the early months of 1967 to review 
the existing situation and to advise on national health 
plannmg A comprehensive study of health problems 
and services has also been made by a United States 
appraisal team which made recommendations for long- 
term developments 

Although these findings may seem more encouraging 
for the North Vietnamese, the nutritional standard m 
the north ıs lower than m the south Calorie intake in 
the south seems to be untformly adequate, and protein 
mtake 1s ample, but there are a number of deficiencies, 
particularly of thiamme, mboflavine and vitamin 4 
In the north, on the other hand, the madequacy of the 
diet 1s evident, especially ın children the diet 1s 
monotonous, and consists mamly of foods rich m 
carbohydrate and poor in protem and anımal fats 
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Parliament in Britain 


Decimal Currency 

Lorp Brswick said that the Government had no 
intention of postponing the change to a decimal 
currency system Decimalwation was now well 
advanced two out of the preparatory five years were 
over and much capital had already been expended 
Because of the real economic benefits which would 
accrue 1t was the view of the Government that ıt was 
in the best mterests of the country as a whole to 
proceed with decrmahzation as planned The change 
was expected to be of real help to the expansion of 
the British export trade (Oral answer, House of 
Lords, January 31 ) 


Committees of Inquiry 

Tue Secretary of State for Defence, Mr D Healey, 
gave the membership of six committees of inquiry for 
the Mmustry of Defence appomted smce October 1964 
The committees and ther chairmen are Sub-Commit- 
tee on Research and Development for Anti-submarine 
Warfare (Dr J C Kendrew), Space Review Com- 
mittee (Professor H Bondi), Armoured Warfare Sub- 
Committee (Professor J L M Morrison), Conventional 
Armaments Working Party (Professor B H Flowers), 
Personnel and Anti-Personnel Research Working 
Party (Professor P L Krohn), and Working Party 
on Materals Research (Professor A H Cottrell) 
The Defence Research Committee was responsible 
for keepmg the defence research programme under 
review to ensure that ıt was geared to defence needs 
within the resources available Agreements with 
universities to carry out longer term research m aid 
of defence operational analysis were made wherever 
appropriate and two studies, mvolving exploratory 
work of interest to the study of land warfare, were at 
present bemg undertaken at Newcastle and Notting- 
ham Universities The Defence Operational Analysis 
Establishment also had frequent, but less formal, 
contacts with university faculties Arrangements 
had been concluded with certam universities to create 
an additional post m an existing faculty to specialize 
in the defence aspects of its disciplme Five such 
appomtments had so far been made, at Aberdeen, 
Edmburgh, London (King’s College), Oxford (All 
Souls College) and at Southampton, and two further 
appomtments were under consideration (Written 
answer, January 31 ) 


Research Establishments 

Tae Minister of Technology, Mr Anthony Wedgwood 
Benn, stated that the programmes of the Ministry’s 
research establishments were kept under review by 
committees on which industry was strongly represented 
The ministry was encouraging the establishments to 
take on more work for industry on a repayment basis 
In defence and civil aviation, joint research pro- 
grammes had been set up with the Society of British 
Aerospace Companies, aimed at rationalizmg the 
location and finding of the work At the Royal Radar 
Establishment, an Industrial Appheations Umit had 
been set up to act as a focal pomt for the application 
m industry of the results of the establishment’s defence 
research Generally, the policy was that the pro- 
grammes of the establishments should be closely 
related to the needs of mdustry and drawn up m 
collaboration with them (Written answer, January 
31) 
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American Science Marks Time 


Tux budget introduced to the United States Congress 
by President Johnson on January 31 will have brought 
very little pleasure to the scientific community m the 
United States Scientists may, however, comfort 
themselves with the knowledge that the needs of 
the war m Vietnam have similarly curtailed the growth 
of expenditure m several other fields, and particularly 
m the development of federal programmes for the 
improvement of cities and of education of all kinds 
Everybody may, however, be pleased to see that the 
way in which the United States Administration has 
sought to draw a clear distinction between its estimates 
of what will be spent ın the fiscal year begmning on 
July 1 (fiscal year 1969) and its request to Congress 
for new authorization, which frequently covers expendi- 
ture further ahead than the end of fiscal year 1969, has 
made this year’s budget much easier to follow than 1ts 
predecessors 

The contmumg dechne ın the expenditure of the 
National Aeronautics and Space Admuiustration 1s 
perhaps the most conspicuous feature of the budget, 
although perhaps only because 1t 1s easily identifiable 
The less expheit changes of the pattern of expenditure 
within the budget of the Department of Defense may 
have a more serious effect on what happens in American 
universities in the year ahead For what ıb 1s worth, 
however, expenditure on space research and technology 
in 1969 is expected to work out at $4,573 mullion, 
compared with $4,803 milhon m the present financial 
year and $5,423 milion in fiscal year 1967 

The decline of the space budget 1s made possible 
by the fact that the Apollo programme is over the peak 
of 1ts expenditure At the same time, 1t seems plain 
that NASA 1s bemg allowed to keep alive most of its 
hopes for programmes which will follow on Apollo 
even if some of these have been postponed or watered 
down Thus President Johnson announced m his 
budget message that the production of the Saturn V 
rocket will contimue but at a reduced rate, that the 
development of the nuclear rocket engine will continue 
but that the engme will be smaller than the one first 
planned two years ago and that work will begin on 
the development of a spacecraft to put into orbit about 
Mars m 1973 usmg the Titan III rocket and not Saturn 
V as a launcher 

In practice, expenditure on the Apollo programme as 
such will fall to $2,571 milhon m 1969 compared with 
$3,587 million m 1967, but there are plans to spend 
$422 milhon ın the year ahead on other ventures with 
men put into orbits about the Earth, the President drew 
particular attention to a scheme for using spent rocket 
vehicles for various unspecified scientific purposes 
The growth of these schemes has, however, been accom- 
pamed by a dechne in the expenditure of NASA on 
purely scientific work, which will account for $498 
milhon in 1969 compared with $624 million in 1967 
The development of communications satelites will 
take a ttle more The fact that NASA’s expenditure 
on aircraft research will increase from $113 milhon to 
$120 milhon 1s partly accounted for by the beginnings 
of a programme to use aircraft as means of surveymg 
natural resources from above so as to decide whether 
satellites would eventually be able to take over work of 
this kind 


The Department of Defense will increase its total 
expenditure on scientific research, partly because of the 
development of anti-ballistic missile systems, strategic 
surveillance and what 1s called the “next generation of 
tactical aircraft’ At the same time, the Department of 
Defense 1s spendmg more on its manned orbital 
laboratory, chiefly because of 1ts concern for survel- 
lance In effect, the advance research budget will 
increase from $4,600 millon m 1968 to $5,100 million 
m 1969 It ıs not possible to tell from the budget 
how these changes will affect the amounts of money 
which the Department of Defense and its various sub- 
departments have to spend on research in American 
universities, but the experience of the past year seems 
to have been that the creasing pressure on the defence 
budget has curtailed the amounts of money which the 
services are able to spend on academic projects 

The expenditure of the Atomic Energy Commission 
will merease along with that of the Department of 
Defense, and chiefly for the same reasons—the develop- 
ment of the anti-ballistic missile systems Withm its 
budget, however, the AEC ıs planning to mcrease 1ts 
expenditure on the development of civilan nuclear 
power stations from $163 million to $258 mullion, 
chiefly because of its concern to speed the development 
of fast reactors The basic research budget mcreased 
from $421 milhon to $555 mullion, but this 1s chiefly 
explamed by the beginning of work on the Weston 
accelerator, which will eventually cost $250 million 

For the rest, the budgets of the agencies chiefly 
concerned with research and development remam 
more or less static—few of them have icreased 
sufficiently to make up for increasing costs (The 
Office of Saline Water 1s perhaps an exception, with a 
budget mcreased from $31 million to $41 milhon ) At 
the same time, the National Bureau of Standards 1s 
receiving less as direct subvention from the Federal 
Government—$39 mullion m 1969 compared with 
$41 8 million m the current year A comparatively 
modest increase of $32 million m the billion dollar 
budget of the National Institutes of Health conceals 
an emphasis on the work of the National Heart Institute 
among others One cheerful feature of the budget 1s 
a plan to spend some $85 millon in the coming year 
on the provision of buildmgs for medical schools and 
$197 milion on curriculum development, staff and 
expansion programmes and financial assistance to 
medical students ın medical schools 

Thus the budget for the National Science Foundation 
will m 1969 be $480 million (compared with $456 
million in the current year and $412 millon m 1967) 
What the foundation has to spend on basic research 1s 
hardly changed ($230 million) Its institutional science 
programme, chiefly concerned with the development 
of centres of excellence, mcreased from $72 mullion 
to $78 milion Science education will contmue to 
take a quarter of the foundation’s budget 

The direct consequences of the budget for universities 
will be felt most seriously in the diminished ability of 
the Federal Government to pay for facilities on unver- 
sity campuses A year ago, grants towards university 
buildings were deliberately mcreased by 50 per cent to 
just over $300 million, now they are reduced to $230 
milion almost the same as in 1967 
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Cellular Interdependence 


THE coexistence withm the same animal of groups of 
cells with different genetic constitutions has attracted 
mereasing attention m recent years Immunologists, 
for example, recognize that the existence of mosaic 
individuals may help to define the conditions under 
which genetically different populations of cells may 
share the same physiological frame Embryologists 
seek to know more about the circumstances under 
which mosaic individuals develop The coexistence 
of genetically different groups of cells ıs then 
turning out to be important m the recogmtion of 
mheritable genetic defects Now there ıs also the 
suggestion that the processes of agemg, which are 
known to be statistically associated with an increasing 
meidence of genetic abnormalities of some kinds in 
human reproduction, may also be lunked with the 
mereased appearance of genetic abnormalities among 
the body cells of hving dividuals [The alternative 
suggestion by Dr James German, on page 516 of this 
issue, of the processes underlymg the mereasing mad- 
ence of mongolism with mcreasmg maternal age, should 
not at this stage be regarded as more than what he 
says ıt ıs—an mterestmg hypothesis which deserves 
fuller study] In one way and another, there has 
recently been a surge of interest ın the coexistence of 
genetically different groups of cells, and 1t 1s plainly 
of the greatest rmportance to know just what factors 
determine the equilibrium between two such popula- 
tions 

Basic biological studies by Dr D T Hughes of the 
Chester Beatty Research Institute (page 518) have 
demonstrated that co-operation as well as competition 
between cells affects the evolution of cell populations 
Although mteraction by cross-feeding—a situation m 
which cells produce substances mto the culture medium 
which other cells take up and make use of—has pre- 
viously been described ım bacterial and fungal cultures, 
ıt has generally been regarded as a nuisance to be 
avoided, because ıt complicates the genetic analysis 
of micro-organisms Dr Hughes, however, has shown 
the biological significance of mteraction between cells, 
1t 1s a genetically mportant factor ın evolution, super- 
imposed, on the action of straightforward environ- 
mental selection—‘“survival of the fittest’ The dis- 
covery of a new kind of balanced genetic polymorphism 
was made as a result of analysis of cell populations as 
a whole, carried out to determme whether there was 
any basis for co-operative interaction between cells 
The resulting biological concept envisages a balance of 
cell types m which the frequencies of types of chromo- 
somes among the cells contribute to a balance similar 
to that which exists m a normal cell The situation 
seems to be that the balance of nature at the level of 
the population obeys the same laws as at the lower 
level of organization, withm a smgle normal cell 
Previous work on genetic polymorphism has not 


demonstrated this kind of balance because populations 
have not been considered as a whole On the contrary, 
earher work has been concerned with the frequency of 
characters in single cells or smgle organisms within a 
population 

It remams to be seen whether this type of poly- 
morphism can be demonstrated ın vwo m populations 
of organisms living in restricted environments analogous 
to the culture bottle—perhaps populations of mammals 
or plants livmg in geographically restricted environ- 
ments such as islands would be mteresting to mvesti- 
gate There 1s, however, a possibility that fuller use 
could now be made of cultured cells as a model system 
for the study of evolution 

This new concept will also be of more immediate 
practical importance ın clinical medicine It should be 
important ın the understanding of the development of 
mosaics and chimaeras, and in the study of tumour 
cell populations and their therapy—the idea of the 
pseudo-stemlme may help to explain some of the 
difficulty encountered ın kiling off tumour cells 


Geomagnetic Dynamo Energy 
from a Geophysics Correspondent 


Ir seems now generally accepted that the mam geo- 
magnetic field ıs produced by “dynamo” action—a 
magnetohydrodynamic (MHD) interaction ın the 
Earth’s liquid, conducting core which produces an 
essentially dipolar field whose axis comcides approxi- 
mately with the rotational axis Less firmly established 
is the source of the energy 1equired to produce the 
fluid motions It 1s fair to say that majority opinion 
favours thermal convection as the power source for 
the dynamo, although Malkus (J Geophys Res , 68, 
2871, 1963) concluded that the driving force may well 
be the Earth’s rotational energy operating through a 
differential precessional torque between mantle and 
core 

Stacey (Earth Plan Scr Letters, 8, 204, 1967) has 
now presented a revised estimate for the electrical 
resistivity of the Earth’s core which suggests that 
Malkus’s theory 1s the more appropriate Any MHD 
theory requires the core to possess a “magnetic Rey- 
nolds number” considerably greater than umty After 
making the usual numerical substitutions for core 
scale size, magnetic diffusivity and velocity of core 
motions, this means that the resistivity should be 
substantially smaller than 4x10? emu Hitherto, 
estimates of core resistivity, based on extrapolation of 
the resistivity of iron to core temperatures and pres- 
sures, have been at least a factor of one hundred 
smaller than this figure, thereby satisfymg the condition 
for an MHD interaction Stacey points out, however, 
that such estimates have failed to take nto account 
the effect of impurity elements which, 1f present mn the 
core, will alloy with the 1ron 

A core contaming ten per cent nickel alloymg with 
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the mon will possess a resistivity three times greater 
than that of pureiron Of greater importance, however, 
are the lighter elements which must be present to 
account for the fact that the core density 1s lower than 
that of ron If the core contains 15 per cent silicon, 
as suggested by Ringwood (Geochim Cosmochim. Acta, 
15, 257, 1969), its resistivity will be ten times higher 
than that of pure iron If 1b contams dissolved MgO, 
as suggested by Alder (J Geophys Res , '71, 4973, 1966), 
the increase m resistivity will be even greater These 
considerations indicate a core resistivity of at least 
3x 108 emu (a factor of ten higher than previous 
estimates), but presumably less than 2x10? emu 
above which dynamo action 1s precluded 

The magnetic Reynolds number 1s thus reduced to 
about ten, which, though still greater than unity, 1s 
sufficiently low to call m question the validity of a 
convective dynamo theory on the grounds that the 
energy requirements would be difficult to satisfy 
Stacey thus suggests that ‘we must prefer a mechanism 
which has sufficient [energy] in hand to operate at 
low efficiency”, and so turns to the alternative Malkus 
theory. In further evidence he cites the virtual absence 
of field harmonics of wavelength less than 1,500 km 
at core level, which also mdicates a lower magnetic 
Reynolds number, and he produces calculations to show 
that tidal and mantle dissipations are insufficient to 
account for the use of all the Earth’s rotational energy. 
The excess energy might well be used to drive the 
geomagnetic dynamo, 

Tf 1t 1s too soon to decide between the various dynamo 
theories, this ıs not only because of the difficulty of 
assigning accurate numerical values to core parameters 
on the basis of surface laboratory experience but also 
because of the absence of substantial laboratory data 
This 13 clearly a case where accurate measurements of 
the electrical resistivities of liquid iron alloys are 
required to narrow the range within which the core 
resistivity may he In short, it is yet another example 
of the importance of laboratory physics to Earth 
science 


Thermal Analysis Standards 


Dr H G McAnpre of the Ontario Research Foundation, 
Sheridan Park, Ontario, chairman of the Committee 
on Standardization of the International Conference 
on Thermal Analysis, has written as follows 
Thermal methods of analysis, particularly differential 
thermal analysis (DTA) and thermogravimetry (TG), 
have achieved major importance as techniques for the 
study of materials [Differential thermal analysis 1s 
a technique in which the coolimg rate of the material 
studied 1s compared directly with that of a standard 
If one junction of a thermocouple 1s immersed m the 
standard and the other in the material, any change m 
the cooling rate, such as might be caused by a phase 
change, 1s readily detected Thermogravimetry is a 
technique ın which the weight of a specimen 1s recorded 
as it 1s heated ] Such dynamic temperature methods 
often impose strmgent requirements different from 
those associated with their isothermal counterparts, 
particularly m relation to proper experimental design 
based on a thorough understanding of the underlying 
physical principles, and to the full reporting of all per- 
tinent experimental detail in order that the published 
record may be fully understood and critically evaluated 
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In view of the lack of essential mformation existing 
today m much of the thermal analysis lterature, the 
Committee on Standardization of the International 
Conference on Thermal Analysis, established m 1965, 


has recently pubhshed (H G McAdie, Anal Chemr;1+ 


543, 1967) a series of nine general and three specific 
recommendations concerning the necessary experi- 


mental detail which should accompany any report of ' 


information obtamed from DTA or TG These recom- 
mendations are also bemg published ın French, German, 
Japanese and Russian, as well as m a number of other 
languages, and the editors of all relevant major scientific 
journals are bemg invited to consider and adopt them 
so that the quality and value of the thermal analysis 
literature may be improved sigmficantly Further 
recommendations will be issued periodically, as the 
methodology develops, mcludimg extensions to the 
newer techniques combining DTA and TG with effluent 
gas studies, measurement of electrical resistance 
and the like 

The Committee on Standardization, which represents 
the major international areas of greatest activity im 
thermal analysis, 1s also undertakmg an extensive 
programme to evaluate standard substances for use 
in the calibration of the temperature axis ın DTA 
Subsequent programmes are planned to provide 
materials suitable for calibration of the enthalpy axis 
in DTA and the temperature axisin TG Such stand- 
ard substances will not only allow the calibration 
of a given mstrument and provide reliable systems 
with which to evaluate sensitivity, resolution and 
reproducibility, but will permit the direct mtercom- 
parison of data obtamed m different laboratories 
involving dissimilar mstrumentation 

Reports of progress toward these objectives will be 
made to the Second International Conference on 
Thermal Analysis to be held m Worcester, Mass , 
August 18-24, 1968 


Viruses and Chromosome Breakage 
from our Cytogenetics Correspondent 


Ir has been known for a number of years that viruses, 
meluding those able to induce tumours, are able to 
cause chromosome breakage in the cells they have 
infected There ıs a suggestion that the breaks are 
found preferentially at chromosomal regions that are 
among the last to repheate Further evidence for this 
has now been provided by Huang and by Kato 
Huang (Chromosoma, 28, 162, 1967) treated cells of 
the rodent Mastomys, cultured ın vitro, with herpes 
simplex virus, adenovirus-12, the mutagens 5-bromo- 
deoxyuracil (BUdR), 2-ammopurine, and the caremo- 
gen 7,12-dimethylbenz(a)anthracene All these agents 
caused chromosome breakage, but some chromosomes 
had fewer and some had more breaks than expected if 
breakage of chromosome regions was at random 
The long arm of the X-chromosome was especially 
sensitive and this region 1s known to replicate rts DNA 
later than the remainder of the DNA The Y-chromo- 
some is also a late replicator, yet ıt seems only sensitive 
to BUdR The Y 1s difficult to identify with certainty, 
however, so 1ts sensitivity may have been underestim- 
ated A similar study by Kato (Hereditas, 58, 221, 
1967), usmg cultured Chinese hamster cells mnfected 
with Rous sarcoma virus, showed a high meidence of 
breakage located at the secondary constrictions— 
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regions also thought to be late in replicating ther 
DNA Kato also recorded the sites where spontaneous 
breakage occurred and ıt turned out that these sites 
are the same as those broken by the virus 

But what do these results indicate about the nature of 
the chromosome at the pomts of breakage or about the 
properties of the virus? It seems hkely that there 1s 
some qualitatrve difference m the structure of the 
chromosome that predisposes certain regions to high 
breakage frequencies Some years ago Hsu proposed 
that regions broken by certain mutagens were rich m 
particular DNA bases, but smce then knowledge of 
this problem has not been much extended The 
position m the mfected cell from which the vnus 
directs the mduction of a chromosome break 1s not even 
known with certamty Observations by Halkka 
(Hereditas, 58, 248 and 251, 1967) may be relevant— 
he found that m the testes of the cricket Acheta infected. 
by a rickettsia-hke organism, the microbe was to be 
observed lying on the nuclear envelope and even to be 
lymg on the chromosomes themselves Infection of 
these meiotic cells caused many lesions mn the chromo- 
somes similar to those induced by viruses If a parallel 
can be drawn, ıt 1s that the damage done by viruses 
to chromosomes may well be caused by their mtimate 
association with the chromosome at certam preferred 
points, thereby mpag chromosome replication 
Unfortunately, viruses have not yet been located 
withm the structure of chromosomes from higher 
organisms 


Steroids and ATPase 


from our Medical Biochemistry Correspondent 


THE maimtenance of the correct concentrations of 
sodium and potassium ions m mammalian systems 18 
literally of vital importance. When sodium and 
potassium ions are moved across cell membranes against 
a concentration gradient, adenosme triphosphate 
(ATP) 18 split to provide the energy for the process 
The enzyme responsible 1s thought to be an ATPase 
which 1s dependent on the presence of sodium and 
potassium ions for its activity Bader, Post and Bond 
have now made preparations of this enzyme from 
eleven different species and six different tissues, and 
have shown that they are remarkably similar (Biochim 
Biophys Acta, 150, 41, 1968) They all required the 
presence of sodium ions to form a **P-labelled protein 
from *P-labelled ATP, and dephosphorylation of the 
protem was always stimulated by the presence of 
potassium ions Although the specific activity of the 
preparations varied greatly, the ratio of ATPase 
activity to phosphoenzyme and ATPase to acyl 
phosphatase was always approxmmately the same The 
%2P-labelled preparations were digested with pepsm 
or pronase and the resulting **P-labelled peptides were 
separated by electrophoresis The peptides all behaved 
identically on electrophoresis and on treatment with 
hydroxylamine, suggestmg that the enzyme structure 
which becomes phosphorylated 1s the same ın prepara- 
tions of the enzyme from all these different sources 
The corticosteroids produced by the adrenal gland 
are the hormones which regulate salt and water meta- 
bolism, and it has now been shown that the activity 
of the sodium and potassrum activated ATPase in 
rat kidney varies with the plasma concentration of 
adrenal steroids (P L Jørgensen, Biochim Biophys 
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Acta, 151, 212, 1968) After removal of the adrenals, 
the activity of the ouabam-sensitive sodium and 
potassrum activated ATPase activity of rat kidney 
decreased along with the sodium/potassum ratio of the 
plasma A sodium-rich diet delayed the appearance 
of both decreases The decrease in activity appeared 
to be due to a decrease in the amount of enzyme, as 
the enzyme kmetics were the same for preparations 
from normal and adrenalectomized animals The 
attachment of the enzyme to the membranes of the 
microsomes may be altered, as the decrease m activity 
was most marked when activity was measured m 
the presence of deoxycholate and ethylene diamme 
tetra-acetic acid 

If adrenal steroids affect this ATPase, and these 
enzymes are all very simular, it 1s hardly surprising 
that adrenal steroids can affect the salt metabolism 
of tissues other than the kidney In a recent investiga- 
tion (R Shields, J B Miles and © Gilbertson, Brit 
Med J , (1), 93, 1968) a patient with an adrenal tumour 
secreted four to five times as much potassium into 
the colon as did eight normal controls, but 3 months 
after operation his potassium loss was normal Since 
half the daily loss of potassium from this patient was 
in the faeces, urinary estimations alone could seriously 
underestimate the potassium loss ın patients treated 
with adrenal steroids, with serious consequences 


Ribosomal Proteins 


from our Cell Biology Correspondent 


THE chemical heterogeneity of mbosomal protem has 
now been established beyond question ‘Tissiéres and 
his colleagues, for example (Proc US Nat Acad Scr, 
57, 1294, 1967), recently isolated and partially purified 
a number of protems from # cols mbosomes. Given 
the great chemical heterogeneity of nbosomal proteins, 
there ıs every reason to expect that these protems are 
functionally heterogeneous The problem then 1s that 
of defining the functions of the individual protems and 
how their individual properties relate to the overall 
function of the ribosome In the current Proc US Nat 
Acad Scr (58, 2430, 1967), Traub, Hosokawa, Craven 
and Nomura report an analysis of the function of five 
basic protems isolated from the 308 sub-unit of E col 
ribosomes 

Their approach was to prepare a series of ribosome 
derivatives, each deficient mm a specific ribosomal pro- 
tem and to compare the properties of their derivatives 
with those of normal ribosomes Having first dissocia- 
ted 70S ribosomes into 308 and 50S sub-units, Traub 
et al further dissociated the 308 sub-unit into a 238 
core which has none of the properties of a 308 sub-unit, 
and free protem—the so-called split proteins They 
then separated the spht protems mto acidic and basic 
protem fractions Particles reconstituted from 238 
cores and the acidic split protems have none of the 
known properties of 308 sub-units, whereas particles 
reconstituted from cores and the basic split protems are 
partially active The basic spht protems are essential 
for the 30S functions, whereas the acidic spht proteins, 
though stamulatory, are not essential 

Followmg up this result, Traub et al resolved the 
basic split protem mto five component protems with 
quite distinct ammo-acid compositions To determme 
the function of each of these five proteins, they reconsti- 
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tuted 308 sub-units from 238 cores, all the acidic split 
proteins and four of the five basic split protems, and 
then asked which 30S sub-umt functions the five 
classes of deficient particles have Apparently two of 
the protems (B, and B,) and possibly a third (B,) are 
essential for both ammo-acid mcorporation and bmding 
of specific amino-acyl--RNA Protem B; 1s not required 
for these functions, but may be mvolved m chain 
initiation, and the remaimmg protem, B,, has a stimu- 
latory effect on amimo-acid incorporation, but no 
definite conclusion about its function was reached. 
These prehminary experiments have certamly estab- 
hshed that the specific activity of ribosomal protem can 
be assayed, and it should be possible now to unam- 
biguously define the function of many mbosomal 
proteins 

Part of the function of ribosomal proteins must be 
to provide the two specific RNA binding sites, one for 
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peptidy]--RNA and imtiator ‘RNA and the other for 
amino-acyl-LRNA Nomura etal (see Nature, 216, 638, 
1967) provided strong evidence that the peptidyl and 
mitiator site was at the 308 sub-umt and that the 
ammo-acyl site 1s formed by the joming of 308 and 
50S sub-untts These expermments were done with f2 
phage RNA as messenger, but the ideal messengers for 
such experiments are the synthetic ribopolynucleotides 
poly-UG and poly-AUG Both poly-AUG and poly-UG 
contain codons which specify formyl methionine at 
cham muitiation and methionine and valine and cysteine 
yotexnally Khorana’s group has synthesized these 
polymers, and Ghosh and Khorana (Proc US Nat. 
Acad Scr, 58, 2455, 1967) have repeated Nomura’s 
experrments usmg them as messengers Their expert- 
ments prove that two tRNA binding sites exist, and, 
furthermore, they fully confirm Nomura’s scheme for 
the initiation and synthesis of polypeptide chams 


How Repressor Molecules Function 


by During the past year two repressor molecules were detected, puri- 
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In 1961, Jacob and Monod! proposed their celebrated 
theory of how the activity of genes could be controlled 
This theory, which 1s outlined below, followed from obser- 
vations on the lactose operon of Escherichia colt The 
lactose, or lac, operon ıs a cluster of three adjacent genes, 
which code for three enzymes In order for E cola to 
utilize the disaccharide lactose, two of these enzvmes are 
required When Æ colz 1s grown in the absence of lactose, 
the three enzymes of the lac operon are present in only very 
small amounts, if lactose 1s added to the growth medium, 
the rate of synthesis of these three enzymes ıs increased 
about one thousand-fold and the operon is said to be 
“induced” Thus Æ col ıs able to switch the lac operon 
on when needed otherwise xt 1s switched off 

The three enzymes of the lac operon, 6-galactosidase, a 
membrane-bound permease and thiogalactoside trans- 
acetylase, are coded by the z, y and a genes, respectively 
(see Fig 1) Both B-galactosidase and the permease are 
needed to metabolize B-galactosides, such as lactose, the 
function of thiogalactoside transacetylase 1s not known 
The sugar which mduces the lac operon 1s called an 
mducer It has been shown that the mduction of the lac 
operon does not depend on the utilization of the inducer 
Thus isopropylthiogalactoside (IPTG), a compound not 
found in nature, will act as an inducer of the lac operon 
although it cannot be metabolized Inducers, such as 
IPTG, which trick the cell in this way, are called gratuitous 
inducers 

Close to the lac operon 1s the 2 gene which, as orginally 
proposed by Jacob and Monod, 1s the structural gene for 
the repressor They suggested that the repressor molecule 
could bind to a postulated operator site, or o region, 
adjacent to the z gene, thereby switching off or “‘repress- 
ing” the z, y and a genes This repression of the lac operon 
was presumed to occur at the level of messenger RNA 
transcription, that 1s, bmdimg of the repressor to the 
operator was presumed to prevent synthesis of messenger 
RNA from anv of the three genes of the operon In the 


fied and some of their properties determined The results confirm 
much of the theory, proposed by Jacob and Monod in 1961, for the 
control of gene function 


presence of a (-galactoside inducer, 1t was proposed that 
the repressor would bind to the inducer and thereby be 
removed from the operator site ın the DNA According 
to the model, the repressor, once removed from the opera- 
tor site, has no further effect on the lac operon, the 
messenger RNA corresponding to the operon 1s synthesized 
and 1g subsequently translated on the cytoplasmic ribo- 
somes The net result, of course, 1s the synthesis of the 
three enzymes 

Much of the evidence for this model has come from the 
study of bacterial mutants whose control of the synthesis 
of the lac enzymes is altered These mutants fall into two 
classes which map genetically either in the 2 gene or the 
o region ‘The mutants of the 2 gene can be further sub- 
divided into % and 7- mutants 2 are super-1epressed— 
they cannot be mduced to form the Jac enzymes even ın 
the presence of inducer 1% mutants, by contrast, syn- 
thesize maximal amounts of the lac enzymes even ın the 
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Fig 1 Schematic diagram of the Jae operon control system 1, Unin- 
duced operon, u addition of mducer ( Á) leads to gene expression 
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absence of mducer. In terms of the Jacob—Monod theory, 
these two types of 2 gene mutations reflect the dual nature 
of the lac repressor In «4 mutants, the repressor 1s pre- 
sumed to have lost all 1ts affinity for 8-galactosides and the 
lac operon 1s thus permanently repressed The repressor 
in an 7- mutant, on the other hand, 1s assumed to have lost 
its affinity for the operator region so that, even in the 
absence of inducer, full synthesis of the lac enzymes occurs 
Mutants ın which the lesion maps in the o region are 
called o° mutants and appear to be deletions of part or all 
of the o region—that 1s, part of the DNA corresponding to 
the o region is missmg. These mutants, like 2- mutants, 
make large or maximal amounts of the lac enzymes even in 
the absence of mducer According to the Jacob and Monod 
model, the alterations of the o region occurrmg m such 
mutants have rendered the o region meapable of binding 
repressor, so that synthesis of the enzymes 1s uncontrolled 

Evidence that the repressor 1s a diffusible molecule came 
from a study of partial diploid strains of E cols which 
possess two complete lac operons In a strain possessing an 
%- gene and an 2t gene, the 2+ gene ıs dominant That 1s, 
the mtroduction of an 2+ gene into a cell containing an v~ 
gene results m the loss of the lack of control which pre- 
existed mn the 2 cell The 2 gene product ıs an active 
repressor and can function in a trans (as well as the usual 
cvs) fashion and 1s therefore a diffusible molecule 

The predicted properties of the lac repressor are there- 
fore that 1t can bind both to an inducer molecule and to 
the operator region, but ıt cannot bind to both at once 
The 2 gene 1s the structural gene for the repressor 

More recently genetic evidence has shown that the 
product of the + gene ıs a protem molecule This was 
demonstrated by the isolation of suppressible amber 
mutations in the 2 gene Amber mutations have their 
deleterious effects during protein synthesis, so ıb follows 
that any gene in which amber mutants can be generated 
codes for a protem molecule 

Apart from the lac operon, several other control systems 
have been studied. The lac operon is induced when a small 
molecule, a f-galactoside, ıs added to the growth medium 
There are other operons which are repressed when a small 
molecule is present For example when Æ cols is grown 
ım the presence of the amino-acid histidine, the enzymes 
of the ms operon which are responsible for the biosyn- 
thesis of histidine are repressed, ın the absence of histidine, 
the his operon ıs mduced This form of control ıs readily 
fitted mto the scheme for the lac operon presented here if 
the repressor for the histidine operon can only bind to its 
operator ın the presence of histidme In the absence of 
histidine, the repressor 1s removed from the operator, 
allowing messenger RNA to be copied from the his 
operon 

Of particular interest here ıs the control of the genes of 
the bactenal virus, 4 When this phage infects Æ col, 
one of two events can occur The phage can multiply m 
the host cell, which ıt eventually kills, producing a few 
hundred progeny phage The alternative event 1s that the 
à phage enters a dormant state ım the host cell In this 
case the A chromosome becomes physically mtegrated 
with the host chromosome—that ıs, the DNA ıs inserted 
into the Æ cols DNA In this latter state the phage 1s 
described as a prophage, most of the à genes are not 
expressed This repression of the A prophage genes 1s 
mediated by a A repressor molecule which 1s genetically 
coded by the c, gene of the prophage This control system 
is formally similar to that of the lac operon The c, gene 
codes for the 4 repressor and 1s analogous to the lac 2 gene 
The A repressor represses the expression of the } genome 
except for the c, gene, hence Æ colh carrymg à as a pro- 
phage has à repressor molecules in 1ts cytoplasm The 
effect of these repressors 1s two-fold They prevent the 
4 genes in the prophage from being expressed They also 
prevent any A genome which might be injected into the 
bacterium by an infecting à phage from expressing itself 
Thus the 4 prophage repressors confer immunity on the 
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host cell from outside infection by other A phage The 
à repressor 1s the “immunity substance” 

Dunng the past year, the prmeipal advance m this field 
came with the isolation of the lac repressor by Gilbert and 
Muller-Hill*)3, and the à phage repressor by Ptashne‘, 
all at Harvard University Some of the properties of these 
two repressor molecules were also determmed, a summary 
of thair findings constitutes the remamder of this review 

The lac repressor was detected by its ability to bind the 
gratuitous inducer, IPTG Because only about ten lac 
repressor molecules exist in Æ. colz per chromosome, giving 
a concentration of about 10-8 molar in a solid pack of 
E col cells, and since the binding constant of the repressor 
for IPTG 1s about 6 x 10-* molar, detection of the normal 
lac repressor would be almost impossible Gulbert and 
Muller-Hull therefore isolated a “tight-bindmg” mutant 
of the repressor which they estimated had approximately 
a ten-fold mereased affinity for the inducer, IPTG This 
lac repressor was detected by placing a cell extract of this 
mutant Æ cols mside a dialysis sack and leaving ıt to 
equilibrate with a dilute solution of radioactive IPTG 
They found that shghtly more radioactive IPTG was 
found inside the sack than outside ıt, thus demonstrating 
that a component of the extract could bind this inducer 
Using this binding as an assay for the repressor, they 
punfied the repressor and showed that the observed 
binding was freely reversible and that the molecule 
responsible for binding the IPTG is a protem with a 
molecular weight of about 200,000 In order to prove that 
this protein which binds the labelled inducer 1s indeed the 
repressor, defined as the product of the + gene, these 
authors showed that an extract of an 28 mutant (which had 
been purified in the same way as ther “tight-binding” 
routant extracts) was meapable of concentrating IPTG 
inside the dialysis sack 

More recently, Gilbert and Muller-Hill have purified the 
lac repressor from Æ col cells which had been grown on 
radioactive sulphate to label the protems Using this 
partially purified labelled repressor, they sought to test 
directly the model for control of the /ac operon as proposed 
by Jacob and Monod Furst, they showed that some of the 
radioactive protein ın their purified lac repressor prepara- 
tion became bound to pure DNA which contains the 
operator region of the lac operon The DNA used for this 
expeliment was isolated from a hybrid bacteriophage 
which carries the Jac operon in its chromosome The 
labelled repressor preparation was mixed with this DNA 
and was then analysed by centrifugation through a sucrose 
gradient DNA molecules sediment much faster than the 
smaller protein molecules, and were found to carry a small 
proportion of the labelled protem This labelled protein 
bound to the DNA cariying the lac operator region 1s the 
lac repressor ‘This was proved by the mabuility of DNA 
from a similar bacteriophage, but which had a defective 
operator region (o¢), to bind the repressor as tightly 
Furthermore, when the binding of this repressor to DNA 
carrying an intact lac operator region was carried out m 
the presence of the inducer IPTG, no repressor was found 
bound to the DNA 

These experiments beautifully ulustrate the mechanism 
of control of the lac operon The repressor binds the 
inducer, but cannot then bind to the operator region In 
the absence of inducer, the repressor binds to the operator 
region How is this recognition achieved? For several 
years it has been imagined that the repressor 1s a nucleo- 
protein, possibly having a piece of RNA associated with it 
which could recognize the operator region by base-pairing 
Gilbert and Muller-Hill have shown that pre-incubating 
this labelled repressor with mbonuclease (which would 
destroy a putative RNA molecule) does not affect the 
binding of the repressor to the operator region Thus the 
repressor itself must recognize the operator DNA sequence 
Furthermore, they also showed that the repressor will not 
bmd to denatured DNA The repressor therefore recog- 
nizes the operator, which 1s a unique segment of double- 
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stranded helical DNA; just how long is this region 1s 
unknown, but at least twelve base-pairs m the DNA would 
probably be required m order for ıt to be a unique sequence 
in the Æ colt chromosome 

The expermments performed by Ptashne on the A 
repressor were all carried out by labelling the repressor 
with radioactive amino-acids This was necessary because 
there 1s no known assay for the 4 repressor equivalent to 
the equilibrium dialysis against labelled IPTG which was 
used to detect the lac repressor Ptashne’s aim was to 
infect Æ cols carrying a prophage with A phages m 
the presence of a radioactive amino-acid, by choosing 
suitable conditions he hoped that a high proportion of the 
label incorporated into protem would be m à repressor 
molecules To achieve this, Ptashne elimmated most of 
the protein synthesis of the host cells by strongly irradiat - 
ing them with ultraviolet light to mactivate ther DNA 
before infecting them with 4 phages Second, as mentioned 
earher, the à repressor molecules present m Æ cols carrying 
the 4 prophage will prevent expression of the mfecting A 
phage genes, except for their c, genes In order to obtain 
large numbers of à repressors per cell, Ptashne mfected 
each host cell with about thirty à phages Because there 
are initially not enough A repressors per cell to cope with 
thirty mfecting phages, however, all the experuments were 
carried out with à phages which also have a lesion m their 
N genes, this, ın an unknown way, prevents most of the 
2 genes from functioning, but does not affect the activity 
of the c, gene 

The experiment consisted, then, of heavily :rradiating 
E cole contammg a à prophage with ultraviolet light and 
then infecting two parallel cultures of these cells either 
with the wild-type à (with a defective N gene) or with à 
phages having a defective c, gene (as well as a defective N 
gene) One culture was then labelled with “C-leucine, the 
other with *H-leucine After about an hour of growth the 
two cultures were mixed and an extract of the mixture 
prepared The mixture of protems thus obtained was 
fractionated on a DEAE 10n exchange column and the 
fractions monitored for both the 1C and the °H labels 
The ratio of isotopes was found to be essentially constant 
except for a major peak corresponding to the # cole cells 
mfected with the wild-type à; this peak was absent from 
the cells infected with A having a defective c, gene This 
protem peak was thus presumed to be the product of the 
c, gene Several experiments prove that this 1s the case, 
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the most elegant of them made use of a mutant of the c, 
gene which was known to give the 4 repressor a greater 
efficiency as a repressor ‘This mutant, called ind-, was 
shown to synthesize a repressor whose chromatographic 
properties on the DEAE column were different from those 
of the wild-type repressor 

Thus, a mutation m the c, gene changes the properties 
of this protein peak, this positively identifies this protein 
as the product of the c, gene and hence as the à repressor 
or immunity substance Ptashne showed that this 
repressor appeared homogeneous by electrophoresis on a 
polyacrylamide gel Its molecular weight, as judged by 
its rate of sedimentation m a sucrose gradient, 1s about 
30,000 This is a sixth of the estimated size of the lac 
repressor More recently, Ptashne has shown that this 
labelled repressor can bind to A DNA ‘This was demon- 
strated by mixing 4 DNA with labelled repressor and then 
analysing the mixture on a sucrose gradient Labelled 
repressor was found bound to the DNA As a contiol 
experiment, he showed that the repressor does not bind 
to the DNA of a hybrid phage which contaims most of the 
à genes but has a different rmmunity (and hence A opera- 
tor) from wild-type à Ptashne also showed that the 
A repressor cannot bind to denatured 4 DNA 

In conclusion, these experiments have served to prove 
several of the principal pots of the Jacob—Monod theory of 
the control of gene expression In both cases, the repressor 
molecule has been shown to be a protein molecule capable 
of bmding with great specificity to a site on the DNA It 
does not seem that either repressor contains a nucleic acid 
moiety, furthermore, the repressors bind only to helical 
DNA and not to denatured DNA In the case of the lac 
repressor, inducer binds to the repressor, thereby prevent- 
ing the latter from bmding to the operator region of the 
lac operon ‘The next step in this exciting elucidation of 
the biochemistry of control mechanisms will probably be 
to show that when the repressor binds to DNA, 1t switches 
off the genes of the operon ıt controls by preventing the 
RNA polymerase from copying the operon into a messenger 
RNA 
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Our aim 1s to discuss the possibility that observations 
of the angular distribution of quasars and of the cosmic 
black-body radiation may in the future yield important 
information about large-scale inhomogeneities of density 
ın the umverse There 1s already fragmentary evidence 


There may be large scale density inhomogeneities (such as quasar 
clusters) in the universe, and their effect on the angular distribution 
of the cosmic black-body radiation could potentially be observable. 


to suggest that this possibility may be fruitful It 
therefore seems desirable to clarify the theoretical situa- 
tion m order to call the attention of observers to these 
possibilities and to prepare the way for the nteipretation 
of the results they may obtam 
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The first suggestion that quasars with large red-shift 
may not be distributed randomly in the sky was made 
by Strittmatter, Faulkner and Walmesley?, who drew 
attention to two prominent groupings, one in the direction 
of the North Galactic Pole and the other mm the South 
Galactic hemisphere If these groupings are real and if 
the quasars are at cosmological distances, the most likely 
explanation? 1s that quasars are clustered on a scale much 
larger than any previously studied scale of irregularities 
ım the universe This suggestion hnks up with the question 
of the angular distribution of the cosmic black-body 
radiation because, as was first pomted out by Sachs and 
Wolfe, large-scale irregularities would mfluence the 
temperature of radiation which passes through them 
A possible example has been discovered recently by 
Wilkinson and Partridge‘ and has encouraged us to carry 
out further calculations of the effects involved We shall 
give a simplified description of our results here, reserving 
for a separate publication by one of us (M J. R) a more 
detailed account of the calculations 


Seale of Possible Quasar Clusters 


The angular size of a possible quasar cluster 1s a non- 
trivial question because, at large red-shifts, umportant 
model-dependent relativistic effects come mto play 
If a cluster expands at the same rate as the background 
universe, and if ıts present diameter 1s dy, then at earlier 
times corresponding to a red-shift z, the diameter would be 


at. 


= l+z 


If dy 18 much smaller than the present “radius” of the 
universe c/H, (where H, 1s the present Hubble constant), 
the angular diameter at various red-shifts can readily 
be calculated in terms of d,H,/ec We shall restrict our 
attention to Robertson—Walker models with zero cosmical 
constant which can be characterized by the density 
parameter 
Oo = > G 990?/H 

in which p 1s the present mean density If the cosmical 
constant 18 zero, 6, 18 equal to the deceleration parameter 


do Numerical values for the angular diameter are given 
in Table 1 for three values of o, 


Tabla 1 ANGULAR SIZE OF A FREELY EXPANDING OLUSTER AS A FUNCTION 
OF ITS RED-SHIFT Z 


2 Angular diameter (units of do Hofe) 
=$ o=1/10 o)=1/100 

06 272 241 240 

1 171 134 133 

15 136 099 096 

2 118 080 075 

3 100 059 053 

ry 050 010 001 


The case o,=} corresponds to the Emstem-de Sitter 
model, the case s= 1/100 to roughly the lowest permitted 
value for the mean density (p,~4x10-%* g cem if 
Ha~ 100 km sec-! Mpc“!) and op= 1/10 to an intermediate 
cage, 

We note that for a given present size d,, the smallest 
angular scale occurs at the largest red-shift (though this 
would not be the case im closed models with o,> 4) 
In fact, a cluster would not expand at the same rate as 
the rest of the universe ıf 1t had developed from a 
perturbation of small-amplitude, 1t would be separating 
out, so that the angular diameter would depend somewhat 
less steeply on z than in Table 1 Deviations from free 
expansion would be more important in a higher-density 
universe 

We now ask what lmear size to expect for a quasar 
cluster According to Sandage and Luyten', there are about 
04 quasars (quasi-stellar radio sources and quasi-stellar 
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galaxies combined) per square degree down to B= 18m, 
Thus the mmimmum detectable angular scale of a cluster 
would be a few degrees In fact only about 200 QSOs 
have so far been discovered, and these would be too 
sparsely distributed over the sky to reveal any clustering 
on an angular scale less than 10 or 20 degrees But from 
Table 1, a freely expanding cluster with a red-shift of, 
say, 15 and subtending an angle of about 20 degrees, 
would have linear dimensions ~ 750 Mpc at the present 
epoch in an Exnstem-—de Sitter universe Thuis 1s an appre- 
ciable fraction of the ‘‘radius’”’ of the universe (~ 3,000 
Mpc), and so the question arises 1s ıb reasonable to 
consider that irregularities may exist on such a large 
scale? This is a difficult question because we do not yet 
understand the origin of the known small-scale irregulari- 
ties in the universe It may, however, be helpful to con- 
sider what 1s known, or reasonably conjectured, about 
these small irregularities This information 1s summarized, 
im very round figures, ın Table 2, where we have assumed 
that p~ 10-*° g cm~, 


Table 2 OBSERVED CLUSTERING IN THE UNIVERSE 


ò 
Density contrast ( x) 
o 


Scale Object 
30 Kpc Galaxy 10° 
1 Mpe Galaxy cluster 10° 
30 Mpe Supercluster 10 
1,000 Mpe ? ? 


It does not seem out of the question that on a scale 
~ 1,000 Mpc, there should be quasar clusters in which 
Spo/ Po 18 of the order of unity If the rate of formation 
of quasars depends on some power of the ambient density 
as seems to be the case with stars where the power involved 
is ~2 (ref 6), or if the lifetime or brightness of quasars 
is enhanced by the higher density, the concentration of 
quasars would help to delineate the density distribution 
and quasar clustermg might be detectable 

Further sight into the possibility that there may be 
large-scale irregularities ın the universe can be gained from 
a consideration of the behaviour of perturbations with 
various scales durmg the expansion of a “hot big bang” 
universe. During the earliest stages of such a universe, 
the energy density of the radiation would exceed the rest- 
energy of the matter, and the matter and radiation would 
be strongly coupled together Taking the present tempera- 
ture of the primeval black-body radiation to be ~3° K 
and H, to be ~100 km sec-! Mpe~! (so that 0,~4x 10-#8 
6, g cm~?) the radiation-dominated phase continues until 
the temperature falls to Fe~ 8x 104o,° K (at a time te 
say) During this period the Jeans length ıs essentially 
the radius of the observable universe Another critical 
stage ın the expansion occurs when T=T4~3,000° K 
(at time tz) At this time the matter almost completely 
recombines and subsequently becomes almost transparent 
to radiation, at least until ıt 1s reheated In a low density 
universe, there 1s a third umportant time, te, correspondmg 
to a red-shift (1+z)~1/2«, Before te the unrverse behaves 
like the Emstem-de Sitter model, but afterwards the 
deceleration parameter decreases towards zero 

We define r(t) to be the present length-scale of a per- 
turbation which would roughly fill the observable universe 
at time t Then 

t(be) ~ 4X 10s! pe 
and 
2x 10st pe (Co > sk) 
108 


For ¢>t, r(t) 1s roughly the radms of the presently 
observable universe 

We shall diseuss only “adiabatic” perturbations m 
which the densities of matter and radiation are both 
perturbed so that the entropy per baryon ıs the same 
as m the unperturbed state We also confine ourselves 


r(ta) ~ f 


pe (oo S 4) 
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to perturbations which, in the absence of pressure gradi- 
ents, would be of the “relatively ıncreasıng” kind We 
can visualize these as regions of the universe which start 
expanding with a kmetic energy different from their 
surroundings, in contrast to “relatively decreasing” 
perturbations, which can be thought of as starting to 
expand at a slightly different tıme from the rest of the 
universe, but with the same energy 

Perturbations of any given scale r exceeded the horizon 
size at sufficiently early times At those times they 
evolved mdependently of the rest of the universe. If 
?<r(te), the perturbations start to mteract with other 
parts of the universe durmg the radiation-dominated 
phase (t< te), and will then oscillate until tg Any density 
or-——-more mmportant—velocity perturbations which sur- 
vive at t>ta will mitiate the growth of condensations, for 
the matter can then condense unimpeded by the radiation 
and the gas pressure ıs about 10-* times the radiation 
pressure or less Adiabatic expansion causes the oscilla- 
tions to diminish in amplitude between te and ta Further- 
more, there will be significant damping due to radiative 
viscosity during this period (for the mean free path of the 
radiation, though much less than the horizon distance, 
is by no means negligibly small) Even while the gas 1s 
still 1omzed, adiabatic perturbations with r up to a few 
Mpc would have been damped out? durmg the recom- 
bination phase, all scales up to r(te) would suffer appre- 
cable damping Initial perturbations with r>r(te), on 
the other hand, never undergo an oscillatory phase nor 
are they subject to radiative damping 

If the mitial amphtudes of these large-scale perturba- 
tions are sufficiently large (and always if o,>4), they 
will eventually develop into bound systems However, 
1f oo <4, smaller-amplitude perturbations may still have 
positive energy They will undergo relative growth, but 
eventually self-gravitation will become neghgible even 
within the perturbation and the density contrast will 
subsequently remain constant during the free expansion 
If the density within an unbound cluster eventually 
exceeds the background density by a factor 2, say, the 
separating out will be almost completed by a time t~2 te 

The imitial spectrum of irregularities in the universe 
18 a mysterious question, and it 1s, of course, possible that 
perturbations on scales ® re and ra have much smaller 
tial amplitudes than the smaller scale amplitudes 
which presumably developed into galaxies, galaxy clusters 
and superclusters There 1s no a prior: reason to 1ule them 
out, however, and we have seen that they would in 
fact grow faster than smaller-scale perturbations of similar 
mutial amplitudes 

In the remainder of this article we discuss the types of 
observation which may, in the future, determme whether 
very large scale irregularities do actually exist in the 
universe 


Observational Evidence 


The following lines of evidence are at present relevant 
the angular distribution of (a) quasars, (b) the black-body 
radiation and (c) the radio source counts 

(a) Quasars The angular distribution of the 103 
quasars with red-shifts known to us does at least suggest 
that there may be clustermg at large red-shifts on an 
angular scale ~20 degrees ‘The number of quasars 1s 
still too small for us to be able to decide whether the 
effect 1s significant, especially because of the effects of 
selection 

(b) Black-body radiateon We turn next to the interest- 
mg question of the isotropy of the primeval black-body 
radiation This problem was discussed by Sachs and 
Wolfe*, who calculated the amplitude of the temperature 
fiuetuations which would be caused by a distribution of 
perturbations (with small 80,/o,, but arbrtrarilv large 
jength-scale) m an Emstem—de Sitter unrverse In” that 
analvsis, the temperature anisotropies can be attributed 
to the perturbation ın which we are situated and to 
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perturbations so distant that the radiation underwent 1ts 
last scattermg when passing through them We are here, 
however, especially mterested ın the effects on the black- 
body radiation of particular irregularities with z~ 1-3 
which may be delineated by observed concentrations of 
quasars The radiation would have undergone 1ts last 
scattermg long before passmg through such an regulai- 
ity, so that Sachs and Wolfe’s work ıs not directly 
relevant. Moreover, the amplitude of the density fluctua- 
tions will not be small—in fact, no quasar clustermg 
would be evident unless $86)/p921—and we wish to 
discuss open universes with o, < $ as well as the Einstem— 
de Sitter model We shall therefore describe a somewhat 
different type of analysis, the aim of which will be to 
determune the order of magnitude and sign of the tempera- 
ture variations induced by the gravitational field of a 
single perturbation 

In a homogeneous isotropic universe with negligible 
pressure, the material within a co-movimg sphere would 
expand in exactly the same way uf the remainder of the 
universe were removed If o,.<4, the sphere would have 
positive energy and its radius R (taking the usual Schwarz- 
schild 1adial co-ordimate) ıs related to the proper time t 
of an observer moving together with the boundary by 


# Le a 
R=2(M ee) sinhty 
ee (1) 





— yh). 
=M (= 2) (smh2y — 2y) 
Væ 

(c and @=1) where væ 1s the asymptotic velocity, which 
will be a function of o, and the gravitational mass M 
The radius R ıs simply proportional to the scale factor 
of the universe 

The remainder of the universe would expand ın identical 
fashion if the matter withm the co-moving spherical 
boundary were replaced by any other spherically sym- 
metrical distribution of matter with the same value of M 
The type of perturbation which we shall consider will 
be one in which the matter within a co-moving sphere 1s 
replaced by a uniform sphere of the same mass but lower 
kinetic energy If the total energy is still positive, the 
expansion of the sphere will be given by equation (1) with 
Yeo replaced by vo(<vo) Inrtially the universe would 
be almost uniform, but a spherical condensation would 
gradually separate out, the density contrast finally 
attaining a value t~(va/v¥e)® The expansion of the 
spherical perturbation would mimic a universe with a 
different radius of curvature 

Expressions analogous to equation (1) can be witten 
down for bound clusters which eventually contract and 
for clusters separating out of an Emstem-de Sitter 
universe 

A perturbation of this type 1s illustrated schematically 
in Fig la Any mhomogeneous universe must contain 
clumps of enhanced density surrounded by regions of 
density less than average Such a universe can be 
simulated by a “swiss cheese’? model m which spherical 
perturbations hke that shown ın Fig la are distributed 
through space The perturbations would exert no 
gravitational influence on one another, but would each 
develop as though they were embedded in an otherwise 
uniform and isotropic universe The absence of any 
significant 12 h or 24 h anisotropy i the radiation tempera- 
ture® confirms that the overall expansion of the universe 
1s in fact accurately isotropic 

Before we discuss how the black-body temperature 
would be perturbed by an irregularity of the type shown 
m Fig la, 1t will be helpful to consider the frequency 
shift induced by passage through a uniform expanding 
sphere, centre O, surrounded by empty space Suppose 
that hght ıs emitted at a pomt X (at rest relative to O 
and far outside the sphere), passes through O, and is 
received at a distant pomt Y The presence of the sphere 
would increase the tme hght takes to travel from X to Y 
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The passage of such a light ray 1s traced schematically in 
Fig 2 At first sight one might thik that, if X and Ý 
are equidistant from O, there would be no frequency shift 
between the two pomts Though this would be true 
if the sphere were not expanding, the expansion ın fact 
causes a blue-shift This effect can best be understood 
by umagming that monochromatic light ıs bemg emitted 
from X The tıme delay caused by the sphere diminishes 
as the sphere expands, so that each wave-crest 1s subject 
to a shorter delay than its predecessors ‘The crests are 
thus received at Y with a frequency higher than the 
emitted frequency (see Fig 2) An alternative interpre- 
tation may make this effect clearer the light falls towards 
O down a steep potential gradient but, because the sphere 
1s expanding as the light goes through, ıt climbs up 
against a more gradual potential gradient and achieves a 
net gain of energy from the gravitational field 

Suppose that a particular ray enters the sphere at a 
pomt A at time t, and emerges from the other side at 
ts (see Fig 2) Since the sphere can be regarded as part 
of a homogeneous universe, the ratio of the wavelengths 
observed by co-moving observers at A and Bis 


Ritz) 
Rita) (2) 


This red-shift can be interpreted as the sum of three 
contributions (1) the blue-shift already discussed, due 
to the expansion, (11) a straightforward Doppler red-shift, 
due to the fact that A and B are both receding from O 
when the radiation passes through them, and (m) a 
gravitational red-shift 


(1—2M/R(ta))*?/(1— 2M /R(ta))*"8 
When the sphere is part of a homogeneous untverse, these 


three contributions combine to give the same net red- 
shift as equation (2) When, however. we come to con- 


ltez= 
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02 


-02 
-04 


(b) 
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Fıg 1 a, Illustration of the type of spherically symmetric perturbation 

<discussed in this article b, Temperature profiles across a cluster with 

~3 times the background density AT/T is expressed in units of 

GMoje®R, where v and R are the velocity and radius of the unperturbed 

- boundary The profiles are drawn for (I) an undecelerated background 
> universe and (II) an Emstem-de Sitter universe 
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Fig 2 Diagram tracing,the paths of light rays through an expanding 

sphere surrounded bv empty space These rays experience a time delay 

which decreases as the sphere expands, so they would be observed at Y 
blue-shifted relative to Z 


sider inhomogeneities, this 1s no longer true and ıt 1s then 
helpful to treat the three contributions separately 

The accurate calculation of the temperature perturba- 
tions 1s rather complex, even for spherically symmetric 
density wregularities We shall present here a simplified 
treatment which 1s strictly vald only for regularities 
very much smaller than the observable universe It 
should, however, be good enough to give the sign and 
magnitude of the temperature variations due to clusters 
of the size ın which we are interested (up to ~ 1/4 of the 
radius of the universe) This sumple treatment may also 
elucidate more clearly the physical mterpretation of 
the effects involved 

We assume that the expanding sphere had radius R’ and 
expansion velocity v’, when the radiation which we now 
receive passed through ıt, whereas 1f the same mass M 
were expanding with the rest of the universe, its radius 
and velocity would be R and v respectively Ifthe cluster 
were small compared with the horizon size, these quanti- 
ties would change only by small amounts durmg the 
passage of the radiation We can also assume R’>M, 
and v and v’<l. v’ and R’ cannot be specified nde- 
pendently, because they are related through equation (1) 
Suppose that there are no other irregularities along the 
line of sight through O, and that the black-body radiation 
1s not scattered after passing the pomt A 

The changing gravitational field withm the sphere of 
radius R’ will (through effect (1)) contribute a blue-shift 
2Mv'/R’. If, however, the matter were smoothed out 
there would be a blue-shift 2Mv/R. If the cluster were 
separating out from the background v’/R’<v/R, so that 
effect (1) makes a negatwe contribution to AT/T 

The cluster will create a deeper potential well at O 
than would be present if the materal were smoothed 
out, and its existence will thus increase the time radiation 
takes to get from A to B This extra time delay tends to 
increase the black-body temperature (an effect which we 
shall call (1v)) for the followimg reason The radiation 


reaching B at ts must have passed A at the imstant 


t'a (<ta) The temperature at A, beng proportional to 
R-1, would have been higher at this earher time. The 
extra time delay amounts to 
~ 2M log (R/R’) (3) 
80 
Rita) — Rita) ~ 2M log (R/R’) (4) 


and the consequent fractional temperature mcrease due to 
Qv)18 
2Mv 


“log (R/R’) (5) 
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The alterations in (11) and (m) caused by the extra time 
delay expression (3) make negative contributions to AT/T 
which, however, are ~ M/R times smaller, and so can be 
neglected In this approximation, the net temperature 
change caused by the irregularity (and attributable solely 
to effects (1) and (:v)) 1s therefore 


SE 2M — (1-log (EN (6) 


In a very low density universe where the cluster has 
already separated out completely, v’/R’~v/R so that 
expression (6) would then be positive The same 1s true for 
any unbound cluster ın a universe with o,<} If the 
density contrast ıs small, and v =v— ðv, R’=R—8R, the 
magnitude of AT/T 1s proportional to 8R/R If we apply 
equation (6) to an Emstem-—de Sitter universe, we find 
that AT/T 1s negative because v’/R’ is then smaller than 
v/R by a sufficient amount to make (1) more important 
than (iv). In this case, however, the effect 1s proportional 
to (8R/R)? when the density contrast 1s small This 1s 
because $v/v=28R/R, so that the first order terms in 
equation (6) cancel out This is m agreement with Sachs 
and Wolfe’s first-order analysis, according to which a 
perturbation of this type in an Emstein—de Sitter unrverse 
«would have zero effect on the black-body temperature 

One can similarly calculate AT/T for radiation which 1s 
intercepted by a cluster but does not pass through the 
centre and thus determme the expected temperature 
profile across a cluster For irregularities of the type 
considered here, 1t 18 found that AT/T 1s negative near the 
edge for all values ofo,, though (as we have seen) ıt becomes 
positive at the centre for a cluster of positive energy 
The profiles are shown ın Fig 2b for a cluster with ~ 3 times 
the mean density, for models with two different values of 
Ss ‘The exact profiles should not be taken too seriously, 
because they obviously depend on the detailed density 
distmbution across the irregularity It is, however, inter- 
esting that even the simple type of cluster considered 
here can cause a AT of either sign 

Radiation which does not pass through O will suffer 
a small angular deflexion due to the gravitational field of 
the cluster Liouville’s theorem? ensures that the magni- 
tude of this deflexion 1s exactly what 1s required to produce 
the black-body radiation mtensity appropriate to the 
perturbed temperature 

A cluster with da ~ 750 Mpc, contrast density ~ 3, 
and z~ 15 in an E:nstein-de Sitter universe would give 
rise to a decrease of ~ 0 3 per cent n the radiation tempers- 
ture in the direction of its centre and ~09 per cent 
somewhat away from the centre The angular extent of 
the profile would be ~20 degrees A simular cluster in a 
low-density universe with c~ 1/10 would give nse to a 
decrease in temperature of ~ 0 2 per cent near the edge, but 
a comparable increase at the centre Wilkinson and 
Partridge’ observed a possible decrease in temperature 
of ~0 5 per cent m the direction R A ~2 h, è~ —8° If 
this 1s attmbutable to a quasar cluster n the same general 
direction, we conclude that either the universe has 
roughly the Emstem—de Sitter density or, if the density 1s 
lower, the strip of sky scanned by Wilkinson and Partridge 
did not pass through the centre of the cluster 

We must next try to establish that the temperature 
anisotropies attributable to clusters with z~ 1-3 will not 
be swamped by the effects of more distant clusters’? Since 
seven-eighths of the material within the particle horizon 
of an Emstem-de Sitter universe (and an even larger 
fraction ın the case of a lower density universe) hes at 
z> 3, ıt would be unreasonable to suppose that no such 
clusters exist Formula (6) can be applied provided that 
the radiation has not been scattered since entering these 
clusters, and provided also that they are then smaller 
than the observable universe We find that if (1+2z)<$ 
L/e.z. where x 1s the terminal value of the density contrast, 
|AT/T| mereases in proportion to (1+z), for larger z, 
1b decreases roughly as (1+2z)-} for the universe, then 
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approximates to an Eimstem-de Sitter model These 
very distant clusters do not therefore pose a problem 
except ın a very low density universe (c, $ 1/20) 

Consider now the clusters which he across the surface 
where the last scattering occurred (at a red-shift z~ zs) 
If (1+2s)S1/zeo, the effect will be of the same order as 
formula (6) However, if (1+-2s)S>lsaog, we can apply 
the results of Sachs and Wolfe, since not only would the 
universe then approximate to an Eimstem-—de Sitter 
model at z~zs, but 8e/p would have been small We 
find that, of the universe were now filled with clusters of 
dimensions ~ 750 Mpc, with 8p)/e,~1 the temperature 
fluctuations would be ~2 per cent This conclusion 1s 
independent of o,- im a low density universe the clusters 
separate out more slowly, and the larger value of So/¢ 
at z~z, compensates for the lower mass of each cluster. 
The angular scale of these irregularities would be ~ 20 c, 
degrees These temperature variations would be ~10 
times higher than the upper limits permitted by observa- 
tion*11 The value of ~ 2 per cent deduced here may be 
a very severe overestimate, however, because the clusters 
need not occupy the whole of space (perhaps no more 
than 10 per cent) and because Sachs and Wolfe’s calcula- 
tions assumed that the last scattermg occurred at a well 
defined instant whereas the universe would im fact gradually 
become transparent durmg a time of the order of the 
expansion time scale Therefore unless the irregularities 
are much larger than the horizon size at zs (that 1s, unless 
ZsS>100,-t if the wregularities have a present scale ~ 750 
Mpc), the temperature variations in the Rayleigh—Jeans 
part of the spectrum due to clusters with z~zs would 
be smeared out by depth effects 

Finally, we must consider whether we ourselves lie 
within a cluster Unless we were positioned exactly at its 
centre, our own cluster would produce a 24 h anisotropy 
in the black-body radiation Though this would be partly 
due to the gravitational field of the cluster, the main 
contribution would be essentially a Doppler effect, arising 
from the fact that the cluster would be expanding more 
slowly than the overall Hubble velocity we would have a 
peculiar velocity towards the centre. This effect would 
be too great to be consistent with the observations unless 
6)<1/100 In our previous paper? we supposed that 
we were m a cluster, and that o, was indeed very small 
We have seen, however, that a higher density 1s permissible 
without the temperature fluctuations caused by other 
clusters being too large Since (as we shall sec) the isotropy 
of the radio source counts is harder to reconcile with the 
existence of clusters if c, 18 very low, 1t 1s perhaps more 
hkely that we are not within a cluster 

(c) Source count sotropy The radio source counts have 
provided no evidence for any anisotropy in the distribution 
of radio sources The permitted limits would appear to 
be <25 per cent for sources stronger than 2 flux units at 
178 MHz, on scales ~20 degrees square’?*, and <10 
per cent at 02 flux units on the same angular scale’ 
This figure is based not on direct counts but on a statisti- 
cal analysis of the measured radio noise Is the hypothesis 
of large-scale clusterng compatible with these data? 
We beheve so, for the followmg reasons 

(1) Because of the large spread in the trinsic power of 
radio sources, a sample chosen at a given flux density 
will melude powerful sources with zZ 4 as well as weak 
local sources In fact, according to Longair’s*® analysis 
of the counts, the amsotropy limits at ~2 flux units are 
hkely to be more crucial in this regard because 1t 1s at this 
level that the largest contribution comes from very 
distant sources (It ıs, however, worth pointing out that 
interpretations of the source counts, and of magnitude 
red-shift relations for quasars, would need modification 
if clustermg occurs on the scale envisaged here) Even 
at ~2 flux units, however, sources with z~ 1-2 will be 
diluted by both nearby and even more remote sources 

(1) The clusters may not have fully separated out at 
z~4 Accordingly we would not expect any large aniso- 





Fig 3 <A possible distribution of large scale clusters us seen by an 


observer at the centre The contrast between clusters and the back- 
ground would be less marked in the past (though the mewn density was 
then higher) because the clusters would not have fully separated out 
The shading ıs meant toillustrate this Very remote objects (for example, 
radio sources) need not therefore appear anisotropically distributed 


tropies m the distribution of the most distant sources 
Ihe separation would only in fact have been completed 
by z~ 4 in a very low density universe for which l/opr2 5. 
We attempt to illustrate this effect in Fig 3 The con- 
trast between the density mside and outside clusters 
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would be less marked at large z, and moreover we would 
be observing a large number of clusters at these great 
distances In Fig 3 we are not depicted as being in a 
cluster ourselves, for the reason already given 

Clustering on a scale of 1—2 x 108 pe could in principle 
be revealed by a study of the distribution of radio galaxies 
(and such clustermg would be expected theoretically if 
the even larger quasar clusters exist, except perhaps 
in a universe witho, < 1/25) However, in practice their 
detection would be difficult because of the number (~ 10) 
of such clusters which would be expected along a typical 
line of sight 

In this article we have attempted to stress two points 
The first ıs that the spectrum of mregularities in the 
universe may well contain large-scale components of 
appreciable amplitude The second 1s that such com- 
ponents, if they exist, may be amenable to systematic 
observational study by a detailed analysis of the angular 
distribution of quasars and of the cosmic black-body 
radiation We would therefore urge that the necessary 
observational studies be undertaken 
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Mongolism, Delayed Fertilization and Human 


Sexual Behaviour 


by 
JAMES GERMAN 


Cornell University Medical College, 
New York City, 
New York 


Moneo.tism (Down's syndrome)! is the developmental 
consequence of trisomy of chromosome 21 {ref 2) Its 
cause has remained obscure, but the increased incidence 
among offspring of mothers more than 35 years old sug- 
gests that the chromosomal non-disyunction usually oceurs 
durmg female rather than male gametogenesis At 
what stage in oogenesis 1s such an error particulaily likely 
to occur ? 

The maturation of the mammalian egg consists of a 
first division, which is completed at about the time of 
release of the primary oocyte from the ovarian follicle, 
and a second division which begins immediately thereafter 
The division of the secondary oocyte, however, becomes 
suspended in metaphase and progresses to completion 
only after a spermatozoon penetrates ıt Without such 
penetration, which usually occurs in the peritoneal 
cavity? or upper portion of a uterine tube, disruption of the 
alguinent of the second division metaphase chromosomes 
sets in, and generalized cellular deterioration occurs 


Decreasing frequency of coitus accompanying advancing age and 
prolongation of marriage, predisposing to delayed fertilization, may 
explain the correlation of increased incidence of mongol births with 
advancing maternal age 


The human secondary oocyte suspended in metaphase 
has been estimated to be firtilizable for 1 day or less#-* 
In other mammalian species the period of furtilzability 
varies, it 1s usually between 6 and 30 h® Fertilization 
toward the end of this brief period often has senous 
embryological consequences in many species®-15 

It hus been clearly established that delayed fertilization 
of mammalian eggs may have unfavourable consequences 
This was recognized in 1934 by Hammond, who detected 
a decrease in both fertility rate and litter size in rabbits? 
If the oucyte hes unpenctrated in the uterme tube for 
several hours, its capacity for being fertahzed decreases 
Should it be fertilizcd late, however, the meidence of 
abnormal or unsuccessful cleavages, of structurally 
abnormal embryos, and of embryonic reabsorption or 
abortion has been observed to merease in several non- 
human species in experimental conditions®®? Abnormal 
eggs contaming either one or three pronuclei (including 
the male) have been observed®, as a result of abstiiction 
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of either two or of no secondary polar bodies, that 1s, both 
or neither female le complements, at the second mabura- 
tion telophase Hyperdiploid, hypodiploid and mosaic 
embryos have been found in incieased numbers after 
delayed fertilization’®:4, and cytogenetic examination of 
the oocyte which has remained unfertilzed ım the tube 
for several hours has shown scattermg of chromosomes 
from the metaphase plate of the arrested second matura- 
tion spindle!!3 The various errors in division observed 
experimentally may be attiibuted to a disturbance of 
chromosomal segregation of the maturing egg existing 
outside the ovary and suspended in metaphase IT a few 
hours too long before a spermatozoon becomes available 
to penetrate it and cause syngamy There is no evidence 
that metaphase II of oogenesis 1s less vulnerable in man 
than in other man.mals examined so far Blandau and 
Young proposed that delayed fertilization might be a 
cause of early abortion in the human female? Edwards’ 
more recently emphasized the desirability of begmning 
embryonic development “with a pair of fresh gametes” 


Human Fertilization 


In many mammals, cortus-induced ovulation or periods 
of oestrus are among the mechanisms ensuring fusion of 
fresh gametes only In the human female, however, 
ovulation is not coincident with as clearly demarcated. 
a period of heat Delayed fertilization in human females 
seems therefore to be a possibility ıf coitus occurs only 
sporadically or if ıb occurs regularly but relatively mnfre- 
quently—that 1s, at intervals greater than that of the 
fertilizing potential of spermatozoa, which 1s perhaps 
48 ht5 With regular coitus at intervals shorter than 
this, ıt would become relatively :mpossible for an egg to 
loiter in the upper tube for long betore being met by one 
of the continuously present, capacitated spermatozoa 
A decline in the regular frequency with which spermatozoa 
are deposited ın the lower genital tract of a sexually active 
woman therefore theoretically permits a perilous situation 
to arise This situation could lead to fertilization of a cell 
released from its ovarian follicular environment for too 
long and, as a consequence, errors in chromosomal segre- 
gation at the second maturation division could arise. 
Embryonic triploidy, trisomy, chromosomal mosaicism 
or other aneuploid states are some of the results possible 
Many aneuploid embryos would doubtless be aborted or 
reabsorbed promptly, but a small number would be viable 
for longer periods, some until birth Those affected by 
mongolism and the other two autosomal trisomy syn- 
dromes would be among those sometimes capable of 
surviving intrauterine hfe What might predispose to 
delayed fertilization in man, and how might ıt be detected ? 

Direct evidence for the occurrence of delayed fertilza- 
ton in man 1s difficult to obtain Certain considerations 
and deductions, however, may lead to meaningful experi- 
ments and observations substantiating or contravening 1t 
Thus, (a) spermatozoa are continually pre- 
sent, and forestall delayed fertilization, only 
if the intervals between coitus are shorter 
than the span of time a spermatozoon main- 
tains fertilizing ability, this ıs possibly two 
days, (b) coital frequency usually decreases 
with advancing age'*, and, therefore, (c) the 
meidence of abnormal embryos including 
trisomics might be expected to be greater in 
older mothers, (d) an increased frequency 
and regularity of coitus in older mothers, 
however, should reduce theoretically the 
meidence of abnormal embryos by de- 
creasing the frequency times when the tube 
contains no spermatozoa As a result the 
possibilities for delayed fertilization will be 
reduced Surveys comparing the imeidence 
of mongolism m either old or young groups 
having sporadic or infrequent coitus with 
that ın similar groups having regular and 
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frequent coitus could provide evidence for or against this 
expectation It would be useful to make a study of the 
ineidence of mongolism ın older mothers recently married, 
who might as a group be assumed to be sexually more 
active than mothers of the same ages married for a long 
time The meidence of mongolism among the offspring of 
unmarried mothers, who as a group engage in coitus 
sporadically rather than systematically, could also be 
determined In addition, careful recording of the fre- 
quency of the coitus about the tıme of conception in both 
young and old women having mongol children might 
provide interesting data 


Previous Investigation 


An assumption that ıs probably valid ıs that the mean 
frequency of mantal coitus 1s negatively correlated with 
the duration of marriage This assumption is based 
partly on personal clinical case histories and 13 also 
supported by data recorded in the report by Kinsey 
et al?! According to that report, frequency of marital 
coitus in women declines at a constant rate from a median 
of 2 5 times weekly by the age of 25 to 13 times by the 
age of 45 In the age group 41—45 in that survey, 40 per 
cent of married women had coitus less than 10 times 
weekly, in contrast to 15 per cent m the age group 
21-25 The frequency of marital coitus reportedly*® 
reaches a maximum in the first 1-2 years of marnage 
and then steadily decreases Studies correlating age, 
duration of marnage and cotal frequency are not 
available i 

The durations of marriage ın women before their 
deliveries of mongols have been investigated as part of a 
survey aimed at a more complete biological and sociological 
characterization of women having mongols Because 
mongolism occurs so much more commonly among 
offspring of older women. it seemed possible that causative 
factors might differ in the young and the old The 
mothers therefore were grouped by age The distribution 
of the tıme intervals between marriage and the delivery 
of a mongol in 201 mothers ıs shown ın Fig 1 About 
half of the women were 35 or older at the time the mongol 
was born The mean duration of marriage in the young 
group was only 4 94 yr, whereas in the older group it 
was 1208 yr A unimodal normal or Poisson distribution 
was found ın the older group, there was a striking Jack 
of marriages of short duration Only 17 per cent of 
mothers past 34, and only 12 per cent of those past 38, 
had been marned 6 yr or less None of the fourteen 
mothers delivered of a mongol when older than 42 had 
been married less than 8 yr It ıs apparent that most 
women older than 34 delive:ed of mongols have, ın addition 
to their longevity been marriedalongtime That is, as a 
group they are not women who are bearing children late 
because of marriage late in life, as 1s the case for 30 
per cent of all women aged 39-45 being delivered of babies 


Ages 18-34 Ages 35-47 
n=103 n=98 
X= 4 94yr %=12 O8yr 
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Years of marriage 


Fig 1 _ Distributions of durations of marriage before delivery 1n 201 mothers of mongols, 

grouped by age 

have been delivered of mongols at the New York Hospital during a 10 year period (1957— 

1966), (b) the married mothers of all mongols currently institutionalized at the North 

Jersey Trarming School and of all mongois who have died in the nursery of that mstitution 
whose medical records recorded the date of the mother’s marriages 


This population 1s composed of (a) all married mothers known to 
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at the New York Hospital (unpublished data for the year 
1960) For this second group a bimodal distribution of 
durations of marriage exists, with a promment early 
mode composed. of women who married at an advanced 
age, a mode not present in the older mothers of mongols 
investigat: d here 

The two distributions in Fig 1 are, as would be expected, 
very different and are shown partly to emphasize that older 
women having mongols are different from the younger in 
ways other than age alone Is mongolism therefore 
correlated causally with biological old age itself, or 1s it 
connected with some superimposed attribute or be- 
havioural pattern characteristic of old age? Considera- 
tion of the two distributions in Fig 1 suggests that if 
delayed fertilization subsequent to infrequent coitus 18 a 
cause of mongolism, the circumstances predisposing to 
it in the young are different from those ın the old, the 
former being a group who ın general are much more 
active sexually because of youth and short duration of 
marriage This does not necessarily ımply, however, 
that the cause in the young 1s other than delayed fertiliza- 
tion, although multiple causes certamly -might exist 
Mongolism 1s very infrequent in young women, common 
in old Infrequent, unusual and varied circumstances 
in the young, for example, 1llness or brief absences from 
the home of one of the marriage partners, might result 
in occasional periods of mfrequent or sporadic coitus, 
but these periods could be significant should they coincide 
with the time an ovum becomes available for fertilization 
In contrast, the predisposing circumstance—actually a 
continual threat—for the long-married would be the 
decline in frequency of coitus usually characteristic of 
mereasing age and adjustment to married hfe. 


Hypothesis drawn from these Data 


The following hypothesis 1s proposed, based on the 
expermmental evidence in animals and on a consideration of 
man’s sexual habits and the known correlation of mongol- 
ism and advancing maternal age Mongolism may be the 
result of delayed fertilization consequent to sporadic or 
decreased frequency of coitus 
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I suggest that human disease, genetic in this stance, 
may sometimes be the result of a disturbance of a natural 
biological phenomenon resulting from an accepted and 
seemingly normal pattern of social behaviour rather than 
from the damaging effects of some inhospitable environ- 
ment, or from a seemingly spontaneous error of nature 
The observations suggest a novel medical view of the old 
mother, an individual in many ways unaltered anatomic- 
ally, biochemically or as a result of her interaction with 
some exogenous noxious agent, but different in her socio- 
logy and behaviour The hypothesis to explam a cause of 
sporadic mongolism 1s attractive not only because it can 
be tested further but also because ıt implies that the 
ineidence of the disorder could, in an informed society, 
be decreased 
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GENETIC polymorphism has been defined as the occur- 
rence together ın the same habitat of two or more dis- 
continuous forms of a species, n such proportions that the 
rarest of them cannot be mamtaimed merely by recurrent 
mutation! Polymorphic populations can, however, evolve 
by the action of selection on mutations? The study of 
variation in individual mammalian somatic cells has so 
far revealed only a few distinct genetical markers, these 
features include morphological variations ın nuclei’, sex 
chromatm* and chromosomes®, cytochemical variations 
in the relative amount of DNA im each nucleus! and in 
each chromosome?’ and the presence or absence of enzymes 
such as alkaline phosphatase? The present communica- 
tion ıs primarily concerned with types and frequencies of 
morphological variations ın chromosomes 


tion of cell populations 
relation to age, environment and mechanisms of cytogenetical 
instability have led to the discovery of a new kind of balanced 
chromosomal polymorphism. 


Thus studies on chromosomal variation in 


Essentially the same mechanisms of chromosome 
mutation (caused by aberrations m chromosome replica- 
tion and their subsequent segregation at cell division) are 
responsible for both congenital chromosomal variations 
in populations of mammals and also withm micropopula- 
tions of somatic cells in particular tissues Thus simular 
types of variations in the characteristic pattern of 
chromosomes ın each cell (karyotype) have been found to 
form the basis of congenital malformations ın populations 
of mammals and also within micropopulations of their 
somatic cells ın particular tissues, indicating the operation 
of basic mechamsms of chromosome mutation Several 
genetic and environmental factors are now known to 
affect the stability of the karyotype and consequent 
evolution of somatic cells Thus a congenital predisposi- 
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tion for the formation of chromosome anomalies may be 
inherited, for example, the sticky gene m maize, a 
1ecessive human gene associated with breakage of mitotic 
chromosomes and increased incidence of tumours, a human 
familial tendency towards chromosome meiotic non-dis- 
junction and congenital malformations? Abnormal m- 
dividuals caused by such congenital chromosome anoma- 
hes seem to have consequently unstable somatic cells, thus 
Khnefelter’s syndrome mosaics and Down’s syndrome 
have a significantly higher meidence of leukaemia, and 
31 per cent of Turner’s syndrome were reported to have 
ovarian tumours There is also a circumstantial associa- 
tion between an increased incidence of spontaneous 
chromosome anomalies with the ageing of somatic tissues 
Three categories of environmental factors affecting karyo- 
type stability can be distingmshed (1) biological, for 
example, outbreaks of viral infection ın North America, 
Sweden and Japan associated with damage to the 
chromosomes of somatic cells and an increased medence 
of congenital malformations due to chromosomal anoma- 
hes, (2) chemical agents such as benzene associated with 
leukaemia in industry, (3) physical agents, for example, 
atomic bomb radiation inducing chromosomal congenital 
malformations, neoplasms and leukaemia in Japan 

Environmental factors m addition to mducing such 
anomalies also act during the evolution of somatic cell 
populations It 1s now known that, ın addition to natural 
selection of the cellular phenotype in the manner pro- 
posed by Darwin, there 1s an important level of selection 
of chromosomal mutations within the cell that must be 
compatible with limiting patterns of chromosome struc- 
turet, thus the types that arise are not entirely the result 
of natural selection of competing cells Sometimes a 
balance of chromosomal types follows selection (a) during 
differentiation of embryos containing two or more 
chromosome anomalies, resulting ın mosaics, (b) following 
exchange of cells across the placenta to give chimaeras, 
both situations often exemplifying a state of balanced 
polymorphism Most mformation about evolutionary 
changes ın somatic cell populations has, however, been 
derved from the study of neoplasms" and the heteroploid 
transformation of cultured diploid cells on vetro!? 

The present studies were directed at examming the 
stability of diploid cell populations an vitro m standard 
environmental conditions, to be followed by further 
experimental studies on the action of one environmental 
agent at a time on the evolution of somatic cells As a 
control, cells from the same species were studied n vwo 
(where this information was not already available) to 
determine the extent of karyotype stability in normal 
conditions of animal ageing 
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Ageing in Human and Hamster Tissues In vivo 


Although ıt had been known for a long tıme that older 
mothers produce a higher incidence of Down’s syndrome, 
it was not until 1963 that an mcreased incidence of 
chromosome anomalies was also found to be associated 
with advancing age of normal somatic tissues'? and this 
was later confirmed by other studies No reports are 
available about the extent of chromosomal anomalies in 
ageing experimental animals 

In the present study, bone marrow cells were examined 
in Syrian hamsters ranging in age from 4 weeks to 16 
months No anomalies were detected at 4 weeks, tetra- 
ploid cells occurred at a frequency of 0 4 per cent by 11 
weeks Aneuploidy was only found m the oldest of the 
available animals at 16 months For example, ın a male, 
chromosome counts in 506 cells showed a mode of 70 4 
per cent diploid cells (forty-four chromosomes), with 
29 0 per cent aneuploid chromosome numbers (including 
12 3 per cent greater than diploid) and 0 6 per cent tetra- 
ploid Karyotype analysis of fifty modal cells showed 
that 20 per cent were pseudodiploid, as a result of 
abnormal combinations of chromosome types within the 
same normal chromosome number (forty-four chromo- 
somes) (The normal male karyotype 1s conveniently 
subdivided into five groups according to chromosome 
size and type A9, B10, C13, D8, E4 (see Fig 1) ) 

Analysis of aneuploid karyotypes of chromosome 
numbers 43. 45 and 46 showed that they also had abnormal 
combmations of chromosomes per group within the karyo- 
type, in addition to the expected simple loss or gain of 
one or two chromosomes Some aneuploid karyotypes 
were replicated, indicating the early formation of clones 
The most frequent example was a forty-five chromosome 
karyotype with an extra D group chromosome in ten 
cells Thus karyotype instability was found in old, 
seemingly normal animals, presumably as a result of 
ageing ‘These observations provided information on the 
extent of karyotype variability in somatic cell populations 
growmg in their natural environment, as a “control” 
for experimental studies in vitro 


Ageing and Evolution in vitro 


If 1ecent work on cultured somatic human cells‘ 1s 
of wider valıdıty, as 1s likely, then other normal mam- 
malan somatic cells will also have a limited lifetime an 
vtro The number of cell doublings possible ın vitro was 
1elated to the age of human donor tissue Thus cultured 
diploid cells could only complete the lumted number of 
cell generations which they had not undergone wm vwo 
Furthermore the frequency of chromosome anomalies was 
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found to merease as the cells approached the last few 
generations of their finite lifetame—as was also found in 
the ageing Syrian hamster bone-marrow in the present 
study Ageing cultures, however, Just before degeneration 
at the time of onset of increased chromosome anomalies, 
were sometimes found to undergo malignant transforma- 
tion. Such transformed cells were found to be capable of 
indefinite growth wm vitro, and seemed to be mmmortal 

It was therefore desirable to study the stability of 
diploid hamster and human cells ın vetro to obtain further 
information about the extent of stability of somatic cell 
populations 

Capstick e¢ al !5 reported that a diploid cell strain of 
baby hamster kidney (BHK), established by Macpherson 
and Stoker, had a 92 per cent diploid mode (forty-four 
chromosomes) after 110 monolayer transfers and 66 days 
ın suspension culture (a total of 386 cell doublings) 
Because this length of tıme was far ın excess of a fimte 
hfetime of 50-60 cell generations expected from previous 
studies, a sample of Capstick’s P1 BHK 21/13 was ob- 
tained It was amed to determme by more detailed 
karyotype analysis 1f such cells had retained a normal 
diploid constitution after a long time ın viro 

The BHK cells were cultivated in suspension in the same 
way as that described by Capstick et al During the 
logarithmic phase of growth, samples were fixed directly 
for the study of mitosis and others were fixed after col- 
cemid and hypotonic pretreatment for the study of meta- 
phase chromosomes Two analyses were carmed out, 
l month apart, when the cells had grown for 451 and 480 
cell generations, respectively A diplord modal chromo- 
somal number was found to be maintamed during this 
time, with a frequency of 29 9 per cent in the first sample 
followed by 25 0 per cent in the second The later culture 
(at 480 cell generations) was karyotyped and analysed ın 
detail with the aid of photomicrography The morpho- 
logical components of the karyotype were grouped into 
five groups within which certain chromosomes could be 
identified individually (compare Fig 1) normal chromo- 
somes X, 5, 10, 14, 16-19, 20, 21, abnormal chromosomes 
consisting of a metacentric m group A larger than X and 
another smaller than X, also a characteristic submeta- 
centric and a dicentric On this basis ıt was found that 
all the diploid cells (at 480 cell generations) were far from 
normal, they had individually different karyotypes 
These could be distinguished by (a) differences m the 
combinations of chromosomes per group (A~E) adding 
up to forty-four chromosomes per cell, or (b) even by 
combmations of the presence or absence of singly 1dent1- 
fiable chromosomes alone (see Table 1) In addition, 
karyotype analysis of aneuploid chromosome numbers 
(making a total of 100 karyotypes) failed to show two 
cells with the same karyotype If the sample that was 
analysed was fully representative of the whole cell popula- 
tion, then the observations indicate not only that the 
karyotypes were highly unstable but that chromosome 
mutation probably occurred at most cell divisions to 
produce different daughter cells 

In order to obtaim further information concerning the 
rate of chromosome mutation, the frequency of structural 
anomalies was determined in 40,000 cells from culture 
there were 02 per cent distinctly abnormal interphases 
with micronuclei, excessively small or giant nucle and 
binucleate cells, 192 per cent of anaphases had abnor- 
malities such as bridges and lagging chromosomes, only 
4 per cent of 1,000 well spread metaphases (colchicine pre- 
treated) had aberrations of chromosome structure includ- 
ing dicentrics, rmgs, chromatid interchanges, minute and 
broken chromosomes The rates of occurrence of struc- 
tural defects that were observed cannot, 1t seems, account 
for the findings of every analysable karyotype m one 
hundred cells being different 

In order to throw further light on this phenomenon, 
younger diploid cultures were required in order to make 
serial observations an vitro to find out more about karyo- 
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Table 1 GAINS OR LOSSES IN INDIVIDUALLY IDENTIFIABLE CHROMOSOMES 


IN PSEUDODIPLOID BHK KARYOTYPES 


Normal Abnormal 
Cell M Deviations/cell 
Nos X 5 10 14 D 20 21 <X¥ >X SM DC Gain Loss Total 
1 +1 1 0 1 
2 -1 +1 1 1 1 2 
3 -1 +1 1 1 2 
4 +1 -i -1 1 2 3 
5 +2 +1 3 0 3 
6 ~l 41 +1 2 1 8 
7 -1 -1 +1 +1 2 2 4 
8 -1 +1 ~1 +1 2 2 4 
9 +2 —2 2 2 4 
10 -1 41 +1 +1 3 1 4 
11 +1 +1 -2 -1 2 3 6 
12 +1 ~1 +1 +2 4 1 5 
13 +1 -1 -1 +1 +1 3 2 5 
14 +1 +1 -1 +1 +1 4 1 6 
15 +1 41 ~2 =l +1 3 3 6 
16 +1 41 -1 -1 +2 4 2 6 
17 4+2 +2 +1 -1 +1 6 1 7 
18 -1 -1 -1 -1 +3 3 4 7 
19 -1 42-1 -1 —1 +1 3 4 qT 
20 +1 -1 42 —1 +1 +1 5 2 vi 
21 +1 +3 -1 +1 +2 7 1 8 


D, Chromosomes 16-19, M, group A metacentric chromosomes, smaller 
than X (< X) or larger than X (> X), DO, dicentric, SM, abnormal group A 
submetacentric chromosome bigger than 1 


type stability in relation to duration ın culture Because 
Burkitt lymphoma cultures recently established by 
Epstem and Barr were claimed to be diploid, samples of 
three cell Imes, EB1, EB2 and EB3 were obtained for 
study The culture conditions and cytogenetical studies 
on chromosomal ploidy levels in the earliest samples have 
already been described ın our previous report in conjunc- 
tion with the kinetics of these cell lines'* 

When first received these cell lines had been m culture 
for different periods of time, between 5 and 16 months 
since establishment from tumour biopsies (EB1 and EB2 
from females and EB3 from a male) 

Fig 2 summarizes the distributions of chromosome 
numbers in seven samples studied over a penod of 28 
weeks For convenience, the chromosome numbers are 
grouped into ploidy levels Euploid chromosome numbers 
(2n, 3n, 4n) are shown in black and the aneuploid groups 
of eleven chromosomes are shaded It can be seen that 
the bimodal distribution ın EBI at 67 weeks changed to 
a mostly hyperdiploid population at 90 weeks, after ıt 
had been grown in a different culture medium (containmg 
calf instead of human serum) This shows the influence of 
environment supermposed on age Another example of 
the effect of an an vitro environment 18 provided by EB2, 
which remained diploid when cultivated in America’? 
but had become hypotetrapioid by the time that ıt had 
been received from its laboratory of origin m the present 
study The effect of age ın a standard environment was 
then shown by the youngest cell lme, EB3 

Fig 2 shows that a drastic change in the number of 
chromosomes occurred after 34 weeks culturmg The 
apparent stability of chromosome numbers before 34 
weeks 18, however, misleading, because karyotype anoma- 
lies were found to occur ın cells of the diploid mode as 
early as 22 weeks This shows the unreliability of 
chromosome numbers alone as indications of the genetic 
structure of a cell population 

Each karyotype was photographed and analysed for 
265 characteristics using a punch card system in order to 
sort out complicated vanations among 350 karyotypes 
of the lymphoma cultures The analyses have been con- 
sidered ın relation to the age of the cultures (1) The two 
populations of the youngest cell line EB3, karyotyped in 
detail, showed that the modal diploid cells were pre- 
dominantly pseudodiploid at 34 and 50 weeks (61 per 
cent and 31 per cent, respectively) The frequency of 
apparently normal karyotypes dropped from 222 per 
cent of the culture at 34 weeks to 96 per cent at 50 
weeks Altogether, the frequency of any replicated karyo- 
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Fig 2 Plo:dy level distributions of chromosome numbers ın cultures of Burkitt lymphomata 


types (euploid and aneuploid) dropped fiom 22 2 per cent 
at 34 weeks to 96 per cent at 50 weeks (2) The older 
cell hnes EB1 and EB2 were also unstable and had a 
much reduced frequency of replicated karyotypes 165 
per cent in EBI n at 90 weeks, 18 2 per cent m EBI ma 
at 95 weeks, none in HB1 u b at 95 weeks, and also none 
in the hypotetraploid EB2 n at 49 weeks Thus in two out 
of six lymphoma cultures all the cells had different karyo- 
types, like the situation in the old BHK culture with a 
seemingly high chromosome mutation 1ate 

Again, hke the BHK, the frequency of structurally 
abnormal chromosomes was too low to account for the 
observed high frequency of different karyotypes ın these 
lymphoma cultures, ranging from 04 per cent of total 
chromosomes ın EB3, to 0 9 per cent in EB1I, and 1 4 per 
cent in the hypotetraploid EB2 (see Table 2) These 
anomalies included deviations in chromosome size, centro- 
mere position, dicentrics, chromatid imterchanges and 
breakage 


Mechanism of Karyotype Instability 


Cytological mechanisms leading to the formation of 
abnormalities ın chromosomal constitution are still far 
from being well understood The observations described 
in this report can, however, be mterpreted with the aid 
of two hypotheses which propcse ways in which chromo- 
somes come into close proximity and stick together, 
followed by non-disyunction at cell division or structural 
changes such as translocation between chromosomes 
(1) the nucleolar mechanism** was indicated by cytological 
evidence that nucleolar organizers of different chromo- 
somes tend to form common nucleoli, bringing these 
chromosomes into close proximity and lable to stickimess, 
(2) a heterochromatin mechanism’ was suggested on the 
basis of autoradiographic evidence and the assumption 
that late replicating allocyclic segments of autosomal 
chromosomes consist chiefly of heterochromatin (sub- 
sequently demonstrated?®) Aberrations in the hetero- 


chromatin are also known to cause chromosomes to stick 
together 

Neither of these hypotheses alone can explain the 
observations on hamster and human karyotypes ın the 
present study It 1s hkely that both mechanisms operate 
in the same cells at the same time Thus deviations from 
the normal karyotype were not restricted to, nor invariably 
most frequent in, chromosomes concerned with nucleolar 
organization in the hamster and human cell populations 
In the Burkitt lymphoma cultures, karyotype analysis of 
350 karyotypes showed a disproportionate gain in group C 
chromosomes compared with other groups, as was pre- 
viously found in human tumours?!-?4, but the loss devia- 
tions were distributed throughout the remainder of the 
karyotype Groups D and G would have been pre- 
ferentially affected m each population if the nucleolar 
mechanism had predominated 

The frequency of observed aberrations in chromosome 
structure was too low in both hamster and human cell 
populations (as already described) to account for the great 
diversity of karyotypes Because chromosome inter- 
changes (somatic crossing over) were rare and other 
obvious structural changes were not frequent enough, 
the majority of observed anomalous karyotypes were 
probably caused by deviations ın whole chromosomes 
(without concurrent structural change) This could come 
about by differential replication of certam chromosomes 
as found during the evolution of a leukaemia, cell popula- 
tion? A sequence of gains of particular chromosomes 
could best be explained by selective endomitotic duplica- 
tion*4 The evolution of the present cell populations does 
not seem to follow the same pathway, however, because 
the karyotypes exhibit both gai or complementary loss 
of chromosomes Here the most likely mechanism 18 
non-disjunction two daughter chromosomes going to one 
cell and none to the other at anaphase It 1s proposed 
that ın the pseudodiploid BHK and lymphoma cells non- 
disyunction probably occurred simultaneously in different 
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Table 2 SUMMARY OF KARYOTYPE ANALYSES OF CULTURED HUMAN LYMPHOMA CELL POPULATIONS 
Normal EB3 1v Normal EB2 u EBLu EBla EB1 116 
Cell line male cell female cell 
Age of cell Itne in weeks 50 49 90 95 95 
Total metaphases karyotyped 104 80 103 88 22 
li d with karyots pe of normal cells 
(4) Pattern of total chromosome constitution of whole oullare samp! es compared y rÀ Ty! spe g iala Go we jay 
é 26 (888 s8 ht 357 358 338 
Percentage distribution of total chromosomes*/cul- | C 328 33 2 
ture, among the groups A-G of the human karyo- + D 180 13 2 130 184 125 124 123 
type E 13 0 126 13 0 95 128 126 125 
F 87 85 87 78 85 80 86 
G 109 10 3 87 81 89 88 106 
2 0 999 0 99958 
Distribution of chromosome groups per Correlnnon 0 99943 9 9909 0 99908 68 
culture, compared with normal karyo- t test 209 165 521 883 711 
type P <0001 <0 001 <0 001 <0 001 <0 001 
(B) Deviations from the normal pattern of chromosomes/karyoty pe group (A-G) per cell within each culture 
(a) Total chromosomes*/culture Expec! 4,784 2, fhe (án) 4,738 3,036 1,012 
intent 4, "748 4,943 8,053 1,012 
Normally distributed chromosomes/ 4,287 p oar 4,463 2,788 883 
group/cell 
Oho eroun deviating from normal 459 1,150 480 265 120 
o 
of deviations from normal 516 693 0 160 20 3 164 
xo £ <0 001 <0 001 <0 001 <9 001 <0 001 
(6) Structurally abnormal chromosomes/culture 
Percentage of total chromosomes 04 14 10 09 12 
Percentage of total deviations from normal 89 80 100 102 93 


karyotype groups 
* Calculated for structurally normal chromosomes only 


chromosome groups, that 1s, the loss of a chromosome in 
one group being compensated by a gain in another group, 
while retaming the normal diploid number of chromosomes 
per cell Furthermore, a widespread occurrence of anoma- 
lous distribution of chromosomes during cell division in 
both euploid and aneuploid cells can be deduced from 
the very mgh percentage of cells with entirely different 
karyotypes, ın the various cell populations (from 78 per 
cent of EB3 1u to 100 per cent of EB1 mb, HB21 and 
BHK samples) 

It 18 then rather puzzling to find that, in sprte of all 
this variation in karyotypes, modal and other chromosome 
numbers were nevertheless maintained In some cultures 
the frequency of replicates was so low that all that modal 
cells (such as pseudodiploid) had ın common was the 
same chromosome number, the latter having selective 
advantage by some unknown mechanism Karyotype 
instability may be an inherent feature of these cell 
populations, for example, by genetic variability in the 
efficiency of the centromeres of different chromosomes 

The finding of extensive karyotype mstabilty within 
an apparently stable modal chromosome number requires 
assessment in relation to the stemline concept 


Pseudo-stemline Concept 


Cytogenetical studies on rat ascites tumours led 
Makino® to conclude that the genetic behaviour of tumour 
cell populations ıs determmed by the modal cells (because 
they are in the majority and single-cell clones of modal 
cells could reproduce tumour characteristics) Such modal 
cells were termed stem-cells and could be recognized by 
having the same karyotype The evolution of new stem- 
lines during tumour progression then explained changes 
in the character of transplanted tumour cell populations 

Present studies conflict with the stemline concept as 
defined because no true stemlines were found in either 
the hamster or human lymphoma cell populations during 
a period of consecutive observations adequate for selec- 
tion of new stemlines. There was such a wide variation 
in karyotypes that modal cells could only be distinguished 
in terms of chromosome number alone Nevertheless, 
because these cells formed the majority of consecutive sub- 
cultured populations they were chiefly responsible there- 
fore for growth, like stem cells If so, the stemline concept 
should be defined in terms of what the cells do, rather 
than what they look hke We can then extend the con- 
cept to another category of stem cells It1s proposed that 
when modal cells can only be characterized by having the 
same chromosome number, but not by their karyotype, 
then they should be called a “‘pseudo-stemline” Such a 


situation has also been found in current studies on HeLa 
cultures The modal chromosome number has remained 
stable over several months, although the modal cells had 
very unstable karyotypes so that no two cells were found 
to have identical karyotypes 

Indications of the possible significance of the extensive 
karyotypic variation (found within pseudo-stemlines and 
other chromosome numbers) were obtamed by further 
analysis of karyotypes per population 


Balanced Cytogenetical Polymorphism 


In order to determine whether there 1s any chromosomal 
evidence for interaction between cells, the populations 
were analysed as a whole and compared ‘Table 24 
shows the distribution of chromosomes in the human 
karyotype groups A-G in Burkitt lymphoma cultures 
(including all chromosome numbers per culture), com- 
pared with the normal karyotype It can be seen that the 
proportions of chromosomes belonging to groups A-G in 
each population in the cultured neoplasms are highly 
significantly correlated with that of the corresponding 
normal male or female karyotype Reference to Fig 2 
shows that the similar balance of chromosomal types 
within each population (exemplified in Table 24) occurs 
despite wide variation in chromosome numbers per cell 
within and between cultures The most striking example 
1s population EB2n, with chromosome numbers ranging 
from 46 to 166 and a mode of 86, that has a chromosome 
group distribution which does not depart significantly 
from that of a normal female karyotype 

Table 2B (a) also shows that the close correlation 
with the normal balance of chromosome group distribu- 
tion occurs im cell populations that sigmficantly deviate 
fiom the number of structurally normal chromosomes/ 
karyotype group/culture, expected in a normal cell popula- 
tion In addition, Table 2B (b) shows that these significant 
deviations from normal cannot be the result of the fre- 
quency of structurally abnormal chromosomes because 
they form too low a percentage of the observed deviations 
Non-disjunction 1s then considered to be the chief source 
of the observed balanced cytogenetical polymorphism, 
hke the situation described by Barber in Uvularia pollen 
grains in 1941 (ref 26) except that here ıt 1s on a popula- 
tion scale It 1s suggested that this balance 1s mamtamed 
as follows (A) Selection by the om vitro culture environ- 
ment of those karyotypic variants that will not upset the 
balanced distribution of chromosomes/group/population 
It 1s anticipated that such a balance of karyotype groups 
will only be recognizable in the early stages of heteroploid 
tiansformation and evolution of cell populations, when 
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non-disjunction of structurally normal chromosomes is 
the chief source of polymorphism. Subsequent structural 
ehanges of chromosomes would obscure the possible 
presence of any balance in the distribution of physio- 
logically active chromosomal material in the population 
as a whole. (B) Interaction by crossfeeding between 
physiologically inadequate mutant cells, in the same way 
as the well known examples of syntrophism in bacteria”? 
could form a physiological basis for the observed chromo- 
somal balance in mammalian cell populations. The well 
known feeder layer phenomenon, whereby certain mam- 
malian cells can only grow in the presence of other cells**, 
is supporting evidence. Furthermore, recent biochemical 
studies have indicated that metabolic co-operation can 
also occur between cultured mammalian cells (BHK)** by 
transfer of metabolic information. 

The frequency of survival of physiologically inadequate 
“ehromosome mutations could then depend on the available 
supply of metabolic products from other cells. 


- Evolution 


These observations indicate that co-operation as well 
as competition between cells affects the evolution of cell 
populations. This is a simple principle which has often 
been overlooked. Thus the balance of cell types obtained 
during the differentiation of chromosomal mosaics and 
chimaeras may be the product of intercellular interactions 
involving more co-operation than competition. 

Because in vitro cell populations provide us with a 
“model system for the study of evolution on a highly 
condensed time scale (where the average life cycle of the 
--gellis 1 day rather than 20 yr for the whole organism, as 
in man) we may now venture to obtain further funda- 


- mnental information about the stability of eytogenetical 


mechanisms in a shorter time. 
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OO EVIDENCE for protein synthesis at the synapse is con- 
‘flicting. In vivo studies involving injected radioactively 
-labelled amino-acids indicate that protein is synthesized 
-almost exclusively in the perikaryon', and that sig- 
“pificant radioactivity cannot be shown in protein from 
"axonal or synaptic areas for a long time after the injection 
of labelled amino-acids?. Even amino-acid analogues 


Synthesis and degradation of protein occur in isolated “‘synapto- 
Evidence for this is based on histochemical studies of 
cerebral cortical tissue which show the presence of lysosomes at the 
pre-synaptic ending of the neurone, and on biochemical studies. 


which are not incorporated into protein do not produce 
measurable radioactivity in the axonal and synaptic areas 
after injection into the ganglion’. Furthermore, electron 
photomicrographs of neurones show identifiable images 
of ribosomes only in the perikaryon'. These results are 
consistent with the proposal of Weiss’ that the proteins 
found in distal portions of the neurone arrive there by 
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somato-axonal flow of moieties which were originally 
synthesized in the cell body. 

In vitro experiments, on the other hand, indicate a 
potential for protein synthesis in both the axon and the 
pre-synaptie area. Sections of the axon of the Mauthner 
neurone of the goldfish fix labelled amino-acids into 
protein at a substantial rate in vitro’. It has also been re- 
ported that the “synaptosome” fraction derived from brain 
homogenates incorporates labelled amino-acids into pro- 
tein when appropriately supplemented and incubated®. 
Brain mitochondria, including those present in the syn- 
aptic area, have been shown to synthesize protein at a 
rate which is at least as great as that of mitochondria 
isolated from other organs’*. Finally, there are reports 
of the in situ formation of acetylcholinesterase in 
structures which bound the synapse’. 

It was suggested that these apparent contradictions 
would be resolved if protein was synthesized in distal 
portions of the neurone as follows*. Injected radioamino- 
acids are preferentially transported into the neurone at 
the cell body. Here, a very active machine for protein 
synthesis exists which, it seems, is not different from that 
found in other cells!®. Protein is rapidly formed and slowly 
transported to distal portions of the neurone by the intra- 
neuronal micro-circulation. Triggered by some unknown 
mechanism, the protein which is being transported is 
hydrolysed by lysosomes into its constituent. amino-acids; 
these amino-acids are re-employed by local systems for 
the formation of characteristic protein. (A similar func- 
tion has been suggested for multivesicular bodies in 
insects". Here, however, there is evidence that lysosomes 
also transport the proteins to be degraded). 

Thus in any experiment in which radioactivity is 
injected and sites of protein synthesis are identified by 
measuring radioactivity, it would seem that all significant 
synthesis occurs in the perikaryon because protein syn- 
thesis in more distal regions would be proceeding from 
amino-acids which were made up into protein at some 
time before the radioamino-acid was injected. Direct: 
proof of this hypothesis is difficult to obtain, but the 
following consequences should be amenable to experi- 
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Fig. i. aand 6, Rat cortex incubated for the cytological demonstration 

of acid phosphatase. a. Transverse section of axon showing lysosome 

(arrow) containing reaction product. Organelle near lysosome is a mito- 

chondrion. tx e. 16,575.) 6, Longitudinal section of axon containing a 

lysosome. The latter is surrounded by a clearly visible membrane (arrow) 
and contains reaction product, (x ¢. 21.850.) 
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Fig. 2. ‘Two of the numerous synapses in this section of cortex contain 
lysosomes on the pre-synaptic side (ong arrows). Reaction product 
resulting from incubation of tissue for the cytological demonstration of 
acid phosphatase is present not only in these lysosomes but also in two 
others apparently located in dendrites (short arrows). (xe. 10,870.) 





Fig. 3. 
chemical incubation for acid phosphatase is clearly visible in a lysosome 


Coarse and fine reaction product (arrow) resulting from histo- 


surrounded by pre-synaptic vesicles. (xe, 21,740.) 


mental verification: first, sub-cellular organelles which 
have the morphological appearance of lysosomes and 
which ean be shown to contain acid hydrolases should be 
found in axonal and synaptic areas; second, it should 
be possible to obtain evidence for the hydrolysis of 
endogenous protein and the subsequent utilization of the 
derived amino-acids for de novo protein synthesis by 
structures found in synaptic areas. 


Histochemical Studies* 


Cortical tissue for histochemical procedures was used 
from rat brains fixed by perfusion for 10 min with 3-5 per 


 * Experiments conducted at the Department of Pathology at Yale Medical 
School hy M. K. Gordon and K. G. Bensch. 
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Table 1, ISOLATION PROCEDURES 


Fraction 1: Ten per cent homogenate of rat brain cortex in 0-44 M sucrose 


+0-05 mM EDTA. De 


bris and nuclei were removed by centrifugation at 


4,000% for 10 min in the SS-34 rotor of a Sorvall RO-2 refrigerated centri- 
fage. The supernatant was centrifuged at 17,300g for 10 itn. The super- 


natant was discarded and one pellet 
All procedures were carried out with 
€, 


Procedure A 


Fraction 2: Centrifuged at 12,000g for 
10 min 


Supernatant discarded 
Pellet resuspended in 0-44 M sucrose 


Fraction 3: Centrifuged at 11,000g for 
10 min 


Supernatant discarded 
Pellet resuspended in 0-44 M sucrose 


Fraction 4: Centrifuged at 10,0009 for 
10 min 
Supernatant discarded 


was resuspended in 0-44 M sucrose. 
sterile sohitions and sterilized glass- 


Procedure B 


Diluted to 0-32 M sucrose and 1 ml. 
layered over gradient consisting of 
equal volumes of 1-2 and 0-8 M 

_ guerose 

Centrifuged at 37,000 rpm for 75 
min in the Spinco SW-39 rotor 


Interface layer (“synaptosomes”) 
from B-2 diluted with five volumes 
of 0-32 M sucrose 


Pellet (“heavy mitochondrial frac- 
tion”) from B-2 resuspended in 
0-44 M sucrose 


Pellet resuspended in 0-44 M sucrose 


Fraction 5: Centrifuged at 9,000 
rpm for 10 min in swinging bucket 
type HS rotor of Sorvall. Super- 
natant discarded, pellet resuspen- 
ded in 0-44 M sucrose 


Fraction B-3 centrifuged at 100,000g 
for 30 min in S-50 rotor of Spinco. 
“Synaptosome’” fraction 


Fraction 6: Centrifuged at 9,000 
tpm for 10 min 


Fraction 6 (Ca*+): Prepared identi- 
cally to above except that sucrose 
contained 1 mM calcium chloride 
instead of 0-05 mM EDTA 


Table 2. SOME PROPERTIES OF BRAIN MITOCHONDRIAL FRACTIONS 
Incorporation Malic 


4C-Leucine Acid phosphatase _Of “C-leucine dehydro- 


Prepari- incorporation? activity? Acid phosphat- genase 
tion ase activity activity‘ 
pumoles? uumoles OD OD lg 
goriginal mg goriginal mg original /mg img 
tissue proteint tissue protein tissue protein protein 
Procedure 
A! 
Fraction 1 96-6 3-0 G1+1 3-8 106 079 47 
Fraction 2 95-2 61l 34-0 3-1 2:80 1:97 488 
Fraction 8 77-7 9-2 16:3 3-1 477 297 1,147 
Fraction 4 390 13-8 54 11 722 121 1,533 
Fraction 5 21-8 17-9 2-9 0-57 7-52 31-5 1,530 
Fraction 6? 18-3 26-0 1:95 0-38 9-38 68-4 3,040 
Fraction 6 
(Catt) 18-7 2-3 18-8 0-98 1-0 2-35 — 
Procedure 
B 
Fraction 5’ 50-0 10-4 84:5 1-67 1-45 6-22 R28 


} Incubations performed in the Dubnoff metabolic shaker at 37° C for 30 
min. Total volume is 0-6 mi. and contains 0-167 M sucrose; 0-02 M tris at 
PH 7-6; 0-01 M tris phosphate at pH 7-6; 0-01 M magnesium acetate; 
0-005 M a-ketoglutarate; 0-002 M ADP; 0-006 M mercaptoethanol; 0-03 Ci 
[=C] t-leucine (specific activity averaged 250 mCi/mM); 0-04 M potassium 
chloride; and 0-1 M sodium chloride. 

* Acid phosphatase activity =0D (410 mz) as a result of p-nitrophenol 
being released after 30 min at 37° C (ref. 19). 

3 Radioactivity measured in Packard liquid scintillation counter. 

t mg Protein determined by method of Lowry et al.*, 

* See Table 1 for isolation procedures. 

* Malic dehydrogenase activity measured as the rate of NADH produced. 
Activity reported in fluorometer units/min/mg protein as measured in the 

inco-Bowman spectrophotofluorimeter®. 

* Bacteria counted on blood-agar pour plate after 3 days of incubation at 
37° C. Counts averaged forty colonies/mg protein. 


cent glutaraldehyde, and buffered to pH 7-2 with 0-05 M 
eacodylate. The tissues were washed in cacodylate buffer 
contaming sucrose for several hours before immersion in 
the incubation medium. Very small blocks, no larger 
than 1 mm}, were incubated in the Gomori medium for 
acid phosphatase! at pH 5-5 for 1 and 2 h. Control tissue 
was incubated in complete medium containing 0-01 M 
sodium fluoride as inhibitor and in medium without 
substrate. The incubated tissue was subjected to osmosis, 
dehydrated and embedded in DER ‘Maraglas’. 

‘Deposits of lead phosphate were seen in membrane 
bound organelles in all portions of the neurone, the cell 
body, dendrite, axon and pre-synaptic endings (Figs. 1-3). 
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Fig. 4. A synaptosome from a pellet incubated for the demonstration of 
acid phosphatase showing reaction product (arrow) in an irre: 
vacuole containing membrane-like structures, {xe 16,575.) 


Incorporation (“zmoles/mg protein) 
Percentage of dilution of radioactivity 





5 10 15 20 30 45 
Time (min) 


Fig. 5. Protein synthesis by brain mitochondria. Incubation medium 
and conditions were identical to those described in Table 2 (footnote 1) 
except that 1-4 muzmoles “C-tyrosine (specific activity 367 Ci/min) wae 
added in place of “C-leucine. A pellet enriched with mitochon was 
equivalent to 0-9 mg Lowry protein (average of four experiments). 
Endogenous tyrosine averaged 0-4 mymoles/mg protein determined on 
TCA supernatant by method of Udenfriend’*, This analysis for total 
free tyrosine was repeated at each of the time intervals designated in 
the figure. Incorporation of 'C-tyrosine: ~, corrected for isotope 
dilution; ...., assuming constant specific activity. ~--—~, Percentage 
of dilution of radioactivity. 





These had the typical morphological appearance of lyso- 
somes. In some organelles, in the pre-synaptic ending, 
deposits of reaction product were localized on the surface 
of membranes of what seemed to be multivesicular bodies. 
In the present study, lysosomes in the pre-synaptic ending 
and in the axon differed from those in the perikaryon in 
that they were uniformly smaller, had irregular contours 
and did not usually have the same complex structure 
seen in the larger perikaryal lysosomes (Figs. 1-3). It is 
assumed that pre-synaptic lysosomes are formed in the 
cell body? and that they undergo alteration as they 
migrate to the distal portions of the cell. On the other 
hand, the question has been raised’ as to whether all 
lysosomes are modifications of the same organelle, or 
whether they differ in the kinds of enzymes which they 
contain. It is possible that the lysosomes which migrate 
are a different species and not variations of the lysosomes 
which reside in the cell body. 

Histochemical evidence for acid phosphatase activity 
in preparations of synaptosomes which were used in the 
biochemieal studies reported here was also obtained 
(Fig. 4). 


Biochemical Studies* 

Pellets were obtained by centrifugation of brain homo- 
genates as described in Table 1. Acid phosphatase was 
found at all stages of mitochondrial enrichment (Table 2), 


* Experiments conducted in the Department of Biochemistry at the 
Institute of Living by G. G. Deanin and M. W. Gordon. 
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Fig. 6. Fraction from cortex of rat brain consisting almost exclusively of 
synaptosomes (arrows), The synaptic vesicles as well as mitochondria 
are well preserved, (x c. 7,720.) 


800 


600 


400 


200 


#eMoles tyrosine/mg protein 





5 10 


15 20 
‘Time (min) 


re 
res 
bad 
or 


45 


Fig. 7. Protein hydrolysis by synaptosomes, The analysis for total 
free tyrosine was performed on a TCA supernatant aliquot of a synap- 
tosomal preparation for each of the indicated time periods and tempera- 
tures (...,20°C; ----37° C) by the fluorometric method of Udenfriend™. 


even in those preparations containing the highest malate 
dehydrogenase specific activity. These pellets can incor- 
porate “C-leucine into protein (Table 2). Confirmation 
that protein synthesis, not N-terminal labelling, accounts 
for the acid-precipitablo radioactivity was obtained by 
treating incubated pellets with Sanger reagent, hydro- 
lysing with hydrochloric acid, extracting the hydrolysate 
with ether and counting the organic extract in a scin- 
tillation counter. Less than 1 per cent of the acid-pre- 
cipitable activity was ether soluble. Furthermore, bac- 
terial contamination was so low as to be negligible 
(Table 2). 

In other experiments using preparations enriched with 
mitochondria (fraction A-6), the rate of incorporation of 
4C-tyrosine, an amino-acid for which a very sensitive 
method of detection exists!®, was followed as a function 
of time (Fig. 5). In addition, at each of the time intervals 
measured for incorporation of radioactivity. the total 
concentration of tyrosine in the medium was estimated. 
This estimate of the total tyrosine permitted a calculation 
of its continuously changing specific activity. Assuming 
instantaneous equilibration of the medium tyrosine with 
that incorporated into the aeid-precipitable Sanger 
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reagent negative fraction, a re-calculation of the net 
incorporation of tyrosine was made. With this assump- 
tion, the fixation of tyrosine into protein is a linear function 
of time for 45 min (Fig. 5). Bacteria-free mitochondria 
isolated from liver also synthesize protein at a linear rate 
for approximately this length of time”. 

Direct evidence for proteolytic activity was also 
obtained from synaptosomal preparations (fraction B-5, 
Fig. 6). Incubations of synaptosomes were carried out 
at both 20° and 37° C in a ‘Dubnoff’ metabolic shaker. 
Samples were removed at intervals and the amount of 
tyrosine formed was estimated by a fluorometric method’. 
Fig. 7 shows the increase of tyrosine with time at both 
temperatures. 

The evaluation of the kinetics of protein synthesis by 
“synaptosomes” seems to require the consideration of 
additional variables. Like nuclei!*, “synaptosomes” 
rapidly concentrate amino-acids from the medium but 
fail to retain them. Furthermore, the rate of loss seems 
to be a more sensitive function of temperature than is the 
rate of accumulation of the amino-acid. At 20° C in the 
presence of 2 uM tyrosine the synaptosomal concentration 
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Fig. 8. Transport of “C-tyrosine into synaptosomes. Incubation 


medium and conditions asin Table 2 (footnote 1) except that 2-2 mazmoles 
of *C-tyrosine (specific activity 367 Ci/min) replaced the 'C-leucine. 
After incubation for the indicated times and temperatures (...., 20° C; 
--~--, 87° C) an aliquot was removed into an ice-cold solution of 0-32 M. 
sucrose, centrifuged for 10 min at 12,000g and washed twice with the 
same concentration of sucrose. The pellet was suspended in ice-cold 0-3 M 
TCA, centrifuged and an aliquot of the supernatant was counted in 
Bray’s solution in a scintillation counter. Protein was determined by 
the method of Lowry*®. 


Incorporation (¢nmoles/my protein) 





5 10 


15 20 25 30 35 40 
Time (min) 


Fig. 9. Protein synthesis by synaptosomes. Conditions and methods 
identical to those of Fig. 1 except that the experiment was run at 20° C 
using concentrations of }$C-tyrosine as indicated below. Isotope dilution 
values were estimated by direct measurement of tyrosine?! at each time 


interval. 
E Ea . ss ut emer Uncorrected incorporation 
{]... 0,85 uM tyrosine} 


S— `, 2-3 uM tyrosine: Corrected for isotope dilution 
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of amino-acid is greater than at 37° C for all equivalent 
time periods examined (Fig. 8). Studies of protein syn- 
thesis were therefore carried out at 20° C where the 
possible effects of a rapidly changing internal concen- 
tration of tyrosine would be less marked. Nevertheless, 
correction for isotope dilution linearized the data at low 
eoncentrations of medium tyrosine for much shorter time 
periods than with mitochondrial pellets (Fig. 9). If 
the application of the isotope dilution corrections is a 
legitimate procedure, however, the same experiment run. 
at a higher medium concentration of tyrosine should 
result in a longer period of linearity in uptake because 
the effect of isotope dilution should be minimized. This 
proved to be the case (Fig. 9). 

Explanations for the reduction in the rate of uptake 
after only 20 min of incubation compared with 45 min 
for mitochondria have not been thoroughly worked out. 
It is possible, however, that the internal concentration 
of free tyrosine in the “‘synaptosome”’ is the variable 
which accounts for this more rapid fall-off in uptake. 

The natural substrates for lysosomal activity at the 
synapse are not known. As mentioned earlier, there are 
two possible routes by which protein can reach the distal 
“portions of the neurone: protein can be incorporated in 
multivesicular bodies or lysosomes and transported by 
these organelles"; or alternatively, because there is a net 
flow of cytoplasm from the cell body to the distal end of 
the axon‘, it is interesting to consider that lysosomes may 
digest portions of the cytoplasm in the pre-synaptic 
ending. If this were so, such lytic activity could in turn 
be a factor in promoting somato-axonal flow. Whatever 
the source of protein for proteolysis, the presence of 
synaptic lysosomes, which have been demonstrated both 
histochemically and biochemically, may create the amino- 


Adjuvanticity of Vitamin A 


by 
D. W. DRESSER 


National Institute for Medical Research, 
Mil Hill, London 


Bovine gamma G protein is a non-immunogenic antigen 
in mice, in contrast to bovine gamma A protein. A 
particle-free solution of the gamma G protein will induce 
a specific state of immunological paralysis if injected into 
mice in amounts greater than 10 pg. Combination of the 
non-immunogenic antigen with Freund’s adjuvant, Bor- 
detella pertussis, or adsorption of the protein onto a 
particulate substance such as aluminium phosphate, 
makes the protein immunogenic so that, on injection into 
mice in one of these forms, a powerful immune response is 
atarted’?, The gamma A protein is defined as immuno- 
genic because it will immunize as a particle-free solution 
without an extrinsic adjuvant being necessary; the 
gamma A is considered to possess its own ‘‘adjuvanticity”*. 
The property of adjuvanticity possessed by, or added to. 
an antigen could therefore be considered as a switch 
controlling one of two possible cellular responses to 
antigen which are shown. 

This paralytic effect of bovine gamma G protein antigen 
in the absence of adjuvanticity can be used to assay 
various substances for adjuvant properties in mice’. The 
degree of adjuvanticity can be measured by estimating 
the degree of immunity induced to the injected particle- 
free gamma G, or alternatively it can be measured by the 
decrease in the degree of paralysis induced by the same 
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acid resource for protein synthesis at the pre-synaptic 
ending. 
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Vitamin A may act as an adjuvant through its effect in damaging 
lysosomal membranes, in this way stimulating cell division. Possibly 
this stimulation of cell division at the time when antigen is available 
in the cell leads to the induction of immunity and not paralysis. 


protein. The definition of adjuvanticity used here is 
restricted by comparison with the accepted definition of 
an adjuvant as a substance which increases the degree of 
an immune response to an immunogenic antigen’. Most 
adjuvants are complex substances, such as Freund’s 
adjuvant? or endotoxins such as that of B. pertussis; 
these substances also possess adjuvanticity in the sense 
used here. The complexity of these substances lies both 
in their chemistry and in the fact that they are antigens 
in their own right: it is for this reason that an effort was 
made to find some simple non-antigenie adjuvants. Cer- 
tain non-ionie detergents and fatty acids were found which 
acted in this way*. Other studies have shown the adjuvant 
properties of aliphatic nitrogenous bases in guinea-pigs 
and mice*®. Both studies agree with the view that damage 
to cellular membranes could be one of the first effects of 
some adjuvants. Vitamin A is known to have detectable 
effects on biological membranes’. This communication 
reports experiments which show that vitamin A has 
adjuvant properties. 


Effects of B. pertussis and Vitamin A on Mice 


CBA male mice, 4-5 months old, were used in these 
experiments. B, pertussis (Glaxo) were injected in saline 
in the numbers indicated in Fig. 1, and vitamin A alcohol 
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(‘Retinol’, Koch—Light), dissolved in 0-5 ml: of liquid’ 


paraffin (BP), was injected in the amounts indicated in 
Fig. 2. The vitamin A and the B. pertussis were injected 
subcutaneously in the dorsal region 1 day before the 
intraperitoneal injection of 0-5 mg or 5-0 mg of a particle- 
free (RCF = 30,000g, 25 min) bovine gamma globulin 
(BGG—Armour and Co.). Commercial bovine gamma 
globulin contains 80-90 per cent gamma G protein and 
8-16 per cent gamma A protein (unpublished data). The 
degree of immunity induced by the injected gamma G 
protein was measured one month later by the antigen- 
elimination test?. There were six or seven mice in each 
group for which the geometric mean (log,) response was 
estimated by the published method?. f 

Fig. 1 shows the effect of injecting different amounts of 
B. pertussis into mice subsequently injected with either 
0-5 mg or 5-0 mg of particle-free bovine gamma globulin. 
Tho degree of immunity obtained is dependent both on 


oe 
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No. of pertussis organisms ( x 10°) 


fore the intraperitoneal injection of 5 mg (@) or 05 mg (0O) 

of particle-free bovine gamma globulin. The abacissa is the number of 

pertussis organisms. The ordinate is the antigen elimination response 
1 month after the initial treatment. 


Fig. 1. Dose response effect of B. pertussis injected subcutaneously 
1 day be 
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Fig, 2. Dose response effect of vitamin A alcohol in 0-5 ral. liquid 


paraffin, injected subcutaneously 1 day before the intraperitoneal 
injection of 0-5 mg of particle-free bovine gamma globulin. 
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Table 1. EFFECT OF RECHALLENGING GROUPS OF SEVEN MICE USED TO ASSAY 

THE ADJUVANT EFFECT OF 2x 10" PERTUSSIS ORGANISMS INJECTED INTRA- 

PERITONEALLY AT DIFFERENT TIMES AFTER THE INJECTION OF 0-5 mg OF 

PARTICLE-FREE BOVINE GAMMA GLOBULIN. ELIMINATION TEST CARRIED OUT 
4 OR 5 WEEKS AFTER THE TREATMENT 


First treatment 
Days after First Second Second 
Bovine gamma bovine gamma elimina- treatment elimina- 
globulin and globulin injec- tion (1 month after tion 
pertussis tion when test* first) test* 
pertussis given 
1 Yes 1 320 Not done — 
Yes 1 Not done Freund's, > 640 
img BGG 
2 Yes 15 <€2-5 Not done os 
Yes 15 Not done Freund's, 6-3 
img BGG 
3 No —_ — Freund’s, > 640 


img BGG 


* See the ordinate of Figs, 1 and 2 to interpret the values in these columns, 
Geometric means (log,). 


the amount of adjuvant and at least to a certain extent 
on the amount of antigen. Fig. 2 shows that a similar 
effect is obtained when increasing amounts of vitamin A 
are injected into mice injected with 0-5 mg of particle-free 
bovine gamma globulin. Table 1 shows that mice which 
failed to show immunity in the adjuvant assay were 
immunologically paralysed. 


Possible Reasons for These Effects 


A dose response effect of both a complex adjuvant (B. 
pertussis) and a simple adjuvant (vitamin A) has been 
shown. The antigen dose effect seen in Fig. 1 is at a level 
about 10 to 100 times higher than when alum precipitated 
bovine gamma globulin is used (unpublished data). This 
could be caused by the relative efficiencies of antigen 
uptake and it may indicate a role of macrophages in the 
response to a particulate antigen. Recent experiments® 
{and unpublished data) show that increased phagocytosis 
is unlikely to be the only factor accounting for the action 
of adjuvants. It is clear, however, that the stimulation of 
macrophages to ‘““‘pre-process” antigen®, or to release such 
material more freely, has not been ruled out as one possible 
mechanism of adjuvant action. 

At the cellular level, immunological paralysis as defined 
by the response of the whole animal may result because 
all the lymphoid cells are paralysed, whereas an immune 
response by the animal could be caused by relatively few 
cells producing antibody at the same time that the 
majority is paralysed. It would be misleading therefore 
to extrapolate from results of experiments on whole 
animals to possible cellular mechanisms, and in the con- 
text of this communication it is clear that any conclusion 
concerning the action of adjuvants {adjuvanticity) may 
only apply to a restricted population of cells. 

The portion of an immunogenic antigen which is respon- 
sible for adjuvanticity may in certain cases be identical 
with antigenic determinants and in most cases is at least 
closely associated with antigenic determinants on the 
same molecule or cell. The response to this property of 
adjuvanticity may be the result of one particular cellular 
response to stimuli from a wide range of different kinds of 
substance. For instance, substances with known ad- 
juvanticity include toxins, cellular antigens, carbo- 
hydrates, non-ionic detergents, aliphatic nitrogenous bases 
and vitamin A. Gall®, on the basis of his experiments with 
aliphatic nitrogenous bases, has suggested that the action 
of adjuvant in increasing the degree of an immune 
response is indirectly caused by damage to lymphoid cell 
membranes. It is now further suggested that one result of 
this damage, either directly or in some cases through 
damage to macrophages, is a stimulation of cell division 
by immunologically competent cells. Recent work!’ 
shows that the increased number of peripheral lympho- 
cytes induced in mice after the injection of B. pertussis 
does not arise by cell division. This finding restricts the 
population of cells where adjuvant stimulated division 
could occur. 
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“The osmotic sensitivity of lysosomes has been shown to 
-be increased by a non-ionic detergent (‘Triton WR 1339’)! 


“and it has also been shown that vitamin A increases the 


permeability of lysosomal membranes'*. Earlier experi- 
ments?’ showed that vitamin A increased the rate of cell 
division of chick fibroblasts in vitro. On the basis of these 
and their own observations, Allison and Mallucci™ sug- 
gested that lysosomes are concerned with the start of cell 
division, and Weissman™ has speculated on the possible 
connexion between lysosomal stability and various auto- 
immune diseases. It seems possible that some adjuvants 
such as vitamin A or non-ionic detergents could act 
through their effect in damaging lysosomal membranes, 
and in this way stimulate cell division. It is possible that 
this stimulation of at least one cycle of cell division at the 
time that antigen is available in the cell leads to the induc- 
tion of immunity rather than paralysis. Post-inductive 
proliferation of pre-antibody-producing cells is irrelevant 
here. Such a definition of adjuvanticity would be com- 
patible with the “recognition mechanism” which it was 
suggested acted as a paralysis/immunity “switch” in a 
“proposed cellular mechanism of immunological para- 
lysis®)*6. 
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Kinetics of Myofilament Activation in Potentiated Contraction: 
Staircase Phenomenon in Human Skeletal Muscle 


by 
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THE isometric twitch elicited by a single electrical 
stimulus delivered either to the motor nerve or directly 
to the musele is usually discussed in terms of Hill’s 
model! of a two-component system—for example, con- 
tractile elements arranged in series with passive elastic 
elements. The latter seem to be partly located in the 
tendon and partly distributed along the muscle fibres’. 
The “active state” which is the capacity of the muscle to 
shorten or develop tension obviously has a very limited 
duration after a single stimulus. Even if the contractile 
elements could develop full tension instantly, the twitch 
force recorded at the tendon would rise rather slowly as 
the series elastic elements were being stretched; further- 
more, there would not be enough time for the twitch 
tension to approximate tetanic tension. In his model, 
Hill postulates that the “active state” rises rapidly to its 
maximum, even in a single twitch. Twitch potentiation 
by drugs is then ascribed to prolongation (rather than 
intensification) of the “active state’? whereby twitch force 
is enabled to approximate tetanic force more closely 
because more time is available for stretching the series elas- 
tic elements?-'. Such a view is challenged by the present 
findings that in staircase potentiation the activation of 
myofilaments seems to be intensified but not at all 
prolonged. 


“Active State” Intensity in a Single Twitch 

That the series compliance interacts with an “active 
state” of rapid onset and subsequent slower decay to 
determine the form of the isometric twitch is well sub- 
:stantiated, for example, by the fact that added’ or 


“co pedueed! series compliance will decrease or increase 


twitch tension more than tetanic tension. The sub- 
sidiary proposal, however, that the “active state” would 


Staircase potentiation in skeletal muscle depends on an intensifica- 
tion of the twitch “active state” early in the contraction cycle. A 
working hypothesis of this is proposed. 


be established to full intensity even after a single 
stimulus seems both unnecessary and inadequately sub- 
stantiated. One argument for this latter view is that when 
a frog or toad muscle at 0° C is quickly stretched after.a 
single stimulus, thereby reducing the series compliance, 
the contractile elements can bear, for a short time, a 
tension which is larger than the normal twitch tension’. 
It should be appreciated, however, that the increased 
tension does not always precisely match, and indeed 
sometimes exceeds, the tetanie tension. Furthermore, a 
muscle forcibly stretched during tetanus will sustain for 
a short while a greater tension than the maximum tension 
actively developed by the same muscle when it is extended 
to the same length before the tetanus’-*. Indeed, the 
intensity of the active tension-generating process in the 
sliding filament system cannot be equated with the 
capacity of the system to resist applied stretch'*™. 
Contrary to several statements in the literature, other 
methods in use provide no direct evidence that a single 
stimulus would elicit a plateau of maximum ‘“‘active 
state’. When an isometrically contracting muscle is 
released a fixed distance (0-5-3 mm) at various times 
after a stimulus, the tension recorded falls abruptly and 
is then redeveloped in proportion to the level of the 
(decaying) “active state” still present at that time'*. In 
frog muscle at 0° C there still occurs some redevelopment 
of tension as late as 0-9 sec after a single stimulus’. The 
“active state” decay is further prolonged during nitrate 
potentiation’. While the quick-release analysis discloses 
the time course of the decay of “active state” from its 
early peak, however, it provides no evidence on the 
absolute level of activation which is achieved during this 
early peak. Also the experiments cannot be easily per- 
formed on the much faster mammalian muscle twitch. 


530 


O85 msec 140 1.66 359 









F 
pA 
A 
8 





we AO 





electrical 
< mechanical 


E 2 
Fa 
3 
$ 
è 1 
ae 
1 2 3 456 10 20 
Interval between stimul 
Fig. I. Normal adult man. Intramuscular temperature 87°C. A-D, 


Oathode-ray oscillograms of responses of the adductor pollicis musele 
in aitu to supramaximal electric pulses delivered to the ulnar nerve at 
the wrist, In each frame the response to a single shock is superimposed 
on the response to two shocks at the interval indicated on the top. 
The two upper traces present on a fast sweep the belly-tendan electrical 
response (1) and the first differential of the isometric myogram (2). 
The two lower traces present on a slower sweep the same first differential 
(3) and the isometric myagram (4). Æ, Relation between the interval 
of the two shocks delivered to the motor nerve (abscissa) and the separa- 
tion interval of the muscle responses elicited by each of the two shocks 
(ordinate), Notice the similarity of the latter for the electrical and the 
mechanical responses. 


According to another method the minimum fre- 
quency of repetitive stimulation necessary to achieve 
tetanic fusion’ 4% or maximum rate of tension develop- 
mentit is evaluated and the critical intervals necessary 
to either maintain or establish full activation of the 
myofilaments are thought to correspond to the duration 
of the postulated “active state’ plateau. Using mech- 
anical transducers of high resolution one must stimulate 
at rates as high as 600/sec (ref. 15) or 425/see (ref. 16) in 
experiments on fast mammalian muscles. The same 
feature can be tested more simply with only two stimulit, 
for the contraction elicited by two stimuli should only 
separate from that elicited by a single stimulus when the 
latter becomes able to add an increment. of “active state”, 
Differentiation of the tension record increases the resolu- 
tion of the method and shows that the two curves 
separate after 44 msec in frog muscle at 0° C (ref. 14). In 
mammalian fast muscles at body temperature the separ- 
ation occurs as early as 4 msec (ref. 9, 17) or even 2-t 
msec (refs. 15, 16). The question is whether the minimum 
interval is determined by the duration of the “active 
state” plateau or by some other factor. 

Data such as those shown in Fig. 1 indicate that it is, 
in fact, the duration of the refractory period for elec- 
trical excitation which sets the lower limit to the interval 
for eliciting an increment of mechanical activation in 
double shock experiments". The tests are performed 
on normal adult men. Four cathode-ray oscilloscope 
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traces are simultaneously recorded onto 35 mm film: 
from below upwards, the isometric myogram of the 
adductor pollicis musele (trace 4) and the rate of tension 
change obtained by electronic differentiation of the myo- 
gram (trace 3) on a slow time-base sweep; the same 
differential function with amplification increased ten 
times horizontally and four times vertically (trace 2) 
and the belly-tendon electrogram of the adductor pollicis 
muscle on a similar time-base (trace 1), Supramaximal 
electrice pulses are delivered through needles to the ulnar 
nerve at the wrist, at the intervals indicated in msec on 
the top of records A-D and in the abscissa of graph Æ. 
In each record the response to double-pulse stimulation 
is photographically superimposed on the response elicited 
by the first pulse alone. The intramuscular temperature 
checked with a thermistor needle is 37° C. The electronic 
differentiation is linear up to four times the maximum 
rates of tension changes recorded, even when tested with 
ramp functions of only 2 msee duration, 

In the experiment illustrated, the reponses elicited by 
two pulses at 0-95 msec or less (A) are identical to that 
for a single pulse. At intervals of 1-00 or 1-10 (B) msec a 
small hump appears on the electrogram about 4 msec 
after the beginning of the response to the first pulse. 
The rate of tension change for single shock indicates a 
mechanical latency (including nerve conduction and 
neuromuscular transmission) of 7-5 msec; the trace for 
two pulses at 1-10 msec separates about 4 msec later 
(B, 2). As the interval increases to 1:60 msec the separa- 
tion interval decreases to about 2-50 msec, both for the 
electrical and mechanical responses (C). This curious effect, 
suggests that the second volley now propagates faster 
in the motor nerve as the relative refractor state left by 
the first response dissipates, and that it also acquires a 
greater transmission potentiality at the motor endplate. 
For greater separation of the two stimuli the interval 
between the muscle response to the first and second 
volleys increases and actually equals the corresponding 
interval between the two shocks. This appears in graph # 
in which the interrupted line is drawn through the origin 
with a slope of one. The muscle is thus irresponsive for 
about 2-5 msec, but two stimuli delivered to the motor 
nerve at shorter intervals, down to about 1-0 msec in this 
instance, can still elicit a second muscle response because 
the nerve functions as a time buffer through slowing 
of conduction of the second volley. In the present argu- 
ment the principal point stressed is that the earliest separa- 
tion intervals are equal throughout the test for the elec- 
trical and for the mechanical responses of the muscle, 

The significance of this double-shock test turns out to 
be quite different from the one proposed by those who 
failed to record simultaneously the electrical response of 
the musclet:16.18-21, for they overlooked the fact that the 
refractory state of the musele electrogenic membrane is 
the true limiting factor at short intervals. In other words, 
the second stimulus delivered before the critical interval 
fails to increase the rate of tension development beyond 
that in a single twiteh, not because the “active state” 
generated by the preceding stimulus would then be 
maximum (and therefore impossible to increase any 
further, as argued by MacPherson and Wilkie), but 
simply because the second stimulus is ignored by the still 
irresponsive muscle membrane. Such evidence implies 
that a single stimulus cannot possibly elicit a maximum 
plateau of “active state” because: (l) activation of 
myofilaments is not abrupt but takes a finite time to 
develop*}?°, and (2) as soon as 2:50 msec after the muscle 
has started developing tension (the minimum separation 
interval in Fig. 1, Æ) the intensity of activation can be 
further augmented. This conclusion is in line with present 
views?®?? that myofilaments are activated by calcium 
release from sarcoplasmic reticulum (SR) during depolar- 
ization of the muscle membrane beyond a level called the 
“mechanical threshold’* and that subsequent seques- 
tration of the myoplasmic calcium in a sarcoplasmic 
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Fig. 2 A, Normal adult man. Continuous slow-speed polygraph 
record of the isometric myogram of the adductor pollicis muscle stimu- 
lated infreauently through its motor nerve, except for a series at 2/sec. 
B-E, Normal adult woman. Cathode-ray oscillograms of responses to the 
first (B) and the 200th (C) supramaximal shocks in a continuous series 
at 2/seo. From above downwards, the belly-tendon electrical response 
fon a faster sweep), the isometric myogram and its first differential. 
D, Tetanic response to supramaximal shocks at 125/sec, elicited at the 
peak of the staircase potentiation of the twitch. Æ, Tetanie response 
elicited in the same muscle after dissipation of the staircase phenomenon. 
Notice that the maximum rate of tension development (third trace) is 
similar in D and E. 


calcium sink causes relaxation®*:*5*6 and determines its 
actual speed*?. With two or more stimuli at close intervals 
each musele action potential triggers the intracellular 
release of an additional amount of calcium at a time when 
the SR sink has not yet removed all the free calcium 
liberated by the preceding spike. Because the 
contractile activation depends on the concen- 
tration of myoplasmic calcium over about a 
ten-fold range from 0-2 uM (refs. 23, 26 and 28) 
the “active state’ must be subject to gradation 
in its intensity as well as in its duration. 


Twitch Potentiation 

In chemical potentiation such as produced 
by caffeine, nitrate, zinc and so on, the twitch 
tension is increased but the tetanic tension is not, 
-while the contraction time and the relaxation 
time of the twitch are both increased?**, The 
latter changes are accounted for by a slowing 
of the decay of “active state”, as is indeed 
evidenced by quick-release experiments*®. 
This slowing allows the twitch tension to 
approximate the tetanic tension more closely 
because the contractile elements have more time 
for stretching the series elastic elements. The 
potentiation is indeed smaller when the twitch 
tension P; is closer to the maximum tetanic 
force P, (ref. 31). At 0° C the decay of “active 
state’ is also slowed down by the chemical 
potentiators, but little actual increase of P: 
oceurs because the ratio of P; to P, is close 
to unity’, Reeent studies using a more 
sensitive recording technique disclosed yet 





Fig. 3. 





Normal adult man. J 
double supramaximal shocks delivered to the ulnar nerve at the wrist. 
downwards, the first differential of the isometric myogram (1) and the belly-tendon 
electrical response (2) on a fast sweep, and the first diferential of the myogramt (3) on 
a slower sweep. 
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another feature of the potentiated twitch, namely, 
an increase in the rate of tension development??4, 
This suggests that the potentiators not only prolong 
the decay of the “active state’, but also increase 
the intensity of myofilament activation earlier in the 
contraction eyele. The two effects occur together in 
chemical potentiations, but they can be dissociated from 
each other. The following evidence indicates that stair- 
ase potentiation is unique in its dependence on the 
intensification factor only. 


Staircase Potentiation in Human Skeletal Muscle 


When a rested muscle is stimulated at a rate of 0-5-3/see, 
the twitch force gradually increases to reach a new 
steady state level. This is the classical staircase pheno- 
menon first described in the frog heart™ and also studied 
in the skeletal muscles of lower mammals***? and of 
man**, In Fig. 2A, the isometric myogram of the adductor 
pollicis muscle of a normal adult man is recorded on a 
slow-moving polygraph. Supramaximal electric pulses 
are delivered to the ulnar nerve at infrequent intervals, 
except for an uninterrupted series at 2/see for 3 min. 
During the series, the force P; decreases progressively in 
the first ten-twenty twitches (negative staircase) and 
thereafter increases steadily (positive staircase) to reach 
a plateau equal to 136 per cent of the initial Pre When 
the 2/sec stimulation is interrupted, P: returns to 
control value in a few minutes. In the twenty-one 
normal adult muscles included in this study the mean 
initial negative staircase is —8-7 per cent and the mean 
maximum staircase potentiation is +245 per cent. 
Characteristic features are illustrated by the cathode- 
ray oscillograms of the first and two hundredth responses 
in a 2/sec series (Fig. 2B and C). The latency of the 
muscle electrical response does not change. The first 
negative phase of the potential shows no significant 
change in its voltage, but its mean duration is decreased 
to ~7 per cent. The mean voltage of the second positive 
phase is increased by +18 per cent. The latter two 
effects are recorded rather early in the series and are ‘not 
parallel te the twitch potentiation: they are probably 
related to an acceleration of the conduction of the muscle 
spiket*. Changes in neuromuscular transmission or 
repetitive discharges are excluded. The two hundredth 
twitch of the series is nob only stronger than the first but 
its. time course is accelerated. The mean contraction time 
CT decreases by — 14 per cent and the mean relaxation 
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time T4R decreases by —13 per cent. The mean maxi- 
mum rate of tension development which we call Re, given by 
the upward peak of the first differential of the myogram, 
is increased by +37 per cent. The mean maximum rate 
of relaxation S:, given by the downward peak of the first 
differential, is also increased by +34 per cent. The con- 
sistent shortening of the time course of the potentiated 
twitch rules out the current explanation?! which postulates 
a prolongation of the decay of “active state” in staircase. 
On the other hand, it is interesting that the maximum 
capability to generate force is not much affected by the 
staircase phenomenon. The maximum tetanic force P, 
recorded just after 3 min of uninterrupted 2/sec series 
(Fig. 2D) is equal to, or slightly less than, the P, recorded 
in the same muscle after the staircase effect has dissipated 
(Fig. 2£). The maximum rate of tension development in 
tetanus Ry, given by the upward peak of the first differ- 
ential, is equal in both records (Fig. 2D and E, third trace). 
Thus the maximum intrinsic velocity of the muscle is not 
increased by staircase. Because the potentiated twitch is 
shortened rather than prolonged, the phenomenon can 
only be explained by an increase of the “active state”. 
The evidence of Fig. 3 is relevant on this point. The 
first and two hundredth responses are superimposed on 
the same photographs using fast oscilloscope sweeps. 
The electrical response shows the slight changes described 
earlier (A2). The first derivative of the myogram presents 
not only a larger peak (43) but also a very early increase 
(41) so that the mechanical latent period appears shorter 
for the two hundredth twitch. Fig. 3B presents a similar 
display but with the further superposition of the responses 
to two shocks at 2 msec delivered before the 2/sec series. 
For such closely spaced’ double stimulation the rate of 
tension development separates from the curve for a single 
shock after 2-5 msec at the earliest (compare Fig. 1), and 
there is no evidence for any shortening of the mechanical 
latent period. Later in the contraction cycle the curve 
for double shocks (dot) crosses the curve for the poten- 
tiated single twitch (triangle) and it reaches a larger peak 
(Fig. 3, B3). These recordings on a fast sweep thus 
emphasize a unique feature of the potentiated contraction, 
namely, a mechanochemical change which occurs very 
early in the contraction cycle and which is not elicited 
by closely spaced double shocks. Our working hypothesis 
is that the prolonged stimulation at low rate induces two 
changes: (1) a lowering of Hodgkin and Horowicz’s 
mechanical threshold**°.41 whereby a roughly unchanged 
muscle action potential elicits an earlier and larger calcium 
release from sarcoplasmic reticulum and the twitch “active 
state” is intensified; and (2) an acceleration of the sub- 
sequent process of uptake of myoplasmic calcium by the 
reticular calcium sink which shortens the relaxation of 
the potentiated twitch. 

While this evidence is at variance with current inter- 
pretations of twitch potentiation, it also emphasizes that, 
in this respect, skeletal muscle is not as different from 
heart muscle as is usually believed. In heart muscle the 
inerease of frequency of contraction {positive inotropy) 
augments the contraction ferce and rate of tension 
development and decreases the contraction time!?-*#, A 
shortening of latency of contraction is also described, 
Clearly the staircase potentiation in heart muscle is 
related, not to prolongation of “active state”, but either 
to intensification of the “active state” or to a shift of the 
force-velocity relation®®“*, Sonnenblick4t-4° favours the 
latter hypothesis for heart muscle in which he recognizes 
a peculiar “ability to modulate its intrinsic velocity”, in 
contrast to skeletal muscle‘. It is difficult to evaluate 
the two possible mechanisms, however, because heart 
muscle cannot be tetanized and therefore its maximum 
force and rate of contraction cannot be measured‘*:47, 
The difficulties associated with the time-dependence of 
activation do not occur in skeletal muscle and we find 
that the maximum rate of tension development for a 
maximum tetanus is not increased at the time the single 
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twitch discloses staircase potentiation (Fig. 2D and E). 
Thus the forece-velocity relation is not affected by the 
staircase phenomenon which should essentially involve 
the intensity of activation of the myofilaments. 

In conclusion, the kinetics of contraction can be 
analysed rather consistently and quantitatively in human 
muscle in situ. Besides their obvious importance in 
human muscle diseases (unpublished work of J. E. Des- 
medt and B. Emeryk) such studies are useful because 
they are concerned with muscles in entirely normal 
physiological conditions and thus offer a point of view 
which is complementary to that of in vitro biophysies of 
muscle sub-systems. The present work was prompted by 
the finding?! that the twitch time course is shortened, 
rather than prolonged, in staircase potentiation elicited 
by 2/sec stimulation. This ruled out the current explana- 
tion based on a prolongation of the “active state” decay. 
On the other hand, the force-velocity relation of the 
muscle is not modified because the maximum rate of 
tension development in tetanus is unchanged (Fig. 2D 
and E). The staircase phenomenon must therefore depend 
on an intensification of the twitch “active state”, early in 
the contraction cycle (Fig. 3), and a working hypothesis 
is proposed. This conclusion is contrary to the current 
view that the “active state” would be maximum in the 
single twitch’, but it is argued that this postulate of Hill’s 
model was not in fact adequately substantiated and can 
be abandoned on the basis of new evidence. 

This work was supported in part by the Muscular 
Dystrophy Associations of America, Ine., and by the 
Fonds de la Recherche Scientifique Médicale. 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Eliminating False Alarms when 
detecting Seismic Events 
Automatically 


Ons of the principal difficulties of usmg the full capabil- 
ties of a seismic array and a digital computer for the auto- 
matic detection of seismic events 1s the number of false 
alarms produced by spurious noise spikes on single 
channels That this 1s a problem 1s shown by the fact 
that the usual dynamic range between the background 
noise level and saturation 1s normally in excess of 40 dB 


LARA A A 


Time marks 


Fig 1 


Ongin 529 S, 281 E, depth 33 km, mag 47, asimuth 2158°, J B phase 
selocity 21 9 km/sec Origin time October 5, 1966, 23 h 23 min 53 28ec a, Single seismo- 
meter, b, phased sum, c, process described in this communication 
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Large noise impulses on a single channel will therefore 
predominate on a phased sum of the array seismometer 
outputs unless the number of sensors 1s very large 

Various methods of overcommg this problem have been 
given in the literature Burthill and Whuiteway?, for 
example, have adopted a correlation and averaging 
process using two partial sums from the phased array 
Although an improvement ın noise rejection 1s gamed, it 
1s limited by the short duration of the averaging time 
(because of the small time during which a seismic event 18 
coherent) as well as beng very demanding ın computer 
time? 

I have tried several different techniques in an effort 
to overcome these deficiencies, and have found one which 
not only reduces susceptibility to this type of noise but 
gives evidence of improving the signal to noise ratio as 
well as the array resolution The particular process 
which was used ıs to take the nth root of the absolute value 
of each individual signal, with the original sign preserved 
before phasing and summation For n=2 this corre- 
sponds to 

E,(t)=signum [Sit) +N) x | Sit) + Nil) jè 

where S(t) ıs the coherent signal component and N,(t) 
1s the noise output of the th seismometer at time ¢ 
If after summation the result 1s squared, 
then in the case when S,(é)>N,(t) this pro- 
cess 18 identical to the direct summation 
process, except for a constant factor depend- 
ing on the number of sensors used 

A comparison of this method, using a 
value of n=2, with that of the normal 
phased summation technique 1s shown 
in Fig 1 and reveals a signal to noise 
ratio umprovement for an event which is 
hidden in the background noise on a single 
seismometer output <A further comparison 
on two events with similar azimuths and 
phase velocities (Fig 2) shows an enhance- 
ment of the smaller event when the array 1s 
correctly phased and greater rejection, 
particularly in the coda, when the array 1s 
phased for the second event 

I am not able to give any formal mathe- 
matical reason for these results, however, 
I suggest that the character of semie 
background noise 1s not stationary for 
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Time marks 


Fig 2 Eventi ongm151$,1735 W , depth 33 km, mag 4&8, azimuth 93 2°, J B 
phase velocity 14 5 km/sec Origin time October 14, 1966, Z h 32 min 31 8sec Event 2 


ongin 23 2 


$,1798 W, depth 456 km, mag48, azimuth 102 9°, J B_ phase velocity 


14 O km/sec Origin tıme October 14, 1966, 2h 34 mın 34 isec a, Process described in this 


communication, array phased to first event and 6 to second event 


c, Normal delay and 


sum, array phased to first event and d to second event 
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small intervals of tıme and that my process tends to 
equahze the variance of this noise. 
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Palaeomagnetism of a Stratiform — 
Intrusion in the Pensacola Mountains, 
Antarctica 


A LARGE stratiform mass of pyroxene gabbro interlayered 
with smaller amounts of anorthosite and pyroxenite and 
capped with granophyre makes up most of the northern 
ranges of the Pensacola Mountains (Fig 1)} These 
layered rocks are at least 2,000 m thick in both the Dufek 
Massif and the Forrestal Range, and are believed to 
belong to a single sheet-like body with an areal extent of 
at least 8,000 km? The age of the body 1s not known with 
certainty, but ıt intrudes folded rocks as young as Permian 


EXPLANATION 


Escorpment 


A 


Approximate contact of 
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Fig 1 Index map showing the location of the Dufek Massif and the 
Forrestal Range 
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Fig 2 Equal-area projection of site-mean directions of remanent mag- 
netization for the Dufek Massif Open circles are site-mean directions 
pokes on the upper hemisphere, solid circles are plotted on the lower 

emisphere Mean direction for the Dufek Massif (computed after the 
lower hemisphere points were “reversed” by inversion through the centre 
of the projection) indicated by * The direction of the present geomag- 
netic field in the sampling area. 1s shown by the square (upper hemisphere), 

while the axial dipole direction 1s shown by the triangle 


(personal communication from J M Schopf) and therefore 
1s probably Mesozoic or younger 

As a preliminary investigation of the palaeomagnetism 
of the Dufek Massif, natural remanent magnetization of 
fifty-seven samples from forty-three sites scattered 
throughout much of the available exposure has been 
measured. The results are summarized in Table 1 and 
Fig 2 Magnetic stability 1s indicated by divergence of 
the average direction of magnetization from the direction 
of the present geomagnetic field and by rough consistency 
of direction between samples of opposite polarity 


Table 1 AVERAGE DIRECTION OF MAGNETIZATION AND PALAKOMAGNETIC 


POLE POSITION FOR THE DUFEK Massif 


Palaeomagnetic pole 
ags 4 e 
30° 475°S 1640 W 
N, No ofsites, D, declination east of north, J, inclination positive down- 


ward, k, precision parameter (ref 2), aos, radius 4, latitude, and ọ, longitude, 
of the palaeomagnetic pole 


Direction of magnetization 
D I 


43 615 — 63 0 147 


To determine the effect of alternating field magnetic 
cleaning, a suite of twelve specimens was chosen at 
random and demagnetized ın fields ranging up to 300 
oersteds Although the directions of individual specimens 
showed some change during this process (average change 
< 8°), neither the mean direction of the suite nor the 
precision of the mean altered to any significant extent 

The pole position listed m Table 1 1s near, but not in, 
the cluster of palaeomagnetic poles which have been 
calculated for rock units assigned to the Ferrar Dolerttes 
of Harrington® (see, for example, poles 9 37, 9 38, 9 42 
and 9 56inref 4) The Ferrar Dolerites are believed to be 
Jurassic, and the palaeomagnetic data indicate that the 
gabbros of the Dufek Massif also origmated then The 
shght difference ın pole position may indicate that the 
two are not precisely contemporaneous 

The five reversely magnetized sites shown in Fig 2 
are located in a definite zone, and similar reverse polarity 
zones have been encountered in the gabbros of the For- 
restal Range This arrangement could be explamed by 
reversal of the Earth’s magnetic field during cooling of the 
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stratiform gabbros or by muneralogically controlled self- 
reversal Ifthe Earth’s magnetic field reversed its polarity 
one or more times while the gabbro body wasn the process 
of cooling through the range of temperatures in which ıb 
acquired its magnetization, the result would be a system 
of polarity zones parallel to the isothermal surfaces in 
the gabbro On the other hand, polarity zones parallel 
to compositional layermg could arise if (a) certain portions 
of the stratiform complex possess self-reversing properties® 
by virtue of the composition of ther 1ron oxide minerals, 
and (b) these iron oxide minerals vary systematically 
throughout the complex (share in the cryptic layering® 
Mineralogical studies are in progress to resolve this 
question 

The gabbros of the Forrestal Range are much more 
strongly magnetized than those of the Dufek Massif 
This is shown ın Fig 3, where intensity of remanent mag- 
netization 1s plotted against magnetic susceptibility. Such 
a diagram brings together the two principal vanables 
controlling total magnetic intensity—specifically those 
variables which are most closely related to other rock 
properties? Systematic differences ın position on such a 
plot should reflect systematic differences ın gross com- 
position, mineralogy, texture or other rock properties In 
this case ıt tends to substantiate the view (Ford’s unpub- 
lished results) that the gabbros of the Forrestal Range 
represent part of the upper portion of the stratiform 
pomiple xs while those of the Dufek Massif formed near its 

ase 
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Fig 3 Natural remanent magnetization (J) plotted against magnetic 
susceptibility (4) @, Dufek Mami specimens, A, Forrestal Range 
samples 


Recently published aeromagnetic profiles? over the 
Dufek Massif and the Forrestal Range show anomalies 
ranging up to 1,800y associated with portions of the 
layered gabbros, with the more highly magnetic Forrestal 
Range showing the greatest average amplitude Trunca- 
tion of layered magnetic rocks at the margins of the two 
bodies ıs the suggested cause of the anomalies If the sıze 
and geometrical configuration of the polarity zones are 
favourable, reversals of polarity could make an :mportant 
contribution to these anomalies by producing a source of 
strong magnetic contrast within the gabbro bodies In 
the Dufek Massif, where the ratio of remanent to induced 
magnetization is almost uniformly high, this factor should 
be especially important 
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Genesis of Concordant Deposits of Base 
Metal Sulphides: an Experimental 
Approach 


DESPITE the great economic importance of the strati- 
graphically concordant massive sulphide deposits which 
occur ın regionally metamorphosed rocks of pre-Cambrian 
to Palaeozoic ages ın all continents, little 1s known of then 
origin Writers on these deposits, which include those 
of Mount Isal, Broken Hull, the Scandmavian Cale- 
donides?, the Bathurst-Newcastle area? and the Rhodesian 
Copperbelt, have tended to accept one of two apparently 
conflicting views Some maintain that the deposits are 
syngenetic’, representing original sedimentary or vol- 
came sulphides, while others consider them to be epigene- 
tic’, and formed by precipitation from hydrothermal 
solutions of igneous or metamorphic origin 

In a study of the Caledonian chalcopyrite—pyrite— 
arsenopyrite vems of the Enghsh Lake District, one of 
us concluded’ that the mineralizing solutions were derived 
from the dehydration of rocks undergoing metamorphism 
ın the deeper levels of the Caledonian geosyncline Signifi- 
cant metal contents have since been noted ın bmnes of 
metamorphic origin from the Salton Sea area in Cal- 
forma’, and pockets of hot zinc-rich solutions of presumed 
volcanic origin have been located m the Red Sea! Pro- 
longed contact between such solutions and pyrite deposits 
of sedimentary or volcanic origin could well produce 
massive sulphide deposits with features characteristic 
of both syngenetic and epigenetic origins, and so we have 
conducted experrments to determine the effectiveness of 
pyrite as a scavenger of base metals, and the extent to 
which pyrite deposits would be dispersed by metamor- 
phism 

The scavenging properties of pyrite were tested by 
holding mixtures of pyrite and pyroxenite, pyrite and 
carbonaceous shale, and pyrite and synthetic limestone 
at 500°-600° C, 1-2 kbars for 10 days, ın the presence of 
appropriate muneralizers (Table 1) The pyrite was 


Table 1 RUN CONDITIONS 


Run Time Pressure 
No Reactants (days) T(°C) (kbars) Muneralizer 
3 60% pyroxenite-40% pyrite 10 600 20 50% HCl 
4 70% limestone-30% pyrite 10 500 10 4M-NH,Cl 
5 70% shale-30% pyrite 10 600 20 50% HCI 
Table 2 TRACE ELEMENT CONTENTS OF REACTANTS (PPM) 
Sample Co Ni Cu Zn Pb 
Pyrite 100 150 300 250 850 
Biack shale 75 200 250 250 500 
Pyroxenite 80 800 100 150 400 
Synthetic limestone 500 500 500 500 500 
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extracted by giinding the recrystallized charge to 150 
mesh, followed by flotation using a collector of potassium 
amyl xanthate, with boral as the trother Sodium silicate 
was used as a depressant for calcite in the runs contaming 
synthetie limestone Pyrite fractions of high purity were 
obtained by this method, and analysed by X-ray fluores- 
cence (for cobalt, nickel, zinc and lead) and colorimetric 
methods (copper), with the results shown in Table 3 
The experimental enrichment factors were then recalcu- 
lated to eliminate the effects of variations in the initial 
trace element concentiations and rock to pyrite ratios 
(Table 4) 


Table 8 EXPERIMENTALLY DETERMINED ENRICHMENT FACTORS (FINAL/ 
INITIAL CONCENTRATION) FOR THE PYRITE FRACTION 
Run No Kock type Co M1 Cu Zn Pb 
3  Pyioxenite 20 20 13 14 11 
4 Limestone 60 37 17 12 15 
5 Black shale 1:3 17 15 14 10 


Microscopic examination of the products mdicated that reaction was 
incomplete, and these enrichment factors are therefore lower than those 
which would be observed at equilibrium The relative concentrations in this 
Table are considerably more accurate than the absolute values in Table 2 


Table 4 ADJUSTED ENRIOHMENT FACTORS 


Run No Rock type Co Ni Cu Zn Pb 
3 Pyroxenite 123 43 33 17 13 
4 Limestone 80 57 31 16 24 
5 Black shale 20 22 20 17 10 


The adjusted enrichment factor 1s (ps/rs)/(pi/re), where pi, pf are the initial 
and final concentrations of a given element in the pyrite fraction, and ri, rf 
are the inttial and final concentrations in the rock fraction 


Cobalt and nickel, which form pyrite-type sulphides, 
and copper, which ıs moderately soluble in the pyrite 
structure, were strongly fractionated 


M*++ excess FeS,—(Fe,M)S, solid solution + Fe? 


but lead and zme, which have very limited solubility in 
pyrite, showed much weaker mutial fractionation, possibly 
involving reactions such as 


Zn** + 2Fe?t + FeS,=2(Ke,Zn)S solid solution + 2Fe* 
Pb*+ + 2Fe*+ + FeS,—PbS + FeS + 2Fe%+ 


In the experiments on dispersion, finely ground mixtures 
of pyrite and rock powder were held at 600° C, 25 kbars 
for 12 days ın the presence of mmeralizers which meluded 
4 molar ammonium chloride, 50 per cent hydrochloric 
acid, saturated sodium chloride solution and distilled 
water Recrystalization of pyrite was effected in all 
runs except those contaimuing distalled water, but there was 
no detectable migration of pyrite along the temperature 
gradient of about 10° C/em maintained ın the gold sample 
capsules In simular conditions, but with no rock powder 
to hinder convection, pyrite was rapidly transported to 
the cold end of the tube It ıs concluded that all the 
elements studied will be concentrated in the pyrite bodies 
during the metamorphism of a mixed pyrite—silicate 
sequence, the final concentration in the sulphide body 
depending on the fractionation constants under the 
pressure-temperature-composition conditions of meta- 
morphism, the initial trace element contents in the pyrite 
and its country-rock, the effective rock to pyrite ratio, 
and the time available for reaction 

It also seems that pyrite deposits ın a compact rock 
mass would not suffer significant dispersion during meta- 
morphism, unless there was a flow of metamorphic 
fluid through the pyrite-bearimg 10ck Dispersion, how- 
ever, may become more important at high metamorphic 
grades, when solubilities increase with pressure and 
temperature At low grades any such tendency will 
probably be outweighed by mechanical concentration of 
the easily deformed sulphides in regions of low stress, 
such as fold crests 

The experrmental results thus support our mbal 
hypothesis that the mineralogy and structure of some 
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syngenetic pyrite bodies could be modified so profoundly 
during subsequent diagenesis, metasomatism and meta- 
morphism as to render meanmgless the distinction between. 
“syngenetic” and “epigenetic” or “hydrothermal” de- 
posits We should instead expect to find all gradations 
between the two extremes 

Accepting this as a working hypothesis, two economic- 
ally important results follow First, the search for further 
ore deposits of this type should be concentrated im areas 
of low to medium grade regional metamorphism (low 
dispersion), m which strongly deformed country rocks 
containing high imtial concentrations of thophile elements 
(mechanical and chemical concentiation) are associated 
with pyrite bodies Second, the possibility of tappmg 
the metamorphic fluids themselves ag sources of kase 
metals should not be overlooked, for fluids of the Salton 
Soa’ and Red Sea! types may well occur within 1each of 
the surface m many of the younger voleanie and orogenic 
belts of the world 

We thank the Natural Environment Research Couneil 
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our colleagues in the Departments of Ino1ganie Chemistry 
and Mineral Sciences for research facilities 
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PHYSICS 


Existence of a Surface Tension 
Discontinuity at a Liquid 
Free Surface 


EXPERIMENTS have shown that, in certam conditions, a 
free water surface can exist m equilibrium with different 
values of surface tension in different regions So far, only 
two such regions have been distinguished m any one water 
surface and ther common boundary can be seen clearly 
m reflected light, after a little practice, as an unbroken 
sinuous hne One region appears to be chemically clean 
while the other 1s obviously contamunated with a surface 
film This situation remams stable only 1f the water has 
a low velocity (less than 23 cm/sec) which acts—see Fig 1 
—in such a way that the contaminated surface region 1s 
“contained”? by the shear stresses set up by the flow 
against the underside of the surface film If the water 


«— Clean water surface | Contaminated water surface __, 
(high surface tension) i (low surface tension) 


Ar 


iia line 


Soot Se 
Flow (less than 23 cm sec!) 
Sue R 





Water 


Fig 1 Water surface profile perpendicular to surface line 
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velocity dies away the contaminated zone spreads out to 
cover the whole water surface It 1s the line marking this 
boundary which 1s the subject of the present study and 1t 
will be referred to here as the “surface lme” This topic 1s 
of interest in chemical engmeermg where the results might 
be used to control the separation of mmerals and other 
compounds by surface flotation 

A reflected light Schheren system was developed for 
this study from an earlier form of the apparatus described 
elsewhere’ Fig 2 shows the lay-out of the optical com- 
ponents of the system im relation to the “hydraulic” 
apparatus The water tank used had a free surface measur- 
ing 60 x 90 cm with a depth of 60 em Untreated mains 
water was introduced through a system of baffles and 
screens, covering the full width of the tank, which was 
designed to ensure two-dimensional circulation of the 
water in the tank proper, as indicated m Fig 2 When 
steady conditions had been established, wate- left the tank 
by a full width sharp edged weir, running the full width of 
the tank, placed at the opposite end to the inlet 


20 cm aperture parabolic mirrors 
(focal length 150 cm) 


F al 











Camer lens and 


Photographic 
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plate 





Light source 
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Plane murror 


Outflow 
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camer 





wer™ 





Water tank— 


Fig 2 Experimental apparatus shown in elevation 


The conditions near the free surface were similar to 
those shown in Fig 1 Water moved slowly from left to 
right, the surface contamination being trapped by the 
inlet baffles at the right, the free surface overflow at the 
left ensured that a clean water surface was maintained 
in this region by the rising current there 

Before any measurements were made it was apparent 
that the “strength” of the surface line (ın the visual sense) 
was dependent to some extent on the degree of initial 
cleanliness of the water surface The mevitable con- 
tamination from the atmosphere of the laboratory, how- 
ever, ensured that the line could always be detected after 
a brief search The position of the line was variable and 
depended on the water velocities and the surface con- 
tamination level The optical apparatus was arranged on 
a rigid framework that could be traversed as a whole 
relative to the water tank so that the surface hne once 
detected could be “moved” into the field of view if neces- 
sary The two 20 cm parabolic mirrors gave a parallel 
beam of light that was reflected at the water surface with 
an incidence angle of 5° This was as close to normal 
reflexion as could be obtamed and gave a slightly elliptical 
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field of view (201x200 cm) If the angle of incidence 
became large (say, greater than 8°), optical ard geometrical 
distortions became significant 

The optical system, which consisted of plane and para- 
bole face-silvered murrors, gave an image of the pomt 
light source close to the lens and on the axis of the 
Schheren camera This image was small (slightly larger 
than the lght source) only when the reflecting water 
surface was plane, any distortion of the water surface in 
the field of view partially defocused the image It 1s this 
effect which was used m combmation with a suitable 
occultation device (Fig 3) to give a Schheren image of 
the water surface on the camera plate The camera lens 
was not essential, but 1ts use improved the quality of the 
final 1mage ın a system where small optical imperfections 
were present 





Fig 3 Occultation device used in all experiments Light accepted 


alling in annulus 6 <radius<@ 


Fig 4 shows a Schlieren photograph of the surface lne 
for which the occultation device was set with a narrow 
acceptance annulus In these conditions two approxim- 
ately equidistant lines appeared, one brighter than the 
other This showed that there existed two points of known 
water surface slope on any perpendicular to the surface 
hne By takmg a series of photographs while sys- 
tematically varying the dimensions of the acceptance 
annulus ıt was possible to build up quantitative data on 
the surface line The phenomenon was unsteady m that 
the spacing between the two hnes on the plate in Fig 4 
was seen to vary slightly both with distance and time. 
The space variable could be elaminated to some degree 
by averaging a number of values taken from each photo- 
graph and this was done, but the time variable was more 
difficult to remove In the current tests ıt was partially 
dealt with by curve smoothing at a later stage of the 
analysis 

The difficulty of relating results from the individual 
photographs ın a series was overcome by fixing one of the 
acceptance annulus dimensions for that series (either a or 
b) ‘The relationship between the radius of this annulus 
and the water surface slope was established by direct 
calibration, an. optical flat mounted on a tilting stage bemg 
substituted for the water surface The sensitivity of the 
apparatus was found to correspond to a water surface 
slope of 0 00277 radians for each mm of the annulus radius. 
It can be seen from this that the annulus being of finite 
thickness will accept hight from water surface slopes lying 





Fig 4 Schheren photograph of surface lne (a=12 mm, b=10 mm). 
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Fig 6, 


Schlieren photograph of surface line (test C-4) 


within a certain range It 1s therefore possible by using 
wider annuli and by measuring the widths as well as the 
separation of the photographie traces to build up more 
complete data of the surface line Three such series were 
carried out (tests A, B and C) from which Fig 5 1s an 
example Table 1 gives the dimensions of the acceptance 
annul: used ın these tests Because ım each test one 
dimension remains constant ıt was possible to check the 
amount of time variation present It was also possible to 
plot a graph of water surface slope, dz/dx, against per- 
pendicular horizontal distance, x, and to meclude results 
from the four photographs in each test on one graph A 
smooth curve was drawn through these pomts and 
numerical integration of this curve gave the mean profile 
across the line (z—a relationship) These are shown 
plotted in Fig 6 It must be remembered that the slopes 
of these profiles and therefore also the curvatures are 
distorted by the x 25 exaggeration of the vertical scale 
In spite of this 1t is clear that the convex (upwards) por- 
tion of each profile has a much smaller radius of curvature 
than the concave part This result corresponds to the 
point mentioned, that of the two hnes shown m Fig 4— 
and on all such photographs—the upstream trace 1s 
always weaker than the other one 


Table 1, VALUES OF ACCEPTANCE ANNULI DIMENSIONS (mm) CORRESPONDING 
TO RESULTS SHOWN IN FIG 6 


Annulus 

Test radius 1 2 3 4 
A a 150 150 150 150 
b 45 60 80 100 
B a 125 125 125 125 
b 45 60 80 100 
o @ 45 70 106 125 
b 35 35 35 35 


The interpretation of the slope data to gıve profiles of 
the type shown ın Fig 6 was assisted by a simple knife- 
edge test that showed that all water surface slopes attri- 
butable to the surface line face the same way It followed 
from this that the surface line must have a monoclinal 
step profile rather than that of a solitary wave or cusp 
The height of this step was obtained from the numerical 
integration process and was for tests A, B and C, 0 157, 
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Fig 6 Mean water surface profile perpendicular to the surface lne 
for three tests (vertical scale exaggerated x 25) 
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0 183 and 0 185 mm, respectively Mean flow conditions 
for these three tests—discharge, water level and mean 
velocities——were the same, the only uncontrolled variable 
was the surface tension on the contaminated (lower) side 
of the Ime. 

In the experiments described, the surface line clearly 
defined the edge of a contammated portion of the water 
surface From this ıt was suggested that ıt marked a 
change in the surface tension value of the free surface 
and attempts were made to measure this on either side 
of the lme Such measurements were difficult because 1b 
was essential that they did not interfere with the surface 
film formed by the contamination The capillary wave 
method promises to give the best results but so far has not 
yielded any relhable data 

Observation of this surface film showed that it possessed 
only second order random velocities and that 1ts mean 
velocity ın the direction of flow (see Fig 1) was zero 
There must therefore be a boundary layer m the fluid 
below the film which exerts a shear stress agamst the 
underside of the film, acting ın the direction of flow It 
seems probable that this shear stress provides the mechan- 
ism for balancing the unequal horizontal surface tension 
forces on either side of the line, but it also follows that 
there will be no sharp change in surface tension value at 
the line 

The change ın water level measured at the surface line 
introduces small out of balance hydrostatic pressure 
forces which cannot readily be explained by hydro- 
dynamic reasonmg It ıs hoped that any relationship 
between these and surface tension values will be revealed 
by further expermments in which ıt 1s planned to vary the 
surface tension values systematically while making 
measurements of these and the corresponding differences 
in water surface elevation at the lme 

I thank the Queen’s University of Belfast for laboratory 
facilities and equipment and Professor T. M Charlton 
for his help and encouragement I also thank the Labora- 
toes de Mécanique des Fludes of the University of 
Grenoble for facilities 
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Wavelengths and Relative A-Coefficients 
for the Forbidden Lines of 
Atomic Sulphur 


THE multipole lines from atomic sulphur are of consider- 
able astrophysical mterest Moreover, a direct measure- 
ment of their wavelength is the best and most direct 
method of fixmg the positions of the metastable levels 
involved Furthermore, a measurement of the relative 
intensity of magnetic dipole and electric quadrupole lines 
from the same upper level gives the relative transition 
probability, which 1s a valuable check on the theoretical 
predictions 

In an earlier note? we reported the first laboratory 
excitation of the forbidden lmes of SI and gave the 
approximate wavelengths This communication presents 
the results of relative intensity and accurate wavelength 
measurements on these lines 

The lnes were excited in a high voltage ac discharge 
through a z-shaped tube 100 cm long and 3 cm in diameter 
with tungsten electrodes in the side arms The tube was 
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filled with krypton to a pressure of a few mm of mercury 
after some sulphur had been distilled ın under vacuum 
After running for a time impurities such as carbon 
monoxide were cleaned up Krypton was used as the 
filler gas rather then xenon (which we used before), so 
that additional population of the 48, state would result 
through the resonance reaction 


Kr Pa) + Sae E)—S (iS) +5485) +Kr(48o) 


ae approximately doubled the tensity of the forbidden 
ines 

Optımum conditions for the emission of the lines were 
achieved when the tube was surrounded by an oven kept 
at 45° C and the tube current was 12 mamp 

For the wavelength measurements the discharge was 
observed end on through an optically flat window usmg 
a 3 5 m Fastie—Ebert echelle grating spectrograph The 
1§,-"P, transition was observed in the thirteenth order 
with a plate factor of 0 33 A/mm and the 18)—1D, transition 
was observed in the eighth order where the plate factor 
was049A/mm The effective aperture of the instrument 
was approximately f]30 and ıb was kept in a constant 
temperature room to minimize shifts dumng the long 
exposures which were necessary Kodak II L and Oa F 
plates were used to record the hnes Krypton, impurity 
xenon and allowed sulphur lines were used to provide 
reference wavelengths Using these, the wavelength of the 
18,~*P, transition was found to be 4589 261 + 0 007 A and 
that of the 4S)-'D, transition 7725 04+001 A 

Toresson? has made measurements on the vacuum ultra- 
violet spectrum of SI and from these has fixed the term 
values of the low lying levels including the 1S, and 4D, 
metastable levels Using his values for these levels, one 
can compute the wavelengths of the 1S,-*P, and 18)-"D, 
transitions as 458961 A and 77258 A, which are m 
disagreement with the values given here Toresson’s 
positioning of both the 4S, and 4D, levels 1s, however, 
based on single transitions in the vacuum ultraviolet and 
may therefore be liable to some error On the other hand, 
his values for the *Po, 1, 2 states are based on a consider- 
able number of transitions and can therefore be regarded 
as more accurate Assuming his values for the Pea 1, 4 
levels, and using our measured wavelengths as already 
given, @ revised term system can be drawn up as given 
in Table 1 Also shown are the values given by Moore? 


Table 1 REVISED SI LEVELS 


E cm- 
Term symbol Moore Toresson Present results 
3s" 3pt °P, 0 00 0 00 0 00 
3P; 396 8 395 56 395 56 
'P, 573 6 573 19 573 19 
1D, 9,239 0 9,237 76 9,238 10 
185 22,181 4 22,177 82 22,179 46 


Bowen‘ has observed a faint line at 77265+03 A on 
one spectrum from a nebula and has suggested that ıb 
might be caused by the StD, transition This now 
seems unlikely in the light of the present results Swings 
(personal communication) has observed a lime in the 
solar spectrum at 7725 04+0 01 Å n agreement with our 
observed value and which, from width considerations, 
could be caused by a forbidden transition of SI 

Measurements of relative intensity were made on 
the two lines with a Jarrell-Ash 05 m Ebert gratmg 
spectrograph and an EMI 9558 QB photomultipher The 
relative quantum efficiency of the detecting system in the 
two wavelength regions was obtamed using a tungsten 
filament lamp cahbrated by the National Physical 
Laboratory A value of 51407 was obtamed for the 
ratio of the A-coefficients which compares with Czyzak 
and Krueger’s® theoretical value of 509 This agreement 
between theory and experiment is better than that 
1eported earher! for the equivalent lines of atomic oxygen. 

We thank Professor D J Bradley of this department 
for putting his high resolution spectrograph at our dis- 
posal One of us (J A K) wishes to acknowledge the 
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THE SOLID STATE 


Crystal Structure of Ethylenebidiguanide 
Silver (Ili) Nitrate 


WHILE trymg to prepare co-ordination compounds of 
ethylenebidiguanine with bivalent silver analogous to 
Cu(II) and Ni(II) by oxidation of a silver salt by sodium 
persulphate, Ray and Ghosh! found that a complex com- 
pound was formed in which silver exhibited an oxidation 
state of three instead of the expected two Tervalent 
silver 1s isoelectronic with Pd(II) Ray and Ghosh proved 
the trivalency of silver by showing experimentally the 
diamagnetic character of silver (III) ethylenebidiguamide 
complex salts, and on the basis of this evidence they 
proposed a square—planer configuration (dsp? hybridiza- 
tion) for silver ın these compounds, with the silver co- 
ordinated to four nitrogen atoms of the hgand I have 
analysed the crystal structure of silver ethylenebidiguan- 
ide nitrate to confirm this proposal, and also because 
complete crystallographic work on a trivalent silver com- 
pound has not yet been reportcd 

Silver ethylenebidiguanide nitrate crystallizes into 
orange 1ed needles, elongated mn the (001) direction Pre- 
hmuinary work carried out on a GH-XRD-6 diffractometer 
established that the erystals belong to a triclinic system 
and the centrosymmetrie space group PI was assigned 
This was consistent with the subsequent structure analysis 
The cell dimensions are a=8 283+0004A, b=12 748 
+0004 A, c=8 580+0 004 Å, «= 104 12°, B= 96 64°, y= 
99 73°, Dops== 2 03 g cm, Deate=2 03 g em, Z=2, 

Three-dimensional imtensities were collected on a 
GE-XRD-6 diffractometer with a single crystal orienter 
using copper Koa radiation, cobalt—nickel balanced Ross 
filters and a scintillation counter A needle shaped crystal 
(01x01x03 mm) was used The 2,555 independent 
reflexions within a range of 20=0°-120° were examined, 


Table 1 LEAST-SQUARDS PLANES AND THE OUT-OF-PLANE DISTANOES OF 
THE PLANE DETERMINING ATOMS 


Plane Atoms defining Equation of the Out-of-plane distances of the 
No the plane plane plane determining atoms 


1 Ag, No Na, Ns, Na 0899P +0 131Q Ag=0 186,N, = — 0 259, 
+0314R=286A* N.=0 983, Ma5 — 0 289, 


1=—0 2 
Na = —0 056, C1=0 01 
N:=0 031, Ne=0 002, 
C,=0 032, N,= —0 116, 
3=0 163, Ag= —0 075 A 


Nip =0 126, C= —0 071, 
N,=0 271, Ne= —0 221, 
C, = —0 086, Na = ~0 46, 
Na =0 576, Ag= —0 121 4 
Ag=0 007,N,= ~0 177, 
C, =0 125, Ca = — 0 405, 
N,=0 450 Å 


* The coeficients of P, Q and R are the direction cosines of the normal 
to the plane with respect to the axes ala xb) x a and (ax b), respectively 


0 787P +0 565Q 


2 Ne, Cy, Ns, Ne, Co, 
Ny, Na, Ag +0 248R=2 284 Å 


Ppa 


0 982P +0 094Q 


3 Ns Co Np No 
3 Ne Np Ag +0 259R=2 324 


Co, Na, No, Ag 


0 766P +0 552Q 


4 Ag, Nu Co Ca N. 
By Na Be oe St $0 380R=2 304 Å 
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Fig 1 


of these ninety-seven were too weak to be measured The 
stationary crystal-stationary counter technique was used 
for the intensity measurements Absorption and the usual 
1/LP corrections were applied 

To solve the structure, the co-ordinates of silver were 
obtained from a 3-D Patterson synthesis A silver-phased 
3-D Fourier synthesis then carried out revealed the 
positions of all the light atoms The structure was then 
refined ın three cycles by the least-squares 


A diagrammatic representation of the structure projected down the a axis 


3 and 41s 150 8° So the molecule 1s not planar as in the 
analogous copper complex‘ and as expected from the 
previous chemical work: The non-planarity of the three 
rings results ın the distortion of the square-planar con- 
figuration of silver as can be seen ım Table 1 

All three independent nitrate ions are planar and their 
dimensions have normal values The two nitrate ions are 
hydrogen bonded to the silver complex ion (Fig 1) 


method with individual anisotropic tempera- N19 

ture factors and a block diagonal approxima- 126A N5 

tion The final agreement index R was ad p 

0 105 for all observed reflexions X 132 3 ye ga 32A 
A diagrammatic representation of the EA E 


structure, along the a axis, 1s shown ın 
Fig 1, and the various bond lengths and 
angles are illustrated in Fig 2 The estim- 
ated standard deviations m the various 
bond lengths and angles are Ag—N= Ng 
0012 A, C—N, C—C and N—O are 002A 
and 0 8° for various angles A molecule oà 
of ethylenebidiguanine acts as a tetra- i 
dentate ligand and forms two co-ordinate 
and two covalent bonds through the four 
nitrogen atoms This results ın one five- 
membered and two six-membered rings 
forming a chelate compound Table 1 shows 
the results of calculations to test the planar- Ng 
ity of these rings 

Table 1 shows that the five-membered 
and the two six-membered rings are planar 
The angle between plane 2 and 3 1s 138 3°, 
between 2 and 4 1s 146 4° and between 


Sad 


1232° 


N 

Paa mr 

127 2°47 203 A t 98A KA o A 
sok ee Le aa 
J K Bak 20i A g a 
E BBA 

1728 ar ae (oni a a 
1096 one oe Ee, $ ; 


130A/ ™ 1276° TES 


wer Ag” 891° p 


Ng 4 3 


e í p 132A 
130A 449 — 1089 113377 ask 130A 
N 
C4 \ f C3 d 
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Fig 2 Bond lengths and bond angles of ethylenebidiguanide silver (III) nitrate 
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Crystal Structure and the Lower 
Phase Transition in Solid 
Deuterium Bromide 


THE study of crystal structure and phase transition in 
hydrogen and deuterium chlorides reported ın two previ- 
ous communications? has now been extended to cover 
the temperature range 4°-150° K A comprehensive 
communication reporting on these mvestigations 1s in 
preparation Meanwhile, the structure investigations are 
continuing to cover the remaining hydrogen and deute- 
1um halides 

It has been known from specific heat measurements?‘ 
that solid deuterium bromide undergoes two second-order 
phase transitions, both spread over temperature ranges 
of several degrees (lambda transitions) The lower 
transition 1s completed at about 93 5° K, the upper transi- 
tion at about 1203° K This behaviour is markedly 
different from that of hydrogen bromide®, which has three 
second order transitions in the solid state The two upper 
transitions are very close to one another, the one being 
completed at about 113 6° K, the other at about 116 9° K 

X-ray powder photographs taken of sohd hydrogen 
bromide by different researchers have been interpreted 
differently Ruhemann and Simon!’ suggested that 
hydrogen bromide has a face-centred orthorhombic 
lattice over the entire solid range Natta’, however, 
claimed that in addition to the face-centred orthorhom- 
bic phase there ıs also a face-centred cubic phase 
restricted to a narrow temperature range between the 
two upper phase transitions We think that both con- 
clusions were erroneous The suggestion of Ruhemann 
and Simon was based on the presence of a few persistent 
low angle lines which were probably caused by impurities 
On the other hand, Natta’s claim regarding the tempera- 
ture range of the face-centred cubic phase can be attributed 
to the large uncertainty of his temperature estimates 
and to his apparent lack of X-1ay data above 120° K 
These early X-ray studies revealed only the location of 
the bromine atoms but gave no clue regarding the location 
of the hydrogen atoms 

Subsequent expermmental investigations using dielectric 
constant®-!, optical, spect: oscopic-*4, nuclear magnetic 
resonance**, and inelastic neutron scattering** tech- 
niques led to the conclusion that below the lowest transi- 
tion region, both hydrogen bromide and deuterium brom- 
ide have an ordered structure composed of hydrogen- 
bonded zigzag chains Various stiuctural models of this 
type were put forward, those consisting of antiparallel 
chains being more favoured, following earlier theoretical 
piedictions The higher phases were thought to be 
associated with various kinds of disorder in the orientation 
of the molecules Though the type of orientational 
disorder could not be specified unambiguously, it was 
generally agreed that the molecules could not rotate 
freely m any of the solid phases No suggestion has been 
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put forward to account for the two upper tiansitions in 
hydrogen bromide 

To resolve these ambiguities, the ciystal structure 
of solid deuterium bromide was investigated by X-ray 
and neutron powder diffraction methods using the 
experimental techniques described ın previous com- 
munications? X-ray powder photographs taken at 
86°, 92°, 95°, 107° and 118° K showed that the bromme 
atoms form a face-centred orthorhombic lattice over the 
entire 86° K to 118° K temperature range, that 1s, 11ght 
up to the end of the upper transition region The volume 
of the face-centred orthorhombic unit cell inercases 
with the temperature over the entire range investigated 
The total volume increase over the lower tiansition 
region (stretching from about 74° K to about 93 5° K) is 
approximately 1 4 per cent and ıt ıs strongly anisotropic 
only the a and b parameters increase, the c parameter 
decreases A conspicuous feature of all X-ray powder 
photographs taken in the 86°-118° K range is the blurring 
of the medium and high angle Imes They are markedly 
different ın appearance from the much sharper X-ray 
powder hnes recorded above the upper transition region 

The unit cells of deuterrum bromide derived from the 
neutron powder diffraction patterns recorded at 84° K 
and 107° K agreed m size with the face-centred ortho- 
rhombic unit cells derived from the X-ray powder photo- 
graphs, but ther symmetries were different at both 
temperatures The space group of deuter1um bromide 
at 84° K was found to be Bb2,m—the same as that of the 
ordered low temperature phase of deuterium chloride’? 
On the other hand, the space group of deutermmm bromide 
at 107° K was found to be Boom Neutron diffraction 
patterns recorded at 88° K and at 91° K showed a gradual 
change from space group Bb2,m to space group Bbem 
This was particularly conspicuous in the case of the (101) 
peak the mtensity of which decreased rapidly with ın- 
creasing temperature until ıt disappeared altogether 
above the lower transition region This 1s ulustrated m 
Fig 1 where the absolute values of the F(101) and #(111) 
structure factors observed at four different temperatures 
are plotted The specific heat of deuterrum bromide** 
over the lower temperature region ig shown m Fig 2 

These findings can be interpreted as follows Deutei- 
1um bromide below the lower transition region 1s 1somor- 
phous with the low temperature phase of deutenum 
chloride!:?, that ıs, ıt has an ordered crystal structure 
composed of parallel plane zigzag chains The results 
of the least-squares refinement of this model are sum- 
marized in Table 1 

The crystal structure of deuterrum bromide in the 
“middle phase” lymg between the two transition 1egions 18 
disordered The disorder ıs orientational each molecule 
has two equilibrium orientations, one Js the same as m 
the ordered phase, the other opposite to ıt The unit 
cell of this disordered middle phase 1s shown in Fig 3 
The results of the least-squares refinement of this model 
are summarized in Table 2 





84 88 91 
Temperature (° K) 


107 


Fig 1 Plot of the absolute values of F(101) and F(111) structure factors 
for deuterium bromide observed at 84° K, 88° K, 91° K and 107° K 
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Table 1, STRUCTURAL DATA OF DEUTERIUM BROMIDE AT 84° K 


Lattice parameters 
a=5 444002 A, b=5614+0005 A, ¢=6 12040005 A 


Space group Bb2,m, No of molecules in the unit cell 4 
Fractional positional parameters of the atoms 


E Y 2 
Deuterium 0 075 +0 002 Q 179 + 0 003 0 
Bromine 025 0 0 
Isotropic temperature factors of the atoms (Bin AY) 
Deuterium 50405 Bromine 21+04 


D-Br bond length 1 38+0 03 A 
Br-Br-Br angle ın the chain 91° 48’ +10’ 
R factor after sıx cycles of :sotropic refinement R,=4 5jper cent 


Table 2 STRUCTURAL DATA OF DEUTERIUM BROMIDE AT 107° K 


Lattice parameters 
@=5 550+0005 A, b=5 64940005 , ¢=6 09540005 A 


Space group Bbem, No of moleculesin the unit cell 4 
Fractional positional parameters of the atoms 


Ed y zZ 
Deuterium ~0 17240006 +0177+0 004 9 
Bromme 0 0 0 
Isotropic temperature factors of the atoms (B in Å?) 
Deuterium 84408 
Bromine 44+08 


D-Br bond length 1 38+004 A 
Br-Br-Br angle in the chain 90° 56’ + 4’ 
R factor after six cycles of anisotropic refinement 2R,=6 per cent 


Because of the small difference between the lattice parameters @ and,b in 
the middle phase, the powder peaks considerably overlap in this region This 
explains the somewhat higher value of the R factor and the great uncertain- 
ties of the temperature factors The positional parameters, however, are 
expected to be accurate within the limits stated 


In the lower transition region, deuterium broinide 
forms a mixed crystal the two components of which are 
the ordered low temperature and the disordered middle 
phases The composition of the mixed crystal varies 
continuously with temperature and the two components 
are miscible in all proportions In othe: words, the crystal 
structure of deuterium bromide in the lower transition 
region 1s a substitutional solid solution of two “types” 
of deuterrum bromide molecules One type has a single 


Cp (cals/mole) 


107° 








0 L. Aamen 


80 70 80 90 Te 100 110 
Temperature (° K) 


Fig 2 The specific heat of deuterium bromide over the temperature 

range 60° K to 100° K The arrows indicate the temperatures at which 

the structure factors in Fig 1 were recorded The vertical dashed line 

marks the end of the lower transition region Theshghtly sloping dashed 

ine gives an idea of the temperature range in which the specific heat 1s 
“anomalously” high 
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DBr 


Bbem lA 


Fig 3 The unitcellof the disordered middle phase @, The equilibrium 

position of bromine atoms in the plane of the page, O, the equilibrium 

position of bromine atoms ab z=¢/2, ©, the equilibrium position of 

deuterium atoms in the plane of the page, and o, the equilibrium posi- 
tion of deuterium atoms at z= c¢/2 


equlibrium orientation, characteristic of the ordered 
low temperature phase, the other type has two equilibrium 
orientations, characteristic of the disordered muddle 
phase The two types of molecules form a continuous 
series of solid solutions, which follow Vegard’s law and 
whose composition varies continuously with temperature 
The volume requirements of the two types of molecules 
differ by less than 1 4 per cent which does not prevent the 
formation of an apparently homogeneous phase over the 
lower transition region; nevertheless 1t 1s sufficient to give 
rise to mechanical strains in the specrmen This explains 
the blurred character of the X-ray powder hnes in this 
region It also suggests that the distmbution of the two 
types of molecules among equivalent lattice sites 18 not 
entirely random It is more hkely that molecules of the 
same type form small domains dispersed over the entire 
specimen 

Because in the disordered middle phase /°(101)=0, the 
composition of the solid solution can be estimated by 
taking the ratio of the absolute value of F(101) observed 
at a given temperature to the absolute value of (101) 
calculated for the ordered low temperature phase This 
ratio 1s expected to give the ratio of the number of 
deuterram bromide molecules in the ordered low tempera- 
ture phase to the total number of deuterrum bromide 
molecules in the specrmen The values of this ratio at 
84°, 88°, 91° and 107° K, expressed in percentages, are 
shown ın Fig 4 The dashed curve in Fig 4 should only 
be considered as indicative of the composition of the solid 
solution ım the lower transition region for two reasons 
First, the number of observations 1s too small, second, 
deuterium bromide 1s expected to show thermal hysteresis 
ım the lower transition region simular to that observed 
in hydrogen bromide*? Thus the composition of the solid 
solution may depend not only on the temperature but also 
on the direction ın which the lower transition region 1s 
traversed The data in Fig 4 were obtaimed when the 
region was traversed in the direction of increasing tempera- 
ture It 1s teresting to compare the lower transttion of 
deuterrum bromide with the single transition in deuter:um 
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#? (101)/#e(101) (per cont) 





80 85 90 To 95 
Temperature (° K) 

Fig 4 The ratio of the absolute value of (101) observed at a given 

temperature to the absolute value of F(101) calculated for the ordered 

Jow temperature phase The ratio should give the ratio of the number of 

deuterium bromide molecules in the ordered low temperature phase to 


the number of deuter1um bromide molecules in the specimen The ratio 
1s expressed as a percentage Temperatures 84° K, 88° K, 91° K and 


chloride? On the molecular level both transitions are 
discontinuous—the molecule 1s either ın one state or in 
another—and both are accompanied by a discrete change 
in the volume requirement of the molecule But while 
in deuterium chloride the transition from the low tempera- 
ture phase with a single equilibrium orientation into the 
high temperature phase with twelve equilibrium orienta- 
tions 1s accompanied by a volume change of about 19 
per cent (in preparation) and the transition takes place 
within a temperature region much narrower than 1° K, 
in deuterium bromide the transition from the low tempera- 
ture phase with a single equlbrium orientation into the 
middle phase with two equilibrium orientations 1s accom- 
panied by a volume change less than 1 4 per cent and the 
transition of all molecules in the specimen 1s spread over a 
temperature range of some 20° K 

Although the X-ray and neutron diffraction work de- 
scribed ın this communication refers to deuterrum bromide, 
the available experimental evidence suggests that the 
results obtained are apphcable to the lower transition 
region of hydrogen bromide as well The investigation of 
a possible hysteresis effect both ın the orthorhombic 
lattice parameters and in the composition of the solid 
solution over the lower transition region 1s ın progress, 
so 1s the study of the crystal structure of both hydrogen 
and deuterium bromides ın the upper transition regions 

We thank M D H C Harris and the staff of the Dido 
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Harwell and C Hotston of Queen Mary College for 
techmical assistance We also thank the Neutron Beam 
Research Committee and the Science Research Council 
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CHEMISTRY 


Activation of Small Molecules by 
Transition Metal lons and their 
Complexes 


A QUALITATIVE, symmetry based view of the nature of 
the bonding in so-called x-complexes of unsaturated 
organic molecules with transition metals was put forward 
by Dewartand Chatt? Simultaneous charge transfer from 
filled ligand orbitals to unfilled metal orbitals and from 
essentially non-bonding metal orbitals to antibonding 
ligand orbitals forms the basis of a model which success- 
fully explains, for example, the change m the C—O 
stretching frequency of co-ordinated carbon monoxide 
compared. with that of the free ligand The relative ım- 
portance of “forward donation” and “‘back-donation” 1s 
not a matter for generalization; a theory of the bonding 
in Zeise’s salt suggests that they are comparable? even 
for such a relatively poor acceptor as ethylene 

Largely as a result of crystal structure determinations 
during the past year or so, the geometries of co-ordinated 
ligands are now much better known As such, the implica- 
tion of the Chatt-Dewar model—that the wave function 
describing the bonding ın metal complexes will contain 
functions representing excited states of both the metal 
and ligands—can be examined in some detail by citing 
some of the structural data on carbon disulphide, acetyl- 
ene, butadiene and oxygen complexes of transition metals 
m low valence states 

The structural analysis, by X-ray diffraction methods, 
of bistrrphenylphosphine platnum carbon disulphide 
shows‘ the co-ordinated carbon disulphide to be non- 
linear, the S—C—S bond angle being 136°, the mean 
C—S bond length ın the co-ordinated molecule is 1 63 A 
Carbon disulphide, in its electrome ground state, 1s lmear 
with a C—S bond length of 155A; the lowest excited 
state (3A,) of CS, 1s bent—the angle being 135° and the 
mean C—S bond length 1 64 Å (ref 5) These values are 
identical, within experimental error, to those found m 
the platinum complex A qualitative view of the change 
in geometry of carbon disulphide on excitation follows 
from Walsh’s rules, the principal assumption of which 18s 
that a molecular orbital of an AB, system has lower 
energy if, on changing the bond angle at the central atom 
A, the molecular orbital changes from being built up from 
a p-type atomic orbital on A to one built up from an s-type 
atomic orbital on A (ref 6) That bendmg of the molecule 
lowers the =* energy level by an electron volt or so 
presumably has an equivalent in the metal complex in 
so far as overlap of metal d-orbitals with this modified 
antibonding orbital ıs larger 

Ingold and King? were the first to recognize that the 
geometry of a molecule m its excited state can be very 
different from that in its electronic ground state They 
found that the 14x excited state of acetylene was trans- 
bent with a C—C—H bond angle of 120° and a C—C 
bond length of 138A, the érans-bent geometry 1s stabil- 
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ized to some extent, compared with a czs-bent structure, 
through the minimization of non-bonded repulsion nter- 
actions In both bistriphenylphosphime platinum diphenyl- 
acetylene? and hexacarbonyldiphenylacetylenedicobalt*® 
the drphenylacetylene 1s czs-bent, the C—C—Ph bond 
angle averaging 140° and the C—C bond length 139A 
In these complexes, non-bonded interactions with the 
metal will favour cvs-bending, Kroto and Santry’ have 
suggested that a cvs-bent excited state of acetylene has a 
bond angle of 142° and a carbon-carbon bond length of 
13884 ‘These values are again identical, within exper- 
mental error, to those observed in the metal complexes 

Unfortunately, there 1s no structural analysis available 
of ethylene co-ordinated to a transition metal which has 
the accuracy of the other determinations discussed here 
This 1s a pity because there 1s some evidence that an 
excited state of ethylene has a geometry m which the 
molecule distorts into a pyramidal configuration for the 
atoms surrounding each carbon atom This 1s the essential 
stereochemistry of the co-ordmated carbon atoms in 
bistriphenylphosphine platinum tetracyanoethylene!! and 
racemic iron tetracarbonylfumaric acid’? 

The geometry of butadiene or quasi-butadiene com- 
plexes of metals has recently been renewed!* The mole- 
cules fall into two distinct classes in which the butadiene 
fragment ıs respectively trans to the cyclopentadienyl or 
to the tricarbonyl group The mean dimensions (+0 03 A) 
of the butadiene ligand in these two examples are 


1°49 





The Huckel molecular orbital predictions of the geo- 
metry of butadiene ın 1ts ground and lowest excited states 
are 


1 36 1°45 
1°45 1:39 
1°36 1:4 
Ground state Excited state 


Excitation leads to a change m bond alternation which is 
also found in the x-cyclopentadienyl metal butadiene 
complexes, the butadiene ligand trans to the tricarbonyl 
group has an intermediate structure, the geometry bemg 
roughly one corresponding to a superposition of the 
electronic ground and lowest excited states of the free 
ligand These results are in keeping with the fact that the 
carbon monoxide ligand 1s a much better acceptor than 
n-cyclopentadienyl and are a useful remmder of the 
importance of the nature of trans-hgands in a complex 
(see later) 

Discussion of the bonding of molecular oxygen to 
transition metals 1s not new, but four recent and precise 
structural investigations seem to add a good deal to the 
understanding of the problem 

The oxygen molecule in decammuine-p-peroxo-dicobalt 
monosulphate trzs-(bisulphate)4 bridges the cobalt atoms 
so that the Co—O—O—Co group ıs planai, the O-—-O 
distance bemg 131A This is very close to the bond 
length ın the O,- 10n (1 28 A) and a good deal less than 
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that of the peroxide ion (149A) A quite different mode 
of bonding 1s found m some mononuclear imdium com- 
plexes!5-?7 The oxygen molecule occupies an equatonial 


L 


m 


position in a trigonal bipyramidal arrangement around 
the iridium, the oxygen-oxygen bond length varying 
considerably Ib ıs 130+003A when L,=L,=Ph,P, 
L,=Cl and L,=CO, 151+003A when L,=L,=Ph,P, 
L,=1 and £,=CO and, finally, in a chelating phosphine 
complex D,L,=L,L,=Ph,PCH,CH,PPh,, the O—O dist- 
ance ıs 165+002A This last distance, in particular, 
pomts out very clearly the shortcomings in discussions of 
the co-ordinated oxygen molecule m terms of 0,” in this 
type of complex If the bonding of oxygen 1s simular to 
those in the other z-complexes we could imagine that its 
structure would approximate one corresponding to the 
excitation 


at #2 > m? n*? 


in the free molecule The precise amount of electron den- 
sity transferred to antibonding orbitals on the oxygen 
through the intermediacy of the metal will depend on the 
remaimng ligands ın the complex The two identified 
excited states arising from the x? 7*? configuration are the 
3y+—the weak Herzberg and stronger Schuman—Runge 
systems The O—O distance in the E} state is 142A 
but 1s 1 60 A in the *Z> state’*, this latter value is close 
to the value in the bis-chelating phosphine complex The 
variation in the O—O distance reflects the presence of the 
strong 7-accepting carbonyl ligand in two of the complexes 
while the difference between the chloro- and 10do-com- 
plexes 1s a comment on their different donor and acceptor 
relations with the metal Correlation effects are largely 
responsible for the difference in geometry between the 
3d and °X, states of oxygen, but other correlation effects 
must intervene in the metal complexes—they are dia- 
magnetic—and it 1s not obvious why it 1s the È, state 
which seems to approximate the geometry in the metal 
complex The *X) excited state of oxygen must have a 
simuar internuclear distance to that of the #2) state, but 
emphasis on the precise spin and orbital characte: of the 
co-ordinated ligand is misplaced to some extent In all 
complexes, the metal ligand—bond energy must be more 
than comparable with ligand correlation energies 

It 1s interesting to examine the possible reasons for the 
two extreme types of bonding of oxygen—the o-bonded. 
species in binuclear complexes and the z-bonded arrange- 
ment in mononuclear systems (the number of mononuclear 
complexes with “‘unidendate’”’ oxygen 1s hkely to be very 
small indeed) When the transition metal ion is in a 
relatively high oxdation state, d orbitals will be consider- 
ably contracted compared with that m the zerovalent 
state, overlap with antibonding x* levels on the oxygen. 
will be small and a o-bonded arrangement of the kmd 
found in the dicobalt peroxo-species will be favoured In 
complexes such as the iridium ones mentioned earher 
and bistriphenylphosphine nickel—and platmum— 
oxygen, the x-bonded arrangement will be energetically 
preferred 
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The correspondence between a simple valence bond 

description of the structure of, say, ethylene complexes 
gy 
BL | 
CH, 

where one imagines localized metal-carbon c-bonds, the 
formation of a three membered ring and rehybridization 
of the carbon atoms, and that which emerges from a 
molecular orbital model, has been emphasized for the 
particular example of butadiene complexes’® The valence 
bond model 1s less satisfactory because it 1s not useful in 
predicting the changes of geometry consequent on the 
variation of the tans ligands and/or substituents in the 
hgand itself 

The ligand geometries can be discussed in terms of then 
polarization by the electric field of the metal 10n, con- 
cepts such as the “softness” of the ligand can also be 
introduced but are not considered to be particularly 
helpful 
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Transport of lons against their 
Concentration Gradients in an 
Analogue System for Active 
Transport using Charged Membranes 


To transport an ion against 1ts concentration gradient 
requires energy, which in the biological membrane 1s 
supphed by metabolic or chemical reactions By the 
Curie—Prigogine principle of non-equilibrium thermo- 
dynamics, a vector flow of 1ons resulting from chemical 
coupling can only be achieved m an asymmetric mem- 
brane system!-* This ıs a consequence of the different 
tensorial order of the chemical and diffusional thermo- 
dynamic forces, which are scalar and vectorial, respectively 
Any membrane system which will transport :ons against 
their electrochemical potential gradients using a chemical 
reaction as a driving force must therefore be asymmetric 
in the direction of active flow containing, for example, 
two membranes of different character through which 
the ions must pass 

A common. assumption in the theories of active trans- 
port is that the 10n transported ıs at some stage attached 
to an activated carrier molecule which, on passing the 
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membrane, 1s deactivated and 1eleases the freeion The 
most remarkable feature of biological systems ıs the 
extremely high specificity of the active transport or pump 
mechanism for a particulai ion, sodium, calcium and 
other 1on pumps are well known In the simple physical 
model system described here, no attempt could be made to 
parallel such specificity or to use an 10n for which a known 
biological pump exists The object was simply to con- 
struct a pump mechanism for an 10n, using a known 
chemical reaction as a driving force, a specific carne 
mechanism and charged membranes of known character- 
istics This exereise was thought to be useful because 
known biological pumps occur ın very complex systems, 
where the physical nature of the membrane, the carrier 
mechanism and the metabole driving 1eaction are not 
sufficiently well known 

In outline the model pump consists of a two membrane 
system and contains three solutions, a, bande Membrane 
I is a simple cation exchange membrane which 1s effec- 
tively impermeable to anions The cation to be pumped, 
A, 1s in the simple aquo or uncomplexed form in solutions 
aande Inb, however, it 1s complexed by the anion of 
a weak acid with which it forms an uncharged species 
AX There is thus set up a concentration gradient for 
the A 10n across membrane I, driving this 10n into solution 
b When A passes into solution b ıb 1s complexed by an 
excess of the hgand X so that effectively no free A 18 
present Membrane TI 1s designed to allow AX to pass 
through into solution c while retaining in b the anome 
complexing hgand X, ıb 1s therefore a cation exchanger 
on the side facing solution b On passing through TI, 
by diffusion, into solution ¢ the complex AX ıs destroyed 
by strong acid, releasing the free ion A and associated 
weak acid HX To prevent back diffusion of A and free 
hydrogen 10n, membrane II 1s an anion exchanger on 
the side facing solution c. The membranes are so designed 
that they will act as one way “valves” allowing 
only those tons involved in active transport to pass, 
retaimng in b the complexing ligand and in ¢ the trans- 
ported A and hydrogen ion As this system operates, a 
concentration of associated HX will build up in solution c 
and back diffusion of this acid into b will become impor- 
tant Agan we assume that membrane II 1s imperm- 
eable to 10ons but not to neutral species Because b con- 
tains the salt of the weak acid, 1t 1s alkaline If we there- 
fore cousider a system in which the pHs of b and c are 
maintained, a steady state will be reached such that the 
concentrations of HX in ¢ and anion X in b will remain 
constant In such a system the net chemical reaction will 
be the reaction of hydrogen and hydroxyl ions to form 
water 


I II 
Als |44+X=24xX [5 | AX+H=440X 
OH+HX | <| HX 
Ls 04% 
a b c 


In principle also ıt may be noted that the role of the 
weak acid may be replaced by a suitable redox system in 
which the anionic ligand 1s created in b and destroyed in 
c by the action of oxidants n b and reductants m c 

In the simple physical system described here cupric 
1on was chosen as the ron to be actively transported, using 
as carrier the neutral acetate complex CuAc, In solu- 
tions a and c the copper 1on 1s im the uncomplexed form 
in a medium of sodium nitrate Solution e, however, 
contains nitric acid initially 01 molar and acetic acid 
equal to that required ın solution b The central compart- 
ment b contains the complexing acetate, present as sodium 
acetate, of equal concentration to the sodium nitrate of 
a and c plus 0 02 molar acetic acid to prevent copper 
precipitation as hydroxide Solution b has pH 9 The 
concentration of acetate was chosen as 046 molar to 
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give maximum concentration of the complex CuAc, (ref. 4) 
which 1s ın practice close to 50 per cent 

Membrane I ıs a commercial cation exchanger (AMF 
C 103, supphed by American Machine and Foundry Co ) 
and is highly impermeable to amions Membrane II 1s a 
supported membrane of hydrous zircoma held ın the pores 
of a plastic PVC fmt Zirconia is an amphoteric ion 
exchanger which has cation exchange properties in base 
and anion exchange im acid solutions and negligible 
exchange characteristics ın neutral solutions’ The 
bathing solutions b and ¢ are, respectively, basic and acidic, 
so the zirconia behaves as a sandwich of cation and anion 
exchangers It was chosen in preference to a pair of com- 
mercial exchangers because of 1ts rather more open 
structure Such a double membrane will effectively 
present a barrier to both anions and cations while allowing 
“normal” permeability to uncharged species, this permea- 
bihty bemg some function of the membrane structure 
and independent to a first degree on the membrane 
charges 

The experimental apparatus consisted of a ‘Perspex’ 
cell with three compartments, a, b and c, provided with 
mechanical stirrers, and with working volumes of 116 ml 
each. These compartments were separated by membranes 
I and II, which had cross-sectional areas of 5em? Experi- 
ments were carried out at 20°+3° C Copper ion was 
analysed spectrophotometncally in 2 molar ammonia 
solution at a wavelength of 6300 A‘, sodium by flame- 
photometry and total cation content by 10n exchange for 
hydrogen ion and titration 

Two preliminary experiments were carried out on the 
reduced system solution a, membrane I, solution b, 
and solution b, membrane II, solution c In the first 
experiment, the total copper concentrations m a and b 
were equal at 002 molar Analysis showed that cupric 
10n left solution a and entered b at a rate which was almost 
steady durmg a period of days, while sodium was trans- 
ported ın the opposite direction, from b to a, m amounts 
equivalent to those of copper ions This was verified by 
a constant total cation analysis of solution a during the 
experiment, indicating that transport of one copper 10n 
from a was accompanied by transport of two sodium ions 
ae i These results are summanızed ın Table 1 and 

Ig 

In the second experment, a small increase of 3 per cent 
in the total copper ion in c was observed after a period 
of 2 days and no net sodium ion transport was detected. 
Analysis of the acid content of c showed that twenty 
times as much acid was used up in this period as would be 
required to destroy the copper complex transported, but 
1t was equal to the decrease in the base concentration of b. 
This consumption of acid and base results from the mter- 
action of these ions to form water within the zirconia 
membrane 

To achieve an almost steady state concentration of 
copper ton in b durmg experiments on the complete cell, 
the initial total concentration of copper in b was increased 
to 004 molar Over a period of 7 days there was copper 
transport from solution a to c, during which the pHs of 
b and c were maintained approximately constant by the 
addition of 20 mequiv. of sodium hydroxide or nitric acid 
in @ total volume of 2 ml added in small amounts over the 
period of the expermment After 5 days, solution a was 
considerably depleted of copper and was replaced with 
fresh original solution The total copper concentration 
in b remained constant in the last 2 days of the experi- 
ment so that the number of copper ions leaving solution 
a equalled those reaching c in the same period Analysis 
for sodium again showed that sodium 10n transport from 


Table 1 
Time Copper ions transported Sodium ions transported 
(days) (mequry ) (mequiy ) 
a 
089 —0 712 +0 666 cores =z 
3 90 —2 42 +256 —25 -25 
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Table 2 
Concentrations of copper Copper ions transported 
Time Solution (molar) (mequiv ) 
(days) (ml) a b c a b c 
8 115 00200 00400 006200 0 o 8 
4 115 00100 00450 00245 —230 +115 +104 
5 110 00080 00470 00255 —274 +159 +126 
6 105 0 0183 00480 00265 —317 +179 +147 
7 100 00166 00480 00275 ~344 +179 +167 


b was coupled with copper transport in the opposite 
direction The removal of copper 10n from solution a 
leaves that solution negative with respect to 6 and sets 
up an electrical potential gradient across the membrane 
I The gradient can only be reduced by sodium transport 
with the electrical gradient from b to a because this cation 
exchenger 1s effectively impermeable to amons Analysis 
of the sodium contents of b and c shows that there 1s a 
small sodium flow from c to b by salt diffusion through 
membrane II These results are summarized in Table 2 
and Fig 1. 

In this simple system it 1s therefore possible to use a 
net chemical reaction to cause the directed flow of cupric 
and sodium ions : copper ion by virtue of 1ts ability to 
form a neutral acetate complex and sodium by non- 
selective electric couphng with the copper 10n fow The 
section membrane I, solution b, membrane II, parallels 
the function of the biological membrane, at least ın prin- 
aple, and contains the essential asymmetry required by 
the Curie-~Prgogine prmciple In the case of the frog 
epithelium, which actively tzansports sodium ion, the 
bathing solutions need not be other than chemically 
identical so that the membrane itself must contam all 
the ingredients necessary for the specific active transport 
of sodium ion and so include within itself the whole 
metabolic and carrier chemistry Unpublished results of 
H H Ussing have shown that the frog epithelrum has 
the property of a degree of electrolytic rectification , 1b 
conducts electric current more easily in one direction 
than in the other This 1s also a general property of a 
sandwich of cation and amon exchangers 

In this simple analogue system zirconia plays the same 
part because absorbed salt depletion or concentration 
within the membrane causes its resistance to increase or 
decrease according to the direction of current In the 
initial solution conditions of the experrment on the com- 


mequiv of copper ion<transported 





Fig.1 ©, ExpermentI, ©, a experiment ITI, Q, b experiment III, 
O, e experiment III 
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posite membrane system a current of 18 or 26 mamp 
flowed between copper electrodes ın a and c under a con- 
stant 6 V supply dependent on the direction of the applied 
field This analogy may point to the more general validity 
of this type of ion barrier m the biology of active trans- 
port 
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Detection and Location of N-Methyl- 
amino-acid Residues in N-Acyloligo- 
peptide Methyl Esters by Mass 
Spectrometry 


IN a previous communication? we described a procedure 
for complete N-methylation of peptide -CONH- groups 
in oligopeptide derivatives A mixture of methyl iodide 
and silver oxide in dimethylformamide was used as the 
reagent This reagent is also capable of methylating 
-OH or -SH groups It was shown that the N-acyl- 
oligopeptide methyl esters exhibited enhanced. volatility 
after methylation, and that the permethylated products 
were more suitable for mass spectrometric sequential 
analysis of their amino-acid residues 

It has not been possible to detect and locate with cer- 
tainty the presence of an N-methylamino-acid residue in 
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a peptide by mass spectrometry because the mass number 
as well as the elemental composition of a given amino- 
acid and its N-methylated lower homologue (for example, 
leucine and N-methylvaline) are the same We describe 
here a method of solving this problem, making use of the 
mass spectrometric shift techmque? 

A comparative study of the mass spectra of an N-acyl- 
ohgopeptide methyl ester and 1ts permethylated derivative 
provided information on the presence as well as the 
location of originally existing N-methylamino-acid residues 
in oligopeptide derivatives (1) The increase in molecular 
weight after complete N-methylation indicates the num- 
ber of methyl groups troduced in the molecule and thus 
the number of peptide -CONH- groups (together with 
-OH. -SH groups, if present) m the olgopeptide 
derivative before methylation (2) Each amino-acid 
residue which had gained a methyl group revealed itself 
by an increase of 14 mass units recognizable from the 
peaks arising by peptide bond cleavage (3) An amino- 
acid residue with its peptide mtrogen originally methyl- 
ated or fully substituted showed no change m mass 
number after methylation (unless ıt contained other 
methylatable functional groups), and thus its position 
could be determined 

To illustrate the foregoing approach we have chosen 
fortuitime (I) as a model compound This naturally 
occurring peptidolipid® 1s composed of nme amimo-acid 
residues including two N-methylleucines and one proline 

The sequence of nme amino-acids in fortuitine was 
deduced by mass spectrometry and was reported pre- 
viously! Comparison of the mass spectia of fortuitine (I) 
and its permethylated derivative (II) discloses that the 
molecular weight has mcreased by 84 mass units on 
methylation This corresponds to six (6x14, Val Thr; 
Ala) methyl groups being incorporated in the molecule, 
ın agreement with the proposed structure of fortuitine. 
It 1s evident from the mass spectra (see Table 1 and 
Fig 1) of fortwitine and permethylfortuitine (IT) that only 
the mass of each newly N-methylated amino-acid residue 
has increased by 14 mass units after methylation This 
therefore allows us to locate exactly the two N-methyl- 
leucme units ın fortutine (I) 


Table 1 FRAGMENTATION OF FORTUITINE (1), PERMETHYLFORTUITINE (I1) AND PERDEUTERIOMETHYLFORTUITINE (II) 


—2CH,COOH (2 x 60 = 120) 


83: 83: 71: 128 


77 H,0 #- H ; 
874° 957' 104071111! 1239 (M-120) 


| ~- 2CH,COOH (2 x 60 = 120) 


a27 a 97' 97" 85; 128 


CH,(CH,).-CO }-MeVal i -MeLeu ' -MeVal!-MeVal-MeLeu }-MeThr{-MeThr!-MeAla -Pro-OMe 


, 7H,0: ~H,0. 
916! 1013* 1110! 1195:1323 (M-120) 


| ~— 2CH,COOH (2 x 60=120) 


116} 127: 100; 100} 88} 128 


: 
H 
i 
H 
H 
‘ 


! d; H ids ‘dz ida ids ids 
CH,(CH;)n-CO ! -MeVal ; -MeLeu | -MeVali-MeVal, -MeLeu i -MeTd į -MeThr i -MeAla i -Pro-OMe 


H 
Hi 
H 
? 


i-H,0! -H,0; i 
925i 1025 1125! 1128! 1841 (M-120) 


~Ac “e 
(I) CH,(CH,)n-CO-Val-MeLeu-Val-Val-MeLeu-Thr-Thr-Ala-Pro-OMe 
n= 18 or 20 (M+ 1,359 for n =20)* 
Y 
Massunitst ; 99; 127: 99: 99; 127! + 128 
(Ia) CH,(CH,).-CO i -Vali-MeLeu į -Val!-Val:-MeLeu H -Thri- a t- Ala! -Pro-OMe 
mjet i 422! 549! 648i 747! 
For n= 20 
(IT) Permethylfortuitine (molecular weight 1443 for z= 20) 
| 
Mass unitst : 113: 127: 113° 113: 
(IIa) 
mfeti 436! 563! 676! 789! 
For n=20} 
(III) Perdeuteriomethylfortmtine (molecular weight 1461 for n = 20) 
Massunitst : 116; 127; 116: 
(IIa) 
miet 4391 566i «682! 798 
Forn=20 


The mass spectra were obtained with an AEI-MS9 instrument equipped with a direct inlet svstem and operating at 70 eV 


* Portuitine (I) gave a molecular ion peak at m/e 1859 (n =120)' 


Under our conditions fortutine (I) or permethylfortuitine (IT and ITI) did not give 


the molecular ton peaks but instead showed the M-120 peaks corresponding to the loss of two molecules of acetic acid 
+ The numbers underlined represent the nominal mass of amino-acid residues W hich are not methylatable 


t Peaks for n= 18 are observed 28 mass units lower 
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Fig. 2, Mass spectrum of perdeuteriomethylfortuitine R=CH;(CH,)n—where n=18 or 20 


This procedure cannot, however, be used for oligo- 
peptide derivatives which do not give mass spectra before 
methylation, for example, the heptapeptide derivative 


Ac-Gly-Phe-Tyr-Thr-Pro-Lys-OMe 
| 
Ac 


In such cases, the N-acyl peptide methyl ester may be 
treated with a mixture of trideuterio methyl 1odide and 
silver oxide in dimethylformamide to obtain the cor- 
responding perdeuteriomethylated product Comparison 
of the mass spectra of the permethylated and the per- 
deuteriomethylated derrvatives would indicate a shift of 
3 mass units (CH, against CD;) for each N-deuterio- 
methylated ammo-acid residue Such a shift would not 
be observed if the amino-acid residue did not originally 
contam any methylatable hydrogen 

In order to check this approach we prepared per- 
deuteriomethylfortuitine (IIT) The observed mcrease of 
18 mass units (3 x 6) in the molecular weight of (III) [as 
compared with (II)] established the mcorporation of six 
deuteriomethyl (CD;) groups The amimo-acid sequences, 
including the position of the original two N-methyl- 
amuinoleucine residues as well as one prolme, can now be 
unequivocally recogmzed from the mass spectrum (see 
Table 1 and Fig 2) of perdeuteromethylfortuitine (IIL) 

We wish to point out that ıt may be possible to find 
the location of the N-methyl residues origmally present 
from the mass spectrum of the perdeuteriomethylpeptide 
derivative alone Nevertheless, a comparison with the 
mass spectrum of the permethylpeptide derivative makes 


1b simpler to recogmze the position of the onginal 
N-methylamino-acid residue in the peptide chain 
We trust that this method will find successful applica- 
tion to natural compounds of unknown structures 
We thank Mme E. Vilkas of this Institute for the 
gift of fortuitme which made this study possible. 
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Mechanism of Bonding in Aqueous 
Nickelous Nitrate—Magnesium 
Oxide Cements 


Tue low temperature cementation effects ın the mckelous 
nitrate-water-magnesium oxide system have only re- 
eently been reported?! When aqueous solutions of 
nickelous nitrate are added to magnesium oxide powder, 
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a basic salt with the idealized formula of Ni,(OH),NO, 
forms and bonds the magnesium oxide aggregate together. 
A mechanism for the formation of the basic salt and its 
subsequent bonding to the magnesrum oxide grain surfaces 
18 suggested 

When the salts of metallic elements are dissolved in 
water or n other solvents, aggregation of the cations will 
occur ım suitable conditions? This process ultimately 
leads to the formation of polynuclear complexes, and in 
those formed in aqueous solution the metal ions are 
linked by means of hydroxide bridges, as in (A), or 
oxide bridges, as in (B) 


H H H 
BP o 


a Car, \o/ 
H 


(A) 


yrs wo a oe 
arr ve ere 


(B) 


In aqueous solutions, the conditions neces- 
sary to bring about the formation of these 
complexes involve increasing the pH of the 
solution by the addition of OH- ions, or 
inereasing the concentration of metallic 
cations in the solution? 

When an aqueous solution of mckelous 
nitrate ıs added to the magnesium oxide 
aggregate, the water reacts with magnesium 
oxide to form magnestum hydroxide at the 
surface of the grains This reaction increases 
the pH of the cement solution causing nickel 
hydroxide polymers to form 

Cuta et al ° and Veprek-Siska‘ have found 
that solutions of nickel salts are capable 
of such aggregation Veprek-Siska gave 
the following equations for aggregation of mekel in 
aqueous solutions 


[Ni(H,0),]** + H,O = [Ni(H,0),OH}' + H,0+ (1) 


H 
O 

2[N1(80)} 0H] = | (H,0),Ni Ni(H,0),| +H,O (2) 

o 

H 


This process can be extended so that nickel hydroxide 
polymers of infinite length can be obtained A con- 
tinuation of reaction (2) 1s shown below in reaction (3) 


H 


+3 


we 
2 (o Soy pi E AT a a N 


Q 
H 


The ideahzed reactions (1)-(3) lead to the formation 
of -nickel hydroxide ın solution The same reactions 
would be appheable to the formation of basic nickel 
nitrate 


549 


All the known baste nickel nitrates consist of layers of 
nickel hydroxide mterleaved with nitrate 1ons§ Then 
the mekel hydroxide polymers would form as shown ın 
reactions (1)-(3) with the nitrate 10ns positioned between 
these hydroxide polymers This conclusion 1s also con- 
sistent with what is known about the structures of the 
hydroxyhalides of mekel which are considered to be 
Ni(OH), layers with halhde ions and water molecules 
randomly arranged between them‘ 

The water in the cement solution 1s erther bound on the 
surface of the magnesium oxide or held in the co-ordma- 
tion sphere of the mekel ion The product of reaction (3) 
eontains only four nickel 1ons This polymer can be 
extended as long as nickel ions are available in the 
solution 

The bonding of the basic nickel nitrate to the surface 
of the magnesium oxide grains can be ideally visuahzed 
as follows First, water m the cementing solution reacts 
with magnesium oxide to form magnesium hydroxide 
on the surfaces of the grains ‘Then, as this reaction 
proceeds, the basic nickel nitrate precipitates from 
solution and reacts with the magnesium hydroxide that 
is forming 

Consider the end of a mekel hydroxide polymer chain 
from reaction (3) The end of this molecule reacts with 
the newly formed magnesrum hydroxide surface layer ın 
the following manner 


end of polymer cham 





`. `y J% 
= OH- ae 
NHO? === —Ni(H,0),]* +H,0 (4) 
PA “ ~M 7 “ 
H 
So S OH 
sy on a es 
hS XN 
(4,0) 4 (HO-Mg)- a Mg+H,O (5) 
a . a 
FA $ O 
z surface we H, H 


Thus this surface reaction stops the polymerization of 
the salt at the surface of a magnesium oxide grain and 
bonds the basic nickel nitrate to the magnesium oxide 
This process repeated ın many places in three dimensions 
causes the cementing action 

To confirm the presence of a magnesium hydioxide 
layer between the bondmg phase and the aggregate, 
single crystals of magnesium oxide were reacted with the 
cementing solntion Later the resultant hardened cement 
phase was stripped off the single crystals to expose the 
magnesium oxide-cement interface These interfaces 
were then examined using X-ray diffraction techniques 
It was found that a magnesium hydroxide layeı was 
present between the magnesium oxide matrix and the 
cement phase 

Reactions (1)-(3) show how nickel hydroxide or basic 


ye 20), 


vA Do | 


nickel nitrate polymers can form im solution It is thought 
that the heat grven off by the magnesium oxide + water 
reaction at the aggregate surface causes the precipitation 
of the basic salt and its subsequent bonding to the 


+ 46,0 (3) 


No” Do 


OH, 4 
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magnesium oxide grains! If magnesium oxide powder 18 
treated with water, dried and then mixed with the nickelous 
nitrate solution, no cementation occurs If the resultant 
mıxture ıs dried in an oven at 250° F, Ni,(OH),NO,; will 
form, as determmed by X-ray diffraction analysis These 
dried samples, however, could easily be crushed by hand 
pressure indicating that the magnesium oxide grams are 
sumply mechanically entrapped m the basic salt matrix 
For cementation to occur, the nickelous mitrate solution 
must be added to unreacted magnesium oxide grains 
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Possible Formation of an Azulene-type 
Radical obtained on Heating 
3,4-Benzpyrene 


In an earlier communication! we reported that 3,4-benz- 
pyrene (I), an agent known to cause cancer and one of 
the components of tobacco smoke condensate, when 
heated to about 200° C gives rise to free radicals, which 
give well resolved electron spin resonance spectra This 
communication deseribes further work on these free 
radicals 

The relevant spin resonance spectrum (Fig la and b) 
could be completely simulated (Fig 1c) if the following 
splitting constants were assumed a@,=1135 gauss (two 
protons), @,=1 562 gauss (two protons), @,= 2 362 gauss 








ih Wi niei Het 
| et 


Fig 1 Experimental (a, wings under higher gain, b, half-spectrum, M shows midpomt 
of spectrum) electron spin resonance spectrum of 3,4-benzpyrene, heated ın vacuum to 
220° © The computed spectrum, e, was obtained with the parameters grven in the text 


and assuming a linewidth of 50 mgauss 
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(two piotons), a,=5 196 gauss (two protons), a,= 65 469 
gauss (two protons), @,=8 271 gauss (one proton) The 
less well resolved spectrum, reported previously (see 
Fig 3 of ref 1), could also be simulated using the same 
splittmg constants but usmg a larger lnewidth (200 
mgauss) 

The similarity between Fig 1b and c shows that the 
two proton splitting constants m each of the five pairs of 
coupling constants are equal to within at least half the 
linewidth (0 025 gauss) A species, which possesses five 
pairs of equivalent interacting protons, must have appre- 
cable symmetry Lımıtıng the search for a likely species 
to radicals which do not contain other than five, six or 
seven-membered rings, the data indicate the formation of 
radical II (derived from azuleno[1,2,3-cd]phenalene) which 
may be formed by a single bond rearrangement as follows 


e 


I TI 


Alternative structures are species in which the azulene 
system ıs fused to the benzene ring through its seven- 
membered ring (azuleno[5,6,7-cd]phenalene) and a struc- 
ture, similar to II, m which the unpaired electron 18 
located at the other end of the molecule Such species, 
however, are considered less hkely than structure II. 

The possible formation of an azulene-type radical 1s of 
mterest because some simple azulenes readily afford 
radicals! and also because some azulenes have been 
reported to possess anti-inflammatory’, anti-pyretic’, 
anti-rrritant* and, possibly, growth mhibiting®*® prop- 
erties The radicals formed seem to be 
fairly stable im vacuum at temperatures 
between room temperature and 300° C, 
however, ın the presence of other sub- 
stances they may react further For 
example, the radicals formed from benz- 
pyrene combine with air to form a different 
radical, as judged by a drastically altered 
electron spm resonance spectrum Con- 
firmation of the proposed structure of 
the radical, as well as the evaluation of its 
biological activity, would be made possible 
by a synthesis of the parent hydrocarbon 
(II), ıt ıs hoped that this communication 
will encourage the appropriate synthetic 
work. 

The spectra were determined by standard 
methods on a Varian H-3 spectrometer 
To ehminate the possibility that an ım- 
purity might be responsible for the ob- 
served spectrum, 3,4-benzpyrene was ob- 
tamed from several supphers (Aldrich and 
Baker) and a zone-refined sample was also 
used Similar spectra were obtamed for 
each compound on heating 
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BIOCHEMISTRY 


Urinary Hydroxyproline Excretion in 
Phosphate Depleted Rachitic Rats 


THE mcreased output of hydroxyproline peptides ın the 
urine of patients with osteomalacia! has been found to 
increase still further when the rickets are cured with 
phosphate? Studies using “C-prohne mdicate that the 
hydroxyproline in the urme of growing rats ıs derived 
both from recently synthesized soluble collagen and from 
the catabolism of the mature insoluble collagen fibres? 
The experiments reported here were designed to discover 
whether the increased excretion of hydroxyproline m 
healing rickets comes from the synthesis of new collagen. 

Weanling Wistar strain male white rats 4 weeks old 
were divided into two groups, the control group continued 
on a normal diet and the other was fed a low phosphate 
diet deficient in vitamin D (ref 4) for 4 weeks The 
growth rates of both groups were comparable (body 
weight at 8 weeks normal rats 210 g, rachitic rats 140 g) 
and florid rickets developed without severe stunting of 
growth which ın itself may induce changes in hydroxypro- 
line output® The 1achitic rats were divided into two pairs, 
one pair was re-fed with a diet supplemented with phos- 
phate and the other was mamtained on the depleted diet 
After 2 days on this regime, pairs of normal, re-fed and 
depleted rats were given 50 pe of 4CU-proline ntra- 
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peritoneally, placed in metabowls and the expired labelled 
carbon dioxide and radioactive urine were separated from 
faeces collected at mtervals during the next 48-72 h 
The animals were then killed, blood was obtained for 
chemical estimation, and bone and skin were dissected 
out for analysis The urme was hydrolysed with 6 normal 
hydrochloric acid at 126° C for 3 h and the chromogens 
were absorbed onto charcoal, evaporated over potassium 
hydroxide m a vacuum and chromatographed to 
separate proline from hydroxyproline The hydroxy- 
proline was extracted and the specific activity estimated’ 
in three separate fractions, the mean value being plotted 
in Fig 2 

Fig 1 shows the mean excretion of hydroxyproline for 
each pair of rats during each period (the normal excretion 
corrected for body weight) and the specific activity of the 
hydroxyproline excreted in the urine per period 1s shown 
in Fig 2 The amounts and specific activity of the 
labelled carbon dioxide from each group of rats are shown 
in Table 1 The concentration of calerum in the plasma 
was normal for all three groups, and low concentration of 
phosphate m the plasma of the rachitic group was com- 
pletely corrected in the re-fed group 


Table 1 00: EXPIRED BY THE THREE GROUPS OF RATS ABSORBED INTO 


SODIUM HYDROXIDE 


Carbon dioxide uO Specific activity 
(zmoles/ml ) (cpmfml) (cpm /zmole) 
Run I Rachitic 185 360 195 
Re-fed 196 528 270 
Normal 210 620 295 
Run H Rachitic 155 293 18 9 
Re-fed 177 319 18 0 


The output of hydroxyproline was comparable ın the 
rachitic and normal rats (corrected for body weight) 
The maintained output in phosphate deficient rats suggests 
an increased turnover of collagen 1n this state, which could 
be lnked with the increased number of new osteoblasts 
formed along osteoid seams’ On the other hand, second- 
ary hyperparathyroidism, which may occur in osteo- 
malacia, could also merease the resorption of mature 
collagen®, however, i our experiments the serum cal- 
cium was normal and hyperplasia was not found** The 
higher specific activity of urmary hydroxyproline in‘ the 
rachitic rats during the first two periods suggests that the 
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urinary output comes from the degradation of recently 
synthesized collagen, ths has also been recorded n 
vitro with chick bone deficient in vitamin D (ref 11) In the 
re-fed rats the serum chemistry of which had returned to 
normal and the wet bone weight of which had increased, the 
specific activity of urmary hydroxyproline scarcely differed 
from that of normal rats in the first stages, despite the two 
or three-fold increase m the output of hydroxyproline 
It seems that incieased synthesis 1s matched by increased 
resorption mn equal proportions Later m the experment, 
however, a lower specific activity was recorded as resorp- 
tion of non-labelled collagen dommated, but fresh synthe- 
sis continued from an ever-decreasing pool of labelled 
proline There was no evidence of different sized proline 
pools, for total excretion of labelled carbon dioxide derived 
from proline metabolism did not differ significantly m 
the three groups of animals Analysis of the tibial 
metaphyses (Table 2) showed that the specie activity 
of the collagen 2 days after a single injection of labelled 
proline was higher in the rachitic than ın the re-fed anı- 
mals, which suggests that the higher formation rates 1n the 
latter lead to more labelled collagen after 48 h This 
suggestion 1s supported by the higher counts per micro- 
gram of decalcified tissue It seems that after 72 h 
resorption of mature unlabelled collagen ın the re-fed 
rats has raised the specific activity 


Table 2 SPECIFIC ACTIVITY OF HYDROXYPROLINE IN TIBIAL BONE 48 AND 72 H 
AFTER A SINGLE INJECTION OF ™OU-PROLINE 


(c pm fag of hydroxyproline +S D) 


Time Normal Re-fed Rachitic 
48h — 24+03 35403 
72h 56+19 54403 25+07 
c p.m jeg of decalelfied tibial metaphyseal tissue 
48h — 154414 310 +30 


Thus there 1s evidence of mereased collagen turnover 
in rickets, particularly during healing by phosphate 
repletion when increased synthesis and resorption take 
place in almost equal proportions 
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Effect of Phenylhydrazine and Hydro- 
lysed Glucose Cycloacetoacetate on 
Adenosinetriphosphatase Activity 

in Liver Mitochondria 


ALTHOUGH freshly prepared liver mitochondria are unable 
to hydrolyse ATP at a perceptible ratet, damaging liver 
mitochondria is known to bring about ATP hydrolysis? 
Deleterious effects of phenylhydrazine on hver have also 
been reported** 
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It has been suggested that the hydrolysed product of 
glucose cycloacetoacetate plays a beneficial part ın the 
regeneration of hepatic cells damaged by phenylhydra- 
zine’ This product has been reported to affect alkaline 
phosphatase activity and the phosphatases involved ın. 
glycolysis®? Glucose cycloacetoacetate has also been. 
reported to prevent fatty infiltration of liver*, and the 
association of increased ATPase activity with fatty livers 
1s well known? We have therefore tried to study the in 
vitro effect of glucose cycloacetoacetate on the ATPase 
activity of normal mitochondria as well as those incubated. 
with phenylhydrazme hydrochlonde 

Glucose cycloacetoacetate was prepared by the method. 
of West? as modified by Nath et al! The hydrolysed 
product was obtained by the procedure of Nath and 
Nath? A solution of recrystallized phenylhydrazine 
hydrochloride was prepared in redistilled water 

The mitochondria from rat liver were isolated ın 1¢e- 
cold isotonic sucrose—versene (0 25 molar sucrose, 0 005 
molar versene) by the method of Schneider and Hoge- 
boom**, The reaction medium used for the assay of 
ATPase activity contained 0075 molar potassium 
chloride; 005 molar sucrose; 005 molar tris hydro- 
chloric acid buffer (pH 75), 0001 molar EDTA, and 
0005 molar ATP The reaction was allowed to continue 
for 20 min at 26° C and was stopped by the addition of 
10 per cent trichloroacetic acid Inorganic phosphate 
was determined m a sample of the solution by the method 
of Fiske and Subba Row The results are presented in 
Table 1 


Table 1 EFFECT OF PHENYLHYDRAZINE AND GCAh ON ATPase ACTIVITY 
OF NORMAL MITOCHONDRIA ın vitro 


ATPase activity 


(umoles of inorganic Activity 

Substances added phosphate/mg of protein/ increase 

20 min and SEM) (per cent) 
(1) None 22+02 — 
(2) Phenylhydrazine 8401 282 
(3) GCAh 16+04 -27 
(4) Phenylhydrazine 39405 77 

plus GCAh 


GCAh, glucose cycloacetoacetate, 

All estimations were carried outın triphcate The concentration of phenyl- 
hydravine and GCAh ın the final reaction medium was 3 mg The mito- 
chondria were incubated with the assay medium for 30 min before addition 
of substrate (ATP) 


These results show that the activity of ATP ın normal 
hepatic mitochondria is enhanced by phenylhydrazine, 
which adversely affects the iver This may enhance the 
enzyme activity like other liver damaging substances 
such as carbon tetrachloride® Furthermore, data show 
that hydrolysed glucose cycloacetoacetate markedly 
lessens the enhanced activity of the enzyme caused by 
phenylhydrazine The hydrolysed product of glucose 
cycloacetoacetate has also been found to lower the 
activity of ATPase ın normal mitochondria Nath and 
Prasannan had suggested that glucose cycloacetoacetate 
18 involved in the regeneration of hepatic cells damaged 
by phenylhydrazine® 
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Conversion of -Amino Laevulinic Acid 
to Porphobilinogen by Different Tissues 
of the Polychaete Annelid 
Neoamphitrite figulus 


TEE heart-body, a small spongy mass of tissue within the 
dorsal vessel of the terebelhd polychaete Neoamphitrite 
figulus (Dalyell), ıs almost ce:tainly concerned with 
synthesis of the haemoglobin of the blood The coelomo- 
cytes also contam haemoglobin, but this 1s different 
Kennedy and Dales? have shown that the heart-body 
tissue and the coelomocytes ın this species converted 
porphobilinogen (PBG) to uroporphyrin Tissues were 
incubated with purified PBG suspended in sea water and 
at room temperature for varying periods and the products 
identified after extraction and purification by paper 
chromatography Some similarly performed experiments 
using $-ammo laevulimc acid (ALA) did not give clear 
results Subsequent work, using the method of McRae?, 
whereby the conversion of ALA to PBG is identified 
against suitable controls by the positive reaction PBG 
gives with Ehrlich’s p-aminobenzaldehyde reagent?, has, 
nevertheless, given quite clear results McRae’s method 
was followed in detail except that to quantify the results 
the tassues were merely dried with acetone and weighed, 
for ıt was desired only to compare the relative ability of 
different tissues to convert ALA to PBG McRae used 
homogenates of whole anmmals (Dugesra) Tissues were 
deep frozen and homogenized on thawimg in M/15 phos- 
phate buffer, pH 7 0, the ALA being added to provide a 
concentration of 400 ug/ml of homogenate Homogenates, 
suitably controlled, were meubated at 37° C for 25 h 
The colour of the Ehrlich reaction was measured at 
553 my. after 15 min with a ‘Umicam SP 500’ spectrophoto- 
meter. While the activity of each tissue 1s expressed in 
arbitrary units, their relative activities ın one typical 
experiment are shown ın Table 1 The experiment was 
repeated five times with sumlar results The tissues of 
five worms were pooled in each experiment Table 1 
shows that the heart-body 1s ten times more actrve than 
any other tissue determined The body wall muscle is 
colourless and if ıt contains any myoglobin this 1s in a 
relatively low concentration and any ALAase presert 1s 
insufficient to produce enough PBG to be detected by the 
method On the other hand, Kennedy and Dales? 
detected coproporphyrm HI, which must have been 
formed during haem synthesis, ın the body wall, whether 
this is formed in the skin or 1s deposited there, as this 
negative result suggests, ıs bemg mvestigated further 
The hind stomach or gizzard has muscles of a deep red 
colour and some ability to convert ALA to PBG ıs not 
surprismg The ability of the coelomocytes to do so 1s 


Table 1 CONVERSION OF ALA TO PBG BY DIF¥ERENT TISSUES OF Neoamphi- 
trite figulus 


Weight of Activity 

Tissue tissue {arbitrary units/ 

(mg) mg of tissue) 
Heart-body 18 89 00 
Coelomocytes 649 8 50 
Fore stomach + intestine 396 7 82 
Hind stomach (g:7zard) 58 0 408 
Body wall 1775 000 
Blood 79 000 
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also expected, confirmmg the hypothesis that they 
synthesize their own haemoglobin from ALA and do not 
receive compcunds later m the biosynthetic pathway to 
haem The high activity of the gut (fore stomach plus 
intestine) from which the contents had carefully been 
removed 1s surprising, especially because Kennedy and 
Dales‘ found no free porphyrins in these tissues It 
may be that the coelomocytes, which contam haemo- 
globin, arise from the coelomic epithehum of the gut wall. 
This ıs being investigated further 

I wish to thank Miss Jenmfer Pell for collecting the 
specimens used 

R. Paris DALES 
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Measurement and Significance of Weight 
Heterogeneity in Some Protein and 
Polysaccharide Preparations 


Mosr of the molecular weight values reported for maero- 
molecules have been obtained by methods based on 
ultracentrifuge measurements Many biologists and bio- 
chemists now have access to an analytical ultracentrifuge 
and their requirements can be satisfied by sedimentation 
velocity experiments 

Although macromolecules may sediment at similar rates 
and produce sharp boundaries, it 1s sometimes forgotten 
that this does not necessarily imply homogeneity of the 
system Thus serum transferrins produce a single sym- 
metrical boundary m ultracentrifuge experiments whereas 
under electrophoresis the proteins may be resolved into 
two or more discrete fractions, depending on the ammal 
species The transferrins may also exhibit some degree of 
association, for reported molecular weights of the trans- 
fer1ins}»? of several species are between 66,000 and 90,000 
The discrepancy ın the reported molecular weights is of 
some clinical 1mportance because 1t affects the relabihty 
of iron binding measurements Polysaccharides such as 
glycogen and amylopectin produce sharp boundaries as a 
result of the very large concentration dependence of the 
sedimentation coefficient? These polysaccharides possess 
a very broad distribution with respect to sedimentation 
velocities Several methods have been proposed in the 
past twenty years for the quantitative measurement of 
weight heterogeneity In 1944, Gralén‘ proposed that the 
width of the sedimenting boundary was an index of 
heterogeneity More recently, Baldwin’ * and other 
workers have made detailed analyses in which the com- 
plete distribution curve of the sedimentation coefficients 
1s evaluated (compare Schachman’) Other more basic 
factors are often ignored, regardless of the method selected 
for quantitation. of heterogeneity Quite often the criteria 
of purity appled to the preparation are not sensitive 
enough to justify detailed mathematical analysis of the 
boundaries The preparations may also undergo physico- 
chemical changes during the experiment? so that control 
experiments are essential 

We have been studying changes in the catabolic hetero- 
geneity and weight heterogeneity of serum 78 gamma 
globulins ın mouse and man after rmmunization with 
various antigens, including malignant tumours Electro- 
phoretically distinet fractions of 78 gamma globulin are 
broken down at different rates in the mouse” and signi- 
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Table 1 MOLECULAR WEIGHT AVERAGES AND HETEROGENEITY OF GAMMA 
QLOBULINS FROM NORMAL AND IMMUNE MICE 
Immunizing tumour Muy Mz Ms/Myy 
None 162,000 179,000 110 
Leukaemia 194,000 317,000 163 
Epithelioma 221,000 349,000 168 
Mammary 157,000 239,000 152 


ficant changes ın these catabolic rates have been observed 
In mice immunized with transplantable tumours? These 
findings are clinically important because there 1s now 
evidence that heterogeneity of both function and anti- 
genicity m the 7S gamma globulins of certain experi- 
mental animals may correlate with immunological tumour 
enhancement}! 

Ultracentrifuge experiments showed an increased weight 
heterogeneity of mouse 7S gamma globulin following 
immunization with transplantable homologous tumours 
when compared with 75 gamma globulins from non- 
immunized mice, measured under identical conditions! 
In these experiments, short columns of 78 gamma globulin 
solutions were centrifuged to sedimentation equhbiium 
in double sector cells The values of the molecular weight 
averages Mz and Mw were computed by the method of 
Van Holde and Baldwin" and the ratio of these values, 
M:/Mw, provided a measure of the weight heterogeneity 
in the system Immune preparations gave significantly 
greater M./M, ratios than those for normal gamma 
globulin preparations (Table 1), indicating that they were 
much more heterogeneous The immune gamma globulins 
contained a proportion of molecules with weights gieater 
than 400,000, suggesting that those were aggregated forms 
of 7S gamma globulin There may be a correlation between 
increased weight heterogeneity and changes ın catabolic 
heterogeneity of mouse 7S gamma globulin The recent 
observation! that human 7S gamma globulin possesses 
catabolic heterogeneity, apparently analogous to that of 
mice, suggests that similar weight heterogeneity changes 
might also be observed 

Reported molecular weight values of the 7S gamma 
globulins of several species range from 130,000 up to 
195,000 (ref 15) Pam?! has recently investigated the 
problem of gamma globulin heterogeneity using horse 7S 
gamma globulin He found that the preparation was 
essentially homogeneous according to size, but his experi- 
ments did not mclude 7S gamma globulin from immunized 
animals 

A study of the molecular weight distributions in human 
7S gamma globulin samples from normal and pathological 
subjects might well yield info1mation of clinical import- 
ance ‘The technique of measuring weight heterogeneity 
in terms of the relative Mz and My average molecular 
weights 1s, however, unsatisfactory ın view of the large 
number of measurements which would have to be made 
for these observations to have statistical sigmficance A 
simple method 1s required which can be used routinely 
and which exposes the protein to the least physical change 
m vitro An obvious method seemed to be to measure 
the degree of departure from the theoretical Gaussian 
curve of the observed Schlieren diffusion pattern, a 
method which was first reported by Gralén‘, who measured 
Dy and Da for various derivatives of cellulose and used 
the ratio Dm/Da as a measure of heterogeneity The 
diffusion coefficients Dm and D4 were obtained from plots 
of om? (the square of the standard deviation of the experi- 
mental curve) and o4? (determined by the height area 
method) plotted respectively against time 

The behaviour of mixtures of albumin monomer and 
dimer was examined in order to determine the lmitations 
of this technique experimentally The monomer and 
dimer samples used were obtained by fractionation of a 
commercial albumin preparation (Behringwerke AG, 
Marburg, Lahn) through ‘Sephadex @ 150’ 

Diffusion experiments were carned out m synthetic 
boundary cells ın an MSE analytical ultracentrifuge 
(Measuring and Scientifie Equipment, Ltd, London) 
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Boundaries were produced at slightly higher speeds 
(15,000 rpm, 16,000g) than those normally used for 
diffusion experiments, ın solutions containing 6-7 mg of 
protem/ml Photographs of the diffusion patterns were 
taken on 35 mm film at surtable intervals of time, and 
tracings of enlargements (x 24) of these were then made 
on graph paper Values of om? and o4? were computed 
from measurements of the ordinates at suitable intervals 
on either side of the maximum pomt (the mode) of 
individual enlargements 

Although the diffusion patterns of the original albumin 
preparation showed considerable asymmetry, presumably 
due to the presence of tetramers and pentamers, mixtures 
of monomers and dimers showed no asymmetry Further, 
the plots of o4? against time were linear, indicating homo- 
geneity. Replacement of dimer in the mixture with an 
equal amount of 78 gamma globulin produced marked 
asymmetry of the diffusion curve and produced positive 
deviation from linearity of the o4* against time plots 

The diffusion coefficients showed a roughly linear rela- 
tionship to the composition of the mixture, but the ratio, 
Dy/Da, provided little evidence of heterogeneity ın the 
monomer—dimer systems (Table 2) Monomer—dimer mter- 
actions in 7S gamma globulin systems would be expected 
to be analogous to albumin, and so the method 1s unlikely 
to be useful for measurmg heterogeneity in these systems 


Table 2 RELATIONSHIP BETWEEN MOLAR COMPOSITION OF THE ALBUMIN 
MONOMER-DIMER MIXTURE AND DIFFUSION CHARACTERISTIOS 


Dosw 
(x10? cm? sge-) 


Percentage monomer DyļDa 
100 5 80 0 98 
70 5 40 098 
20 490 0 95 
10 437 0 94 
0 433 0 98 
Commercial albumin 411 081 


The Dy/Da index seemed to be of some value in pre- 
liminary studies made of relative molecular distributions 
in glycogen preparations from various tissues These 
glycogens, which have S°,» values of 70-805, show 
appreciable sedimentation velocity at 15,000 rpm so 
that the analysis 1s really of the sedimentation boundary 
Du Pont de Nemours (Wilmington, Delaware) have re- 
cently introduced an analogue computer, the 310 “Curve 
Resolver’, for resolving overlapping peaks This instru- 
ment, which analyses the experimental curve in terms of 
its simplest composition using any preset curve distribu- 
tion, may be of value for the rapid analysis of the asym- 
metric boundaries produced by glycogen and simular 
macromolecular substances The analysis of the Schlieren 
pattern of shell fish glycogen (Dm/Da ratio 1 25), assum- 
ing pure Gaussian distributions, 1s shown in Fig 1 At 






Direction of 
sedimentation 


Fig 1 


The broad outer line is the Schlieren profile of shell fish glycogen 
sedimenting at 16,0007 The inner curves show the position and relative 
proportions of three components as indicated by the 310 ‘Curve Resolver’ 
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least three components are present in this preparation 
and their relative proportions are mdicated Such analysis 
might possibly be used to investigate metabolic disorders 
in liver in terms of distribution changes ın the synthesized 
glycogen 

The recent imtroduction of the monochromatic light 
scanning system has now made 1t possible to record ultra- 
centrifuge data directly ın a form suitable for computer 
analysis!? This techmque may well become the accepted 
way of measuring molecular weights and finally provide a 
general procedure for characterizing heterogeneity. 

We thank Dr D B. Gammack for some of the ultra- 
centrifuge measurements and Dr G A Gilbert for helpful 


discussions This work was supported by the British 
Empire Cancer Campaign for Research 

J WATKINS 

D E H TEE 


Department of Experimental Pathology, 
King’s College Hospital Medical School, 
Denmark Hill, London 

Received December 4, 1967, revised January 5, 1968 


1 Charlwood P A, Brochem J , 88, 394 (1963) 

2? Watkins, J, Tee, D E H, Wang, M , and Tarlow O , Biochim Biophys 
Acta, 127, 66 (1966) 

a Stacy, © J, and Foster, J F,J Polymer Sci , 25, 39 (1957) 

+ Gralén, M , dissertation, Univ Uppsala (1944) 

> Baldwin, R L,and Willams, J W,J Amer Chem Soc , 72, 4825 (1950) 

£ Baldwin, R L , Biochem J , 65, 490 (1957) 

“Schachman, H K, Ultracentrifugation wn Brochemastry, 128 (Academic 
Press, New York and London, 1959) 

$ James, K , Henney, C S , and Stanworth, D R , Nature, 202, 563 (1964) 

° Tee, D E H, Watkins, J, and Wang, M , Nature, 208, 251 (1965) 

1° Fahey, J L,and Sell, § , J Bap Med ,122, 41 (1965) 

n Bloch, K J, Fed Proc , 24, 1030 (1965) 

n Tee, D E H, Watkins J, Wang, M , Gammack, D B,and Raper, J H 
Immunology, 9, 85 (1965) 

18 Van Holde, K E, and Baldwin, R L,J Phys Chem, 62, 734 (1958) 

Nee, D E H, and Watkins, J, Brit Med J, 4, 210 (1967) 

‘Porter, R R, The Plasma Protems (edit by Putnam, F W) 247 
(Academic Press, New York and London, 1960) 


c Pam, R H, Bochim Biophys Acta, 94, 183 (1965) 
17 Spragg, S P Anal Chim Acta 38 187 (1967) 


MICROBIOLOGY 


Photosynthetic Bacterium growing 
under Carbon Monoxide 


OXIDATION and utilization of carbon monoxide by bactena 
have often been observed!* The metabolism of these 
bacteria was assumed to be chemolithotrophic because of 
the absence of any added organic energy source 

The enrichment and growth of carbon monoxide 
oxidizing bacteria were enhanced if the culture was kept 
under continuous illumination, an effect which might be 
a result of photoreversal of the binding of carbon monoxide 
to a cytochrome c oxidase (my unpublished results) 

Photosynthetic bacteria growing under carbon mon- 
oxide have been accidentally discovered in enrichment 
cultures for carbon monoxide oxidizing bacteria Forty- 
three strains of various genera of these bacteria were 
purified by streakmg iluminated enrichment cultures 
(30-70 per cent carbon monoxide) on mineral salts agar 
contained in ‘Dispo’ plates (medium 337 of Hirsch and 
Conti®, without carbon source, but with 001 per cent 
yeast extract added) Incubation was under incandescent 
light and at room temperature, in desiccators containing 
an atmosphere of 70 per cent carbon monoxide, 20 per 
cent oxygen, 1 per cent carbon dioxide and 9 per cent 
nitrogen Growth of the aerobic carbon monoxide 
bacteria ceased after several weeks probably because 
of lack of oxygen Red pigmented colomes then appeared 
on several plates Microscopic examination revealed 
photosynthetic bacteria strikingly sumilar to Rhodopseudo- 
monas spp (Fig 1) The rod or club-shaped cells often 
had side branches and/or swellings on both ends, budding 
cells were observed frequently m any population Budding 
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of different Rhodopseudomonas spp has been recently 
investigated® 

These purple bacteria were purified easily by streaking 
on the same medium and incubating under the atmo- 
sphere of carbon monoxide+oxygen-+carbon dioxide + 
mitrogen in the hght Growth became abundant only 
after other carbon monoxide bacteria had removed the 
oxygen from the gas mixture, as 1s evident from mano- 
metric measurements as well as from tests with alkaline 
pyrogallol solution 

The enrichment and isolation procedure was repeatedly 
successful with either garden soil (podsolic, A-1 layer, 
pH. 6 8) or sewage mud (shore of New Haven, Connecti- 
cut harbour, pH 72) as the inoculum Several weekly 
gas changes seemed to be advantageous and helped to 
build up the population of carbon monoxide dependent 
bacteria 

Pure cultures of these purple bacteria giew well anaero- 
bically in the light in media normally used for Rhodo- 
macrobsum vanneelw’, with sodium acetate or sodium 
lactate as the hydrogen donors Growth on mineral 
salts agar under carbon monoxide and ın the light was 
slow but abundant The absence of any added organic 
carbon or hydrogen source as well as lack of hydrogen 
sulphide was accomplished by employing gases and 
chemicals of Inghest available purity (Matheson Comp , 
Fisher’s and Baker’s reagent grades, Difco Noble agar, 
washed) All glassware was cleaned with acid after 
detergent had been used, and the desiccators were sealed 
with Dow Corning high vacuum sihcone lubricant, with 
negligible vapour pressure Rubber tubing was excluded 

In these conditions, light, carbon monoxide and am- 
monium ions seemed to be the only sources of energy 
available, either carbon monoxide or carbon dioxide or 
both would have to serve as the source of carbon Oxida- 
tion of ammonia could not be detected, and thus water 
cleavage must render an available form of hydrogen for 
these photolithotrophic bacteria The small increment 
of yeast extract could be left out with little or no effect 
on the total growth yield 

Recently, Rhodopseudomonas spp have been reported to 
utilize (‘“‘photo-oxidaze’’) C1 compounds such as formate® 
and possibly methane (personal communication from W 
Vishniac) Utilization of carbon monoxide by a photo- 
synthetic bacterum could be taken as another demon- 
stration of the versatility of members of this group 
Further investigations will involve the use of labelled 
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Fig 1 Rhodopseudomonas sp grown anaerobically in the light with 

sodium acetate, that 1s photo-organotrophically The organism was 

enriched for and purified in the absence of any added organic carbon or 

energy sources, but under an atmosphere of carbon monoude + oxygen 

+ carbon dioxide + mirogen Sor phase contrast, alive 
xe 
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carbon dioxide and examine the enzyme mechanisms 
involved 

This work was supported in part by a grant from the 
US National Institute of Allergy and Infectious Diseases 

Perer Hrrscu* 

Department of Microbiology, 
Yale University School of Medicine, 
New Haven, Connecticut 
Received January 2, 1968 


* Present address Department of Microbiology and Public Health, 
Michigan State University, Hast Lansing Mich gan 


1 Hasemann, W , Biochem Z ,184, 147 (1927) 


a ae » Kon Nederl Akad o Wetensch, Proc Senes C, 56, No 4 


ee . Kon Nederl Akad v Wetensch, Proc Series C, 57, No 2 


t Hirsch, P , Bact Proe (1965) 

* Hirsch, P , and Conti, S F , Arch Mokrobiol , 48, 358 (1964) 
*Whittenbury, R , and McLee, D A, Arch Mikrobiol , 59, 324 (1967) 
7 Conti, S$ F , and Hirsch, P , J Bact , 89, 503 (1965) 

2 Hoare, D S , Bact Proc (1967) 


Competitive Binding of Streptomycin 
and Magnesium with Escherichia coli 
Ribosomes 


SEVERAL laboratories have presented evidence that strep- 
tomycin inhibits protein synthesis of sensitive bacteria!‘ 
Studies with cell free systems have clearly shown that the 
30S sub-unit of the ribosomes derived from streptomycin- 
sensitive cells is the site of action of this antibiotic®-§. 
It has also been shown that one to two molecules of 
streptomycem bound to one ribosome particle suffice to 
exert an inhibitory effect on polypeptide synthesis*:1° 

Streptomyem contains the diguamdo base, streptidine, 
and ıt has been shown to combine with nucleie acids to 
produce a polymeric compound which 1s dissociable m 
1 molar sodium chloride like manner to thymic nucleo- 
histone or nucleoprotamine"* When dihydrostreptomycm 
(DHSM) ıs converted to dideguanyldihydrostreptomyemn 
(DGSM), the net cationic charge of DHSM ıs decreased 
from 3+ to 1+ without other detectable structural 
change!?. This modified compound does not have any 
biological effect on streptomycin-sensitive Æ colr, suggest- 
ing that the biological activity of streptomycin 1s primarily 
related to the cationic groups!>!° In fact, it has been 
suggested by some investigators that the observed effects 
of streptomycm in bacterial systems are the result of 
competition of streptomycm with Mg*+ (and polyamines) 
for a critical site or sites on the rbosome®!#15, 

We have studied the cation exchange properties of 
E. cols ribosomes and have shown. that small cations (K+, 
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Fig 2 Analytical ultracentrifuge pattern of E colt ribosomes show- 

ing changes in ribosomes when one-half of the Mgtt 1s displaced by 

streptomycin The lower pattern represents the 305 and 50S ribosomes 

in 10-* molar tris buffer (pH 7 4) contaming 5x10 molar Mg#+ The 

upper pattern represents the same ribosomes to which have been added 
6 25x104 molar streptomycin 


NH,*, spermidine**, spermme‘t) can compete with Mg*+ 
for the aniome bindmg sites but to a variable degree'* 
It has also been shown that there 1s no difference in the 
10n binding capacities between the 30S and 50S sub- 
units of the ribosomes In a further effort to relate the 
cation exchangeability of streptomycin to its biological 
effect, we therefore examined the possibility of a com- 
petitive effect between the antibiotic and Mg*+ bound to 
the mbosomes isolated from streptomyein-sensitive EH 
cola B 

A mixture of the 30S and 50S sub-units was prepared 
from E colt B as described by Tissieres et al +’, and a 
01 per cent suspension of the ribosomes was made in 
10-? molar tres buffer, pH 74, containing 5 x 10-5 molar 
magnesium acetate. The change of Mg** binding to the 
ribosome ın the presence of vailous concentrations of 
streptomycin sulphate (Nutritional Biochemicals Corpora- 
tion, Cleveland, Ohio) was measured by means of equilib- 
rium dialysis The details of our technique have been 
described before’? As shown in Fig 1, the amount of 
Mg?+ bound to the ribosome decreased markedly when 
the concentration of streptomycin was increased, indicat- 
ing that the antibiotic can displace Mg** on the bmding 
sites of the mbosomes When the ribosomes from which 
the bound Mg?+ had been partially displaced by strepto- 
mycin were examimed by the analytical ultracentrifuge, 
they were not the usual mixture of the 308 and 508 
ribosomes (Fig 2) The ribosomes in the presence of 
0 625 mmolar streptomycin showed a quite different pic- 
ture of aggregation from that of the mbosomes to which 
streptomycin was not added This result indicates that a 
considerable change takes place ın the ribosomal structure 
when half of the bound Mg" 1s displaced by streptomycin 

Spotts and Stanıer!! proposed a hypothesis that strepto- 
mycin prevents a strand of messenger RNA from attach- 
ing to the ribosome of streptomycin-sensitive bacteria It 
has also been shown that messenger RNA 1s released from 
the ribosomes at a very low concentration of Mg?t 19,20 
The inhibitory effect of streptomycim on polyuridine- 
directed “C-phetRNA bmding to the ribosomes ıs 
competitively relieved by mereasing the concentration of 
Mgt ın the solution®® Studies with artificial poly- 
ribosomes suggest that the mhibitory effect of strepto- 
mycin is related not to the formation of polyribosomes 
but to the interference with the function of poly- 
ribosomes®®:15,21,22 This perturbation of the function 
of polyribosomes which is revealed by specific alteration 
of the recognition process of codons 1s also related to the 
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concentration of Mg?+ and NH,* in the ammo-acid m- 

corporation system Furthermore, the mhuibitory effect 

of streptomycm 1s partially relieved when polyammes 

like spermune and spermidine are added to the cell free 

system contaming Æ colt mbosomes** This antagonistic 

relationship between streptomycin and various cations 

has also been demonstrated n vivo, as reflected by mduc- 

tion of 8-galactosidase!? But the concentration of strepto- 

mycin employed ın the studies of 1ts mhibitory effect on 

the cell free amimo-acid incorporation mto protein (that 

18, approximately 01 mmolar) was considerably lower 

than that used m our experrment The change of seth- 

mentation pattern of the ribosomes ım the presence of 

0 625 mmolar streptomyem may be an exaggerated picture 

of a more subtle configurational change which may occur 

at a lower concentration of streptomycem (that 1s, 0-1 

mmolar) It would be very mteresting to see whether the 

same result could be obtamed in a similar exper:ment 

‘with the ribosomes from streptomycin-resistant E cole 
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IMMUNOLOGY 


Erasure of Immunological Memory 
with Anti-lymphocyte Serum 


Levey and Medawar! have reported that treatment with 
anti-lymphocyte serum (ALS) can restore “virgin” reactiv- 
ity to mice which have been previously sensitized by 
skin homografts across H-2 barriers Confirmation of this 
finding has not yet been published, and some authors? 
have failed to reproduce erasure of memory m similar 
experimental models 

I have studied this phenomenon in three separate 
experiments In the first one, mice were made immune 
to a protem. antigen In the other two experiments, skin 
was transplanted, the donors differmg from the recipients 
at the H-2 locus 

ALS was raised in rabbits to mouse thymocytes accord- 
ing to the method of Levey and Medawar? and was 
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administered subcutaneously to CBA mice A total of 
20 ml. of ALS was given to each expermmental animal 
05 ml followed by 0 25 ml x6 on alternate days Con- 
trols recerved normal rabbit serum (NRS) ın equivalent 
dosage and at the same time intervals CBA muce were 
made immune to bovine serum albumin (BSA) by the 
intraperitoneal injection of 56 mg of BSA in saline and 
were challenged by a second intraperitoneal injection of 
100 ug of BSA Mouse sera were collected 10 days after 
challenge and were analysed for the presence of pre- 
cipitating antibodies to BSA by a modification of the 
Farr technique 

CBA race were sensitized to transplantation antigens 
by A strain tail skin grafts according to the method of 
Billingham and Medawar® Challenge with a second A 
strain skin graft was performed at varying intervals after 
immunization Skin grafts were inspected daily from the 
seventh day onward until rejection occurred Life tables 
were constructed for the various groups 

In all experiments the time between initial 1mmuniza- 
tion, serum treatment and subsequent challenge was 
systematically varied The protocols for the three experi- 
ments are shown in Tables 1, 2 and 3. The results which 
were obtained after immunization with BSA are sum- 
marized in Table 1 In no case had reversion to an 
immunologically “virgin” state been accomplished with 
ALS treatment All animals responded to challenge with 
titres above those which are characteristic of the prrmary 
response In two groups (B and H) the response of 
animals which had been treated with ALS was signi- 
ficantly lower than that of the corresponding controls 
which had been treated with NRS None the less, the 
response in all animals must be viewed as a secondary 
response because the challenge dose of 100 pg of BSA 
would not be expected to provoke a detectable response 
by this technique when given to CBA mice de novo! 

In experiments 2 and 3, CBA mice were allowed to 
reject first-set A strain tail skin grafts before ALS was 
administered (Tables 2 and 3) The ALS which was 
administered ın experrment 2 was of only moderate 


Table 1 EFFEOT OF ALS IN MIOE SENSITIZED TO BOVINE SERUM ALBUMIN 


Interval be- Interval be- Antigen 
tween immun- Treat- tween treat- binding 
Group No of ization and mentt ment and capacity 
animals* treatment challenget Mean log 
(weeks) (weeks) titre 
Primary 
Tesponse 24 — — — — 0 2302 
À 6 2 ALS 8 0 1137§ 
B 8 2 NRS 8 1 1933 
c 1 2 ALS 12 0 3140 
D 6 2 NRS 12 0 4027 
E 6 4 ALS 8 0 2874 
F 8 4 NRS 8 0 3095 
G 6 4 ALS 12 0 6257§ 
H 5 4 NRS 12 1 1878 
I 5 8 ALS 0 6009 
J 6 6 NRS 0 4847 
K 1 6 ALS 12 1 2011 
L 4 6 NRS 12 1 0427 


* CBA female mice immunized by intraperitoneal injection of 5 mg of flud 
BSA at time zero 


t Subcutaneous administration of either ALS or NRS 0 5 ml , then 0 25 ml 
x 6 on alternate days 


$ Challenge effected by intraperitoneal injection of 100 ug flud BSA 
§ Significant difference from control (P < 0 05 by t test) 


Table 2 EBFECT OF ALS ON CBA MICE SENSITIZED TO A STRAIN SKIN 
Interval be- Interval 
tweenimmun- Treat- between Fate of second 
Group No of ization*and mentt treatment skin graft 
animals treatment and ST Range 
(weeks) challenge (days) (days) 
A 4 2 ALS 6 83 7 5-9 5 
B 6 ALS 10 93 8 5-105 
c 5 4 ALS 8 81 75-8 
D 6 4 ALS 10 93 7 5-10 6 
E 8 6 ALS 6 96 8 5-115 
F 6 6 ALS 10 78 6 5-9 6 
G 6 6 NRS 10 <70 <60-85 
Primary 
response 41 — — — 102 76-155 


* All mice immunized on dav zero with an A strain tail skm graft 
t Either ALS or NRS admunistered subcutaneously 0 5 ml , then 0 25 ml 
x 8 on alternate days 
T, mean survival time 
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strength The formal assay of this antiserum yielded a 
mean survival time of skin homografts (A —> CBA) of 
23 days The ALS used ın expermment 3 was considerably 
more potent (MST 30 days) In expermment 2 (Table 2), 
the mean survival times of second set grafts on animals 
which had been treated with ALS fell between those 
characteristic of first and second set rejection The most 
rapid rejection of challenge homografts was found in the 
NRS control group Thus, although the secondary 
response would have been modified, the animals which 
had been treated with ALS still gave some evidence of 
earlier sensitization 


Table 3 REFECT OF ALS ON CBA MICE SENSITIZED TO A STRAIN SKIN 
Interval 


between Fate of second 
Group No of ALS treatment skin graft 

animals and challenge* MST Range 

(weeks) (days) (days) 
A 9 0 395 23 5-55 5 
B 10 2 146 11 5-18 5 
Cc 9 6 112 96-12 5 
D 9 10 115 8 5-165 
Primary response 46 — 105 7 5-15 5 


All animals received an A strain skin graft and 2 weeks later began ALS 
freatment by subcutaneous injection of 0 5 ml , then 0 25 ml x6 on alternate 
ays 
MST, mean survival time 
* Relative to commencement of ALS treatment 


The findings ın experiment 3 are quite different 
(Table 3) Regardless of the time which elapsed between 
ALS treatment and challenge by a second set graft, no 
animal reverted to a sensitized state (Fig 1) Challenge 
homografts survived longest when applied near the 
beginning of ALS admunistration, thus confirming the 
remarkable ability of ALS to overcome the sensitization 
which was aroused by homografts As the interval 
between serum treatment and challenge increased, the 
survival time of the second graft decreased By 6 weeks the 
rate of rejection of the second grafts equalled that of the 
first set Despite increase of the interval to 10 weeks no 
further curtailment of survival was found, and in no case 
did reversion to a sensitized state occur A tıme mterval 
of 10 weeks should have been more than sufficient to 
allow complete recovery from the effects of ALS ad- 
ministration? 

The results obtained in experrment 3 thus fully confirm 
the findings of Levey and Medawar! Memory of a previous 
sensitization to transplantation antigen was ablated, and 
with recovery of ummunological capacity the animals 
reverted to a non-sensitized state, rejecting skin grafts at 
a rate characteristic of the primary response Failure to 
achieve this result ın experiment 2 was probably the 
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Wig 1 Day to day survival of both first and second set skin grafts found 
im experiment 3 (see Table 3 for details) Allanimalsrecerved ALS after 
rejecting the first set skin graft and second skin grafts were applied at the 
intervals shown relative to the commencement of ALS treatment First 
set, @ Secondset Wi, 0weeks, [C], 2 weeks, A, 6 weeks, O,10 weeks 
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result of inadequate treatment with a less potent anti- 
serum 

The falure to erase “memory” of immunization with 
BSA must be viewed differently The explanation cannot 
be simply one of madequate treatment because the 
potencies of antisera, used in experiments 1 and 3 were 
comparable Furthermore, my experience with other 
systems (unpublished observations) (S typhe “H” antigen. 
and sheep red blood cells) has mdicated an extraordinary 
resistance of the secondary antibody response to the 
effects of ALS (ref 8) This distimction could reflect the 
different natural histories of the cells involved in the two 
types of transactions 

Levey and Medawar? have shown that the pmmary 
action of ALS is on peripheral lymphocytes We have 
confirmed this view (unpublished observations) and have 
suggested that the mmunosuppressive action of ALS 
results from the progressive depletion ın the host of the 
pool of circulating small lymphocytes? In a skin graft 
system the responding cells leave eentral lymphoid tissue 
and travel to the graft site The pace of graft rejection 
presumably depends on the proportion of cells “‘pro- 
grammed” to respond to the foreign antigens encountered. 
in the graft}%11 Previous sensitization imereases the 
relative number of circulating cells which are capable of 
reacting with graft antigens Prolonged treatment with 
ALS eliminates the population of circulating cells and the 
regenerating population assumes the original (before 
sensitization) immunological capabilities which are charac- 
teristic of the amma] In humoral mmune systems the 
effector cell does not migrate out of the central lymphoid 
tissue and thereby receives a measure of protection from 
the effects of ALS When a second dose of antigen arrrves 
at the lymph node or spleen, there remains an enriched 
population of cells capable of responding While there 
may be other differences between the primary and 
secondary response such as the interposition of the macro- 
phage, these need not be invoked to explain the differences 
which have been observed 
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Stem-cell Inactivation in Mixed Spleen 
Cell Cultures 


A NUMBER of attempts have been made to understand 
the interactions possible between immunologically active 
cells In vtro, transformation of lymphocytes in response 
to other antigenically different lymphocytes has been 
noted! as have similar reactions involving cells explanted 
from spleens? The reactions of immune lymphocytes 
with their target cells have often been studied The work 
of Hellstrom et al * has led to consideration of the notion 
of allogeneic inhibition durmg which 1% 1s umplied that the 
activity of a cell may be inhibited simply by the presence 
of a foreign cell antigen All such work ıs relevant to an 
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Count of antibodyforming 
cells (plaques). 
6-7 days after inoculation. 


Fig 1 Experimental schedule for the demonstration of stem cel] inactivation as adjudged by Jerne plaque count following n vuro incubation 
of mixtures of spleen cells before their injection into irradiated recipients 


increase in our understanding of the possible importance 
of immunological reactions between cells an vwo These 
experiments describe the effects of the presence of foreign 
cells on the capacity of mouse spleen cells, first to respond 
to antigenic stimulation, and second to give rise to 
haematopoietic cell colonies The effect of irradiation on 
one of the components of the cell mixture is described 
A preliminary account of this method has already been 
published 

The experimental schedule 1s laid out in Fig 1 Spleen 
cells from either O57Bl or CBA adult mice of e:ther sex 
were suspended in medium 199 and after two washings 
ın the same medium were resuspended Samples were 
taken for a dye-exclusion (trypan-blue) test for cell 
viabihty The cell density was adjusted to 50 x 10° viable 
cells/ml The cell suspensions were then incubated separ- 
ately, or mixed together (50 50 ratio), for 1 h at 37° C 
At the end of the period of incubation the cells were 
injected intravenously into irradiated (C57Bl x CBA)F, 
hybrid mice. In those experiments in which we wished 
to study the smmune response of the recipient, sheep cells 
were added to the spleen cell suspensions before their 
injection into the irradiated mice 7 x 10? sheep erythro- 
cytes were injected into each recipient At various times 
after radiation, between the sixth and eighth day, the 
recipient mice were killed and either direct Jerne plaque 
assay® or spleen colony counts* were made In two experi- 
ments, CBA spleen cells were wradiated wm vuro with 
10,000 r before cubation and transfer All irradiations 
were effected with gamma-rays 

The results are given in Tables 1 and 2 From Table 1 
1t can be seen that CBA and C57Bi cells differ in their 
capacities to react to sheep red cells ın irradiated Fy 
recipients Furthermore, incubation of the two cell types 
together seems to result ın considerable mactivation of 
their immunological potential Comparison of the expected 
with the actual result gives an mactivation index by 
which different degrees of activation may usefully be 
compared ‘The figure quoted of 75 per cent has been 
found to be reproducible over a number of experiments 
Table 2 shows that a similar result ıs obtained when 
spleen colomes are counted In this case, however, the 
C57BI cells have a better capacity than CBA cells for 
responding to the haematopoietic depletion m the irradi- 


ated mouse Inactivation of haematopoiesis follows 
incubation of the two spleen cell types together This 
inactivation should be thought of as impairment of the 
activity of haematopoietic stem cells, for there 1s evidence 
that spleen colonies are clones It 1s noteworthy that the 
Inactivation index 1s similar when measured by estimation. 
of immunologically or haematopoietically active cells 

The experments which involved irradiation of the 
CBA cells must be regarded as preliminary because of the 
small numbers of mice involved They both, however, 
give the same result, which suggests that mactivation 
requires the active participation of both the component 
cell types ın the mixture On this basis, the inactivation 
phenomenon may be distmguishable from allogeneic 
inhibition 

These experrments show that the interaction between 
two genetically different mouse spleen cell populations 
am vitro leads to dimmution m the capacity of one or 
other and probably both to respond to antigenic stimulz 
and to function as sources of haematopoietic stem cells 
The fact that the activation process 1s umtiated and 


Table 1 MEAN NUMBER OF PLAQUE-FORMING CELLS PER MILLION SPLEEN 
CELLS OF (CBA x C57Bl)F, MICE 6 (OXPERIMENT 2) OR 7 (EXPERIMENT 1) 
DAYS AFTER 900 R AND INJECTION OF VARIOUS KINDS OF SPLEEN CELLS 


No MeanNo ofplaque Expec- Inactivation 


Eaperi- Donor of formingcellsper ted No nder 
ment spleen cells recip- milhon spleen cells of 0 
No 1ents +standard error cells (100 “Re 100) 
1 C57Bl 12 29+6 
CBA 6 62418 
C57 Bl+ CBA 12 11+2 (0) 46 (2) 75 
2 C57Bl 5 8+3 
CBA (10,000r) 8 0 
C57Bl + Tradia- 
ted CBA 12 441 4 0 


A total of 25 x 10* nucleated cells was injected into each mouse 


Table 2 MEAN NUMBERS OF HAEMATOPOIETIO COLONIES PER SPLEEN OF 
(CBA x C57B))F, MICE 8 DAYS AFTER 850 R AND INJECTION OF 2x 10° CBA 
OR C57BI SPLEEN CELLS OR 4x 10° CELLS OF A 50 50 MIATURE OF THE TWO 


No of Mean No of Expected No Inactiva- 
Donor spleen cells reciprents colomies/spleen ofcolomes tion index 
C57 BL 25 176+09 
CBA 2 45405 
C57BI 25 53404 221 76 
C57BL 15 15 7+08 
CBA (10,000 r ) 14 0201 
C57Bl + irradiated CBA 9 155419 159 3 
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perhaps completed ən vitro holds hope that in future 
experiments its nature may be explored 
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Use of Horse Anti-pig Leucocyte 
Serum to suppress the Homograft 
Reaction in Pigs 


INTEREST im the use of heterologous anti-leucocyte serum 
as a means of suppressing the homograft reaction was 
stimulated by the work of Woodruff and Anderson!-’, 
who showed that rejection of skin allografts ın rats could 
be delayed by administering rabbit anti-rat leucocyte 
serum to the skin graft recipients Similar findings 
pertaining to allografts of skin in mice have since been 
reported by Monaco et al? and Levey and Medawar‘. 

This communication reports preliminary observations 
on the value of horse anti-pig leucocyte serum in sup- 
pressing the rejection of skin allografts ın pigs 

Two horses were immunized with a cell suspension m 
Medium 199 (Glaxo) obtamed by gently grinding frag- 
ments from the mesenteric lymph nodes of outbred pigs, 
using a hand operated glass piston blender The cell 
suspension was washed by centrifugation at 580g for 5 min 
and resuspended in fresh Medium 199 
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made larger, 1 ın., to facilitate the recogmtion of early 
thickening 

The pigs were divided into four groups (Table 1). Pigs 
of group 1 were untreated controls m which the skm 
allografts were allowed to reject naturally Pigs of group 2 
received 30 ml /kg body weight of normal horse serum 
by intravenous injection daily, commencing on the day 
of skin grafting Pigs of groups 3 and 4 received 0 75 ml 
or 1 5 ml /kg body weight of horse anti-pig, anti-leucocyte 
serum daily by intravenous mjection, commencing on 
the day of skin grafting. In all animals of groups 2, 3 
and 4, administration of serum was continued until graft 
rejection was judged to be complete. 

All skin grafts were examined, without previous know- 
ledge of the origin of a particular graft, at 2 day intervals, 
starting on day 5 after skin grafting. Skin graft rejection 
was considered to have commenced on the first day that a 
graft was palpably thickened It proved difficult to assess 
the tame of complete rejection on account of the thickness 
of pig skin 

The times ın days to the commencement of skin allo- 
graft rejection are shown m Table 1 It may be seen that 
normal horse serum, group 2, or the lower dose of horse 
anti-pig leucocyte serum, group 3, had no influence 
on the time of skin allograft rejection In a dose of 
15 ml /kg body weight/day, however, the anti-leucocyte 
serum produced a striking delay m the commencement of 
skin allograft rejection 

Necropsies were performed on all the pigs between the 
twenty-first and twenty-eighth days. No differences were 
observed with the naked eye or histologically between the 
lymph nodes of the groups given anti-leucocyte serum and 
the control groups All contaimed a normal amount of 
lymphoid tissue with normal germinal centres The lymph 
nodes which drained the graft areas were histologically 
similar to the other lymph nodes The spleens were also 
normal, and no abnormalities were seen in the kidneys 
by conventional staming and light microscopy. 

The results indicate that ıt 18 possible to obtain a marked 
prolongation of skin allograft survival without serious 
toxicity It would be teresting to determine whether 


Table 1 TIME, IN DAYS, TO COMMENCEMENT OF SKIN ALLOGRAFT REJECTION IN UNTREATED PIGS AND PIGS RECEIVING NORMAL HORSE OR HORER ANTI-PIG 
LEUCOCYTE SERUM 


Category 


No treatment (group 1 two pigs) 
Normal horse serum (group 2 two pigs) 
Anti-leucocyte serum (group 3 two pigs) 
Group 4 two pigs 


* Received ALS from horse 1, 


Horse 1 received three intravenous injections, each of 
1x 10° cells, at intervals of 7 days, and 4 1. of whole 
blood was taken from it 7 days later After a further 
24 days the horse was given another injection of 0 44 x 10° 
lymph node cells and a further 35] of blood was taken 
7 days later 

Horse 2 received three intravenous injections at inter- 
vals of 7 days, the injections bemg of 1x 10°, 17x 10° 
and 186x 10° cells. This horse was bled to give 501 of 
blood after a further 7 days 

The blood was allowed to stand at room temperature for 
approximately 2 h and was then stored overnight at 4° © 
The serum was separated after centrifugation at 1,800g 
for 10 mm and absorbed, using one-third of 1ts volume of 
packed pig erythrocytes, at 37° C for 1 h and then over- 
mght at 4°C The serum was again separated after 
centrifugation at 1,800g for 10 min, sterihzed by Seitz 
filtration and stored at — 20° C 

Normal horse serum was obtained by bleedmg a non- 
immunized horse and processed as before except that 
absorption against pig erythrocytes was omitted 

Each pig studied recerved two skin autografts and four 
skin allografts Skin grafting was carried out as described 
by Jaffe et al® with the exception that the grafts were 


Dose of serum 


3 0 ml /kg body weight/day, intravenously 6 
0 75 ml /kg body weight/day, intravenously 
15 ml/kg body weight/day, mtravenously 


The other pigs tn groups 3 and 4 recerved ALS from horse 2 


Individual values Mean 

6 8 8 10 7 7 10 10 83 
6 7 7779 70 

6* 8* 10* 10* 8 8 10 8 85 
>21 18 18 14 17 >21 18 >181 


a still greater delay ın skm graft rejection could be 
produced by larger daily doses of anti-leucocyte serum, or 
by a single massive injection of the anti-serum on the day 
of skm grafting 
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Cross-reaction of Anti-lymphocyte 
Serum with Haemopoietic Stem Cells 


Tax risk of provoking a fatal “secondary disease syn- 
drome” has been an obstacle to the use of bone marrow 
transplantation for restormg haemopotesis ın radiation- 
or drug-induced aplasia This syndrome results from 
a graft versus host attack by immunologically com- 
petent cells derrved from the grafted marrow Various 
methods have been tried for differentially elammating ım- 
mounologically competent cells from marrow prepara- 
tions*-*, but these have not been sufficiently effective 
to be of practical value The possibility that anti-lympho- 
cyte serum (ALS) could be sufficiently specific to achieve 
this object prompted us to examme the extent to which 
haemopoietic stem cells cross-react with ALS Anticrpat- 
ing that some degree of cross-reaction would occur, we 
set out to obtain quantitative data for immunologically 
competent cells and for haemopoietic stem cells in terms 
of the proportions of cells inactivated by different dilutions 
of ALS 

Haemopoietic stem cells were assayed by their capacity 
to restore haemopotesis ın recipients previously treated 
with supralethal doses of dimethyl myleran‘ The method 
was an adaptation of that described by Hodgson’ Marrow 
cells were obtaimed from the femora and tibiae of rats 
of a highly inbred Marshall strain The cells were 
flushed out with ice-cold Ringer solution, and were dis- 
persed in a glass homogenizer with a loosely fitting ‘Teflon’ 
plunger Recipients, which were either of the Marshall 
or of a (Marshall x August) F, hybrid strain, were injected 
intraperitoneally, on the day before marrow transfusion, 
with 6 8 mg/kg of dimethyl myleran dissolved in a mixture 
of 1 part of propylene glycol and 16 2 parts of physio- 
logical sale (Dimethyl myleran was first dissolved 
ın propylene glycol at 70°-80° C to give a concentration 
of 10 mg/ml; the dose of diluted materiel was then 
1 ml /100 g) Seven days after marrow transfusion each 
recipient was injected mtravenously with 02 ue of 
iron-59 (5-11 c /g, Radiochemical Centre, Amersham) as 
citrate and was bled 24 h later by cardiac puncture In 
caleulating the proportion of the injected dose of non-59 
incorporated into circulating red cells, the blood volume 
was assumed to be 6 6 per cent of the body weight 

Immunologically competent cells were assayed by their 
capacity to induce a graft versus host reaction Because 
of their greater abundance of cells in the spleen, this tissue 
was used as a source in preference to the bone marrow 
Suspensions of Marshall spleen cells in Ringer solution 
were prepared by finely mmeing and straming the spleens 
through a 100p mesh stainless steel sieve The increase in 
spleen weights of (Marshall x August) F, hybrids induced 
by Marshall spleen cells and measured 9 days after their 
intraperitoneal injection 1s, in this stram combination, 
hnearly related to the number of cells injected, within 
the range used ın these experiments 

Rabbit anti-rat lymphocyte serum was prepared by 
the method of Levey and Medawar? Eight hundred 
million thymocytes, obtained from five Marshall thy- 
muses, were injected intravenously into rabbits on two 
oceasions 2 weeks apart The rabbits were bled 1 week 
after the second injection The sera were inactivated by 
heating at 56° C for 30 min, and were absorbed twice 
for 1 h with equal volumes of Marshall red cells (from which 
leucocytes had been largely removed by centrifugation), 
the first time at 37° C, the second at room temperature 
For comparison of effects on immunologically competent 
and on haemopoietic stem cells the same batch of ALS 
was always used ın any one experiment 

Spleen or bone marrow cells were incubated with ALS 
for 45 min at 37° © AIl dilutions of ALS and of cells 
were made with Ringer solution Spleen suspensions con- 
tamed 100x 10° cells/ml , marrow suspensions contained 
13x10% cells/ml for Marshall or 20x 10° cells/ml for 
hybrid recipients respectively Spleen cells (2 ml) or 
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marrow cells (1 ml) were injected All rats ın these 
experiments were males, weighing 120-150 g 

A preliminary experiment was carned out to determine 
the range of ALS titres for winch mactivation of m- 
munologically competent and of haemopoietic stem cells 
could be demonstrated Marshall bone marrow and spleen 
cells were incubated with serial 1 2 dilutions of ALS 
and were then injected into Marshall and F, hybnd 
recipients, respectively An almost parallel inactivation 
pattern was obtained for these two classes of cells Dulu- 
tions of ALS up to 1 8 gave virtually complete mactiva- 
tion in both cases The degree of inactivation then 
appeared to dimmish with mereasing dilutions of ALS, 
to approximately 50 per cent, at dilutions of 1. 64 to 
1 128, as compared with cells incubated with Ringer 
solution alone 

On the basis of these results a more critical comparison 
was made of the extent to which the respective cell types 
were inactivated by ALS at two selected dilutions, namely, 
1 10 and 1 100 The repopulating ability of ALS- 
treated Marshall haemopoietic stem cells was assayed n 
F, hybrid as well as m Marshall recrpients, in order to 
test for any effect on transplantability into the hybud 
strains of cells treated with antiserum prepared against 
the Marshall strain There were thus three test systems 
(a) Marshall spleen cells assayed by splenomegaly induced 
in F, hybrids; (b) Marshall marrow cells assayed by 
repopulating abihty m Marshall recipients, and (e) 
Marshall marrow cells assayed by repopulating ability 
in F, hybrids Each test system consisted of six groups, 
containing six rats ın a group The first two groups of 
rats received cells treated with the two dilutions, 1 10 
and 1 100 respectively, of ALS A third group received 
cells treated with normal rabbit serum at a dilution of 
1 10 The remaining three groups received either the 
standard number of cells or half this number, 1n either case 
without previous serum treatment, or no cells at all The 
results are listed in Table 1 


Table 1 INACTIVATION OF IMMUNOLOGICALLY COMPETENT AND HAEMOPOTETIO 
STEM OELLS OF MARSHALL RATS BY RABBIT ANTI-RAT LYMPHOCYTIC SERUM 


Cell system tested 
Immunologically Haemopouetic stem cells 
competent cells (% of1ron-59 administered. 


Rabbit serum (spleen weight of on day 7 incorporated into 


F, hybrid, mg) red cells in 24 h) 
in Marshalls in F, hybrids 
Anti-lymphocytic serum 1/10 810 (39) ¢ 12 2 (51) 143 (1 8) 
Anti-lymphocytic serum 1/100 786 (43) 20 3 (0 7) 20 0 (2 0} 
Normal rabbit serum 1/10 1,012 (56) 29 5 (4 2) 21 8 (6 0) 
None (a) Full dose ofspleen* or 
marrow f cells 923 (59) 25 3 (8 6) 29 4 (5 9) 
(b) Half dose of spleen or 
marrow cells 784 (49) 23 3 (5 6) 21 0 (2 5) 
(c) No spleen or marrow 
cells 600 (11) 82 (23) 14 2 (1 8) 


* 200 x 10° Marshall spleen cells given intraperitoneally to (Marshall x 
August) F, hybrids 9 days before killing 

t Marshall rats given 13 x 10°, F, hybrids 20 x 10°, Marshall marrow cells 
intravenously 24 h after treatment with 5 8 mg/kg of dimethyl myleran 

$ Mean values for six rats, standard errors in parentheses 


ALS im a dilution of 1 10 completely inactivated both 
the immunologically competent cells and the haemo- 
poietic stem cells Both these cell types were reduced in 
effectiveness by ALS in a dilution of 1 100 to levels 
corresponding almost exactly (although confidence limits 
were wide) with those observed with half the standard 
number of untreated cells Normal rabbit serum in a 
dilution of 1 10 was without effect (The apparent reduc- 
tion in the repopulating ability of stem cells in F, hybrids 
after treatment with normal serum was probably not 
real (P>01) In contrast to the normal rabbit serum 
used in the other two experimental systems, the batch 
used in this system had not been absorbed with rat red 
cells This may have contributed to this effect ) 

In these experrments no difference could be demon- 
strated in the effectiveness of ALS against splenic lymphoid 
cells and against bone marrow stem cells Several hypo- 
theses can be advanced to explain the cross-reactivity 
of these two cell types The morphological identity of 
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haemopoietic stem cells has never been established and 
it has been suggested that they may even be indistin- 
guishable from marrow lymphocytes This contention 
lends support to the monophyletic theory of the origin 
of lymphoid and erythroid series™! and if correct would 
also explain their antigemie sumlamty An alternative 
explanation may be that thymocytes, as opposed to splenic 
lymph node or blood lymphocytes, were the source of 
antigen ın the preparation of the ALS used in these 
experiments Thymocytes are derrved from the bone 
marrow’, so the sumularity ın antigenic composition with 
haemopoietic stem cells may result from a common 
origin It 1s possible that a greater degree of antigenic 
disparity may exist between marrow stem cells and true 
lymphoid cells which might be brought to hght if the 
latter cells were used for immunization Recent work has 
shown that thymocytes possess some antigens not present 
m other lymphoid cells?® 

These expermments give no explanation of the mechanism 
of mactivation by ALS of either of these two types of 
cell Our (unpublished) observation, that the addition of 
guinea-pig complement does not enhance the inactivation 
of either cell type a vitro by dilutions of ALS down to 
l 128, supports the view that the action of ALS 1s 
predominantly cytotoxic If a process operated in vwo 
that did not depend on the action of the recrpient’s own 
complement, a synergistic effect could be expected between 
this process and the complement present during an vitro 
incubation It ıs possible that coating the cell surface 
with antibody interferes with the hommg property of 
haemopoietic stem cells to the bone marrow and of 
immunocompetent cells to the sttes in lymphoid tissues 
in which they initiate a graft versus host reaction 

There ıs an unexplained discrepancy On the one hand, 
ALS has an immediate effect on immunocompetent cells 
ın viro, as reported in these studies and by Brent et al.1?, 
who used mortality ın mice injected neonatally with 
allogeneic lymph node cells as their assay system On 
the other hand, a delay of 3-6 days has been reported to 
occur between the injection of ALS n vwo and maximal 
suppression of 1:mmune function, as demonstrated by the 
eapacity of the animal to reject allogeneic skin grafts!?, 
and of lymph node cells to produce haemolysins and 
agglutmins to foreign red cells!*, and to mduce fatal 
graft versus host disease! Although injected ALS 
produces an immediate fall in number of circulating 
lymphocytes, ıt 13 apparently prevented from reaching 
extravascular lymphoid tissues for several days 
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Inhibitory Effect of |,2-bis(2-Benzim- 
idazolyl) 1,2-ethanediol Derivatives 
on Poliovirus 


THE inhibitory properties of 2-(a-hydroxybenzyl) benzun- 
idazole (HBB) on the replication of poliovirus have been 
fully demonstrated? O’Sullivan et al * also reported that 
1,2-bvs(2-benzimidazolyl) 1,2-ethanedhol (I) has a selective 
inhibitory action on the multiplication of poliovirus. 
On the basis of these findings, we have synthesized, 
1,2-b2s(2-benzimidazolyl) 1,2-ethanediol derivatives and 
tested them for their anti-poliovirus effect 


N 


N V4 \ 
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R=H(l), R=CH, (Il), R= (I1), R= OCH, (IV) 


1,2-bvs(2-Benzmidazoly)) 1,2-ethanediol derivatives were 
prepared by the followmg procedures o0-Phenylene- 
diamine or 4-methyl, 4-chloro, and 0 04 molar 4-methoxy 
o-phenylenediamine were dissolved in 50 ml. of 4 normal 
hydrochloric acid in a 300 ml round flask To this solution 
was added 0 02 molar tartaric acid and the mixture was 
refluxed gently on a sand-bath for 2-3 h The reaction 
mixture was cooled externally with cold water and neutral- 
ized, with 20-30 per cent sodium carbonate solution while 
stirrmg The solution was kept in an 1ce-box overmght 
to complete crystalhzation. The crystals were collected 
by filtration and then recrystallized three times from dil 
ethanol The properties and yields of the compounds are 
given in Table 1 

The anti-poliovirus activity of these compounds was 
tested by using a poliovirus type 1 (Mahoney stram) and 
HeLa S; cells ın the followmg way A suspension of 
Hela S; cells (4 ml contaming 2x 105 cells/ml ) m YLE 
growth medium (1 0 g of yeast extract and 50 g of lact- 
albumin hydrolysate m 1,000 ml of Earle’s balanced salt 
solution, with 100 U of streptomycin and 500 v of penicil- 
lın supplemented with 10 per cent calf serum) was put 
into a plaque bottle, and incubated at 37° C for 4 days 
After the monolayer cell sheet has been established, the 
growth medium was removed and, ummediately after 
washing with phosphate buffered saline (PBS, pH 7 2), 
0085 ml of different dilutions (10-°-10-§ molar) of each 
tested compound and 045 ml of the pohovirus dilution 
(30-40 pru/bottle) were added After meubation for 1 h at 
37° C, the culture fluid was removed, and the cells were 
washed three times with PBS Then 45 ml of agar over- 
lay medium and 05 ml of the diluted compound were 
added ın turn to the bottle The agar overlay medium 
consisted of equal volumes of 18 per cent Bacto—Difeo 
agar and twice concentrated YLE medium supplemented 
with 8 per cent calf serum and 0 0025 per cent (final con- 
centration) neutral red After mcubation for 4 days at 
37° C plaques were counted For untreated control groups, 
the same amount of PBS was used mstead of one of the 
compounds being tested The results shown in Table 2 
indicate that 1,2-b1s(2-benzumidazolyl) 1,2-ethanediol 
derivatives clearly whibit the replication of poliovirus 
Compound IV showed complete mhibition 

The anti-poliovirus activity of compound IV was also 
examined by the TCID,, estimating dilution method, as 
shown in Table 3, which mdicates that the mmmumum 
imhibitory concentration of this compound was about 
2x 10-7 molar This effect ıs about 1,000 times greater 
than that of HBB or guamdime‘ The possibilty that 
compound IV affected the cells themselves in any way 
can be excluded Compound IV showed no toxicity m a 
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Table 1, PROPERTIES OF THE COMPOUNDS TESTED 
Compound Melting pomt* Yueld obtained Formula, Analysis 
e o (%) Calculated ‘ound 
(1) 1,2-bas(2-Benzimidazolyl) 1,2-ethanediol (ref 3) > 300 14 _ _ 
(I) 1,2-6us[5 (or 6)-Methyl-2-benzimidazolyl] 1,2-ethanediol 230-231 20 CrHieN.O2 HO y =o oe € =e 53 
N =1646 N =1630 
(III) 1,2-bie[5 (or 6)-Chloro-2-benzimidazolyl] 1,2-ethanedrol 219-220 18 CisH3N,0,Cl, H,0 5 = 50 a g = 90 a 
= =14 
(IV) 1,2-bis[5 (or 6)-Methoxy-2-benzimidazolyl] 1,2-ethanediol 213-214 23 Cars His N40, H,0 H = pa z “i $ os 
=150 = 


* Decomposition point 18 shown 


Table2 EFFECT OF 1,2-b13(2-BENZIMIDAZOLYL) 1,2-RTHANEDIOL DERIVATIVES 
ON REPLICATION OF POLIOVIRUS 


Compounds Percentage 
Added* No of plaques inhibition 
No amounts (mean and dispersion) (mean an 
(molar) Untreated groups Treated groups dispersion) 
I 10-2 37 0+1 87 10 241 30 72 6 (76 9-85 6) 
(35, 35, 38, 38,39) (9, 9, 10, 11, 12) 
10-4 33 6+114 11043 36 67 2 (80 0-53 1) 
(82, 34, 34, = 35) (7,8, a 14, 15) 
10“ 3444+26 2144319 87 8 (52 6-21 8) 
(32, bee es 55, 38) (18, 18, 22, 24, 25) 
10-° 315+2 64 12 5 (28 2-0 0) 
(st ie or 30) (28, 31, 33, 34) 
Ii 103 385 0+100 684277 80 6 (91 6~70 6) 
(84, 34, 35, 36, 38) (3, 5, 8, 8, 10) 
10“ 30 0+2 55 724258 76 0 (88 2~71 4) 
(28, 28, 29, 31, 34) (4, 7 Fi 8, 11) 
10+ 312+1 90 210070 32 7 (89 4-21 4) 
(28, 31, 32, A 33) (20, 21, 21, 21, 22) 
10-* 270432 24542 44 9 8 (24 1-0 0) 
(24, 24, 27, 3, 31) (22, 23, 26, 27) 
TII 107 45 6+3 03 244151 92 4 (100 0-90 4) 
(42, 43, 46, 48, 49) (0, 2, 3, 3, 4) 
10-° 48 0+0 70 8284+314 81 7 (38 7-29 8) 
(47, 48, 48, 48, 49) (30, S bre 33, 38) 
10-° 48 0+2 55 270 23 8 (35 3-11 1) 
(45, 46, 48, 50, 51) (33, 3e 37, 38, 40) 
IV 10~ 31840 83 00+000 100 0 (100-100) 
(31, 31, 32, 32, 33) (0, 0, 0, 0, 0) 
10- 34 64152 00+000 100 0 (100~100) 
(33, 34, 34, 35, 37) (0, 0, 0, 0, 0) 
10-* 36 04212 004000 100 0 (100-100) 
(84, 34, 36, 37, 39) (0, 0, 0 


* Final molar concentration 18 shown 


t+ No of plaques of the untreated group — No of plaquea of the treated 
group 


No of plaques of the untreated group 


x 100 


concentration of 10-4 molar m 7 days, but in a concen- 
tration of 10-* molar cells were degenerated or separated 
from tissue culture tubes Recent results (reported at 
the Fifteenth General Meeting of the Society of Japanese 
Virologists ın October 1967 at Chiba) show that (a) the 
mecorporation of 2-4C-uridme and *H-valine did not 
differ between cell cultures without compound IV and 
cultures treated with 10-* molar compound IV, and 
(b) compound IV strongly reduced the yield of intra- 
cellular virus This compound can therefore be supposed 
to be non-toxic. 


Table 3 ANTI-POLIOVIRUS ACTIVITY OF 1,2-BIS[5(OR 6)-METHOXY-2-BENZ- 
INIDAZOLYL] 1,2-RTHANEDIOL 


Added* ~Log TCIDs Difference 
amount Untreated groups Treated groups —log TCIDs, 
104 900 075 8 25 
10-5 9 00 125 775 
10- 9 00 150 750 
107 900 8 75 0 25 
10> 8 00 900 000 


* Final molar concentration 18 shown. 


The high mhibitory effect of this compound should be 
valuable not only for anti-viral chemotherapy but for 
analysing the mechanism of viral replication 
We thank Dr Shigesh: Toyoshima for advice and 
eriticism 
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Response of an Active Component 
of Croton Oil to Short-term Tests 
of Carcinogenicity 


THE cocarcimogenic properties of croton oil have been 
known for a long tımet, and there have been many attempts 
to identify its active components*? 

Hecker et al *-® succeeded ın isolating a set of phorbol 
esters from croton oil According to these authors phorbol 
is @ tetracyclie diterpene CH,,0O, Its structural 
formula 1s now known to correspond to the formula (I) 
shown’, where R,=R,=H Hecker’s experiments showed 
that these esters, apart from being promoters of cancer, 
also have a mild but definite tumour initiating effect’. 

Among the isolated esters of phorbol, Hecker’s sub- 
stance A, (ref 5) proved to be the most powerful This 
product has the same meltmg point (72° C) as ‘‘substance 
C-3” of Arroyo and Holcomb’? and the same mass spec- 
trum as “substance O” of Van Duuren and Orris*? Sub- 
stance A, 1s supposed to be c-acetyl-b-myristoyl-phorbol 
(that is, 13-O-acetyl-phorbol-12-myristate) Cz6Hs60s, Cor- 
responding to formula (I), where R, 1s a mynstoyle, and 
R, an acetyl residue5.* 

We have investigated the response of Hecker’s sub- 
stance A, to the short-term tests of carcinogemecity Two 
tests—the sebaceous gland suppression test and the 
epidermal hyperplasia test—-were made by our usual 
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Table i RESULTS OF THE SEBAOHOUS GLAND SUPPRESSION AND HYPERPLASIA 


Dose Dose 
1 10,000 1 1,000* 


Controls 
Mean of No of sebaceous glands + 191412 44418 49419 
2 standard errors 
Mean epidermal thickness + 2 196422 683436 716495 


standard errors 
* In some cases ulceration was present 


routine™. Mice of the IC stram, 49 days old, were used in 
the tests The substance was dissolved in acetone and was 
tested in two dilutions 1 1,000 and 1 10,000 There 
was a strongly positive reaction in both cases (Table 1) 
The phorbol ester which we have studied 1s one of the 
substances which, as well as being cancer imtiators or 
promoters, give positive sebaceous gland suppression and 
hyperplasia tests These findings emphasize the correla- 
tion between carcmogenicity and positive response to 
short-term tests Ths relationship is particularly in- 
teresting because so far ıt has usually been deserıbed 
within the polynuclear hydrocarbons!*4; our results 
enlarge the field of application of such tests 
It ıs also interesting that there 1s, according to Sivak, 
an analogy of structure and configuration between phorbol 
and colchicine (formula (II)) This latter substance gives 
a positive short-term test? without any known property 
of initiating or promoting cancer 
We thank Professor Erich Hecker, Director of the 
Biochemical Institute, Deutsches Krebsforschungszen- 
trum, Heidelberg, for substance A, used in these experi- 
ments 
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Infectious Mononucleosis: Continuous 
Suspension Culture of Peripheral 
Blood Leucocytes 


THE atypical lymphocyte in patients with infectious 
mononucleosis, like the leukaemic lymphocyte, 1s capable 
of spontaneous ın vwo proliferation This is shown by 
dividing and binucleate forms m errculation!, mcreased 
concentrations of cellular enzymes associated with nucleie 
acid synthesis*, markedly mereased premitotic activity 
with incorporation of tritiated nucleoside precursors? and 
early a vitro division of some of these labelled cells! Spon- 
taneous lymphoblastoid transformation of fibroblastic 
elements derived from bone marrow of patients with 
imfectious mononucleosis has been described’ with long 
term culture of these cells ın suspension® Despite the 
increased proliferative potential of peripheral atypical 
lymphocytes in this disease, little 1s known about the 
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progeny of these cells No established culture of lymphoid 
cells derived from peripheral blood of patients with 
infectious mononucleosis has previously been reported 

Our attempts to establish long term cultures of peri- 
pheral blood leucocytes from patients with imfectious 
mononucleosis, evaluated at the National Institutes of 
Health and diagnosed with criteria suggested by Hoag- 
land’, melude thirty-one samples taken from fifteen 
individuals at various stages of the disease Twenty-six 
samples from thirteen patients with climcal diseases with- 
out mfectious mononucleosis or known malignancy and 
fourteen samples from ten individuals without clinical 
ulness were studied collaterally (Table 1). 


Table 1 ATTEMPTS TO ESTABLISH LONG TERM SUSPENSION CULTURE OF 
PERIPHERAL BLOOD LEUCOCYTES 
No ofin- No of Lymphocytes/ 
Group dividuals specimens 10m! of medium 
No clinical illness 10 14 3 0 x 10%2 0 x 107 


Climcal disease other than infec- 

tious mononucleosis or malg- 

nancy 13 26 
Infectious mononucleosis 15 31 


3 4 x 10%-2 0 x 107 
3 0x 10%2 5 x 107 
(1 specimen at 
56x10") 


Leucocyte cultures were prepared by gravity sedi- 
mentation of heparmzed peripheral blood at 37° © for 
1-2 h and centrifugation of the plasma supernatant rich 
in leucocytes at 250g ın the International PR-2 at 20° C 
for 30 mn A sample (3 0x 105 to 5 0x 107) of lympho- 
cytes (determmed by direct differential count on a 
haemocytometer) was cultured at 37° C in 2 ounce screw 
top preserrption bottles containmg 10 ml of RPMI 1640 
medium, supplemented with 20 per cent heat-inactivated 
foetal calf serum, penicillin, streptomycin and /-glutamine 
Between 30 per cent and 50 per cent of the supernatant 
culture fluid was removed and replenished with fresh 
medium after gravity sedimentation of cells in each cul- 
ture twice a week for the first 2 weeks and then weekly 
until a culture was terminated No effort was made to 
maintam the origmal cell concentration Cultures were 
observed daily with a Zeiss verted microscope for signs 
of spontaneous proliferation and were discarded when 
intact lymphocytes were no longer visible 

Eight specimens from peripheral blood of five patients 
with infectious mononucleosis have proliferated in long 
term suspension culture (Table 2) Initial signs of pro- 


Table 2 SPECIMENS OF PERIPHERAL BLOOD LEUCOOYTES FROM PATIENTS 
WITH INFECTIOUS MONONUCLEOSIS PROLIFERATING IN LONG TERM SUSPENSION 
CULTURE 

Total Signs of Patient's highest 
lymphocytes proliferation gulres-pig kidney 
Cell hne cultured/10 ml evident (daysim adsorbed serum 
of medium culture) heterophil titre 
J P (B) 10x10 36 1 896 
J P (J) 10x10? 21 
WR (D) 60x 10° 44 1 1,792 
W R (F) 1010" 41 
E C (B) 56x10 35 1 7,168 
L M (B) 24x10 24 1 112 
L M (D) 14x10 40 
M K (B) 24x10 34 1 448 


liferation were evident after 21—44 days of culture with 
progressive pH (acidic) changes ın the medium, clumpmg 
of cells ın suspension and inerease in cell number At 
present these established lines do not require feeder layers 
and have no fibroblastic component when grown in medium 
contaming foetal calf serum Cells adherent to glass were 
noted, however, m the first few weeks of culture in seven 
of the eight lmnes established and either fibroblastic or 
epithehoid elements or both appear im all cultures grown 
im medium lacking foetal calf serum The cells ın sus- 
pension culture have been mamtamed for at least 3-7 
months and show no loss of vitality or signs of termination 
No long term suspension cultures were obtained from 
individuals without clinical uUlness or dividuals with 
diseases other than mfectious mononucleosis with the 
culture techniques used 
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The established hnes grow essentially as free-floating 
pleomorphic forms with a tendency to clump despite 
agitation which easily reseparates them mto individual 
cells Giemsa staming reveals wide morphological hetero- 
geneity with a fundamental lymphoid character with 
‘densely stamed nucleus, readily visualized nucleoli, 
vacuoles and variable amounts of basophilic to faint 
staming cytoplasm There 1s considerable variation in 
cell size and shape and quantity of uropodia The cells 
look quite immature, resembling lymphoblasts and 
lymphocytes stimulated with phytomtogen (phyto- 
haemagglutinin/pokeweed mitogen)? Cells reminiscent 
of plasmacytoid Downey cells! and bizarre nuclear 
forms are frequently seen Ultrastructure analysis shows 
& spectrum of lymphoid cells varymg from small cells 
with close morphological similarity to atypical lympho- 
cytes obtained from peripheral blood of patients with 
infectious mononucleosis, to large multinucleate forms 
Varying amounts of rough surfaced endoplasmic reticulum 
with occasional dilated cisternae and scattered free poly- 
ribosome complexes are present 

Chromosomal analysis shows a predominantly diploid 
mode for all lnes with a pseudodiplo:d population 
accounting for 4 per cent of metaphase plates examined 
m one of the lmes Doubling times range from 48-80 h 
im the standard culture medium Cells actively ingesting 
cellular and nuclear material are present in all cultures 
Following incubation with sterile polystyrene particles 
{0 8 mm, Dow Chemical Co ) or heat-killed Staphylococcus 
albus, 15-30 per cent of the cells showed evidence of 
phagocytosis Ingestion of Staphylococcus albus was not 
associated with release of endogenous pyrogen!? Histo- 
chemical analysis revealed varying quantities of lysosomal 
enzymes but complete absence of peroxidase and leuco- 
cyte allalne phosphatase Most cells contam materal 
which stains positively by the periodic acid-Schiff re- 
action No morphological differences could be discerned 
for phagocytic and non-phagocytic cells before incubation 
with foreign particles 

The ability of these lymphoid cells to synthesize 
ummunoglobulins was assayed by the radiommunoelectro- 
phoretic technique m 18 h culture contaimng various 
cell concentrations in 2 ml of medium Dried 2mmuno- 
electrophoresis plates were exposed to standard X-ray 
film for 5-14 days before developing Nascent synthesis 
of IgM, IgA and IgG, detectable at cell concentrations as 
low as 5 0x 105/ml , was demonstrated with mono-specific 
anti-human immunoglobulin sera Antibody specificity 
of these newly synthesized immunoglobulins ıs under 
investigation 

Interferon-lke activity has been demonstrated m the 
supernatants from these cell limes (unpublished results) 
This material is not sedimented by centmfugation at 
105,000g for 90 min It exhibits specificity for cells of 
human origin, is sensitive to trypsin and cannot sig- 
nificantly mhibit adenovirus repheation This activity 1s 
reduced by pretreatment with actinomycm D of the host 
cell No bacteria, virus, fungus or mycoplasma have been 
isolated from these lines 

Multiple continuous, long-term suspension cultures of 
lymphoid cells derrved from peripheral blood of patients 
with lymphoblastic leukaemia, myelogenous leukaemia‘, 
Burkitt’s lymphoma!*, Hodgkin’s lymphoma, lympho- 
sarcoma and multiple myeloma}? have been described 
Lethally imadiated Burkitt’s lymphoma, cells with herpes- 
type virus particles have been reported to mduce long term 
culture of normal leucocytes with acquisition by these 
cells of herpes-type viral antigen and C-group chromo- 
somal markers'® With special techniques established 
cultures of lymphoid cells from peripheral blood of 
“normal” individuals have been obtained as well? Many 
of these normal lines, however, harbour herpes-type virus 
particles, and long-term culture may well be a result of 
latently infected cells circulating ın individuals without 
chmcal wlness. With the techniques used, this background 
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potential was not encountered m our control samples. 
Collateral specimens from patients with infectious mono- 
nucleosis have proliferated ın long-term culture 

Infectious mononucleosis may sımulate acute leukaemia 
and 1s thought by some observers to represent an atypical 
form with a self-limiting course? Demonstration of the 
increased mn vitro proliferation of peripheral blood leuco- 
cytes from patients with infectious mononucleosis similar 
to neoplastic cells in leukaemia and lymphoma supports 
the thesis of common cellular potential in these lympho- 
proliferative states and offers a tool for mvestigation of 
this relationship 

Endogenous pyrogen was assayed by Dr Richard Root. 
Histochemical analysis was performed by Dr Harvey 
Gralmck We thank Mrs Patricia Baker, Mrs Turd 
Knutsen, Miss Margaret Huber, Holly Smith and Edward 
Harvey for technical assistance 
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Seizures in Experimental Porphyria 


WE report work which represents the first experimental 
model for neurological effects observed in acute mter- 
mittent porphyria (AIP), a genetically determined 
disorder, clinically charactenizcd by gastrointestinal, 
neurological and psychotic signs Increased urinary exere- 
tion of the porphyrm precursors delta-aminolaevulinie 
acid (ALA) and porphobilinogen (PBG) 1s found m overt 
as well as in most of the latent asymptomatic cases Severe, 
often fatal, attacks may be precipitated or aggravated by 
certain drugs, especially barbiturates The mechanisms 
responsible for the clinical signs in ATP, all of which seem 
to be on a neurogenic basis, are totally unknown!?, the 
risk involved by the use of drugs precludes clinical studies 
on the possible factors involved until more information 
can be derived from experimental models Chemical 
manifestations, similar to those of the human, disorder— 
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that 1s, increased synthesis and excretion of porphy1ins 
and their precursorxs—can be produced in laboratory 
animals by the use of certam drugs No clear-cut neuro- 
logical abnormalities, however, have been described ın 
experimental porphyria? 

We have found that rats, made porphyric by allyliso- 
piopylacetamide (AIA), are very susceptible to mduced 
convulsions The induction of seizures in these animals 1s 
a tool for studies of abnormalities ın neurological functions 
associated with disturbances m porphyrin metabolism 
These in turn might shed some light on the factors n- 
volved in the deranged functions of the nervous system in 
human porphyria 

Female Sprague-Dawley rats, weighing 150-160 g, were 
imjected subcutaneously with ATA solution in 0 15 molar 
sodium chloride, at a dose of 400 mg/kg, between eight 
and ten daily mjections were given Excessive urinary 
excretion of ALA and PBG was noted by established 
methods? Twenty-four hours after the last injection of 
ATA, groups of these rats, as well as control animals, were 
injected intraperitoneally with solutions—made ın 0 15 
molar sodium chloride—of the following compounds 
(a) isonicotinoylhydrazide (INH), (b) 4-methoxymethyl- 
pyridoxol hydrochloric acid, adjusted to pH 7, (e) 4- 
deoxypyridoxol hydrochloric acid, adjusted to pH 7. 
Some animals were injected intraperitoneally with pyri- 
doxol hydrochloric acid solution in 015 molar sodium 
chloride, adyusted to pH 7, 15 mm before injections of 
these compounds The rats were observed for 4 h after 
the injections and checked again 24 h later 

A dose of 0 75 mmoles/kg of INH induced generalized 
clonic-tonie convulsions in 60 per cent of the porphyric 
rats whereas none of the control animals convulsed, at a 
dose of 1 12 mmoles/kg, 90 per cent of the porphyric rats 
convulsed as compared with 20 per cent of the control 
group At this and at a higher dose level very severe 
convulsions were noted in the porphyric rats as compared 
with mld convulsions seen m the control animals In 
general, the convulsions occurred at 30-60 min after the 
injection. None of the animals died (Fig 1) Pyridoxol 
at doses of 0 5-2 mmoles/kg did not modify the pattern of 
convulsions induced by INH at a dose of 1 12 mmoles/kg 

A marked difference between control and AIA treated 
rats was found after mjection of 4-methoxymethylpyri- 
doxol (Fig 2) Seventy per cent of the poiphyric rats 
convulsed after injection of 0 25 mmoles/kg All porphyric 
rats convulsed when given 0 75 mmoles/kg, whereas none 
of the control rats was affected by thisdose Ata dose of 
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Fig 1 Convulszons induced by INH in rats treated with AIA and in 
controlrats Ten to fifteen animals were used for each point 
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treated with AIA and ın control rats Nine to twelve animals were used 
for each point 


1 mmole/kg, 20 per cent of normal rats showed generalized 
but mild convulsions occurring at 30-60 min after the 
injection, as compared with very severe repeated tonic- 
clonic convulsions in all porphyric animals at 10-80 min 
after the mjection None of the animals died Some 
protection was noted upon injection of pyridoxol, 2 
mmoles/kg reduced the convulsions induced by 075 
mmole/kg 4-methoxymethylpyridoxol from 100 per cent, 
to 40 per cent. The severity of the convulsions induced 
by this and by higher doses of 4-methoxymethylpynidoxol 
was decreased in animals injected with pyridoxol, and 
there was a delay in the appearance of seizures from less 
than 30 min to about 1h No complete protection, how- 
ever, was achieved m any of the groups by varying the 
doses of pyridoxol 

No difference was found between rats treated with AIA 
and control rats after injection of 4-deoxypyndoxol 
(Table 1) The dose-response curve was found to be very 
steep for both groups One control and one rat treated with 
ATA died and several other AIA treated rats showed only 
mild convulsions at a dose of 30 mmoles/kg, most 
animals ın both groups died within 60 min after injection 
of 3:5 mmoles/kg of 4-deoxypyridoxol 


Table 1 EFFECT OF 4-DEOXYPYRIDOXOL ON CONTROL RATS AND ON RATS 
TREATED WITH AIA 


Dose Rats treated with ATA Control rate 
mmoles/kg Convulsions Mortality Convulsions Mortahty 
30 4/12 1/12 1/8 1/8 
35 8/10 7/10 9/10 8/10 


The mechanısms of action of carbonyl reagents and of 
pyridoxol analogues are not clearly understood The con- 
vulsions induced by these reagents have been attributed 
to interference with the metabolic pathways of the nervous 
system, m which pyridoxal-5-phosphate ıs an essential 
cofactor for example, the y-amimobutyric acid pathway 
It has been assumed that INH forms hydrazones with 
pyridoxal and pyridoxal-5-phosphate, thereby mlnbiting 
pyridoxal kinase and some enzyme reactions involving 
pyridoxal-5-phosphate  Pyridoxol analogues, such as 
4-deoxypynidoxol, may, after their phosphorylation, serve 
as competitive inhibitors of several pyridoxal-5-phosphate 
dependent enzymes, but the exact modes and sites of 
action, as well as the possible active derivatives of these 
compounds, are not known'-? An imereased sensitivity 
to INH 18 associated with decreased brain content of 
pyridoxal-5-phosphate® 

ALA synthesis, for which pyridoxal-5-phosphate serves 
as a cofactor, 1s markedly increased im the liver of por- 
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phyric animals and in the liver of patients suffering from 
_ ATP®-1?, An increase in the liver pool of this cofactor could 
lead to a relative deficiency in other organs, such as the 
nervous system. Indeed, many of the clinical and patho- 
logical signs of porphyria are similar to those in other 
syndromes where pyridoxine deficiency has been postu- 
lated™-4, A simple deficiency of pyridoxine, however, 
“does not explain the results reported here. Whereas the 
rats treated with AIA showed a marked sensitivity to 
4.methoxymethylpyridoxol, no difference from normal was 
“noted after 4-deoxypyridoxol injection. The different 
action of the two pyridoxol analogues and the lack of a 
definite protection by pyridoxol against convulsions 
induced by 4-methoxymethylpyridoxol and INH point to 
a more specific mode of action than is implied by a 
general deficiency. No deterioration in the clinical state 
of a patient suffering from AIP was noted after treatment 
with 4-deoxypyridoxol. Treatment of patients with 
_ pyridoxol during acute attacks of porphyria either did 
: not change the clinical course or it coincided with a worsen- 
"ing of the clinical state (unpublished observations). One 
-cannot therefore imply a simple deficiency of the cofactor 
dn any of these cases. In other situations, where abnor- 
-analities in pyridoxine metabolism have been assumed to 
eceur, no simple deficiency is sufficient to explain the 
observed signs; while some of the neurological abnormali- 
“ties, observed in patients who receive INH, can be 
prevented by therapy with pyridoxol, increase in the 
severity of symptoms was observed in some patients 
being treated with INH as well as in some patients with a 
‘variety of nervous system disorders’*-?7, 
= Our experiments have shown that there are neurological 
‘disturbances in porphyric rats which are related to some 
aspects of pyridoxine action. It seems most probable that 
the initial site of action of the antagonists is a pyridoxal 
dependent enzyme. Obvious: possibilities are glutamic 
‘acid decarboxylase and y-aminobutyric acid transaminase. 
Glutamic acid and y-aminobutyric acid have been impli- 
cated as transmitter substances in nervous tissue. Other 
possible sites include metabolic pathways of catechol- 
amines, acetylcholine and of structural proteins in reactive 
‘membranes*-?. We have found that ALA rapidly forms 
imines with pyridoxal and pyridoxal-5-phosphate (our 
unpublished results). The kinetic and thermodynamic 
properties of the products are compatible with a role as 
competitive inhibitors in vive at locations far from their 
‘point of generation. Such compounds, for example, 
imines and their derivatives, can have sufficient structural 
and steric specificity to serve as inhibitors to some of 
the key enzymes. Such an inhibition could change 
functional activity of the nervous tissue and lower the 
threshold. for convulsions. = 
Further studies on this‘experimental model might help 
in clarifying the influetice of disturbances in porphyrin 
metabolism on metabolic’ pathways of nervous tissue. 
We thank Hoffmann-La Roche for the supply of allyl- 
- jsopropylacetamiide; and Merck, Sharp and Dohme for the 
`- supply of 4-methoxymethylpyridoxol. This investigation 
was supported by grants from the US National Institutes 
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CYTOLOGY 


Heterochromatic Segments in Vicia 
revealed by Treatment with HCI- 
Acetic Acid 


TAMASAKI! reported that H segments became visible in 
the mitotic metaphase chromosomes of Cypripedium 
debile following treatment with a 1: 9 mixture of 1 
normal HCl and 45 per cent acetic acid or acetic oreem 
for 15 min at 60°C. Sharma and Roy? and Sen*,. using 
the orcein mixture at 90° C, claimed that the treatment 
caused chromosome breakage at non-specific sites within 
a minute. The present experiments on Vicia faba 
(“Nagasaya Soramame”’) studied the effects of these 
mixtures and the separate effects of 1 normal HCI and 
45 per cent acetic acid. Treatments lasting 1-5 or 10 
min were given at 60°C and 90° C. Pretreatment: with 
colchicine was necessary to facilitate observation, ‘but 
fixation in acetic alcohol before treatment was not 
helpful. 

At 90° C, treatment of up to 2 min witha 1:9 mixture 
of 1 normal HCI and 2 per cent orcein in 45 per cont acetic 
acid had no effect while treatment for more than 4 min 
gave reduced stainability. H segments were invariably 
revealed, cspecially in the M chromosomes (Fig. 1) after 
3-4 min treatments, and no indications of breakage were 
observed in any of the experiments. 





1 2 3 4 


Fig. 1, 1,2and 3: the M chromosomes showing heterochromatic seg- 

ments are arranged according to the order in which the H segments 

appear. 4 is an S chromosome showing a heterochromatic segment. 
(Same magnification.) 
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Fig. 2. The positions of the centromere (C), nucleolar organizer (N) 

and heterochromatic segments (other gaps) as described by McLeish* (M), 

Evans and Bigger* (EB) and myself (T). 1, Zand 3 indicate the sequence 
in which the H segments become evident. 


Treatmont with HCl-acetic acid followed by Feulgen 
staining was preferable to treatment with HCl-oreein 
and the best results were obtained after 3 min treatment 
at 90°C. 

The H segments described by McLeish‘ following cold 
treatment in Vicia are even more obvious after treatment 
with HCl-acetic acid. But the additional H segment, 
described by Evans and Bigger is not evident. HCI- 
acetic acid, however, reveals further segments which 
have not been described following cold treatment (Fig. 2). 

I thank Professor T. Miduno and Dr N. Yamasaki 
for criticism and help. 
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Chromosome Aberrations during Normal 
Epithelial Proliferation 


EARLIER investigations! have shown that a spectacular 
cellular proliferation occurs in the epithelium of the mouse 
Millerian vaginal anlage and in the uterine cervix during 
approximately the first week after birth. This prolifera- 
tion is paralleled by a cellular degeneration®. It has been 
suggested that the latter phenomenon is caused, at least 
in part, by a degeneration of cells with abnormal mitoses 
which appear during the proliferation®, 

Because abnormal mitoses appear during this prolifera- 
tion, we thought that it would be interesting to investi- 
gate also whether some cells have a ehromosome number 
which is different from the normal diploid number in a 
mouse (40). This communication presents evidence for 
the existence of such cells. 

Young albino mice from a closed stock were used. The 


animals were injected with colchicine (1 ug in 0-05 ml. of 


Tyrode solution) on the day of birth and were killed 6 h 
later. The anterior part of the vaginal anlage and the 
uterine cervix were dissected out. The preparations were 
put into a 3 per cent solution of trypsin (Difco, 1 : 250) 
in Tyrode sclution free from calcium and magnesium at. 
37° C for 5 min. While still in the trypsin solution but 
now at room temperature, the epithelium was dissected 
free from mesenchyme with fine glass needles. The 
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epithelium was then transferred to a hypotonic solution 
(Parker 199 and distilled water, 1:5) for 90 min. The 
preparations were fixed in a solution of acetic acid, normal 
hydrochlorie acid and distilled water (6: 1:3); they were 
stained in acetic orcein, and squashed. The cover glass 
was framed with Kroenig cement. 

Because the squash technique can introduce errors 
when chromosomes are lost from a cell, we did not 
analyse any cells with less than forty chromosomes. 
The metaphases studied were all well circumscribed and 
the chromosomes in each metaphase were all contracted 
to the same extent. 

The chromosomes of 469 cells, hypodiploid cells not 
being included, were analysed from about twenty-five 
newborn mice. Among these 469 cells, forty-eight had 
more than forty chromosomes. Twenty-seven cells 
(5-4 per cent) had 41-49 chromosomes, ten cells (2-1 per 
cent) had 50-69 chromosomes, and eleven cells (2:3 per 
cent) had 70-80 chromosomes. A cell with forty-two 
chromosomes is shown in Fig. 1. 

Four metacentrie chromosomes were seen. One cell 
had forty acrocentric chromosomes and one metacentric 
chromosome. The remaining three metacentrics (Fig. 2) 
were found in groups of chromosomes which could not, 
definitely be considered to belong to a single cell. 

Aneuploidy and structural differences in chromosomes 
are common phenomena in cancer and preeancerous con- 
ditions‘-’, in cells in tissue culture’, in short term cultures 
of the human endometrium® and after cells have been 
exposed to X-rays; opinions differ about their occurrence 
in regenerating liver‘), Special types of chromosomal 
aberrations can be seen in patients with an abnormal sex 
chromosome set, Down’s syndrome and similar conditions. 

Chromosomal aberrations can be tolerated in a cell as 
long as the genome for replication is intact and as long as 
the cell is not exposed to special demands. When this 
oceurs—for example, during the differentiation of the 
epithelium in the anterior part of the vaginal anlage and 
the uterine cervix—it seems unlikely that the unbalanced 
genome is compatible with cell life, for cells with deviating 
genotypes are exposed to a strong negative selection". 
We think that cells with abnormal genotypes oceur by 
chance during proliferation. When the epithelium differ- 
entiates later, these cells die and could contribute to the 
degeneration in the same region", 

A tetraploid chromosome number is usually found in 
some tissues such as bone marrow, liver, transitional 





Fig. 1. A cell with forty-two chromosomes, 
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Fig, 2. Three of the four metacentric chromosomes. 


epithelium and in glia cells in the cerebellum4-*. 
| Mallerian epithelium from the anterior part of the vaginal 
anlage and uterine cervix in neonatal mice can also be 
‘included in this group. 
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GENETICS 


_ Production of Foetal Haemoglobin in 
_ Marrow Cultures of Human Adults 


Iw the usual conditions of marrow culture, haemoglobin 
synthesis is maintained for only short periods. Kraus 
(ref. 1 and personal communication) reported on a long- 
term bone marrow culture method maintained at less 
than 37°C. In experimenting with this technique, we 
observed increased foetal (a:Y:) haemoglobin synthesis 
in culturing adult marrows. 
- Marrow from adults was obtained during routine aspira- 
tions or from ribs obtained at cardiac surgery. Haemato- 
logical diagnoses included various anaemias, leukaemia. 
suspected metastatic disease and Gaucher’s disease. None 
‘of these patients had an elevated amount of Hb-F. 
Marrow suspensions (5 x 10°-5 x 10° nucleated cells/mm, 
` using 0-5 ml. of marrow in each culture) were drawn into 
-1 per cent sterile heparin, stored in the dark for less than 
1 h at room temperature and placed in a 25 ml. vessel 
‘fitted with a ground glass top and containing 18 ml. of 
Tyrode solution, phenol red as pH indicator, 400 U of 
“penicillin, 400 ug of streptomycin/ml. of media and 2-5 ml. 
of the patient’s plasma or foetal calf serum. Incubation 
im the dark at 27°C lasted for various times between 1 
and 20 days. ™“C-Leucine (5 uc./eulture) or citrated 
jron-59 in 1-5 mi. of patient’s serum or foetal calf serum 
(10° pe./eulture) was added to label any haemoglobin 
synthesized during incubation. At the end of incubation, 
the contents of the culture were washed four times with 
jsotonic saline. Cells were lysed with 2 ml. of distilled 
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water and all cell debris was disearded after high-speed 
centrifugation. The haemoglobins of the resultant super- 
nates were separated either by starch gel electrophoresis 
using TEB-borate buffer? or by starch grain electrophoresis 
using a buffer which separates Hb-A from Hb-F (155 g 
of H,BO,, 54-5 g of tris 7-9 and 2'9 g of ethylenediamine 
tetraacetic acid diluted with water to 2,000 ml. (pH 8-6). 
Borate buffer for the vessels (pH 8-5)—222-7 g of H,BOs 
and 43-8 g of NaOH diluted with water to 24 |.—was sug- 
gested by Miss J. Anderson of the King County Blood 
Bank, Seattle. The alkali denaturation method of 
Betke® was also used to separate foetal haemoglobin. 
Haemoglobin synthesized during incubation was estim- 
ated by measuring the amount of radioactivity incor- 
porated into various haemoglobins separated by these, 
methods. Non-radioactive carrier foetal haemoglobin was 
added to the radioactive haemolysates just before separa- 
tion. When “C-leucine was used, liquid scintillation. 


counting was carried out on the various haemoglobin 


fractions recovered from starch grain using Bray’s count- 
ing solution‘ in a Packard “Tri-Carb’ liquid seintillation | 
spectrometer. When iron-59 was used, the samples of- 
haemoglobin were separated by both starch gel electro- 
phoresis and starch grain electrophoresis. The radio- > 
activity of the starch gel separations was measured in an 
auto-sealer after cutting the gel into a series of separate 
bands. PEREA 
Marrows incubated in these conditions showed a 
reduced number of nucleated cells: 1x 10¢/mm* of culture 
media on the first day and 3x 10*/mm! of culture media. 
on the eleventh day of incubation. The amount of radio- 
activity incorporated into haemoglobin each day also 
decreased with prolonged incubation (Table 1). ` i 


Table 1. INCORPORATION OF **FE INTO HAEMOGLOBIN IN CULTURES INCUBATED 
FOR INCREASING TIMES 5 


Day of incubation Total cpm. in Hb 
2 ’ 
3 10,500 
5 14,000 
7 15,500 
9 16,000 
11 18,500 


Iron-59 was added to ali cultures on the first day. 


In contrast, the proportion as well as the total amount 
of radioactivity incorporated into foetal haemoglobin 
increased during incubation (Figs. 1 and 2). The patterns 
found were similar when the analyses were carried out on 
starch gel electrophoresis using iron-59 or on starch grain 
electrophoresis with either label. Atypical electrophoretic 
analysis on starch grain is shown in Fig. 3. To confirm 
that the radioactivity was in fact incorporated in Hb-F, 
this pigment was also isolated by alkali denaturation. 
Recoveries using the two techniques showed good agree- 
ment (Table 2). l 

To determine whether the increase in production. of 
Hb-F was dependent on newly formed RNA, actinomycin 
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Days radioactivity present in culture 
Fig. 1. Effect of length of incubation on rate of incorporation of radio- 


activity into foetal haemoglobin. Each point represents fifteen experi- 
ments except for days 8-11 when only one experiment was performed, 
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patient’s clinical diagnosis and the amount of radio- 





20 activity incorporated into foetal haemoglobin. Essentially 
285 similar results were obtained using earbon-14 and iron-59 
eed labelling. . 
Bee Several mechanisms could account for the findings of 
2s increased Hb-F synthesis. (a) The culture conditions 
228 favour increased transcription of messenger RNA for the 
SEF gamma chains of foetal haemoglobin. (b) Erythropoietic 
EEE m precursors whieh normally produce foetal haemoglobin 
£28 were more resistant to cell death in culture conditions. 
ES» (c) There was increased resistance of gamma chain mes- 
z senger RNA to destruction: in culture conditions. (d) 
3 Assuming that equal amounts of beta and gamma chain 


messenger RNA are made at all times and that control 
of haemoglobin synthesis is exerted at the ribosomal 
0-8 2-5 47 6-9 8-11 level’, the conditions of culture favoured a shift towards 
RE a i translation of gamma chains by ribosomes, : 

Days radioactivity present in culture The finding of an absolute increase in synthesis of Hb-F 

F Oe Mae (Fig. 2) together with the more pronounced depression of 
Fig, 2, Effect of length of incubation on incorporation of radioactivity Hb-F than of Hb-A synthesis with actinomycin (‘Table 3) 
The columus for each comparison are based on the means of seven suggests that increased transcription of messenger for 
haemoglobin on day 0-3 was taken as 100 per cent, and the amount of gamma chains is the most likely explanation for our find- 





radioactivity in pea obi oe baat i Mesed as me bet; ings. Any one of the other mechanisms could also be 

centage of the radioactivi y present on day 0-3, ‘The ranges of foeta s v = saai ś 

haeniwglobin were as follows: days 2-5: 47-285 per cent; days 4-7: operative. W hatever the mechanism, these studies indicate 

47-350 per cent; days 6-9: 65-510 Pet cent; days 8-11: 190-265 that haemoglobin synthesis may be active in culture for 
per cent, 


<D was added to the cultures’ to depress synthesis of DNA 
dependent RNA (0-1 ml. of actinomycin D dissolved in + 
“alcohol to give a final concentration of 5-10 molar). Two | 
samples of a culture from the same individual, one with 
added actinomycin, were incubated in fourteen experi- 
ments and the counts in the various haemoglobin fractions 
were compared (Table 3). Addition of actinomycin D 
_ Suppressed the production of foetal haemoglobin (mean 12.940 
-suppression 88 per cent) more than that of adult haemo- Faas 


globin (mean suppression 29 per cent). This difference TR —— A — [55,200] 73 | 35,680 64 






















- was highly significant (P < 0-01) using the Wilcoxon rank t 1.000) | 30) 0 
-order test. === F800 14 | 5520) 19 
-Fable 2. COMPARISON OF ALKALINE DENATURATION AND ELECTROPHORESIS 

IN ESTIMATION OF FOETAL Hb SYNTHESIS IN CULTURES wean ea 700 | 10} O 

Percentage F Hb* 
Percentage alkali (elution from starch gel 
Experiment resistant haemoglobin* electrophoresis) 
Tron-69 2 i 710 3 

1 18 21 
2 28 33 
8 1 5 
4 35 











Ei i i _| 


No differences in the amount of radioactivity incor- y grain electrophoresis and elution, A,, A, F 
porated into foetal haemoglobin in culture were noted 
when foetal calf serum was used rather than the patient’s 
own serum. There was no relationship between the 


2 
* Percentages refer to the amount of radioactivity recovered from relevant 
fractions after culturing, 





segments between and ahead of 
were from two cultures from the 
C-leucine, the other with iron-69, 


Table 8. EEFERo? OF ACTINOMYCIN ON HAEMOGLOBIN SYNTHESIS 


Tetal haemoglobin synthesis Adult haemoglobin synthesis | 
De per culture per culture Foetal haemoglobin synthesis per culture 
v8 
Experi- radio- Total cp.m, Totale.p.m, Percent- Total cpm. Totale.p.m. Percent- Total Percentage Total Percentage Percent- 
ment activity without with age sup- without with age sup- p.m, Ho F epm, Hb F age sup- 
No, present in actinomycin actinomycin pression actinomycin actinomycin pression Without actinomycin With actinomycin pression 
culture 

1 1-11 49,050 36.800 25 44,000 35,400 20 3,900 8-0* 810 2-2% 79 

2 8-11 200,000 160,000 20 162,000 149,000 8 34,000 17-0+ 8,600 50t 76 

3 4-7 150,000 62, 59 133,000 59,700 55 14, 9-3T 1,100 1L8t 92 

4 4-7 53,000 10,700 80 48,700 10,300 79 3,280 62+ 214 20+ 93 

& 6-9 220,000 202,000 203,000 195,000 4 12,300 56t 2,828 Ldt 77 

8 6-9 141,000 129,000 126,000 106,000 16 12,100 8-6+ OF 100 

7 8-11 110, 84, 24 94,000 80,600 14 13,300 12-14 1,848 22+ 86 

8 9 13,300 9,100 31 11,800 8,630 27 1,210 IF 201 32t 78 

8 4-7 160,000 70,000 57 6,000 65,900 52 20,800 130+ 2,730 BOF 7 

10 1-11 12,700 9, 22 11,160 9,605 14 1,320 10-4* 115 1-i* 9} 

ii 6-9 87,000 59,006 33 77,2 57,200 26 8,180 94 590 10t 83 

12 1-11 55,200 25.300 55 48,100 24,450 50 6,100 11-0" 350 1-4* 94 

13 4-7 11,600 10,500 9 9,060 8,100 11 2,300 19-8f 205 2-OF 91 

14 7 55,500 63,000 +14 48,000 61,800 +29 8,440 IL-6 oT 100 

Mean 29 10-9 1-9 88 

Range 8O- +14 79- +29 5-6-19-8 0-5-0 76-100 


* Starch grain separation. 
t Separation by alkaline denaturation. 
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more than 10 days. The technique provides a tool for the 
study of mechanisms controlling foetal haemoglobin 
synthesis 
We thank Dr E Huehns for his help This work was 
supported by grants from the National Institutes of 
Health, US Publie Health Service 
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PHYSIOLOGY 


Powerful New Aggregator of Blood 
Platelets—2-Chloroadenosine-5'- 
diphosphate 


ADENOSINE-5’-DIPHOSPHATE causes reversible aggregation 
of blood platelets ın many mammalian species both om 
vitro? and wm vwo? An optimal concentration of cal- 
cium ions® and the presence of one or more plasma fac- 
tors? are required for aggregation to take place Studies 
by Born and Cross? of the aggregation of human platelets 
tm viro have shown that there is a lnear relationship 
between the rate of aggregation and the logarithm of the 
concentration of ADP Aggregation n vitro, caused by 
ADP, 1s inhibited by adenosine, adenosine-5’-phosphate 
(AMP) and adenosine-5’-triphosphate (ATP) whether the 
platelets are human*’, rabbit® or pig’. It has been sug- 
gested by Clayton et al ® that adenosine and AMP mmhibit 
aggregation by occupying the ADP receptor 

The nature of the ADP receptor and the mechanism 
by which ADP causes platelets to aggregate 1s not known 
although a number of different theories have been 
proposed Clayton ef al? and Helem and Owren? 
have suggested the interplatelet calcium bridge theory 
which envisages the binding of the purme moiety of ADP 
to a receptor on the surface of the platelet possibly by 
means of a plasma protein”, and the bridging of the pyro- 
phosphate moieties of adsorbed ADP molecules by calerum 
tons The mhibitory properties of adenosine, AMP and 
ATP are thought to be a result of their mability to form 
eale1um bridges, though they still occupy the ADP 
receptor?-#? 

Salzman et al’? have shown that platelets have an 
ATPase on ther surface and they suggested that this 
“ecto-ATPase” provides the energy to maintain the plate- 
lets ın the non-sticky state. ADP is thought to arrest 
this membrane regulatory process by product inhibition 
of the ‘‘ecto-ATPase”, resultant changes in the membrane 
then permit the exposure of receptor sites which can take 
part in the platelet—platelet bridging by plasma protem 
and calcium ons 

Robinson et al? and Mitchell and Sharp't have ex- 
plained the phenomenon of the ADP-mediated platelet 
aggregation by postulatmg that the adsorption of ADP 
to the platelet surface alters the platelet’s surface charge 
which normally causes platelets to repel each other 

Recently another hypothesis has been put forward by 
Born, who found that dithiol compounds, such as 
dithiothreitol, mhibit the ADP-mediated aggregation of 
platelets He suggested that the interaction of ADP with 
its specific receptor produces a configurational change in 
a component of the platelet surface, and that this change 
1s necessary for the formation between platelets and the 
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plasma protein fibrmogen, of disulphide bonds which 
bring about the aggregation. Whatever the mode of 
action of ADP, whether it is initially simple adsorption to 
@ specific receptor site on the surface of the platelet or 
the inhibition of a membrane regulatory enzyme, 1t seems 
most hkely that ADP and adenosine act on the same 
receptor 

2-Chloroadenosme has been found to be more potent 
than adenosine in inhibiting the ADP-medated aggrega- 
tion of human!*, rabbit}? and sheep?® platelets, and its 
action 1s more prolonged than that of adenosine The 
greater duration of action of 2-chloroadenosine can be 
explained, as suggested by Born", by the fact that ıb 1s 
probably not inactivated by plasma adenosine deaminase; 
2-chloroadenosine 1s not deaminated by either rat kidney” 
or ox heart”? adenosine deaminase The greater potency 
of 2-chloroadenosine compared with adenosine could be a 
result of a greater affinity of the analogue for the adenosine 
receptor If this is so, and adenosine and ADP do act at 
the same receptor, then the 2-chloro analogue of ADP 
would also be expected to have a greater affinity for the 
ADP receptor and to be an aggregator of greater potency 
than ADP 

2-Chloroadenosine-5’-diphosphate (2-Cl-ADP) has been 
synthesized in this imstitute; ıt was isolated as the 
diammomum salt and was analytically pure Details of 
the synthesis will be reported elsewhere (G Gough and 
M H Maguire) 

Aggregation studies with 2-Cl-ADP using sheep and 
human platelet-11ch plasma have shown that 2-Cl-ADP 
is nie to ten times as potent as ADP 

Sheep platelet-rich plasma was prepared as previously 
reported’*, and human platelet-11ch plasma was pre- 
pared similarly from citrated blood collected from healthy 
volunteers The aggregation of platelets was measured 
by a modified version of Born’s turbidimetric technique’ 
In this method, the maximal change in optical density 
which could be induced by ADP was first recorded, and 
then the recording system was adjusted so that the change 
in optical density between non-aggregated and maximally 
aggregated platelet-mch plasma resulted in a standard 
reading on the recorder scale In this way results obtamed 
from different batches of plasma could be pooled for 
statistical purposes To obviate further differences from 
one batch of platelet-rich plasma to another, compara- 
tive experiments were always carried out on the same day 
on the same batch of plasma 

The aggregation of sheep platelet-rich plasma, brought 
about by varying concentraticns of 2-Cl-ADP, was 
found to be reversible ard dose dependent, just as the 
ADP-mediated aggregation ıs! Fig 1 shows the aggrega- 
tion of sheep platelet-rich plasma by varying concentra- 
tions of 2-Cl-ADP. The log dose response curve for this 
aggregation was obtamed by measuring the imtial rate 
of the fall m optical density in platelet-rich plasma 
after the addition of 2-CI-ADP. The log dose response 
curve for the ADP-mediated aggregation was obtained 
similarly Both log dose response curves are shown m 
Fig 2 and their parallel nature demonstrates that these 
two agonists are acting on the same receptor Both 
diphosphates in sufficient concentration cause complete 
aggregation ‘This ıs indicated on the log dose response 
curves by the extrapolated broken line 

Equimolar concentrations of 2-chloroadenosme and 
adenosine were found to inhibit the 2-Cl-ADP-mediated 
aggregation (Fig 3), and 2-chloroadenosine can be seen 
to be the more potent mhibitor Inhibition by both 
nucleosides 1s concentration dependent Log dose response 
curves were obtained from the aggregation curves for 
2-C1-ADP alone and ın the presence of three concentra- 
tions of adenosine and 2-chloroadenosine In Fig 4 these 
log dose response curves form a family of parallel lines, 
indicating that the inhibition 1s competitive and that the 
agonist 2-Cl-ADP, and the antagonists 2-chloroadenosine 
and adenosine, are all acting on the same receptor The 
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log dose response curves for the ADP-mediated aggrega- 
tion in the absence of mhıbıtor and mhibited by adenosine 
and 2-chloroadenosine formed a similar family of parallel 
lines (Fig 5), showing the competitive nature of the 
inhibition by adenosine and 2-chloroadenosine of the 
ADP-mediated aggregation Both pairs of agonists and 
antagonists are acting on the same receptor. 

Figs 2-5 show that the agomst and the antagonist 
in which the hydrogen of carbon 2 of the adenine moiety 
1s replaced by chlorine have a greater affinity for the 
receptor than the parent compounds Values for the 
affinities of the antagonists were obtamed fiom Arun- 
lakshana and Schild plots of log (x— 1) versus the log of 
the concentration of the antagonist?! where æ 1s the ratio 
of the concentrations of mhibited agonist to unmbibited 
agonist which both give the same response. Data for the 
plots were obtained from Figs 4 and 5 

The four Arunlakshana and Schild plots (Fig 6) form 
straight parallel lines, and ın the case of the antagonist 
adenosine the plots obtamed with both agonists, ADP 
and 2-Cl-ADP, are almost superrmposable The plots 
obtained for the antagonist 2-chloroadenosine are not 
supermnposable but not very different, and do overlap 
within the limits grven by the standard errors. For 
clarity of illustration the standard errors are not shown 
The logarithmic values of the affimty constants, Ky, of 
the two antagonists are obtamed from the intercepts with 
the line log (c—1)=0, for adenosine, each agonist gives 
an identical value. 5 83, while for 2-chloroadenosine the 
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Changes in the optical density of sheep platelet-rich plasma 


Fig 1 
2-Cl-ADP concentrations 


caused by 2-Cl-ADP added at zero time 
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Fig 2 Log dose response curves for the aggregation of sheep platelet- 
rich plasma by ADP (©) and 2-Cl-ADP (@) Rates of aggregation were 
obtained from the initial slopes of the aggregation curves The points on 
each curve represent means of not less than ten experiments, the 
standard errors of the means are indicated by the vertical hnes 
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Fig 3 Changes in optical density of sheep platelet-rich plasma caused 

by 3 2 x10 molar 2-Cl-ADP alone (A), and ın the presence of 1 2 x 10-* 

molar adenosine (B) and 1 2x 10~* molar 2-chloroadenosine (C) Adenos- 

ine and 2-chloroadenosine were added to the platelet-rich plasma 2 min 
before the addition of 2-Cl-ADP at zero time 


Slope/first 30 sec 





10 50 
Concentration of 2-CI-ADP (x 10 molar) 


Fig 4 Log dose response curves for the aggregation of sheep A ther 


100 


rich plasma by 2-Cl-ADP alone (A), and in the presence of adenosine 

and 2-chloroadenosine Concentrations of adenosine (O) reading from 

left to right were 12, 24 and 48x10- molar, concentrations of 

2-chicroadenosine (A) reading from left to mght were 045, 09 and 
18x 10-* molar 


mntercept values are 643 with ADP as agonist and 6 40 
with 2-Cl-ADP as agonist These values are expressed 
as affinity constants in Table 1 The two affinity constants 
obtained for 2-chloroadenosine, 0 27x 10? and 0 25x 107, 
are averaged 


Table 1 AFFINITY CONSTANTS Ka AND Kb, OF AGONISTS AND ANTAGONISTS 
FOR THE PLATELET ADP RECEPTOR 
2-CLADP 5 61x10? 
ADP 0 58 x 107 
2-Chloroadenosine 0 26x 10" 
Adenosine 0 07 x 107 


Affinity constants can also be obtaimed for the agonist 
ADP and 2-Cl-ADP from the log dose response curves 
Because both agonists will elicit the maximum aggregation 
possible, and because there would seem to be neghgible 
diffusion barriers for the agonists to pass through before 
having access to the platelet receptors, 1t may be assumed 
that the response, that ıs, the percentage of maximum 
aggregation, ıs proportional to the number of receptors 
occupied At 50 per cent response, half the receptors will 
be occupied and the affinity constant Ka will be the 
reciprocal of the concentration of the agomst The values 
of Ka obtained in this way from Figs 4 and 5 are also 
given in Table 1 The values show that the agonists have 
a greater affimty for the ADP receptor than the antagon- 
ists and that m the case of the agonists a chlorme sub- 
stituent in the 2 position increases affinity 9 7-fold, while 
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Wig 5 Log dose response curves for the aggregation of sheep platelet- 


rich plasma by ADP alone (@), and in the presence of adenosine 
(O) and 2-chloroadenosine (A). in, concentrakions as described for 
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Fig 6  Aruniakshana and Schiid™ plot for graphical determination 
of the affinity of the antagonists adenosine (a) and 2-chloroadenosine (b) 
for the ADP/2-Cl-ADP receptor Agonists ADP (O), 2-Cl-ADP (@) 


simula: substitution in the antagonist molecule increases 
affinity 4 8-fold 
We have shown that 2-Cl-ADP is an extremely potent 
an vitro aggregator of sheep and human platelets, and that 
1ts potency depends on the enhanced affinity of the 
molecule for the ADP receptor conferred by 2-chloro 
substitution Because 2-Cl-ADP m remarkably small con- 
centrations (1-2 x 10-8 molar) will cause reversible aggre- 
gation of certain mammalian platelets 1t should prove a 
valuable tool for research mto the mechanism of ADP- 
mediated platelet aggiegation 
We thank Professor R H Thorp for his continued 
interest ın these studies 
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Sites of Action of some Partial 
Agonists on the Isolated Guinea-pig 
Heum 


It ıs well known that 1f in a homologous series of drugs a 
special group 1s changed by heavier ones, they gradually 
change from agonists through partial agonists into com- 
petitive antagonists! It has been reported that isoamyl 
acetate, its analogues? and pilocarpine®, some of which 
are partial agonists, contract the isolated guinea-pig ileum 
through the liberation of acetyicholme on the one hand, 
and antagonize the action of released acetylcholine on 
the other hand, when they combine with the acetylcholine 
receptor The sites of action of partial agonists, however, 
have never been studied precisely, and so we have investi- 
gated the effects of cooling, cocaine, morphine and hexa- 
methonium on the actions of two series of drugs which 
are esters of choline and dimethylaminoethano] 

Strips of male guinea-pig leum (3-4 cm long) were 
suspended in Lock—Ringer solution at 32° C and bubbled 
with ar The responses of the eum to test drugs were 
recorded isotonically on a smoked paper The results 
given are the means of at least ten experiments 

The drugs are listed in Table 1 Pentanoylcholine, hex- 
anoylcholine, benzoylcholine, dimethylaminoethyl butyr- 
ate and pilocarpme were partial agonists All drugs listed 
and also nicotine, and those drugs which affect the nerve 
structures, contracted the ileum through the acetylcholine 
receptors because their responses were antagonized by 
10-*-10-’ molar atropine The responses to the partial 
agonists and nicotine were greatly reduced, or abolished, 
by cooling the ileum to 12°C for 1-2 h, or by 5 min of 
treatment with cocaine (5 x 10-' molar), while the responses 
to the agonists such as acetylcholine were not much 
affected by those treatments The responses to drugs 
which contracted the smooth muscle by stimulating 
the cholinergic nerve structures were greatly reduced by 
cooling the ileum, by anoxia or by cocaine? Further- 
more, the responses to the partial agonists, with the 
exception of pilocarpme, were much reduced by 5 x 10-5 
molar hexamethonium after 5 min, by 3x10- molar 
morphine after 2 mn or by 10-* molar tetrodotoxin after 
5 min The results indicate that the site of action of the 
partial agonists 1s in the nerve structures of the ileum, 
the partial agonists, except with the 1on of pilocaipine, 


Table 1 INTRINSIO ACTIVITIES AND AFFINITIES (pD: AND pA.) 
C (0) At 32°C At 12°C 
{CNCCOC-R]}*X- R x Intrinsic pA, 
Cc activity pD, (agonist = ACh) 
ACh CH, Cl 100 712 
PrCh CH; I 100 5 65 
BuCh n-C,H, i 100 450 
PenCh n-CsHy I 0 66 418 £08 
HeCh n~-C;Hy, I 054 458 451 
Bech C.Hs T 0 52 339 445 
[Snccoc-r jnc: 
DMABAc CH, 100 525 
DMAEBu n~C3H- 070 3 90 3 80 
Pilocarpine 0 87 6 44 6 27 


b oy as activity 1s maximal contraction by test drug/maximal contraction 
y ACh 
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seem to stimulate the ganglion cells and accelerate the 
liberation of acetylcholine which 1s depressed by morphine 
or strychnine ln addition, pilocarpme also stimulates 
the nerve structures and liberates acetylcholine through 
a mechanism which 1s unaffected by morphine cr strych- 
nine*> 
The affimties of the agonists were expressed as the 
pD, values or the negative logarithm of the concentration 
which produced 50 per cent maximal contraction of 
muscle The competitive inhibitory activities were ex- 
pressed as the pA, values which were calculated from the 
shift of a dose response curve of an agonist® All the 
partial agonists, however, displaced a dose response curve 
of acetylcholine towards greater concentrations in the 
experiments at 12°C The pA, values of the partial 
agonists were calculated from a shift of the dose response 
curve of acetylcholine in the experiments at 12°C The 
intrinsic activities and affinities ale summarized in Table 
1 The pA, values of competitive mhibitors against acetyl- 
choline were little affected by cooling the leum to 12° O, 
so the pA, values of the test drugs listed in Table 1 may 
represent their affinity for the acetylcholine receptor on 
the smooth muscle (ref 2 and unpublished work of 
Takagi, Takayanagi and Maezima) ‘The responses to 
pentanoylcholine or a partial agonist were inhibited more 
by dibenamine (3x 10-5 molar) than those to acetyl- 
choline? This suggests that the responses to the partial 
agonists are antagonized by what may be a synergism 
of their own atropine-hke action plus the anti-acetyl- 
choline action of dibenamine, on the other hand, the 
responses to the pure agonists may be considered to be 
antagonized by an unaided anti-acetylcholine action of 
dibenamine As suggested, partial agonists may contract 
the guinea-pig ileum by liberating acetylcholine from the 
cholinergic nerves and antagonize an action of the acetyl- 
choline, which they have released, by their atropime-like 
action 
To confirm this hypothesis, the mode of action of an 

equivalent muxture of acetylcholine and atropme was 
tested The intrinsic activity or the ratio of the maximal 
contraction produced by the mixture to that produced by 
acetylcholine ıs about 07 and the concentration which 
produced 50 per cent of the maximal contraction was 
10-8 g/ml Furthermore, 3x 10-5 molar dibenamine ın- 
hibited the responses to the mixture more than the 
responses to acetylcholine 
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Daily Rhythm in the Noradrenaline 
Content of Rat Hypothalamus 


THe noradrenaline content of several organs of the rat 
has been shown to vary during each 24h period'? Almost 
all of the catecholamine in these organs (pineal, salivary 
gland and liver) ıs located not ın the parenchymal tissue 
but within the nerve endings of sympathetic axons? 
Noradrenaline ıs also concentrated in several regions‘-® 
of the brain, where 1t 1s found within both nerve endings 
and cell bodies It will be shown that m normal lighting 
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conditions the noradrenaline concentrations in the 
anterior and posterior rat hypothalamus are not constant 
but, like the catecholamine ın pemphezal organs, depend 
on the time of day when the tissue 1s sampled. 

Three separate studies were performed during two 
summers, each used female Sprague-Dawley rats weighing 
160-180 g The ammals were kcpt in a controlled bght 
environment (25-50 ft.-candles of Ulummation, provided 
by cool-white fluorescent bulbs) for at least 2 weeks 
before they were killed The lights were turncd on for 
12 h starting at 6 00am or 7.00am Groups of between 
four and nine ammals were killed by decapitation after 
5 5h of light, at the end of the hght period, after 6 h of 
darkness or after 115 h of darkness The brains were 
removed and chilled, five regions (anterior hypothalamus, 
posterior hypothalamus, sti1atum, midbrain and thal- 
amus-subthalamus) were dissected, using a technique 
sumilar to that described by Glowinski and Iversen? The 
lateral cuts bounding the hypothalamus were slanted 
toward the midline in order to avoid imecluding sub- 
thalamic structures (such as Forel’s fields) The hypo- 
thalamus was then subdivided into anterior and posterior 
portions by a transverse cut 2 mm caudal to the optic 
chiasma The weights of each region of the brain were 
relatively reproducible from anımal to animal, their 
standard deviations, among the sixty-seven rats studied 
ranged from 10 to 21 per cent of their means 

Noradrenaline was assayed in samples of mdividual 
rat brains Each region was homogenized m 5 ml. of 
perchloric acid (04 normal) After centrifugation, the 
supernatant was transferred to a beaker containing 200 mg 
of alumina which had been washcd with acid, 5 ml. of 
2 normal ethylenediamine tetraacetic acid and 15 ml of 
sodium bisulphite. The pH was adjusted to 86 with 
concentrated sodium hydroxide and the contents of the 
beaker were poured over a column containing an additional 
200 mg of alumina which had been brought to pH 86 
The column was washed with 0 2 normal sodium acetate 
and with glass-distilled water, the noradrenaline was then 
eluted with 3 ml of 0 2 normal acetic acid and assayed 
spectrophotofluorometrically® The recovery of added 
noradrenaline averaged 67 per cent 

In each of the three experiments, the mean noradren- 
aline concentration of each brain region was calculated, 
and individual measurements taken at different times of 
day were expressed as percentages of the daily mean value 
for the region Data from all three experiments were 
pooled, and the statistical significance of temporal differ- 
ences was determined using a t test Similar results were 
obtained in all three experrments The regional concen- 
trations of noradrenaline are shown as a function of hour 
of the day in Table 1 

Significant daily rhythms were observed ın the anterior 
hypothalamus and the posterior hypothalamus The nor- 
adrenaline contents of both regions were greatest at the 
muddle of the daily dark period, m the anterior hypo- 
thalamus, the catecholamine concentration was low 
throughout the lght period, in the posterior hypo- 
thalamus, the nadir was reached at the end of the 
dark period In both regions, the magnitude of the 
daly change was 22-24 per cent Daily noradrenaline 


Table 1 NORADRENALINE CONCENTRATION OF VARIOUS BRAIN REGIONS AT 


DIFFERENT TIMES OF DAY 


Mean nor- Time brain removed. 
adrenalme 55 Light 12 Light 6 Dark 115 Dark 
Brain region concen- Noradrenaline concentration 
tration y/g (per cent of mean +S£) 
Anterior 63 1 454 926 921% 1128 103 3 
hypothalamus £53 447 +55 +39 
Posterior 67 1094 103 2 99 6 110 2 88 7* 
hypothalamus £57 +76 +60 +42 
Mdbraln 6 0 398 95 3 93 8 102 4 108 3 
+56 253 +51 +80 
Stratum 60 0 224 981 106 1 101 8 963 
+56 +65 +80 +72 
Thalamus- 0 226 101 3 919 8i1 122 5 
subthalamus +160 +106 +84 #215 


*P<001 Noradrenaline content differs significantly from that observed 
after 6 h of darkness 
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fluctuations of greater amplitude were found in the 
thalamus-subthalamus, but these changes were not 
statistically significant (Table 1) A daily noradrenaline 
rhythm has been demonstrated ın the lateral hypothal- 
amus of the cat?” In the present experiment, the region 
designated thalamus-subthalamus contained the lateral 
hypothalamic area, as well as the thalamus It 1s possible 
that a daily rhythm exists in lateral hypothalamic nor- 
adrenaline and that the rhythm was obscured in the 
present study because the hypothalamic tissue was 
diluted with relatively large amounts of thalamus The 
noradrenaline concentrations in the rat midbram and 
striatum did not vary during the day, similar findings 
have been reported m the catt? 

The neuroanatomic structures responsible for hypo- 
thalamic noradrenaline rhythms are not known, nor are 
the biochemical mechanisms which generate them clear 
The increased concentration of the neurotransmitter 
during the dark period could be caused by enhanced 
noradrenaline synthesis, decreased release of the amine, 
or a decrease in its rate of intracellular metabolism It 
seems likely that the amount of hypothalamic nor- 
adrenaline which can be hberated by a drug also depends 
on the time of day that the drug is administered If this 
18 true, 16 ıs possible that psychotropic drugs (such as 
amphetamine) which produce their effects by releasing 
brain noradrenaline may show time-dependent variations 
m potency 
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Thermoregulation in Tortoises 


ALTHOUGH ieptiles in a laboratory cage may show feeble 
powers of thermoregulation, 1b 1s now known that, when 
active in natural conditions, their body temperature is 
often 1egulated by behavioural means at a thermal level 
higher than that of many mammals! Tortoises are no 
exception and sun themselves when the air 1s cool 
Experiments on young desert tortoises, Testudo sulcata 
Miller (=T calcarata Schn ), have shown that water 
loss by evaporation increases greatly in dry air at tempera- 
tures above 40°-41° C At ambient temperatures of 
55° C the body temperature rises rapidly to about 40 5° C, 
at which level ıt 1s mamtaied by copious salivation which 
wets the head, neck and front legs Although they do not 
usually take water when supplied with green food, 
these tortoises drink deeply after such experiments 
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Application of Laser Interferometry 
to Physiological Studies of Excitable 
Tissues 


INTERFEROMETRIC techmques offer a sensitive means 
of measurmg small displacements, film thickness and 
changes in refractive mdex By applying interfero- 
metry to studies of excitation processes, Kayushin and 
Lyudkovskaya!? and Lyudkovskaya* reported that they 
had detected small movements of frog sciatic nerve m 
association with excitation This communication describes 
a techmque of applying laser mterferometry to the 
investigation of various excitable tissues, we have tried 
to deteet small movements accompanymg the action 
potentials of fresh water algae (Nutella) and frog and 
lobster nerve trunks 





_ - BEAM SPLITTER 





LASER ? 
7 SJ | REFERENCE 
Meee --N>- MIRROR 
Ms i aN 
Z s metki 
STIMULATING RECORDING 
ELECTRODES 
Fig 1 Schematic diagram showing the interferometry set-up used to 


examine excitable tissue for the presence of small movements associated 
with the production of action potentials M represents a small mirror 
placed on the surface of a Natella internode or a nerve trunk (N) Two 
‘Vaseline’ partitions were used to separate the middle section of the tissue 
from the latera) portions where the platinum wire stimulating and record- 
ing electrodes were placed L represents a cylindrical lens used to focus 
the interference pattern on to the sereen of the oscilloscope used for 
recording the action potential The inset illustrates the technique used 
to examine changes in the length of an exertable tissue (VY) 1n response to 
electric stimulation Stimulating (S) and recording (R) electrodes were 
made of rings of platinum wire (separated by approximately 10 mm) 
placed near the wall of the cylindrical ‘Lucite’ chamber (filled with sea 
water diluted by a factor of 2,000) 


A helrum-neon gas laser (Perkin-Elmer, model 5200) 
served as a source of contmuous, coherent, plane-polarized 
hight (0 6328 wavelength) An interference objective 
attachment (W Watson and Sons, England) was modified 
by removing the condenser lens system and was fitted 
to a standard monocular microscope The experimental 
set-up is ilustrated schematically m Fig 1 The laser 
beam was spht ın two by means of a half-silvered mirror 
Interference was obtained between one portion of the 
beam 1eflected back from a reference surface mirror to 
the half-silvered murror and the other part of the beam 
reflected from a small surface muror attached to the 
biological preparation A prism at the top of the miero- 
scope tube and a cylindrical lens were used to focus the 
resulting interference pattern onto the upper half of a 
cathode ray oscilloscope screen In this manner, the 
interference pattern and the electrical response of the 
tissue to stimulation (displayed on the lower half of the 
oscilloscope screen with a standing beam) could be re- 
corded simultaneously on moving photographic film 

In one seres of experiments, the small surface mirror 
(0 5 mm?) was placed directly on the (most) surface of a 
Nutella amillaris mternode, frog sciatic nerve or lobster 
circeumoesophageal connective (Fig 1) These excitable 
tissues were mounted horizontally m a ‘Lucite’ chamber 
provided with two pairs of platinum electrodes (one pau 
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48sec 





Fig 2 Shifts of mterference pattern representing small movements associated with the 
excitation process in Nitellainternodes Record A was obtained by using & surface mirror 


placed directly on the internode (horizontal arrangement) 


Note that a barely sub- 


threshold electric shock produced no detectable movement of the interference pattern 
Record B was taken from a Nitella .nternode mounted in the vertical chamber (see inset, 
Fig 1) For both experiments, the fluid medium was sea water diluted bv a factor of 2,000 
The tension applied to the Netelia cell in the vertical chamber was approximately 0 25 g 
A shift of the interference pattern of one full period corresponds to a 0 31644 movement 


of the mirror 


for stimulation, the other for recording action potentials) 
The murror was placed on the preparation between the 
electrode pairs, this portion of the chamber contained 
only sufficient fluid to prevent the preparation drying 
After adjusting the two murrors to give an interference 
pattern, brief pulses of current were delivered to the 
tissue through the stimulating electrodes In this way, a 
transient shift m the mterference pattern, representing 
a small displacement of the surface of a Natella internode, 
was detected whenever an action potential was produced 
(Fig 2A). There was no detectable shift in the inter- 
ference pattern when the stimulating current failed to 
produce an action potential (that 1s, when the stimulus 
was sub-threshold) The displacement associated with 
an all-or-none action potential was generally between 
01 and 0 3p at the peak The direction of movement of 
the cell surface was always downward (compatible with 
a reduction in diameter of the Nutella cell) The inter- 
nodes of the Nitella used were 350-450 in diameter and 
30-40 mm in length Similar experiments with frog and 
lobster nerve were performed, but no movement was 
detected even when a tram of mmpulses (50 shocks/sec) 
was evoked 

Reversible changes in the length of the Neiella cell 
with excitation were also observed when the mternode 
was mounted vertically in a ‘Lucite’ chamber containmng 
sea water diluted by a factor of 2,000 (inset, Fig 1) 
One end of the cell was secured to the bottom of the 
chamber and the other end was tied to a micro-lever with 
fine thread Interference patterns were obtained with a 
surface mirror attached to the lever A typical record 
obtained in these conditions 1s shown ın Fig 2B The 
reversible shift ın the mterference pattern represents 
a shortening of the mternode with excitation The 
observed shortening ranged between 01 and 0 3u at the 
peak The recovery process (that 1s, the process of 
returning toward the initial length followmg shortening) 
was seen to start during the falling phase of the extra- 
cellularly recorded response (This phase of the extra- 
cellular response roughly coincides with the peak of an 
intracellularly recorded action potential) The initial, 
rapid phase of recovery was followed by a late, gradual 
recovery phase ‘The results obtamed by this method are 
consistent with those of Kishimoto and Ohkawa‘, who 
detected an average shortening of Nutella mternodes of 
0 lu using a sensitive micro-lever technique (without 
interferometry). 

When frog or lobster nerve was used m the vertical 
chamber, no detectable change in length was observed 
during repetitive stimulation (50 shocks/sec) At present, 
the reason for our failure to detect small movements 
during the excitation of these nerves 1s not clear An 


The room temperature was 20° C 


attempt ıs now bemg made to impiove the sensitivity 
of our system by using a photomultipher mstead of the 
present photographic technique for detecting shifts of 
the interference pattern The relationshrp between the 
present experimental finding in Nutella and the mechanism 
of excitation in this alga (see, for example, Mullins®; 
Mailman and Mullins*; Kishimoto and Ohkawa’) remams 
to be clarified 

We thank Dr Irwin Singer, Massachusetts |General 
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RADIOBIOLOGY 


Composition of Trabecular Bone in 
Children and its relation to 
Radiation Dosimetry 


TRABECULAR bone 1s a composite tissue containing both 
bone marrow and bony tissue, but the radiation dose to 
the composite tissue from a B-emitting bone seeking 
nuclide is, to a first approximation, proportional to the 
amount of bone present Children are of particular interest 
in this respect because of the rapid turnover of their bone 
mineral! We report here the results of chemical analyses 
of specimens of trabecular bone from young children, 
which enable the amount of bone in trabecular bone tissue 
to be estimated 

Information about the physical and chemical composi- 
tion of trabecular bone 1s sparse m the hterature Erf? 
reports chemical analyses for the phosphorus content of 
compact bone and trabecular bone specimens (vertebral 
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Table 1 CALOIUM AND PHOSPHORUS CONTFNT OF TRABECULAR AND CORTICAL BONE AND BONE MARROW 
Percentage cal- Percentage phos- Phosphorus 
Specimen Ratio, ash cium by weight phorus by weight Calcium content, content, mg/g 

weight/wet weight (in ash) (in ash) mg/g wet weight wet welght 
Vertebral trabecular bone tissue (4) 0139 342 182 475 25 3 
Vertebral trabecular bone tissue (B) 0136 344 181 466 246 
Trabecular bone tissue, upper end of femur (B) 0132 359 183 474 241 
Cortical compact bone, midshaft of femur (B) 0 504 885 179 194 903 
Femur trabecular bone after washing out marrow (B) _ 379 187 _ _ 

ın marrow’ a 

Red marrow from femur shaft (B) 0 0107 i 026 ) in 7 mow) 21 18 


A, 17 month old child, B, 20 month old child 


bodies), taken from a case of lymphatic leukaemia, in a 
patient who died at 65 Jones and Ells? found that 
trabecular bone tissue, taken after death from the verte- 
bral bodies of two adults, had a density of 1 1 g/ec From 
the data given in these 1eferences, and using reasonable 
assumptions, 1t may be calculated that the proportion of 
bone by weight in trabecular bone tissue 1s 20-30 per 
cent It should be remembered, however, that these 
experiments were made primarily for other purposes 

Calculations of the gravimetric composition of trabecu- 
lar bone tissue have been made from measurements of the 
dimensions of the bone marrow cavities and the bony 
trabeculae, and lead to significantly higher estimates of 
the proportion of bone For example, the trabecular bone 
model proposed by the International Commission on 
Radiological Units and Measurements (ICRU)‘ corre- 
sponds to a proportion of bone by weight of more than 
65 per cent None of this work was on child bone, and the 
results are not consistent 

Our measurements were made on bone specimens 
taken at post mortem from two children, aged 17 and 20 
months The children died m hospital, following acute 
respiratory illnesses The bone specimens were con- 
sidered to approximate closely to normal bony tissue and 
were stored at — 20°C Lumbar vertebrae were obtained 
fiom both children and a femur from one child Trabecu- 
lar bone tissue was dissected out from the vertebral bodies 
and from the upper end of the femur Care was taken to 
avoid includmg any cartilage m the trabecular bone 
samples The marrow cavity of the femur provided a 
small specimen of red bone marrow (1 3 g), and specimens 
of compact (cortical) bone were obtained from the femur 
shaft 

Specimens were weighed, dried and finally dry ashed in 
a muffle furnace up to a maximum temperature of 750° C 
The resulting ash specimens were weighed after cooling 
in & desiccator Phosphorus was determined ın the ash 
specimens by the well known procedure using ammonium 
molybdate Calc1um was determined gravimetrically as 
the oxalate’ Analyses were carried out in duphcate and 
the coefficient of variation of the phosphorus method was 
1 per cent and of the calcium method 02 per cent The 
present results may be slightly below this standard because 
of the small weights of the ash samples Results are sum- 
marized in Table 1, expressed as percentage of calcrum 
and phosphorus, by weight, m the ash The last two 
columns give the calcium and phosphorus contents of the 
original samples, and are obtained from the chemical 
analyses together with the known ash weight and wet 
weight of each specimen 

The calerum and phosphorus contents of trabecular 
bone ash are seen to be very similar to those of compact 
bone ash Both approximate quite closely to a simple 
stoichiometric hydroxyapatite [Ca,(PO,).];, Ca(OH), 
which contains 39 9 per cent calaum and 185 per cent 
phosphorus by weight® Our results are also m accordance 
with those of Gong et al? In work with cortical bone, 
and vertebral trabecular bone free of marrow, from ten 
adult humans, these authors found the density of cortical 
bone to be 1 991 g/ce and of trabecular bone 1 924 g;ce 
For present purposes we may assume that the bone in 


trabecular bone tissue ıs quantitatively the same as 
compact bone 

We assume also that marrow ın trabecular bone has the 
same calcium and phosphorus content as femur shaft bone 
mairow A comment should be made on our bone mariow 
results, ıt ıs very difficult to be certam that no tmy 
spicules of bone remain in a sample of marrow taken from. 
the marrow cavity in along bone The presence of a small 
percentage of bone markedly affects results for the calerum 
and phosphorus content of bone marrow, and possibly 
explains widely differmg values quoted ın the literature® 
For an organ roughly comparable in cellularity with bone 
marrow, namely spleen, ICRP? gives the calcium content 
as 0 084 mg/g and phosphorus as 22 mg/g The contribu- 
tion of the bone marrow to the calcium and phosphorus 
content of trabecular bone tissue ıs therefore small 

The two assumptions discussed here allow the amount 
of bone in trabecular bone tissue to be obtained by propor- 
tion from the calcium measurements, or from the phos- 
phorus measurements, or more simply from the ash 
weights, with the results shown in Table 2 The explana- 
tion of the small differences between these results is not 
clear, but for present purposes it 1s sufficient to consider 
that one-quarter the weight of trabecular bone tissue is. 
bone. 


Table 2 PROPORTION OF BONE IN TRABECULAR BONE TISSUE IN YOUNG 
CHILDREN 
Weight of bone 
in trabecular 
Method bone tissue 
(mg/g) 

Calcium content 235 
Phosphorus content 258 
Ash weights 254 


Erf’s? analyses for phosphorus are comparable with 
ours, for he obtamed 208 mg/g wet weight in vertebral 
bodies, and around 90 mg/g in the diaphyses of the tibia 
and femur, in his 65 yr old leukaemia patient The 
density measurements of Jones and Ellis? are also com- 
patible with our results they found 11 g/cc for the 
density of adult vertebral trabecular bone tissue, and we 
would calculate 114 g/ec by using a density of 1 924 
(ref 7) for trabecular bone and 1 0 for marrow 

If trabecular bone tissue 1s formalized mto a regular- 
cubic lattice, followmg ICRU‘, we may calculate the 
thickness of the bony walls surrounding each cube of 
bone marrow by using the results of Table 2 If the cubes 
of marrow have sides of 400p, for example (ICRU quote 
a range of 200-950), the thickness of the bony wall 1s 
only about 20u This 1s the smallest observed thickness of 
bone trabeculae according to ICRU, the largest thickness 
they report 1s 250u. 

In conclusion, chemical analyses of bones from children 
about 18 months old show that the proportion of bone by 
weight, in trabecular bone tissue from vertebral bodies 
and the upper end of the femur, 1s almost exactly 25 per 
cent This finding supports a previous chemical analysis. 
and a density measurement of adult trabecular bone 
tissues, but disagrees with estimates made from geo- 
metrical measurements of bone sections 


578 


We thank Professor T Crawford and Dr W A Aherne 
for the bone specimens, and W Fletcher and A. Hughes 
for carrymg out the chemical analyses 


E D Dyson 


United Kingdom Atomuc Energy Authority, 
Authority Health and Safety Branch, 
Radhological Protection Division, 
Harwell, Berkshire 
W. J. WHITEHOUSE 


United Kingdom Atomic Energy Authority, 
Health Physics and Medical Division, 
Atomic Energy Research Establishment, 
Harwell, Berkshire. 


Received December 28, 1967 
1 Ploteher W, Loutit, J F,and Papworth, D G., Brit Med J, 2, 1225 
1 


2Erf,L A, Proc Soc Exp Bul and Med , 47, 287 (1941) 

2? Jones, D E A,and Ellis, RB E,in MRC Special Rep , 295 (1957) 

* Internatonal Commission on Radiologwal Units and Measurements (ICRU), 
Nat Bureau Standards Handbook, 78 (1961) 

5 Bryant, F J, Morgan, A, and Spicer, G S, UKAEA Research Group 
Report AERE-R3030 (1959) 

‘Neuman, W F, and Neuman, M W, The Chemwal Dynamics of Bone 
Mineral (Univ Chicago Press, 1958) 

7 Gong, J. K , Arnold, J S , and Cohn, S$ J, Anat Rec ,149, 325 (1964) 

8 Spector, W S , Handbook of Brological Data (Saunders, Philadelphia, 1956). 

2 International Commission on Radiological Protection Report of Commitee II 
(Pergamon, London, 1959) 


BIOLOGY 


Regulation of Albumin Synthesis and 
Catabolism by Alteration of 
Dietary Protein 


THERE 1s good evidence that catabolism of albumin 1s 
slowed in conditions of low-proteim feeding and in clmical 
states of protem deficiency, for example, kwashorkor!~* 
There ıs less certamty about alterations in the rate of 
synthesis, measurement of which 1s usually derived 
indirectly from the metabolic behaviour of isotopically 
labelled albumin * 

It has also been difficult to define the processes which 
regulate albumin synthesis and catabolism m states of 
protem deprivation It has been particularly difficult 
to prove whether the adaptive changes reflect a response 
to altered concentration or mass of plasma albumin, or 
whether they are a more direct response to reduced 
availability of dietary protein? In an attempt to resolve 
this difficulty, we have made serial measurements of the 
plasma albumin pool and of synthesis and catabolic rate 
in rats given diets contaimmg little or no protem Similar 
studies were made ım rats re-fed a normal diet after beng 
deprived of protein. 

The plasma albumin pool was calculated from the 
product of albumin concentration and plasma volume 
(determined by isotope dilution using “I-albumin) Syn- 
thesis rate was measured by the method of McFarlane 
based on the relative rates of incorporation of carbon-14 
into urea and into the guanidme carbon of albumin 
arginme®? Rat albumin labelled with iodine-131 was 
administered intravenously to measure catabolic rate 
which was calculated from daily urmary loss of radio- 
activity, derived mdirectly from serial whole-body counts 
and expressed as a function of plasma specific activity 
The method ıs valid even in an unsteady state which 
might exist in these experimental conditions’, 19I- 
albumm was prepared by ammonium sulphate preapita- 
tion and labelled by the iodine monochloride method’. 

Male albino rats of Wistar stram, housed m conditions 
of controlled temperature and humidity, were fed one of 
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three diets normal protem diet consisting of 20 per 
cent mixed protein, low-protei diet consisting of 5 per 
cent mixed protem , and a protem-free diet All were 
isocalone on a weight basis Appropmate vitamin and 
mineral supplements were added to the low-protem diet 
and to the protein-free diet The rats were allowed free 
access to water Iodide was added to the water when 
the catabolic rate was bemg measured in order to block 
uptake of iodine-131 by the thyroid. We set out imtially 
to test the agreement between the synthesis rates, meas- 
ured with 14C-carbonate, and the catabolic rates measured 
with #1]-albumin m animals under the same nutritional 
conditions. The two rates in this case should be equal 
Catabohe rate was determined daily for 14 days on 
twenty control rats receiving the normal protein diet 
At the end of this period *4C-carbonate was injected to 
measure the synthesis rate Five groups of four rats were 
studied and plasma from each group was pooled. Table 1 
shows excellent agreement between synthesis rate and 
catabolic rate m these animals There was also good 
correlation for similar figures derived from five rats 
studied individually after 60 days on the low-protein 
diet (Table 2) In this case both the synthesis rate and 
the catabolic rate are significantly lower than the control 
values {P <0 001), which indicates adaptation to a lower 
protem mtake 


Table 1 COMPARISON OF ALBUMIN SYNTHESIS AND CATABOLIC RATES 
DERIVED BY TWO INDEPENDENT METHODS, IN TWENTY RATS ON NORMAL 
PROTEIN INTAKE 


Synthesis rate Catabolic rate 

Group (mg/h/300 g of rat) (mg/h/800 g of rat) 

1 128 129 

2 117 107 

3 112 104 

4 116 119 

5 111 10 0 
Mean 117 112 


Each figure represents pooled values from a group of four rats 


Table 2 COMPARISON OF ALBUMIN SYNTHESIS AND OATABOLIO RATES IN 
FIVE RATS STUDIED INDIVIDUALLY AFTER 60 DAYS OF LOW-PROTRIN DIET 
Synthesis rate Catabolic rate 
Rat (mg/h/300 g of rat) (mg/h/300 g of rat) 

1 43 20 

2 40 35 

3 35 31 

4 17 22 

5 26 56 

Mean 32 33 


Serial measurements were made on rats on a protein- 
free diet, ın order to study the sequence in which these 
changes occur Synthesis rate was measured daily for 
8 days and on days 10 and 12, each assay bemg based on 
pooled plasma from a group of four rats Simultaneous 
estumations on groups of rats fed on a normal proteim 
diet provided controls for each assay. In a repeat ox- 
permment, duplicate values for synthesis rate were obtained 
for days 3, 4, 6, 7 and 10 Daily catabolic rate was 
measured on eleven rats, previously given ™1J-albumin, 
for 4 days before and 9 days after being fed on a protem- 
free diet 

The timing of adaptation to protem repletion was also 
studied Rats were fed on a protein-free diet for 12 days, 
and then allowed free access to a normal diet On days 
1, 3, 4, 5 and 7 after resumption of the normal diet, 
synthesis rate was determined, plasma from a group of 
four rats was agam pooled for each assay Catabolic rate 
‘was measured on seven rats on the last 2 days of the 
protein-free diet and daily for 12 days when they were 
on @ normal protem diet 

Overall results of this depletion and repletion experi- 
ment are presented in Fig. 1. Solid hnes for albumm 
concentration, and broken hnes for synthesis rate during 
depletion and catabolic rate during repletion, were cal- 
culated by the least means squares method, and are 
meluded to mdicate the probabihty of gradual change 


Plasma 


albumin 
concentration) 
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The concentration of plasma albumm and of the mtra- 
vascular pool mass decreased in asumlarway The change 
in pool mass was all caused by a decrease m albumin 
concentration, for the plasma volume remained constant 
throughout the experment Catabolic rate was mam- 
tamed for 6-7 days (by which time synthesis rate and 
albumin concentration were much reduced) before falling 
precipitously On repletion there was an immediate 
increase in the synthesis rate to normal or above-normal 
values This change was reflected by a gradual mse ım 
plasma albumin concentration (and pool mass) Cata- 
oe rate rose slowly after what appeared to be a shght 
ag 


(g/100 ml ) 











Synthesis rate 
(mg/h/300 g rat) 





Catabolic rate 
(mg/h/300 g rat) 
i 
© 





Days of repletion 


Days of depletion 


Fig 1 Seral measurements of plasma albumin concentration, synthesis 

and catabolic rates ın rats during depletion and repletion of dietary pro- 

tein Shaded areas indicate means É ote D derived from thirty-eight 
normal rats 


These changes seem to demonstrate conclusively the 
existence of separate, mdependent control mechanisms 
for albumin synthesis and catabolism, at least in our 
expermmental conditions These results seem to support 
the following hypothesis Reduction or withdrawal of 
dietary protein causes a reduction in the synthesis rate 
of albumin, presumably through a reduction in the 
availabilty of amimo-acids Catabolism contmues ata 
normal rate, so that a gradual decrease in the concentra- 
tion of plasma albumin and pool size occurs At some 
critical level, reduction ın catabolic rate follows This 
is probably an attempt to conserve the albumin pool m 
the face of umpending depletion If adequate dietary 
protein 1s now made available, synthesis rate increases 
abruptly The concentration of plasma albumm and 
the size of the pool gradually increase until there 1s no 
need for a compensatory decrease of the catabolic rate 
and normal values are re-established 

This work was supported by the International Atomic 
Energy Agency, and CSIR, South Africa We thank 
Professor J F Brock and DrS J Saunders for their help 
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Association between Pandalus borealis 
and Fine-grained Sediments off 
Northumberland 


THE deep-sea prawn, Pandalus borealis, is a north-boreal 
species It ıs found in the North Atlantic, North Pacific 
and Arctic Oceans It also occurs in the northern part 
of the North Sea, and populations off the Norwegian coast 
are exploited commercially! On the British side of the 
North Sea, P borealis occurs off northern Scotland and 
off Northumberland The Northumberland population 1s 
probably at the southern limit of the range of this species*. 

The first record of P borealis in the North Sea was by 
Kemp?, who noted that several specimens had been taken 
in 1907 ın 57 fathoms off Northumberland It has been 
taken on numerous occasions since then but never, appar- 
ently, in very large numbers Allen? published an exten- 
sive study in 1959, and reached the conclusion that although 
numbers of prawn were present off the Northumberland 
coast ıt was unlikely that the population could support 
a commercial fishery Elsewhere, P boreale can occur 
in considerable quantities on soft mud bottoms in deep- 
water troughs!*:5, but off the Northumberland coast 1t 
seemed that, even though both the bottom topography 
(Fig 1) and sediment distribution (Fig 2) were suitable, 
large concentrations of P boreales did not occur 

In September 1966 the distmbution of prawns and. 
bottom deposits was surveyed, and in March 1967 a 
partial survey was made of the prawn distribution. 
Prawn samples were taken with a 40 mm mesh otter 
trawl (ground rope, 82 ft ) towed for 0 5h, and sediment. 
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Fig 1 Bathymetry off the Northumberland coast and location of 
sampling stations Depthsinfathoms Data from Admiralty Chart 1192, 
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samples were taken with a 0 2 m? Van Veen giab. The 
survey was carried out from the research vessel Platessa 
(Mimstry of Agriculture, Fisheries and Food), a wooden 
side trawler of 90 ft overalllength The locations of the 
sampling stations (September 1966) are shown in Fig 1 

The distribution of bottom sediments was published by 
Buchanan in 1963 He found that near the coast, and 
to about 10 miles offshore, the bottom 18 either bare rock 
or sand and gravel, but further offshore there 1s a large 
area of very fine sand This fine sediment occurs ın the 
central part of a trough ın water depths from 35 to more 
than 50 fathoms (64 to more than 91m) It occupies an 
area about 30 miles long by 10 miles wide (65 x 18 km) 
The sediment samples taken by us durmg September 
1966 were used chiefly to check that no significant changes 
in the distribution of sediment types had taken place 
since Buchanan’s survey 

Large numbers of P borealis were taken only from 
deep water ın the area of very fine sand and silt none 
was taken from shallower water on fine or medium sand 
(Fig 3) The very fine grained sediment was similar to 
that associated with P montagut at depths of about 
5 fathoms (9 m) on the Essex coast? We have found 
simular sediment associated with P jordanz at two locali- 
ties off the British Columbian coast; m Georgia Strait 
tb occurs at 45 fathoms (82 m) and in Queen Char- 
lotte Sound ın 90 fathoms (165 m) Srmular sediment is 
also associated with P borealzs at 100 fathoms (183 m) 
off the coast of Nova Scotia 

Allen? reported very low population densities of P 
borealis in 1955-58 at a point 13 mles east of Blyth But 
1t was in this same general area that 50 kg/h was taken 
in September 1966 In March 1967 the work was limited 
by unfavourable weather, but again in the same general 
area four hauls of more than 100 kg/h and one of 480 kg/h 
were made Although our large otter trawl was more 
efficient than the small beam trawl used by Allen, there 
has clearly been a considerable change in the population 
during the 10 years or so between the two surveys This 
ig not particularly surprising, because considerable 
fluctuations can occur in populations with only a small 
number of year-groups 

It is difficult to estimate the rate of catch which 1s 
commercially profitable, because profitability depends on 





Fig 2 
Buchanan‘) 


Sediments off the Northumberland coast (simphfied from 
Depths of 35 and 50 fathoms are also shown 
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Fig 3 Catch of P, borealis (kg/h) Depths asin Fig 2 


many factors not directly associated with the fishery 
A rate of 20 kg/h would probably be worth while’, and 
50 kg/h should give a reasonable profit Catches of more 
than 200 kg/h are probably the result of a chance combina- 
tion of favourable circumstances and it is doubtful if 
they could be maintained for any length of time 

This area should be able to support a profitable fishery 
m the years when P borealis is abundant Boats from 
various European ports took considerable quantities 
durmg the summer of 1967, but as far as we are aware no 
large catches were landed by British vessels 
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Red Light Induction of Gibberellin 
Synthesis in Leaves 


GIBBERELLIC acid is known to mimic the morphogenetic 
effects of red light? on certain plants Brian? has suggested 
that gibberellins are synthesized in plants after the ab- 
sorption of red hght and Kohler? has shown that there 1s 
a significant increase in the content of gibberellic acid in 
etiolated peas after 24 h of wradiation with red hght 
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This and other work‘ suggests that phytochrome in the 
Pp form (after irradiation with red light) mitiates syn- 
thesis, or at least brings about increases ın the content of 
gibberellin in plants and seeds Many responses of phyto- 
chrome, however, can be observed a few hours (or in 
some cases in. less than 1 h (ref 5)) after umination with 
red ght Thus to explain effects of phytochrome in 
terms of the action of gibberellin, ıt 1s necessary to show 
that gibberellins are synthesized durmg or very soon 
after the end of a period of red irradiation This 1s what 
we have tried to do 

Bailey seedlings (variety ‘Pallas’) were grown in moist 
sand, in darkness, for 1 week at 25°C Working m a 
green safe light® a known number of 2 cm segments were 
cut 1 em below the leaf tips These were randomized and 
placed on moist filter paper and either exposed to red 
light or kept in darkness The red source consisted of two 
4 ft Atlas red fluorescent tubes and a red ‘Plexiglass’ 
filter (Cornelius No 501) The leaf segments were 80 em 
from the tubes At 660 nm the light mtensity received 
by the segments was 1 38 w.W/cem? 

Extracts were assayed using both the dwarf-1 maize’ 
assay and the barley endosperm assay® In the endosperm 
assay three replicates of each sample were incubated with 
pieces of endosperm as well as a fourth without endo- 
sperm The blank values were subtracted from the mean 
sugar values for the other three replicates containing 
pieces of endosperm. 

After recerving the appropriate light treatment leaf 
segments were homogenized in darkness at a high speed 
in an MSE top-drive macerator in 10 ml of cold 0 01 molar 
phosphate buffer (pH 70) for 5 mn The homogenate 
was centrifuged at 600g for a further 5 min, and the 
supernatant was adjusted to pH 2 5 and extracted three 
times with ethyl acetate After separation, the organic 
fraction was kept at — 25°C The aqueous phase was 1e- 
adjusted to pH 7 5 and extracted three times with ethyl 
acetate This second organic phase was separated from 
the aqueous layer The two organic fractions were bulked 
and evaporated to dryness at 28° Cina vacuum The solid 
residue was taken up ın buffer (001 molar phosphate) 
with 001 per cent “Tween 20° 

Three hundred leaf segments were irradiated for 40 
min with red light, and then returned to darkness and 
extracted after 30 mm A similar batch of segments was 
kept in darkness After extraction half the extract was 
assayed on the dwarf-maize assay and half on the barley 
endosperm assay 

Results are shown ın Fig 14 and B In both assays the 
extract from the segments kept in darkness showed no 


gibberellin-hke activity, while that from the segments 
treated with red light showed considerable activity This 
merease of gibberellin activity could be brought about 
either by release from bound forms? or by de novo syn- 
thesis Two mmhibitors of gibberellin biosynthesis, 2- 
chloroethyl trimethyl ammonium chloride (CCC) and 
2-1sopropyl-4-dimethylamino-5-methylphenyl-1-piperid- 
inecarbcxylate methyl chloride (AMO 1618), were used 
to determme whether the gibberellins are synthesized 
after red hght treatment The imlubitors do not affect 
the endosperm assay’®. The segments (200 per treat- 
ment) were infiltrated® with water, CCC (1 or 10 g/l) 
or AMO 1618 (100 mg/l) before being radiated with 
red light 
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Fig 2 The effect of CCC and AMO 1618, given before red ilummation, 
on the gibberellin content of leaves of barley seedlings 
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After 30 min m red hght the leaf tissue was kept for 
various times ın darkness, before homogenization and 
extraction 

The results (Fig 2) show that even immediately after 
the end of the period of red illumination the leaf segments 
infiltrated with water contam appreciable amounts of 
gibberellin activity as compared with dark controls The 
gibberellin content contmues to increase, reaching a 
maximum withn 15 mn The level of activity then 
rapidly falls to a steady low level The transient nature 
of this peak may explain why many workers have failed 
to find such an increase of gibberellins after red ght 
treatment The lower curve of the diagram shows the 
considerable reduction of gibberellin activity when the 
segments are pre-treated with 1 g/l of CCC This com- 
pound, at 10 g/l and AMO at 100 mg/l , almost completely 
blocks synthesis of gibberellin in the leaf segments These 
results indicate that the observed rise ın gibberellins 
must be largely a result of a red light-induced synthesis 
rather than a release of gibberellins from some site of 
storage 
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Estimation of the Distribution of Plant 
Roots in Soil 


Tus difficulty of measurmg the distribution of living roots 
in soil is an obstacle to quantitative studies of the per- 
formance of root systems ın natural conditions Even the 
most careful procedures for separating roots from soul are 
subject to limitations: Errors occur especially in estimates 
of the distribution of the finer lateral roots, which may be 
of major interest because they can account for a consider- 
able fraction of the total nutrient uptake? It 1s, more- 
over, often rmpossible to distinguish Inving from dead 
roots An alternative approach to this problem 1s the 
mjection mto plant shoots of radioactive tracers which 
become reasonably uniformly distributed throughout 
the root systems Racz et al °? and Halstead and Rennie‘ 
myected phosphorus-32 mto plant shoots and estimated 
the distribution of living roots from measurements of 
phosphorus-32 ın soil samples The low penetrating 
power, however, of the beta radiation from phosphorus-32 
makes 1b possible to assay only small soil samples, and 
the quantities of tracer (for example, 300 ue /plant) which 
are convenient for measurement‘ can cause the concentra- 
tion m roots to be withm the range which may mduce 
radiation jury’ A tracer which emits gamma radiation 
of reasonable energy would have obvious advantages and 
the use of rubid1um-86 was therefore investigated 
Prelmunary studies in water culture showed that about 
10 per cent of the rubidium-86 mjected mto shoots of 
barley plants 3 weeks old reached roots m 24 h, the 
fraction transferred decreased with increasing age, beng 
lower by a factor of about three for plants 8 weeks old 
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Downward movement was similar when 2 ul droplets 
were injected mto leaf sheaths or nto the lamimae of 
expanded leaves When plants were grown in well stirred 
solutions, the quantities of rubidium-86 recovered from 
the solutions after 3 days did not exceed 10-15 per cent 
of that ın the roots; the loss of rubidium-86 from roots to 
the soil would thus be a mmor source of error over short 
periods Autoradiographs showed that rubidium-86 was 
more concentrated in root apices and m the adjommg 
zones, where cell extension had occurred in the mterval 
between injection and sampling, than in older tissues Be- 
cause the former tissues, however, accounted for only asmall 
fraction of the total root volume, this lack of uniformity 
might cause only small errors ın assessments of quantities 
of root m appreciable volumes of sol To examine the 
distribution of rubidium-86 on this larger scale each tiller 
of plants grown in water culture was injected, and the 
root systems were divided into twelve approximately 
equal samples to simulate as nearly as possible the roots 
which might be present ın different zones of soil The 
coefficient of variability of measurements of activity per 
unit fresh weight was 20 per cent or less In view of the 
errors of other methods for measurimg root distribution 
the agreement was considered sufficient to justify experi- 
ments ın the soil 

Because of the variability m root distribution in the 
field, ıt was desirable to assay relatively large soil samples, 
a method developed for surveys of environmental radio- 
activity enabled samples 25 to 3 kg ın weight to be 
handled? After thorough mixing, the soil was packed 
mto cylindrical polythene containers of 17 cm imternal 
diameter and 17 cm deep, re-entrant cavities 75 cm 
deep ın the bases of the contaimers enabled them to be 
fitted over the stamless steel housing of a sodium iodide 
scintillation crystal activated with thallium (nommal 
dimension of crystal, 3x3 m) <A multi-channel pulse 
height analyser was used to reduce the sample background 
When the same sample was re-packed, the reproducibulaty 
was about 3 per cent and 1 pe of rubidium-86 distributed 
throughout a sample gave about 2,300 cpm; separate 
calibrations were made for each soil 

To facilitate examination of sampling and analytical 
errors ın the prelimmary experiments, it was necessary 
to have a relatively uniform distribution of roots Barley 
plants were therefore grown in well mixed soil contamed 
in boxes approximately 0 5 m? m surface area Plant rows 
were 15 cm apart Seven weeks after sowmg, when the 
fifth leaf on the main axis had developed, two mjections 
of 6 pe of rubidium-86 were made into every plant, the 
injected tissues were removed after 24 h Soul cores 
45 cm in diameter were taken and divided into sections 
5 cm long, and fifteen of the segments were combmed to 
provide a sample for analysis from each depth Duplicate 
samples of this type were made within the plant rows in 
each box, alternate cores bemg assigned to each replicate; 
simular samples were taken mid-way between the rows. 
The mean results for four such boxes are shown in Table 1, 
the values for the different depths bemg expressed as 
percentages of that ın the surface horizon within the rows, 
where root development was greatest, the counting rates 
of samples from this zone averaged 35x10? cpm above 
background The standard errors reflect differences 
between boxes and between replicates ın the same box; 


Table 1 ESTIMATES OF THE DISTRIBUTION IN SOIL OF THE ROOTS OF BARLEY 
PLANTS 7 WEEKS OLD GROWN IN ROWS 15 OM APART 


Soil horizon Within plant Mid-way between 
(em from surface) rows plant rows 
0-5 100 T4t21 
5-10 141426 58+08 
10-15 54404 40406 
15-20 43+07 28406 
20-25 47408 31404 
> 25 7011 63+09 


Standard errors based on eight observations are shown 
Results expressed as percentages of the value for the surface horizom 
within the plant rows 
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the former errors were shown to be responsible for over 
two-thirds of the total error Because considerably 
greater variability must usually be expected between field 
plots, 1t 15 to be expected that the procedure for subdivid- 
ing and assaying soil cores will be a minor source of experi- 
mental error in field investigations 

The applicability of the procedure to other types of 
plants will depend both on the extent to which the tracer 
is translocated to roots and on the umformuty of its 
distribution within them Perennial woody species may 
present special problems and the type of mformation 
sought ın any study may influence the degree of variability 
im the distribution of the tracer throughout the root 
system which can be tolerated It should be possible, for 
example, to demonstrate whether changes in agronomic 
practice alter the distribution of living roots—often a 
question of major interest—even if variations in the 
activity of tracer per unit weight of roots cause un- 
certainty in estimates of the actual amounts of root present 


at different depths 
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APPLIED SCIENCE 


Difference in Flight Capacity between 
Naturally Occurring Spring and Summer 
Forms of Myzus persicae (Sulz.) 
(Hemiptera:Aphididae) 

Onz approach to the problem of the distances flown by 
aphids is to study the length of time they retam the 
ability to fly In many species, flight capacity 1s restricted 
to the first few days of adult life, and this has important 
amplications for the epidemiology of plant viruses and, m 
particular, viruses of the “persistent” type, such as potato 
leaf roll virus Alate “alienicolae” of Myzus persicae, in 
common with several aphids of economic importance, 
lose the ability to fly about 3 days after the final moult, 
provided they settle down on a host plant, for settling 1s a 
prerequisite for the physiological processes leading to 
flight muscle autolysis‘—*. 

In order to acquire sufficient potato leaf roll virus to 
infect a second plant, mitially uninfected aphids must 
settle and feed for several hours on an infected source 
plant Smitht showed that the virus 1s not acquired by 
M. persicae until ıt has fed for at least 6 h on an infected 
potato plant, and Kassanis® confirmed this From John- 
son's work! ıt might be expected that spring migrant 
M. persicae which fly to the potato crop from the primary 
host plants (Prunus species) would not take fight agam 
after they have settled long enough to acquire the leaf 
roll virus In England, however, most potato leaf roll 
spreads usually early m the year when spring migrants 
of M persicae are entering the crops? These spring 
migrants include both alate “fundatrigeniae’’—the first 
winged progeny of the parthenogenetic generations 
derived from the fertilized eggs laid on the primary host 
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—and alate “alenicolae”, winged parthenogenetic aphids 
produced in the spmng by a stock of parthenogenetic 
aphids overwintering on secondary hosts. 

The relative mportance of alatae and apterae in the 
spread of leaf roll and other persistent viruses is still 
controversial’, and Ribbands® attributed the early spread 
of leaf roll to the apterous progeny of alatae which had 
settled on infected potato plants These alatae might be 
either alate “fundatngeniae” or alate ‘‘alienicolae’’, and 
it is possible that different forms of the same species 
vary m their biology, either intrinsically or because of 
differences in the conditions ın which they were reared 

Small branches of peach, bearmg masses of fourth 
instar alate nymphs, were cut from trees growing m the 
garden of the Entomological Field Station, Storey’s Way, 
Cambridge The branches were placed ın jars of water m 
a large cage standing in a dark constant-temperature 
room at 21° C Many of the nymphs moulted to adult 
durmg the mght, and many of these alate “fundatri- 
geniae” took off within a few minutes when an overhead 
400 W mercury vapour lamp was switched on in the 
morning Alate “alienicolae” were collected at the same 
time m a smiılar way, by bringing into the constant- 
temperature room sprouting mangolds from a clamp m 
Cambridgeshire heavily infested with M persicae 

The “fundatrigeniae”” required a much longer bout of 
fhght time than the “alienicolae” before they would 
settle on potato leaves Alatae which had just completed 
their teneral development were flown in groups in the 
fight chamber described by Kennedy and Booth’ After 
the fight each aphid was placed on to a young detached 
leaf of potato, variety ‘Majestic’ The leaves were kept m 
tubes of water for 24 h in the dark in the constant- 
temperature room at 21° C, and then put mto a “non- 
return box’? and illummated by a 40 W “daylight” 
fluorescent lamp for 1h ‘Table 1 shows the number of 
aphids remaining settled on the leaves after 24 h m the 
dark and after a further hour in the light 

The flight capacity of the “fundatrigeniac” and the 
“alienicolae” was compared by flying batches of newly 
flight-mature alatae in the flight chamber for at least 5 h 
to promote settling Aphids were kept on young ‘Majestic’ 
potato plants ın cages in the laboratory at room tem- 
perature (20° C) They were gently removed from the 
plants each morning with a fine pamt brush and kept ın 
glass tubes for 1 h in a brightly Wlummated flght-testing 
chamber To test their ability to fly they were dropped. 
from a paint brush held about 75 em above the floor? 
A maximum of ten tests per aphid was made Fig 1 
shows only those aphids which ceased to fall and began 
to gain height on bemg dropped The “fundatrigeniae”’ 
retained the ability to fly for an average of 361 days, 
the “‘alienicolae” retained the ability to fly for an average 
of 236 days The difference is significant at P < 0001 

While it 1s evident that there were significant differences 
m the flight behaviour of the two forms of aphid compared. 
in these experiments, 1t should be noted that the aphids 
came from only two samples and that equally large 
differences in flight behaviour might well be found within 
alatae of erther form from different sources Nevertheless, 
both groups of aphids came from naturally occurring popu- 
lations of M persicae found ın the field at the normal time 


Table 1 NUMBERS OF FUNDATRIGENIAE AND VIRGINOPARAE REMAINING 
SETTLED ON POTATO LEAVES AFTER FLIGHTS OF 1 AYD 5 H 
Fhght duration 
ih 5h 
No settled No settled 
No After After 1 No After After 1 
flown 2fh additional flown 24h_— additional 
1n dark h,an light in dark h,ınbght 
Fundatngenize 40 22* 12+ 12 12 8t 
Virginoparae 30 26* 20t 15 15 16t 


* Significant at 5 percent x*=6 57 
t Significant at 1 percent 7?=7 87 
t Significant at 1 per cent 7°=5 889 
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of year Alate ‘“‘fundatrigemae’’ were collected from 
several peach trees and alate ‘‘alienicolae” were collected 
from many sprouting mangold roots Furthermore, a 
difference in the same sense was reported by Ronnebeck™, 
who concluded that M persicae from peach trees (‘‘funda- 
trigeniae’’) flew farther in the field than did alate ‘‘alien- 
icolae” from stocks overwintering on savoy cabbage seed 
crops 

It therefore seems hkely that many alate “funda- 
trigeniae” entering the potato crop in early summer 
remain flight-worthy long enough to spread even a 
persistent virus hke leaf roll ıf they feed for sufficient 
time on infected plants during the first few days after 
their migratory fight Moreover, their fight capacity 1s 
greater in the cool temperatures prevailing at this time 
of the year, for ın expermments carned out in this labor- 
atory, alate “fundatrigeniae” kept at 15° C retamed the 
ability to fly for more than twice as long as alate “funda- 
trigeniae” kept at 25° C 


100 


90 


Percentage of settled survivors able to fly 


1 2 3 
Days after final moult 


Wig 1 Flght-worthiness of alatae after an initial fightof5h ©, Fun- 
datrigeniae,n=110, O, virginoparae, n= 22 


4 5 6 7 


This work was started under the supervision of the late 
Dr C R Ribbands, for whose encouragement I am grate- 
ful I thank Dr J S Kennedy for advice and discussion, 
Professor Sir Joseph Hutchmson for providing facilities, 
and the Agricultural Research Council for a grant 


J A T WOODFORD 


School of Agriculture, 
University of Cambridge 
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Holographic Modei of Temporal 
Recall 


Proressor Lonevet-Hicerns! has called attention to 
the remarkable property of human memory of recognizing 
and recalling long sequences of which at first only a small 
fraction 1s consciously remembered, and he has devised 
a most interesting, physically realizable mathematical 
model which achieves Just this He has nghtly called 
this a temporal analogue of holography I wish to show 
that there is at least one other mathematical model, 
which I consider to be a closer analogue of holography. 
because ıb operates with triple products of the temporal 
function to be recognized or recalled 

Let the signal A(t) start at t=0 At the time t, we 
record the convolution integral 


h 
plt) = JA(t)A(t,—s)dt 0< <T 
e 


where T 1s the total duration of the signal In order to 
recognize or to recall the signal we take o(t,) from the 
store and form a convolution integral with a signal A’ 
which need be only a fraction of the longer sequence A 
The recalled function 1s 


T 
R(t) = f A't, — tolt )di = TA‘(t,—t)dt, FAA — ajdt 
t t 8 


Reversing the order of integration ın the trapezoidal region 
t<t,<7, 0<t<t,, we obtain 


t T T 
Rit) = fA(z)dvf A’(t,—t)A(t,—t)dt, + fA(r)de 
0 t t 


T 
fA —dA (ty — ade, 


If now the function A 1s one which correlates sharply 
with itself, that 1s, if 1b 1s as often positive as negative and 
not regular-periodic, the two factors of A(t) under the 
integral signs will be of the nature of delta-factors, 
3(+—t), which become noticeably different from zero only 
for +=1, so that 

Rit) x A(t) 
with more or less “noise” if A’ 1s only a fraction of A 

This is therefore a possible mechanism for recall It 
is also a mechanism for association It 1s easy to see that, 
if we replace A(t) by some other function B(T) and record 
its convolution with A(t), we shall be able to 1ecall B by 
means of A or a part A’ of it 

The process can also be digitalized The functions A, 
B can be discrete sequences of +1 and — 1, or of “‘yesses 
or noes”, defined only for certain points of time, and the 
integrals are then replaced by sums over the lattice points 
in the trapezoidal area This makes the model realizable 
with “McCulloch—Pitts neurons’ The best procedure 
would be probably to record first A(t) ın a first store, and 
then transfer ıb to a second store, where ıt 1s multiphed 
with itself, back-to-front, one multipheand starting at 
<=0 and the other, backwards, at t=t, The signal A 
could then be recalled, by a similar operation in a third, 
“associative” organ, by a fraction A’ of itself, or by any 
other sequence which has a part (such as a word, or several 
words) in common with it 

I do not wish to suggest, of ccurse, that this model 
corresponds any more closely to the reahty of the nervous 
system than Longuet-Higgins’s system of resonators 


D GABOR 
Department of Electrical Engineermg, 
Imperial College of Science and Technology, 
London 


Received January 19, 1968 
2? Longuet-Higgins, H C , Nature, 217, 104 (1968) 


NATURE VOL 217, FEBRUARY 10, 1968 


BOOK REVIEWS 


TOP BIOLOGISTS 


Nobel Lectures 

Physiology and Medicine 1901-1921, includmg Presenta- 
tion Speeches and Laureates’ Biographies Pp xu+ 56l 
(Amsterdam, London and New York Elsevier Pub- 
lishmg Company, 1967 Published for the Nobel Founda- 
tion) 180s 


THe Nobel Foundation has arranged for the publication, 
in English, of the Nobel Lectures in the various subjects 
(physics, chemistry and so on) This volume contains the 
lectures ın physiology and medicine for 1901-21 In 
trymg to make overall judgments about this series of 
statements one 1s handicapped by their small number, 
which gives any generalizations small statistical rel- 
ability, especially because the authors and their subjects 
are very vaiied It would perhaps have been better to 
review all the lectures ın one subject when they have 
been published This would involve reading three times 
more of them and the strain of following the great thoughts 
of so many great men might lead to disillusionment 

As it 1s, however, the volume is a pleasure and a 
stimulus Many thoughts occur as one reads, mainly 
thoughts of admiration ‘The staff of professors of the 
Royal Caroline Institute have done their work well 
There ıs nothing here that ıs silly, very little that 1s 
wrong and an enormous amount that was highly orginal 
m its day and ıs still interesting now Only one prize 
was awarded for work that turned out to be of quite 
mmor scientific and clinical importance (that of Finsen 
ım 1903 for phototherapy of Lupus, and he gave no 
address) But what a galaxy of success there 1s, Ross 
and Laveran, Koch and Pavlov, Golgi and Cajal, Metch- 
nikoff, Ehrlich and Krogh, Kossel and Carrel Of course, 
such a selection cannot always be exactly mght The 
electors have had their quirks, such as choosing Ross 
five years before Laveran, and pairing off Golgi and Cajal 
together, ın spite of their disagreements and dislikes 
But such differences of personal and scientific style are 
with us still To see the lucky ones ill-matched together 
at least gives sardonic amusement to the less fortunate 

It would not be easy to make a convincing analysis 
of the success of these biologists and medical scientists 
But sume general points emerge. The umty of biological 
and medical science stands out on almost every page 
Some assert 1b openly as Metchmkoff ‘To solve medical 
problems comparative pathology had to be brought in” 
Tn his case 1t involved the study of the larvae of starfishes 
and tt was with these that the phenomena of inflammation 
and phagocytosis were revealed, to be confirmed later by 
work on water fleas! 

Nearly all of these pmze-winners used and refer to 
animal experiments at the very centre of their work, 
some without bemg theoretical about it, others lke 
Pavlov, meditating on the necessity to “ignore the mental 
state of the anımal” Having revealed how “four stmul- 
taneously acting lethal causes were deliberately elımın- 
ated” he comments “A striking proof of the power of 
science that regards the organism as a machme”, a 
power we still need as much as ever today, but are often 
too mealy-mouthed and frightened of conventional views 
to admit 1b 

Of course, the awarders of the prizes have not been 
unheedful of the importance of the practical clmical 
results of medical research We cannot, therefore, use 
the lectures to estimate how far mvestigators work with 
practical ends m view But the awarders carefully 
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avoided over-attention to this aspect and ıt 1s teresting 
that those of their choices who gave least attention to 
immediate practice were conspicuously the more influ- 
ential and also ın the end produced the greatest effects 
The surgeon Kocher no doubt did a great deal for our 
understanding of the pathology of the thyroid and his 
address ıs an interesting account of ıb, but 1b 18 mcom- 
parably less important than the entirely academic pre- 
sentations such as that by Cajal on neurones or by Kossel 
on the nucleic acids, protem and histones of the nucleus 
Again both of these two chose matenal from all over the 
animal kingdom Kossel took histones from the red cells 
of birds and the sperm of sea urchins and cephalopods 
and protamines fiom the milt of fishes What a lot he 
knew about the nucleus even in 1910. 

Indeed ıt 1s inspiring, 1f humbling, to see the width of 
knowledge, experience and indeed wisdom shown by most 
of these men Of course they wrote their addresses care- 
fully, but also ın something of a hurry ‘The products 
must reflect ther natural capacities and tastes, and these 
are mostly admirable Many of the Nobel Pnze-winners 
write well, often personally, but with respect for theu 
predecessors and contemporaries, and seldom rancour over 
the opposition which many of them encountered ` Final 
reflections no single address in twenty years contains a 
mathematical formula, and only Ross, Cajal and Golgi 
felt the need for any great amount of illustration Even 
considermg the formal nature of the occasions of pre- 
sentation these are curious features of the addresses 
delivered by the greatest ones of physiology and medicine 
(1901-21) J Z Youne 


BRAIN-HORMONE INTERACTIONS 


Neuroendocrinology 

Vol 2 Edited by Lucian Martim and Wilham F 
Ganong Pp xx+777 (New York Academic Press, 
Inc , London Academic Press, Ine (London), Ltd, 
1967) 256s 


Tue first of the two volumes of this treatise on neuro- 
endocrinology dealt mamly with the anatomy of the 
hypothalamo-pituitary system in mammals, methodology, 
and the classic problem of the neural control of the 
secretion of the anterior and posterior pituitary hor- 
mones It was reviewed (Nature, 215, 448, 1967) as an 
addition to the literature of a rather specialized area of 
research that was already extensively covered by other 
reviews, monographs and reports of symposia Consider- 
able duplication was imevitable and, although some 
excellent chapters were noted, the book as a whole was 
not considered to offer a great deal of material that was 
not already fairly easily available elsewhere to a reader 
reasonably familiar with the field The same cannot be 
said of the second volume, for the editors, Ganong and 
Martini, have now made available a more extensive 
and complete survey of neuroendocrine topics than has 
been attempted previously in a single work 

The overall plan seems to have been to assign a general 
field, rather than a limited topic, to contributors actively 
engaged in a wide range of biological research On the 
one hand this approach has resulted in an expert compila- 
tion and sifting of scattered results from many sources 
that are relevant to neuroendocrine investigations, while 
on the other hand those workers concerned with varied 
aspects of a particular problem have been able to present 
their specialized knowledge ın a coherent form for the 
general reader Contributions of the first type mclude a 
chapter by Gold and Ganong on the effects of drugs on 
neuroendocrine processes, a critical review by Ganong 
and Lorenzen on bram neurohumours and endoerine 
function, and discussions of mvertebrate and lower 
vertebrate neuroendocrmology by Hagadorn and by 
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Jørgensen and Larsen Specific problems discussed m 
depth include the control of the onset of puberty (Critchlow 
and Bar-Sela), the effects of hght on endocrme function 
(Wurtman), and control of the pars intermedia (Etkin) 
The action of hormones on the central nervous system 
is also discussed in detail in this volume Barraclough 
reviews the long-term effects of pre-natal and post-natal 
exposure of the brain to abnormal gonadal steroid levels 
on reproductive function, one of the most exciting areas 
of neuroendocrine research in the last decade The 
specific effects of gonadal steroids mm eliciting sexual 
behaviour and the mfluence of these and other hormones 
on brain excitability m general recerve comprehensive 
treatment from other contributors The “feedback” 
action of the target organ hormones on the hypothalamus 
or pituitary to modify trophic hormone secretion was 
dealt with m the earlier volume Indeed, there are few 
topics that could reasonably be meluded under the 
heading of “Neuroendocrmology” that have escaped 
notice ın one or other volume although the higher mental 
functions are perhaps one No discussion of the studies 
of the acute and chrome effects of hormones on condi- 
tioned aversive behaviour m animals was noted, nor 
was there any attempt to review the extensive, though 
often contradictory, hterature on the possible role of 
endocrine factors in psychiatric disorders ın man 
Although this second volume covers such a diversity 
of topics, the overall impression 1s not one of discontinuity 
On the contrary, the juxtaposition of findmgs from so 
many branches of biology serves to emphasize the relevance 
of data from other fields to the specialist’s understanding 
of the significance of brain—hormone interactions in his 
own area of interest The hgh standards of editing and 
production achieved ın the first volume have been mam- 
tained in this second volume, together they provide a 
valuable source of factual formation for the endocrino- 
logist in search of details and a very complete presenta- 
tion of current views and interests in the field of braim- 
hormone interrelations for the biologist who 1s not him- 
self involved in such studies but needs an overall view 
of the activities of his contemporaries in this area of 
research K Brown-GRrant 


FROM MIND TO MIND 


The Psychology of Human Communication 
By John Parry Pp 248 (London Unversity of London 
Press, Lid, 1967) 30s. 


“COMMUNICATION 1s all”, a twentieth century Keats might 
say, surveying the triumphs of communication theory in 
the sciences and the arts, for all of which ıt makes bold 
to offer a new Esperanto Psychologists too have profited 
from this general enrichment of the world of learning by 
the acquisition of novel tools of conceptual analysis, but 
they huve been apt to regard the idea of communication 
they that of information) as too sacred to tamper with 
In the result, communication theory has sometimes 
turned out to be a Procrustean bed for psychological 
phenomena, since a blind eye has been turned to the 
purely human facts of communication to which models 
must be fitted 

Hence the task Dr Parry has set himself He has 
endeavoured to convey to the reader the distinctive and 
sometimes imponderable character of the psychological 
phenomena in the domain of communication, and to 
consider the types of message one mdividual wishes to 
transmit to another, the barriers that prevent or distort 
transmission, and the lines of research relevant to these 
problema. 

In the first part of this book he deals with various 
types of mformation among which he distinguishes human 
from artificial systems. He then proceeds to discuss the 
role of language as a medium and of feeling as a message, 
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compares scientific with artistic expression, and differ- 
entiates between “sign” and ‘content’? information, 
categories which are perhaps more familiarly known as 
“selective” and “semantic’’, respectively 

The second part 1s devoted to an exposition of barriers 
to communication Seven are described, they are limita- 
tion of the receiver’s channel capacity, distraction, un- 
stated assumptions, mcompatible schemas, unconscious 
pressures, poor presentation, and absence of channels 
The third part moves on to examine problems of com- 
munication m complex activities such as personnel 
selection and the administration of the law, and finally, 
in the fourth part, Dr Parry presents his theme as a 
branch of research 

Dr Parry 1s clearly well versed in the literature Never- 
theless, there are significant omissions which, if reference 
had been made to them, would have strengthened his 
thesis There is no mention, for example, of the epidemio- 
logical model which L S Penrose and others have used 
in @ vanety of contexts of human communication, 1n 
particular, where ideas are dissemmated throughout a 
group. 

While the treatment on the whole 1s reasonably eritical, 
there are occasional lapses Thus a chapter 1s given to 
ten mstances of failure in communication at the end of 
which we are told the “hkely reasons” for the failure in 
each case. But these reasons are not very illuminating 
Thus case 4 ıs “A father and son are at odds. Each says 
that the other refuses to consider his pomt of view” 
The “likely reason” 1s “schema incompatibility” Are we 
now much wiser? Dr Parry defines a “schema” as “an 
enduring pattern of brain activity”, but unless we know 
something about this pattern what do we achieve by 
giving ıt a name ? Dr Parry might have heeded a warnmg 
given by Professor R C Oldfield that the word “schema” 
has an important role m contemporary psychology 
because “‘it stands for something of which we are ignorant” 

It 1s also surprismg not to find any mention of com- 
munication in committees and conferences, or to the 
technique of “role reversal” which several mvestigators 
have fruitfully employed 

Nor is there any mention of recent experiments on 
subjective scaling of selective or sign information which 
would have been germane to his theme, and, while he 
realizes that selectrve information 1s not the whole story, 
there remains much more to be said about the scope and 
nature of subjective (semantic, content) information. 

It is doubtful whether, m the fourth part of the book, 
Dr Parry has succeeded in conveying the gist of relevant 
research to readers unfamiliar with the orginal sources 
And the abstracts are presented in a sequence which does 
not bring out any coherence, if any they possess. 

Nevertheless, in sprte of these shortcomings, the volume 
as a whole is a timely and salutary corrective to the 
dehumanization of communication theory ın contem- 
porary psychology JOHN COHEN 


LAYMAN’S ACADEMIC PSYCHOLOGY 


Psychology and Social Problems 

By Michael Argyle Pp 232 (London Social Science 
Paperbacks mn association with Methuen and Co, Ltd, 
1967) 168 net 


Ir 1s difficult to project a book primarily at the layman 
while maintaiming interest and precision and academic 
respectability Such a book may well end as a mass of 
fascinating but unwarranted generalizations or, at the 
other extreme, as an uninteresting list of experimental 
findings which are thought to be of particular everyday 
relevance In his Psychology and Social Problems, Mr 
Argyle neatly avoids either of these poles He has pro- 
duced an easily readable book which deals with topics of 
social importance in an acceptable academic manner The 
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chapter headings read like a lst of problem areas, on 
which (often to his embarrassment) the professional 
psychologist ıs frequently asked to pontificate by chance 
acquaintances. Argyle deals with these topics in an 
authoritative manner, making few statements which he 
cannot support with sound scientific evidence 

Consequently, I feel that this book 1s useful at two 
levels First, as a direct fund of formation to the lay- 
man, and second, as a source book for the psychologist 
who wishes to answer the questions of the layman but 
whose specialized interests lie ın other areas of behaviour 

At a more particular level, Argyle ıs especially lucid in 
his discussions of interpersonal relationships, crime, 
mental health and racial prejudice In my estimation, 
however, he does not fare as well when considermg child 
rearing and the motivation of social behaviour. Here, ıb 
can be argued, he places too little emphasis on that body 
of research and thought which offers the most promising 
approach, that 1s, that stemmung from learning theory 
Further, I would criticize the book with respect to the 
arrangement of 1ts references It 1s frustrating to have to 
turn continually to the final section of the book in order 
to check these These criticisms, however, are somewhat 
trivial and detract very little from what ıs basically a 
well-written and useful book. 

Finally, 16 1s interesting to note Argyle’s observations 
on measures which would help to reform various un- 
desirable social conditions They are a mixture of en- 
lightened common sense and suggestions springing directly 
from research One has the impression that they would 
satisfy the final analysis demanded by society—they 
would work K T STRONGMAN 


DATA TO THEORY IN SOCIAL SCIENCE 


Theory and Methods of Social Research 

By Johan Galtung Pp. 534 (Oslo Unıversıtetsforlaget; 
London George Allen and Unwin, Ltd., New York 
Columbia University Press, 1967) 708 net. 


Tis thought-provoking treatise 1s, as 1t3 author says, 
“neither an introduction nor a handbook” to social 
research methodology “Rather,” he explains, “the nten- 
tion has been to try to integrate things usually kept apart 
techniques of data collection, techniques of analysis, 
statistical methods, and some philosophy of science ” The 
result 1s a unique and stimulating work, in the tradition 
of Lazarsfeld and Hyman, but with an added breadth 
and comprehensiveness For all but a few British socio- 
logists at the present tame, the mathematical treatment 1s 
likely to prove difficult, but no one seriously mterested ın 
social research method can fail to derive benefit from the 
book as a whole 

The unifying concept 1s the data matrix, the tripartite 
structure into which all social science data can be fitted, 
consisting firstly of elements or umts of analysis, secondly 
of dimensions or variables and thirdly of the values of the 
units on the variables studied The first part of the book 
deals with data collection, the second part with data 
analysis Developing the logic of the data matrix, there are 
chapters on the units (and problems of sampling), on the 
variables (and levels of measurement) and on the values 
(with the arguments for and against rating or ranking 
them) There follow sections on the mam forms of data 
collection and on surveys ‘This second part subdrvides 
into three, beginning with data processing, statistical 
distributions, patterns and indices, contmuing with a 
discussion of hypotheses and thei “dimensions” and 
methods of multi-variate analysis, and concluding with 
a chapter on the logie of theory formation 

So bare a summary cannot convey the book’s rich con- 
tent While some tools of analysis discussed are “‘close to 
or beyond the limit of what contemporary social science 
can digest”, no method, however humble, is taken for 


587 


granted We are made to thmk through each mental 
operation afresh and emerge with our logical muscles 
considerably and no doubt beneficially stretched The 
author’s combmation of reasonmg power and pragmatic 
awareness of the social science research context 1s unusual 
and mmpressive 

Classical statistics from Galton to Fisher largely 
assumed interval scale vanables and normally distributed 
universes The publication of Siegel’s Non-parametric 
Statistics for the Behavioral Scrences ın 1956 opened up 
ampler perspectives But much is still missmg “The 
field of ordinal scale statistics 1s in wild disorder” and this 
is by far the most mmportant field for the social scientist, 
who typically can develop ordinal measures but rarely 
mterval scale measures ‘What social science analysis 
lacks most at the moment ıs a language, in which degrees 
of correlations can be expressed, a language which 1s 
stronger than ordimary prose, yet weaker than interval 
scale mathematics of functional relationships ” 

Looking perhaps yet further ahead, he calls for adevelop- 
ment of the language of process There is no sumple relation 
between this language and that of correlation, nor can one 
m general mfer from synchronic to diachronic correlation 
or vice versa Therefore there should be much more 
emphasis on longitudinal data in social science, and much 
less on the synchronic type of study. Social theory should 
be presented m the process language as a set of variables 
related by one-way or two-way, negative or positive 
processes The pragmatic concept of process 1s preferable 
to the dogmatic concept of cause and effect Processes 
are difficult to study because of the time they take to 
unfold, but a variety of methods are suggested, including 
a combination of historical source data with modern 
sampling methods and the analytic machmery of content 
analysis 

The book is well produced, with an exceptionally 
beautiful jacket, on the back of which we read that our 
author was born in 1930, holds degrees ın both mathe- 
matics and sociology (Oslo, 1956, 1957), taught at Colum- 
bia University, 1958-1960, and was Unesco Professor 
of Sociology at Santiago, 1962-63 and 1965 Since 1959, 
he has been the Director of the International Peace 
Research Institute, Oslo. C. Mapex 


PHYSICAL CHEMISTRY OF PIGMENTS 


Pigments 

An Introduction to ther Physical Chemistry. Edited by 
David Patterson. Pp. xn+210 (Amsterdam, London 
and New York Elsevier Pubishmg Company, Ltd., 
1967) 658 


TE scarcity of rehable and really informative scientific 
books on the subject of organic and organic pigments 
1s the cause of great difficulty to those who are students 
or teach in this field The organic or inorganic chemistry 
of pigments is ın general fairly straightforward even 
though ıt ıs often cloaked by industrial secrecy The 
difference between a coloured insoluble compound and a 
pigment, however, 1s as great as that between carbon 
black and a diamond, and sometimes more costly to 
achieve It 1s the study of the properties of pigments 
which make them useful as distinct from simple coloured 
matter which constitutes the subject of the physical 
chemistry of pigments In this field we must be con- 
cerned with molecular phenomena such as electromagnetic 
absorption, optical dispersion and photoexcitation, and 
with particular phenomena meluding crystal structure, 
nucleation, particle size and surface properties Addition- 
ally ımportant techniques must be considered, notably 
colour measurement and computation, and particle size 
analysis 

In July 1964 a summer school was organized under the 
auspices of the department of colour chemistry at the 
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University of Leeds on the topic “Progress ın the Chemis- 
try and Technology of Pigments’? which covered the 
physical chemistry of pigments Dr Patterson has taken 
the proceedings of the school as a basis and with additional 
material has compiled the first available book on the topie. 
Normally summer school proceedings do not provide a 
sufficiently coherent body of mformation to make a 
readable book, but the policy of combiming a chapter on 
some aspect of general theory with another on the applica- 
tion of the theory to pigment problems has avoided 
the dangers most effectively The text still betrays its 
spoken omgms For example, there ıs the occasional 
“verbless sentence” This tends, however, to maintain a 
brisk informal style which carries the reader forward 

Five of the ten chapters are concerned with colour 
Theories of colour of inorganic and organic molecules are 
considered in the first two chapters In dealing with 
organic molecules very great emphasis 1s placed on the 
free electron method of calculating light absorption with 
perhaps too httle attention paid to molecular orbital 
and valence bond methods One chapter 1s concerned 
with the colour of organic crystals with interesting nforma- 
tion about orientation effects on light absorption 
mechanisms Two further chapters on colour are con- 
cerned with mstrumental methods of colour measurement 
and colour match prediction, respectively The particular 
aspects of pigments are considered in four chapters con- 
cerned with nucleation and growth of particles, particle 
size Measurement, surface activity and theories of dis- 
persion, flocculation and flotation Photoexcitation mm 
pigment crystals 1s considered m relation to the question 
of photoconduction and the degradation of organic 
molecules This chapter ıs accommodated less easily 
than the others, but the editor’s contention that photo- 
conduction studies in this field are of special relevance 
to the question of the light fastness of pigments is well 
supported a 

This book succeeds ın what 1t sets out to do, namely, to 
indicate ın some detail the scope of a far ranging subject 
It will prove of great value to students or research workers 
coming fresh to pigment problems, providing a guide to 
their further education. I D Rarrae 


REFERENCE TO PLUTONIUM 


Plutonium Handbook 

A Guide to the Technology Vol 1. Edited by O J 
Wick Pp x+520 (New York and London: Gordon 
and Breach, 1967) $26 


THE aims of the two volumes of this work are stated as 
being the provision of information on a wide range of 
topies concerned ın the utilization of plutonium and of a 
first reference on its technology In view of the pro- 
gressive relaxation of classification restrictions since the 
first limited release of information on the properties of 
plutonium in the United States and Britain in 1954, 
these objectives constitute a very considerable task The 
editor 1s therefore to be congratulated on producing a 
first volume of manageable proportions which covers the 
physics, metallurgy and chemistry of the metal and its 
compounds The sub-title of the work, “A Guide to the 
Technology”, seems mappropriate for the first volume, 
although a preview of the chapter titles for the second 
volume suggests that 1t may be more applicable to the 
latter 

The individual chapters have been written by acknow- 
ledged experts ın the appropriate fields from a number of 
American atomic energy laboratories Not unexpectedly, 
major contributions have been made by the Los Alamos 
and former Hanford, now Pacific North West, Labor- 
atories Clearly ıb has taken a considerable time to bimg 
together all the individual contributions mto a single 
volume and the most recent references quoted are dated 
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1965 In particular, no reference 1s made to any of the 
papers presented at the Third International Conference 
on Plutonium held in London m November 1965 Some 
qualification must be made, therefore, about using the 
work as a first reference Within individual chapters the 
authors have attempted to incorporate references to work 
throughout the world, though naturally there 1s a pre- 
ponderance of American references in view of the large 
proportion of the work which has been done m that 
country The chapter lengths are very uneven and a 
more balanced result might have been achieved if subjects 
of equal weight had been chosen for each chapter Minor 
chapters such as ‘“Metallography” and “Laboratory 
Techniques’ might well have been combimed or even 
omitted There is also some overlap between different 
chapters which could have been cut out without great 
loss, for example, data on the Pu-O and Pu-—C systems 
The author index and subject index are only to be pub- 
lished with the second volume which provides a slight 
lamitation on the value of the first volume alone Having 
made these criticisms, however, 1t must be said that the 
principal chapters are in general excellent, both m tech- 
nical content and in readability 

The book will undoubtedly find use m all plutonium 
laboratories as a compilation of the principal features of 
the chemistry and metallurgy of plutonium and its com- 
pounds, although the combined price of the two volumes 
1s likely to be rather prohibitive for mdividual purchasers. 

P G MARDON 


TWENTY YEARS ON 


Dynamıc Aspects of Biochemistry 
By Ernest Baldwm Fifth edition 
(London Cambridge University Press, 1967 ) 
net, $9 50 


Ir says much for the original dynamism of Professor 
Baldwin’s book that 1t reappears now mm its fifth edition 
some twenty years after it first burst on the biochemical 
scene The two previous editions had given the impres- 
sion that the book was beginning to lose ground a little 
in the rapid advance of the subject It was to be hoped 
that this would be redressed m a new edition, which has 
been reset in a larger format and for which, 1t 1s claimed 
a major revision has been made It is a great disappoint- 
ment to have to report that these hopes are largely in 
vain. Two chapters, those on protei biosynthesis and 
fat metabolism, have indeed been completely rewritten 
and another, on special aspects of nitrogen metabolism, 
has been dismantled, but much remains which ıs now 
outdated For example, it detracts much from the value 
of the book to read speculations concerning the position 
of the extra phosphate group m NADP+, or again those 
about the origin of deoxyribose, which take no account 
of Reicherd’s work on reduction at nucleotide level 
Even worse 1s the misstatement concerning the localiza- 
tion in the cell of the 1so-citrate dehydrogenases and there 
aie erroneous formulae such as those for active methionine 
and ubiquinone which have been transferred uncorrected 
from the fourth edition 

The chief criticism of the book, however, must be its 
failure to deal with important new developments in bio- 
chemistry One could list such topics as isoenzymes, 
allosterism and the relationship between structure and 
function m enzymes as exemplified by mbonuclease and 
lysozyme 

The opportunity has been missed to revitahze Dynamec 
Aspects to meet the demandmg requirements of the 
honours student who has, nowadays, a number of excellent 
modern texts available To those, however, approaching 
biochemistry for the first time and for whom a complete and 
balanced up to date coverage is not a requirement, then 
Dynamic Aspects may well be recommended C A Ross 


Pp xiv+466 
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University News : 


Dr Cart SaGan, assistant professor of astronomy at 
Harvard University, has been appomted an associate 
professor m the Department of Astronomy 


Cornell 


London 


Mr R N Pryor, general manager of the Rio Tinto 
Patmo SA, has been appomted to the chair of mming 
tenable at the Imperial College of Science and Technology 


Manchester 


Mr Perer DovELL, at present head of the Birmmgham 
School of Plannmg and Landscape, has been appointed 
to a newly established chair of urban design. 


Announcements 


THe Council of the Geological Society of London has 
made the followmg awards for 1968 Wollaston Medal to 
Professor R © Moore, Lyell Medal to Mr M Black, 
Murchison Medal to Dr G Wilson, Wollaston Fund to Dr 
S Moorbath; Murchison Fund to Mr R K Harrison, a 
moiety of the Lyell Fund to Dr R G C Bathurst, another 
moiety of the Lyell Fund to Mr R E Elhott 


Tue Institute of Metals has made the followimg awards 
Institute of Metals (Platinum) Medal for 1968 to Dr W J 
Kroll m recognition of his services to the non-ferrous 
metal industries, Rosenham Medal for 1968 to Dr D W 
Pashley m recognition of his contributions ım the field 
of physical metallurgy; W H. A. Robertson Medal for 
1967 to Mr T Z Blazynski for his paper, ““An Assessment 
of a Combmed Rotary Piercing and Elongating Process 
for Tube Making”, pubhshed ın the Journal of the Institute 
of Metals, April 1967 


Meetings 


TENTH Anniversary Meeting of the Phytochemical 
Society, April 1-3, University of Cambridge (Dr J B 
Harborne, Hartley Botanical Laboratories, The Univer- 
sity, Liverpool 3) 


Proprrrizes and Metrology of Surfaces, April 1-4, Oxford. 
(Mr R § Glynn, Conference Department, The Institution 
of Mechanical Engmeers, 1 Birdcage Walk, London, 
SW1) 


STRUCTURE of Tracks of Charged Particles in Condensed 
Media, Second L H Gray Memorial Conference, April 
8-10, 1969, Trinity College, Cambridge (Professor J. W 
Boag, Second L H Gray Memorial Conference, Depart- 
ment of Physics, Institute of Cancer Research, Clifton 
Avenue, Belmont, Sutton, Surrey). 


STRUCTURE, Solid Mechanies and Engineermg Design in 
Civil Engineering Materials, April 21-25, 1969, University 
of Southampton (Secretariat, M Te’em, Department of 
Civil Engineering, University of Southampton, South- 
ampton) 


NATO Advanced Summer Study Institute on Super- 
conductivity, June 17-29, McGill University (P R 
Wallace, Institute of Theoretical Physics, McGill Univer- 
sity, Montreal, Quebec, Canada) 


TECHNOLOGICAL Forecasting, June 23-25, University of 
Strathclyde (Mr R V Arnfield, University of Strathclyde, 
Livingstone Tower, Richmond Street, Glasgow) 


Precision Electromagnetic Measurements, June 25-28, 
Boulder Laboratories of the National Bureau of Standards 
(Donald D King, Aerospace Corporation, PO Box 95085, 
Los Angeles, Califorma 90045) 


NATURE, VOL 217, FEBRUARY 10, 1968 


Narurat Rubber Conference, August 28-September 5, 
Kuala Lumpur (Natural Rubber Conference 1968, RRIM, 
PO Box 150, Kuala Lumpur, Malaysia) 


PHYSICAL Aspects of Noise m Electrome Devices, Sep- 
tember 11-13, University of Nottingham (The Meetings 
Officer, 47 Belgrave Square, London, SW1) 


THEORETICAL Chemistry Summer School, September 
16-28, Somerville College and Mathematical Institute, 
Oxford (Professor C A. Coulson, Mathematical Institute, 
24-29 St Gules, Oxford) 


Erratum In the communication “Effect on Brain 
Enzyme and Behaviour im the Rat of Visual Pattern 
Restriction m Early Lıfe” by Devendra Singh et al 
(Nature, 216, 1337, 1967), Table 2 should read 


Table 2 

Rearing ChE Anterior Posterior Total 
condition activity* cortex cortex cortex 
YP Mean 55 00 55 80 58 09 
oat 7 90 455 445 
RYP Mean 38 67 27 33 33 00 
om 511 6 06 402 

Difference 16 387 28 47t 20 O9f 


* All ChE values are in.moles ACh x 101° hydrolysed/min/mg of tissue 
+ Significant at 0 05 level 
t Significant at 0 01 level 


The ChE activity for restricted visual pattern group (RVP) and visual 
pattern group (VP) 


Erratum In the communication “Sites of Inhibition of 
DNA Synthesis by Kethoxal bss(Thiosemicarbazone)” by 
Barbara A Booth et al (Nature, 217, 250, 1968), dCTP 
m the legend to Fig. 1 should represent deoxycytidine 
not deoxycytosine 


Erratum In the communication “‘Sialotonm Vaso- 
pressor Substance ın Cat Submeaxillary Saliva” by C 
Moriwaki et al (Nature, 217, 270, 1968), the second lne 
of the penultimate paragraph refers to indolealkylamines . 
these should be mndoleamines 


Erratum In the article “Radio Emittmg Electrons in 
the Galaxy and the Solar Modulation of Cosmic Rays” 
by K C Anand et al (Nature, 217, 25, 1968), the scale 
of the legend to Fig 1 should be m BeV and not GeV as 
shown The abscissa of Fig 2 should be Frequency (MHz) 
(Anticentre), and the third sentence of the third para- 
graph on page 27 should read “It may also be pertinent 
to stress here that the fitting m the gh frequency end 
of Fig. 24 depends primarily on the assumed magnetic 
field because in this frequency region IraL<Hy,>’, 
where y>1” 


Erratum In the communication “Ultraviolet Photolysis 
of Sodium Nitrate Solutions m the Laboratory and by 
Sunhght” by E G Gori et al (Nature, 217, 248, 1968), 
columns 2 and 3 of Table 2 should read 


a’ B 
Mole l ~ cal Cal - 
270x102 8 27x10 
410x102 3 47x10 


CORRIGENDUM In the communication “Proposed Pro- 
cedure for the Allocation of Trivial Names to the Gabber- 
ellms” by J MacMillan and N Takahashi (Nature, 217, 
170, 1968) the structure of Canavalia-II was mcorrectly 
drawn, the OH group should not have been present 


CORRIGENDUM Textbook of Fluid Dynamics, by Frank 
Chorlton, which was reviewed m Nature (217, 199; 1968), 
18 available as a library edition m cloth boards for 70s, 
as well as the paperback version at 358, which was 
reviewed 
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FORTHCOMING EVENTS 


(Meehngs marked with an asterisk are open to the pubhc) 


Monday, February 12 


UNIVERSITY OF LONDON (an the Botany Theatre, University College 
London, Gower Street, London, WC1), at 530 pm-—-Dr R J Benthem 
(Utrecht) “Conservation of Land Use Development I Reconstruction of 
Landscape” * 


INSTITUTION OF MECHANIOAL ENGINEERS, MANIPULATION AND MECHANICAL 
HANDLING GROUP (at 1 Birdcage Walk, Westminster, London, SW1), at 
6 p m —Discussion Meeting on “Passenger Handling” 


Tuesday, February 13 


ZOOLOGIOAL SOCIETY oF LONDON (at the Zoological Gardens, Regent’s 
Park, London, NW1), at 5 p m ~~Scientifie Papers 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (jornt meeting with the Automatic Control Group of the I Mech E , 
at Savoy Place, London, WC2), at 5 30 p m —Duscussion meeting on “Con- 
trolin Respiration” opened by Professor J M Nightingale 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5 30 pm — 
Professor R J Harrison “Reproductive Patterns” (Lecture for Sixth 
Form Boys and Girls from Schools 1n London and the Home Counties To be 
repeated on February 14, 20 and 21 ) 


University OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 530 pm—Dr D A J Tyrrell “The Possible Chemo- 
therapy of Respiratory Virus Diseases” (Tenth of fifteen Jectures on “The 
Socntine paang of Medicine” organized by the British Postgraduate Medical 

‘ederation 


INSTITUTION OF ELEOTRONIO AND RADIO ENGINEERS (at 8-9 Bedford 
Bauare, London, WC1), at 6 p m —Mr P Cooke “The MOST Integrated 
ATCUL 


INSTITUTION OF MEOHANIOAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, SW1), at 6 p m —Mr C G O’Neill 
“Mixture Conditioning for Reduced Exhaust Emission” 


INSTITUTION OF THE RUBBER INDUSTRY (at the Eccleston Hotel, Victoria, 
London, SW1), at 7 pm—Mr M Wiliams “Value Analyses—a Manage- 
ment Technique” 


Wednesday, February [4 


ROYAL INSTITUTION, History or SOIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 p m —Professor James Greig “Engn- 
eering and Scientific Technique—The Contribution of John Hopkinson” * 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, SW1), at 2 15pm ——Mr L R Colquhoun 
“The Operation of Hovercraft” 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street_ London, WC1), at 5 p m —Professor A P 
Dempster “A General:zation of Bayesian Inference” 


INSTITUTE OF PETROLEUM AND THE INSTITUTE OF FUEL (at 61 New 
Cavendish Street, London, W1), at 5 30 p m —Mr W R Dorrenstein, Mr B. 
Verkoren and Mr G P Reman “Causes and Remedies of Combustion Noise 
1n Refinery Plant” 


INSTITUTION OF HLECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, WC2), at 530 pm—Mr F J Laver “Stimulus or 
Constraint ? The Interplay of Computer Design and Use” 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 530 p m -—Professor B S Platt “Some Features of 
Protein-Calorie Deficiency in Man and Animals” * 


University oF LONDON (in the Botany Theatre, University College 
London, Gower Street, London, WC1), at 530 pm—Dr R J Benthem 
(Utrecht) ‘Conservation of Land Use Development II Landscape 
Planning ın New Areas” * 


ROYAN SOCIETY oF ARTS (at John Adam Street, Adelphi, London, WC2), at 
8 pm -—Professor Harrv Harris, FRS “Human Genetics and Biochemical 
Individuality” (Sir Wiliam Jackson Pope Memorial Lecture) 


Soorery OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College, London, SW7), at 6 p m —Dr P Grootenhuis 
“The Use of Visco-Elastic Materials to Control Vibrations” 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, WC1), at 6 pm-—Lt Comdr D W Waters, RN “Sources 
of Mantime Archaeology—History of Navigational Instruments” * 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—FOOD ENGINEERING 
PANEL (at 14 Belgrave Square, London, SW1), at 6 15 p m —Mr N G Ross 
“The Importance of Residence Time ın Continuous Food Processing” 


INSTITUTE OF INFORMATION SCIENTISTS (at Knightway House, 20 Scho 
Square, London, W1), at 680 pm—Mr M Goldsmith “The Science of 
Science Foundation” 


PHARMACEUTICAL SOCIETY OF GREAT BRITAIN, and the BRITISH SOCIETY 
FOR THE HISTORY OF PHARMACY (at 17 Bloomsbury Square, London, WC1), 
at630pm—MrF W Adams “The Pharmacy Act 1868” 


Thursday, February 15 


LONDON MATHEMATICAL SOCIETY (at Burlmgton House, Piccadilly, 
London, W1)}—Dr P Dembowski “Designs and Permutation Groups” 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (jomt meeting with the Automatic Control Group of the I Mech E, 
and the Institute of Measurement and Control, at Savoy Place, London, WC2), 
= 2 30 pm —Coloqwum on “Direct Digital Control of Systems and 

rocesses' 


OIL AND COLOUR CHEMISTS” ASSOCIATION, LONDON SECTION (in the New 
Engineering Block, University College, Gower Street, London, WC1), at 
230 pm-~P.unt and Printing Ink Conversazione Papers by Mr T R. 
Bullett, Mr C C Mill, MrC J H Monk, Dr Rohrer, and Dr Wagener 


SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP, an 
RaDIOOHEMIOAL METHODS GROUP (at the Pharmaceutical Society, 17 Blooms- 
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bury Square, London, WC1), at 230 pm-~—Meeting on ‘“Rad{ochemucal 
Methods Applied to Biological Investigations” 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, SW1), at 4 30 pm 
—Professor W S Fyfe ‘Experiment and the Crust of the Earth” 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society 
Burlington House, Piccadilly, London, W1), at 5p m —Dr E Cohen, Dr J 
Mizrahi, C H J Beaven and Mr N Fern “The Residence Time of 
Mineral Particles in Hydrocyclones”, Dr J Mizram and Dr E Cohen 
“Studies of Some Factors Influencing the Action of Hydrocyclones”, Mr 
M P Jones, Dr J Gavrilovic and MrC H J Beaven ‘Colour Synthesis as 
an Aid to Electron-Probe X-ray Microanalysis” 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
Wi), at 5 pm-—Dr G L C Bertram and DrC K R Bertram “The 
Bionomics of Dugongs and Manatees”, Professor A J B Cave “The 
Cetacean Reniculus” 


INSTITUTE OF PETROLEUM, ECONOMICS AND OPERATIONS GROUP (at 61 
New Cavendish Street, London, W1), at 580 pm —Mr G W Seara “Dis- 
tribution Models” 


INSTITUTION OF CIVIL ENGINEERS, TRANSPORTATION ENGINERRING GROUP 
(at Great George Street, Westminster, London, SW1), at 5 80 p m —Informal 
Discussion on “Transportation Systems ın New Towns” introduced by Mr 
J M StevensandMrP B Green 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, WC2), at 530 pm—Duscussion meeting on “Voltage 
Measurements of High Voltage Transmission” opened by Mr N Ashton 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC}), at 530 pm—Dr R J W Rees “Recent Advances in the 
Study of the Leprosy Bacillus” (Eleventh of fifteen lectures on “The 
Scientific Basis of Medicine” organized by the British Postgraduate Medical 
Federation )* 


SOCIETY OF CHEMIOAL INDUSTRY, ROAD AND BUILDING MATERIALS 
Group (at 14 Belgrave Square, London, SW1), at 6 pm—Mr J R Ryder 
and DrA J Majumdar “Glass Fibre Reinforced Cement and Plaster” 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W1), at 7 30 pm—DrJ R Audy ‘“Implica- 
tions for Trematode Control of Inter-Specific Larval Antagonisms within 
the Snail Host”, DrC A Wright ‘Some Views of Biological Control of 
Trematode Diseases” 


Thursday, February 15—Friday, February 16 


BIOCHEMICAL Socrery (at the Middlesex Hospital Medical School, Cleve- 
land Street, London, W1)—479th Meeting oint Colloquium with the 
Society for Endocrinology on “Characterization and Identification of Small 
Molecules of Biological Importance”, and an ordinary meeting followed by a 
lecture on “New Methods for Finding Scientific Information” 


Friday, February 16 


BRITISH COMPUTER SOCIETY (at the Connaught Rooms, Great Queen Street, 
London, WC2}—Symposium on “The Basis of Business Information” 


ROYAL INSTITUTION, PHOTOCHESUSIRY Discussion GROUP (at 21 Albe- 
marie Street, London, W1), at I pm —Dr © M Trumbore “Fxeited States 
in Radiation and Photochemistry” * 


SOCIETY OF CHEMICAL INDUSTRY, OILS AND Fats GROUP (at 14 Belgrave 
Square, London, SW1), at 230 pm—Mr H B S Conacher ‘“Rearrange- 
ment of Methyl Epoxyoleate and Related Epoxy Esters”, R W 
Wilhams “The Effect of Cholesterol on the Lecithin/Water System”, 
Mr B K Bullimore ‘Evaluation of a Cheap NMR Apparatus for Ouls and 
Fats Analysis”, Mr D Illingworth “Zone Refining of Fatty Acids” 


INSTITUTION OF ELECTRIOAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, WC2), at 5 30 p m —Mr J K V Lee “A Position Fixing Aid 
to Marme Surveyimg” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 pm — 
Dr Roger Bannister, CBE ‘Science and the Athlete” 


Saturday, February 17 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, S%23), at 330 pm—Mr Nicholas 
Guppy “Forest Indians of Southern Guwana—the Wai-Wais and 
Mawayans” * 


Saturday, February 17—Monday, February 19 


FIELD STUDIES COUNCIL (at the Orielton Field Centre, Pembroke)— 
kee pea on “The Buological Effects of Oil Pollution on Littoral Com- 
munities” 


Monday, February 19—Wednesday, February 2! 


MATERIALS SCIENCE CLUB (at the City University, St John Street London, 
EC1)—Informal Meeting on “Materials for Fuel Cells and High Energy 
Density Rechargeable Batteries” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned 

SENIOR DEMONSTRATOR (with an honours degree in geology with particular 
interests ın mineralogy, petrology or economic geology, and preferably 
experience in geochemistry or in X-ray techniques) ın GEOLOGY at the 
University College of Townsville, University of Queensland, Australiaa—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pail Mall, London, SW1 (February 16) 

READER/SENION LECTURER (with substantial research experience tn build- 
ing acoustics and noise) in BUILDING ScrENCE—The Staff Officer (606/6), The 
University of Aston ın Birmingham, Gosta Green, Birmingham, 4 (February 


) 

ASSISTANT LECTURER IN ORGANIO CHEMISTRY—The Registrar, University 
of Leicester, Leicester (February 24) 

AGRICULTUPAL SCIENCE GRADUATE (with an honours degree or equivalent) 
in the Som, FERTILITY/CHESUSTRY DEPARTMENT—The Director, An Foras 
Taluntais (The Agricultural Institute), 33 Merrion Road, Dublin 4, Repubhc 
of Ireland, quoting Ref N3 (February 28) 
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CHAIR OF VETERINARY PaTHOLOGY—The Secretary of the University 
Court, The University, Glasgow (February 29) 

CHEMIST (with HNC, LRIC or BSc degree) to work on soil organic matter/ 
trace elements, and a CHEMIST/PuYSICIST (with HNC, LRIC or BSc 
degree) to study soil minerals by X-ray diffraction—The Secretarv, 
Rothamsted Experimental Station, Harpenden, Herts, quoting Ref 1052/105 
(February 29) 

LABORATORY STEWARD (with HNC or higher qualification and considerable 
expertence in 4 university laboratory }—The Secretary, Inorganic Chemistry 
Laboratory, University of Oxford, South Parks Road, Oxford (February 29) 

TEMPORARY LECTURER or ASSISTANT LECTURER tn the DEPARTMENT OF 
Psyowooey to lecture on anımal behaviour and the biological foundations 
o psychology—The Registrar, University Senate House, Bristol 2 (February 


LECTURER or ASSISTANT LECTURER (preferably with postgraduate 
experience and interests ın the field of metamorphic petrology) in GEOLOGY at 
Fourah Bay College, University of Sierra Leone—The Inter-University 
Council, 33 Bedford Square, London, WC1 (March 14) 

LECTURER or ASSISTANT LECTURER (with a degree in agriculture or tropical 
agriculture plus graduate experience 1n the tropics or sub-tropics, and pre- 
ferably experience in the field of agricultural education) in CROP PRODUCTION 
at the University of Botswana, Lesotho and Swaziland, for duties in Swazi- 
land at the Agricultural College and University Centre—The Inter-University 
Council, 33 Bedford Place, London WC1 (March 20) 

CHAIR OF PHYSICS af the Australian National University—-The Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, SW1 (Australia and London, April 8) 

ASSISTANT PROFESSOR (with experience in bacterial chemistry and/or 
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Is Technology Here to Stay? 


Tue Ministry of Technology has enlivened and some- 
times illumined the character of government m Britam 
tor three years now, and after a shaky start ıt has won 
fox itself a degree of permanence or at least the appear- 
ance of permanence It ıs, for example, a long time 
smce even the people ın charge were not quite sure 
how to translate mto administrative action the profound 
conviction of their government that the deficiencies 
of the British economy were largely attributable to 
defects in the structure of British industry It 1s also 
a long time—or at least ıt seems like 1t—since there was 
a hankermg after the behef that a handful of wise 
men around a committee table could solve problems 
which wore beyond the wits of rapacious industrialists 
Paradoxically, the succession of economic crises m the 
past three years has helped to give Mintech, as the 
Ministry of Technology likes to call itself, a better sense 
of proportion After all, governments which are forced 
against their will and to their own surprise to devalue 
their currencies are not m the strongest position to 
offer unsolicited advice to dustrial compames which, 
for all their faults, have at least managed to stay m 
business Inevitably, and sensibly, the Mimstry of Tech- 
nology has become m the brief spell of 1ts existence more 
like a midwife of change than an aspirmg magician 

In the circumstances, however, 1t 1s not umpertment 
to ask precisely what the Ministry of Technology 1s 
for, and m lookmg for an answer 1b 1s probably more 
charitable to go by what the mmustry does than by 
what 16 says The trouble is that public statements on 
the subject are almost imevitably filled either with 
platitudes or even with faturties In a recent lecture 
at Imperial College, for example, the Mimster of 
Technology, Mr Wedgwood Benn, cheerfully an- 
nounced that “for the first time ıt 1s possible to compare 
projects across the whole field of engineermg and to 
begin the difficult task of evolving criteria which allow 
mtelliigent choices to be made between alternative 
developments in different fields” Most people will 
agree that this 1s a sensible goal at which to aim, 
although some will raise the question of whether 
governments can allow themselves to be so involved 
in the process of plannıng industrial developments 
without at the same time finding themselves uncom- 
fortably identified with the failures as well as the 
successes The trouble is that ıt 1s also an ambitious 
goal, and there 1s at present no reason for believing 
that ıt 1s within the grasp of the Ministry of Technology 
or even the Government as a whole In practice, 
mdeed, the mimustry’s successes so far have not been 
steps towards this grand design but, rather, sensible 
and exceedingly empirical attempts to deal with mdus- 
trial problems which have become so acute that they 
cry out for attention It 1s easy to see how a sense of 


progress towards distant objectives helps to sustain 
the mmustry’s courage in adversity, but it 1s bound to 
be distracting for those outside 

This ıs a pity, for a good many of the things which 
the ministry has done are likely to be most valuable 
There 1s, for example, a scheme to encourage the 
development of new kinds of machine tools by making 
1t possible to spend pubhe money on the first few 
production models This will help to secure m Buitaim 
some of the benefits which are obtamed in the United 
States (with less fuss) by the scale and the manner 
of spending on defence research There is also a great 
deal of good sense in the mmustry’s plan to do something 
for the chemical engineermg plant manufacturing 
industry, partly by advice, partly by research, develop- 
ment and consultancy at the munistry’s research 
establishments and partly, no doubt, by an attempt to 
group some of the small companies m the industry 
into larger units In time, no doubt, the ministry 
will be able to do valuable work ın this field, not least 
of all because the men responsible for these develop- 
ments are patient creatures and knowledgeable as well 
In the same way, there now seems to be some evidence 
that the attempt to use the efforts of the 9,000 techni- 
cally qualified people under the ministry’s umbrella for 
mdustrial research and development 1s begining to 
bring rewards (see page 607), although ıt would 
probably be foolish to imagine that what has worked 
with some success at Harwell can become a means of 
avoiding altogether the problem of how to deal with 
defence research establishments which, for one reason 
or another, have outgrown thew original tasks 
Whether the ministry’s efforts to produce ‘‘a flourishing 
computer mdustry” will eventually be successful 1s 
another matter, although it 1s only proper to acknow- 
ledge that luck and IBM between them will probably 
have a greater mfluence on the outcome than anything 
the mmistry can do In these and many other ways, 
the mmstry has functioned well when 1t has set out 
as a kind of mdustrial entrepreneur, willmg to seize 
on whatever opportunities present themselves It has 
also, however, won some more general victories The 
ministry has, for example, provided a good deal of the 
drive behind the Industrial Reorganization Corporation, 
which has 1tself done much to set ın train what amounts 
almost to an epidemic of mergers m British industry 
The mmustry has also been able to establish the prm- 
erple that the Government’s mtervention m industry 
should ideally consist of encouragement for the suc- 
cessful enterprises, not support for the unsuccessful 
In the long run, this inegalitarian doctrine should bring 
important benefits 

In other ways, however, the Ministry of Technology 
has been less successful On many occasions, for 
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example, it has spread itself too thmly Sometimes 
plans which have been broached to the people most 
directly affected have then been put mto cold storage 
for lack of people or money to follow them through 
On other occasions the mmistry has been downright 
mconsistent or ambiguous. What, for example, 1s its 
policy towards the research associations? What 
precisely does 1t mean by the European Technological 
Community ? Then, with the most human frailty, 1t 
tends to grasp the thorny nettles last of all—there 1s, 
for example, httle sign of movement on the reorganiza- 
tion of the nuclear power mdustry Elsewhere the 
munistry’s influence, no doubt unwittingly, has been 
mischievous Its joyful espousal of the cause of tri- 
bology has been mdecently mnocent By gomg out 
of its way to make technology respectable (which 
16 18), the mmustry has cast what 1b calls pure science in 
a villam’s role and ıt will be a serious matter if that 
becomes a permanence 

At this stage nobody can know precisely what the 
future holds The Ministry of Technology may have 
been able to prove the point that governments can use- 
fully play a creative part m industry, but 1t does not 
follow that the patterns of admmustration now bemg 
created will last mdefinitely And m many ways, of 
course, success umphies that the ministry will do itself 
outofajob Now, for example that its efforts to weld 
the British companies in the British motor industry 
into a single unit have been successful, 1t 1s much easier 
for the ministry to wash its hands of the motor mdus- 
try’s anxieties By the same test, 1f and when ıt 
rationalizes the computer mdustry, 1t will be able to 
retire gracefully to those sidelines as well To say this, 
of course, does not mean that there will be nothing 
for the mimstry to do, but rather that its mdustrial 
interests are bound to change frequently with the 
passing of time In the circumstances, 1t 1s hard to 
see Just what part the mmistry’s laboratories will play 
in the continuing future—is there really a need for 
them? But 1f ıt were not for the laboratories, what 
distinction would there be between the Ministry of 
Technology and several other agencies of government 
—the Board of Trade, the Ministry of Power and the 
Department of Economic Affairs, for example? In 
other words, although the Ministry of Technology has 
made a useful start, and although the foreseeable 
future 1s crammed with work, 1t will not be surprising 
1f ten years from now the pattern of admmustration 1s 
radically different from what ıt 18 at present And the 
test by which 1b will eventually be judged ıs whether, 
lke the midwife ıt should aim to be, 1t will be prepared 
to retire gracefully once ıt has done its obvious job m 
some sector of British industry The signs are not 
always encouraging 


Expensive Nuclear Power 


THE controversy over the way ın which British nuclear 
power plants are built 1s not being allowed to die a 
quiet death Mr Norman Atkmson, Labour Member 
of Parlament for Tottenham, has tabled a motion in 
the House of Commons urging the Government to 
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implement the findings of the Select Committee on 
Science and Technology, of which he was a member 
The committee, which produced 1ts report m December 
1967, said that nuclear power stations in Britain 
should be designed by one large group, taking m all 
the experience of the existing three consortia and of 
the Atomic Energy Authority Mr Atkmson has since 
resigned from the committee, because, he says, he did 
not agree that an all party body was the night way for 
a Labour Government to determme its policy on nuclear 
power Despite this, his motion that the recom- 
mendations of the select committee be now imple- 
mented has been tabled, and has the support of over 
one hundred Labour Members of Parlament 

Mr Atkinson 1s convinced that the way m which 
the Central Electricity Generatmg Board has organized 
the building of power stations has cost Britain £40 
millon This suspicion arose originally m the proceed- 
ings of the select committee, when it emerged that the 
CEGB had approved a change m the design of the 
channel diameter between Dungeness B and Hinkley 
Point B, the first two advanced gas cooled reactors to 
be bult It was claimed that, 1f this change had not 
been made, some £11-13 mullion could have been 
saved on Hinkley B Both the CEGB and the Nuclear 
Power Group, makers of Hinkley B, indignantly dis- 
miss the charge, and it 1s probably fair to say that 
other members of the select committee were doubtful 
about 1t too Very little was made of 1t ın the report 
Mr Atkmson has now extended the same argument, 
claimmg that, 1f all the first four AGRs had been 
identical, £40 million could have been saved on the 
capital cost of £320 milhon “The CEGB commissioned 
virtual replicas, but did not get the economic saving of 
replication,” Mr Atkmson says The civil engineering 
work on all the power stations was also far too expen- 
sive—companies from the United States could have 
done ıt for half as much 

All this 1s likely to be taken as just another example 
of Mr Atkmson’s enthusiastic approach to politics 
There may well have been mistakes in the arrangements 
of the first few AGRs, but 1t 1s very unlikely that they 
will cost as much as Mr Atkinson clams The dif- 
ference between United States capital costs and British 
ones 1s at least as much a function of the design of the 
reactor system as 1b 1s of civil engineering mefficiency 
But ıt 1s entirely sensible of Mr Atkinson to feel that 
1t is about time the Government made up its mind 
about the future pattern of nuclear power m Britam 
Until the select commuttee report was published, there 
was almost an excuse for maction, but by now the 
Government can quite properly be accused of indecision 
Mr Atkinson claims that the Government 1s under 
pressure from the consortia to retam the existing 
system—which 1s doubtless true—and that the CEGB 
also opposes the single design authority Even if the 
Government were not on the pomt of announcing new 
nuclear power stations to provide power for alummium 
smelters, there would still be no excuse for further 
delay 


Sites for Nuclear Power 


Tae British Government clearly mtends to build 
nuclear power stations much nearer to centres of 
population In the House of Commons last week, 
Mr Richard Marsh, Mmuister of Power, said that some 
modification of the policy of building nuclear stations 
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-in remote places was now possible. The minister was 
acting on advice given him by the Nuclear Safety 
Advisory Committee, which had said that the principal 
safeguard to public health came from the high standards 
of design, construction and operation of nuclear 
stations. For gas cooled reactors built in pre-stressed 
conerete vessels, it was clear that it was safe to build 
-them much nearer to cities than had been customary. 
Mr Marsh said that this meant any area with a popula- 
tion density sufficiently light to evacuate the people 
“ within-a range of 15 to 2 miles in the unlikely 
event of an accident. He agreed that this included 
the areas around Hartlepools and Heysham, both 
possible sites for nuclear stations. 
The decision raises some interesting issues. Although 
. ‘most people agree that a relaxation of the restrictions 
is timely, particularly in Britain where isolated sites 
- are hard to find, the decision of the committee refers 
_ only to British gas cooled reactors. What would happen 
if the generating boards decided to build a water 
< reactor in the United States style (as they have some- 
- times threatened to do) is not made clear. A direct 
: comparison of the safety of the two reactor types has 
< not been made—so far both have a completely clean 
record, although it has been suggested that gas cooled 
reactors are inherently safer. The decision also clears 
the way for the generating boards to replace some of 
their older coal fired stations with nuclear stations, 
: making better use of sites nearer to towns. As the 
map shows, all British nuclear stations so far built 
__are in fairly remote areas, which has tended to increase 
the costs of building and of transmitting the power 
the point of use. 





In other parts of the world which lack the sophisti- 
- cated grid system in operation in Britain, the advan- 
tages of building near towns may be even greater. 

This, it is hoped, may help the export of British power 
tions, perhaps to Germany. As Mr Eric Lubbock 

ioned in the short debate in the Commons, a 
r station is to be built.near Ludwigshafen in West 
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Germany; Mr Marsh pointed out that another is to be 
built within 20 miles of Hamburg. The fact that 
Britain is now willing to build as near as this to towns 
will lend some weight to the tenders made by British 
consortia. In the United States, Consolidated Edison. 
did once propose to build a station in New York, but 
were dissuaded by the Atomic Energy Commission. 
Despite this, the same tendency for generating stations 
to get ever nearer to towns has been observed in the 
United States. One of the problems which dictates.a 
cautious advance, however, is the way in which. the 
size of nuclear stations has increased. In this sense, 
Mr Marsh is disingenuous to claim that Britain has 
132 nuclear years of experience. Until Dungeness B 
starts operating, Britain has no actual experience of 
a commercial advanced gas cooled reactor. The 
experience is on the less sophisticated—and generally 
smaller—magnox reactors. 


Kidney Transplants 


Tue ethical problems of transplanting organs are to be 
discussed at a conference announced on February 14 
by Mr Kenneth Robinson, Minister of Health. The 
conference will be chaired by Sir Hector MacLennon, 
President of the Royal Society of Medicine, and will 
include lawyers, leading churchmen and laymen as 
well as doctors. Although the conference will be 
private, there seems some chance at least of a joint 
communiqué being issued after it is over. The ministry 
has emphasized that the purpose of the conference is 
to discuss the problems that have arisen in the provision 
of kidneys for transplant operations in Britain, and 
not to embark on lengthy discussions of the more 
controversial subject of heart transplants. So far, 
because there have been no heart transplant operations 
in Britain, the discussion of the subject has been less 
acrimonious than elsewhere, but there have already 
been signs of sharp disagreement. The minister will 
be hoping to steer the discussion away from such poten- 
tially dangerous topics. 
Kidney transplantation is a much less heated subject; 
almost everybody agrees that in principle it is a very 
good thing. But technical difficulties over the provision 
of kidneys from donors have at times made the surgeon’s 
task harder than it might have been. Some surgeons _ 
feel that the law should be amended so that kidneys 
could be taken from fatally injured people without — 
consent from relatives. The difficulty here is that 
the kidney must be removed from the patient very 
soon after death if it is to be of any use to the patient. 


Guidance for Universities 


BririsH universities have now been provided with 
some cautious guidance on the degree to which lecture 
rooms and laboratories are being used. This informa- 
tion is the first product of the work of the sub-com- 
mittee under Mr C. F. Carter, Vice-Chancellor of the © 
University of Lancaster, which has been brooding on 
the utilization of university facilities for the best part 
of a year. The report now being sent to universities 
is based on a survey in sixteen institutions which has 
been carried out by Mr K. S. Davies, the research 
officer attached to the project by the vice-chancellors’ 
committee. At this stage it is clear that everybody is 
anxious not to let the universities feel that they are 
being coerced into a uniform pattern of teaching, and 
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the report is offered as a means of providing “universi- 
ties with a means of comparing their use of capacity 
with others”. It remains to be seen whether the 
project will have more to say, in the years ahead, about 
the ways in which universities should manage their 
affairs, but the report says that the next step is to 
estimate what savings and qualitative improvements 
would be possible “if optimal patterns of use are 
adopted”. Eventually, the argument runs, the univer- 
sities would then be more able to formulate accurate 
plans for capital expenditure. The report also looks 
forward to a kind of advisory service equipped to keep 
a continuously watchful eye on university practices 
and able to offer advice about the ways in which univer- 
sities might get better value for money. 

Mr Davies explained, earlier this week, that there is 
not yet a tangible plan for setting up a continuing 
organization to superintend the ways in which universi- 
ties make use of their facilities. The progress report 
which has now been issued says very little about 
British university practice in present circumstances, 
but there is a brief statement that, in the universities 
already surveyed, the “occupancy factor” of teaching 
rooms works out at 75 per cent, which is “no mean 
performance” compared with the average occupancy 
of 30 hours a week out of 45 in the universities of 
Washington and California. This brief statement is, 
of course, quite unconvincing without supporting evid- 
ence and has on this account provoked some sarcasm 
in the daily newspapers. Mr. Davies explained during 
the week that more detailed information had been 
circulated to the committee of vice-chancellors, though 
it is not yet clear whether this is already being used for 
purposes of comparison by British universities. He 
emphasized that his enquiries were only at a preliminary 
stage and explained that in any case the details of his 
work would not be understandable “to people outside 
the universities”, 


Landing Sites on the Moon 


Tue National Aeronautics and Space Administration 
(NASA) has completed its selection of landing sites 
on the Moon for the Apollo astronauts. Five areas, 
each three by five miles in size, have been chosen by 
the Apollo Site Selection Board, it was announced last 
week, Site selection has been achieved through the 
photographie survey carried out by the Lunar Orbiter 
series of spacecraft reinforced by the spot checks of 
the Surveyor landers. At the beginning of the survey 
programme thirty tentative sites ranged along the 
Moon’s earthward face were under consideration. The 
observations of the survey spacecraft reduced these to 
eight “possibles”. From these, the board has selected 
the five target sites and the Apollo men will leave for 
their mission not knowing which of three they will 
use. 

All five sites lie within a quite narrow band along 
the lunar equator—within 45° east and west of the 
visible Moon’s centre and 5° of the equator, the so- 
called Apollo Zone of Interest, where optimum con- 
ditions for communications and surveillance from 
arth of the astronauts’ progress exist. Two are in 
the Sea of Tranquillity, one in the Central Bay, and 
two in the Ocezen of Storms (Mare Tranquillitatis, 
Sinus Medii, Oceanus Procellarum). Apart from this, 
each site has had to satisfy seven other criteria neces- 
sary for the safety of astronauts. These are relative 
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freedom from craters and boulders; a smooth approach. 
path without large hills, cliffs or deep craters likely to 
cause inaccurate altitude signals on the landing radar: 
a slope of less than 2° over the landing site and 
approach path; central grouping enabling the least 
expenditure of propellant by the lunar module; opti- 
mum visibility for the approaching astronauts in 
guiding their craft down which requires that the 
Sun angle should lie between 7° and 20° and come 
from behind the craft at landing. This last criterion 
gives a 1-day launch window each month. The intervals 
between the sites have had to correspond with the time 
needed to re-cycle the Apollo/Saturn V if there is a 
check during initial countdown: and, finally, site 
location must be within reach of the Apollo “mother- 
ship” on a free-return trajectory, that is, where the 
spacecraft can coast round the Moon and return to 
Earth without employing propulsion. Altogether this 
will make a 3-day period each month available for 
launching the first Apollo flight. 





The five sites chosen for the Apollo landing are in the Mare 
Tranquillitatis (1) and (2), the Sinus Medii (3), and the Oceanus 
Procellarum (4) and (5). 


Contraception in France 


GENERAL DE GAULLE’s dream of a French population 
of one hundred million by the end of the century is 
not likely to be greatly thwarted by a new French 
law on contraception, passed on December 19, 1967. 
Although this law, the Neuwirth law, may well serve 
to make contraception more respectable, it is in many 
ways unsatisfactory and has been widely criticized. 
The history of events leading up to the formulation 
of the law reflects the absurdity of the situation. 
After the First World War, possibly because many 
Frenchmen had been killed, a notorious law was passed 
which made contraception illegal. Since then the only 
method of contraception to which the authorities have 
turned a blind eye has been the condom, which 
has come to be regarded as a prophylactic against 
venereal disease rather than as a contraceptive. 
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Various forms of oral contraceptives have been avail- 
--able im France for several years because of their initial 
therapeutic role, but not everyone can afford them. 

The family planning association called the Mouvement 
Francais pour le Planning Familial (MFPF) has, how- 
ever, been operating “underground” and has until 
recently got around the law by running the organiza- 
tion on the lines of a club with paying members. 
The organization now has a membership of 100,000 
and has more than three hundred centres. 

According to the new law, decisions about the 
manufacture and importation of contraceptives will 
be subject to a ruling by the public authority, and 
the sale of contraceptive products will be subject 
to an authorization of the Minister of Social Affairs. 
The sale of such articles will be confined to chemists’ 
shops, while those oral contraceptives placed on the 
so-called “special list” will only be sold under prescrip- 
tion; and the doctors concerned will be required to 
consider the patients’ medical history. Minors up to 

18 years old under parental control requiring contra- 
ceptives, and similar young people up to 21 years old 
requiring oral contraceptives on the special list, will 
have to have a prescription as well as the written 
consent of a parent or legal guardian. 

Under the new law, family planning associations 
will not be allowed to supply contraceptives as they 
‘have done in the past. Another blow to such organiza- 
tions is that all ‘“‘antinatalist propaganda” will be 
forbidden, which means that people seeking advice 
from an association will have no means of finding it, 
either from advertisements, or, presumably, from 
telephone directories. The government intends to back 
up the law with fines and imprisonment for offenders. 

“Because the Social Security will not have to re- 
< imburse the costs of progesterones, as it does the cost 
of other medicines, some doctors contend that it is the 

poor who will suffer most. There is also a feeling that 
- the law places too much responsibility on the doctors, 
allowing them to interpret it according to their moral 





and religious principles, Others feel that it is intolerable 


that patients should be so closely controlled in so 
personal a matter. One objector on medical grounds, 

-Professor Jacques Huguier, has suggested that, if the 
law is not repealed before it comes into action on 
March 1, wholesale resignation of the medical profes- 
sion might be called for, An extremist’s view, perhaps, 
but it is evidence of the kind of opposition the law is 
— meeting. 










- More European Physics 
‘Tur plan for forming a European Physical Society 
has been modified somewhat in the light of the dis- 
cussions of the steering committee. which -met on 
January 30 at the Battelle Institute in Geneva. For 
one thing, it has been decided to postpone the large 
- conference which had first been hoped to inaugurate 









SS the society at Florence in September this year. This 
event will not now take place until 1969. 


Instead 
there will be an inaugural ceremony in Geneva in 
September this year. At the same time it appears 
“that serious discussions have been opened with a number 


of countries from Eastern Europe—Yugoslavia, Czecho- 


slovakia, Hungary and Rumania. Although the 
representatives of the physical societies in these 
_ countries have been given clearly to understand that the 


formation of a European Physical Society will not be 
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obliged to allow them to determine their own relation- 
ship to it, there does now seem hope that they will 
eventually be associated with the work at some stage. 
In the meantime, it appears that there have emerged 
a number of difficulties about the financial provisions 
in the constitution although these will most probably 
be resolved at the next meeting of the steermg com- 
mittee due to be held in the spring this year. With 
luck this will be held in Prague, but otherwise in Vienna. 

It has been agreed that the headquarters of the 
society will be in Geneva at the physics department 
of the university, 32 Boulevard d’Yvoy, 1211 Geneva 4. 
It has also been agreed that the working language 
of the society will be English. At the meeting on 
January 30 it was agreed that the European Chemical 
Society should publish a bulletin, principally to keep 
European physicists informed about the discussions 
now going on, but there seems some confusion about 
the way in which this will be accomplished. In the 
circumstances, it is not surprising that the steering 
committee has not yet had a chance to take up the more 
complicated question of how to organize the learned 
journals in physics which cater for European scientists. 
The first inclination seems to be to divide physics 
as a whole into fields which could be parcelled out to 
the journals which already publish original articles 
in physics, and in this spirit existing publishers are 
likely to be approached in the next two weeks. It 
would not, however, be surprising if in the end the 
European Physical Society decided to follow a more 
informal and more empirical course, if only for the sake 
of the flexibility it would thereby gain. 


New Hope for Planning 


Tue first rumblings of a new assault on national 
planning were heard last week when Mr Peter Shore, 
Secretary of State for Economic Affairs, presented a 
Jovernment paper to a meeting of the National 
Economie Development Council. It appears that few 
details were given at the meeting, but it was stated 
that another paper would be presented after the 
budget on March 17, with broad outlines of the way 
the economy should develop. The economic develop- 
ment councils for the different sectors of industry will 
then be able to discuss the projections and work out 
what the effects will be on their own sections of 
industry. There are twenty-one councils, known affec- 





Mr Peter Shore. 
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tionately and sometimes derisively as little Neddies. 
covering about two-thirds of private industry, with 
representatives from management and unions. When 
the results of their deliberations are known the Govern- 
ment will add them to results from its own studies 
and produce a more detailed planning document in 
the autumn. It is acknowledged that prices and 
incomes will be important considerations in any plan 
of this kind. The whole subject of national planning 
has been regarded rather sceptically since the National 
Plan was abandoned in July 1966, but it is thought 
- that the present state of the economy calls for another 
attempt, provided that it is more flexible than the last. 


New Look for Heathrow 


Tue British Airports Authority, which runs commercial 
airfields in Britain, last week unveiled plans for the 
development of Heathrow, London’s major airport. 
With the advent of the Boeing 747, which will be 
arriving on commercial flights to London by the 
summer of 1970, development of Heathrow to handle 
the increase in passengers has become urgent. Although 
the new plan is to cost £10 million, it represents a 
face-lift for only a small part of the airport. 
The new section of the airport will be a T-shaped 
pier, with an upright 900 ft. long and a crosspiece 
1,000 ft. long. The aircraft stands will be positioned 
along the crosspiece, seven each side, and passengers 
will be carried along the upright section on a travelling 
pavement. For those who prefer to make the journey 
on foot, ample space will be provided on either side of 
the conveyor. Telescopic air jetties will link the air- 
craft with waiting rooms. There will also be changes in 
the terminal buildings; a new passenger terminal 
building, prosaically called Terminal 1, will be built, 
and the existing Europa and Britannic buildings will 
be merged and called Terminal 2. The Oceanic build- 
ing will be renamed Terminal 3, and a new arrivals 
terminal will also be built. By the time the 747 service 
across the Atlantic is in full swing, it will be necessary 
to separate arriving and departing passengers into 
two separate terminals. Thus by 1970, Terminal 3 
{the Oceanic. building to today’s travellers) will be 
devoted to departing passengers, while the new arrival 
terminal looks after those coming into Britain. By 

_ this time, the authority says, the number of departing 
and arriving passengers on-long haul services is likely 
to reach 2,700 an hour in each direction. 

The main difficulty will arise when several 747s 
arrive at once, or within a few minutes of each other. 
Each will be carrying up to 490 passengers. Unless 
the capacity of the airport bus services is to be severely 
overstretched, a rail link between central London and 

- the airport must be built. 


-Marine Science on Record 


-FHE first comprehensive directory of marine science in 
the United Kingdom has just been published (The 
Royal Society, £2). It has been prepared on behalf of 
the Royal Society’s British National Committee for 
Oceanographic Research with the co-operation of the 
Natural Environment Research Council, and it should 
prove to be of great help to everyone working in this 
rapidly growing subject. 

For the most part, the book consists of the names of 
scientists listed by establishment and arranged in four 
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sections. Sections 1 and 2 include the marine science 
laboratories, both government and university, with 
details of the scientists employed in them and of 
the laboratories themselves. Information given under 
each institution includes facilities for visiting research 
workers, training courses, and a selected bibliography 
of research done there. There are as many as 57 
university departments in the United Kingdom which 
have continuing interests in marine science. 

Sections 3 and 4 cover university departments and 
government-supported laboratories in which marine 
science has only a minor role—but where there are staff 
working on some aspect of the subject. A further 42 
academic and 13 government-supported departments 
are listed in these sections. 

There is often confusion over the organization of 
research in interdisciplinary fields such as oceano- 
graphy. It is helpful, therefore, that the directory 
includes a summary of the overall organization of 
oceanographic and fisheries research in the United 
Kingdom and the part played by the national pro- 
gramme in international activities. 

The research ships available to British scientists and 
the libraries offering facilities to them are listed in two 
appendices. 


Scientist on the Move 


Mr B. T. PRICE, at present director of the Defence 
Operational Analysis Establishment of the Ministry of 
Defence at Byfleet in Surrey, is to become Chief 
Scientific Adviser at the Ministry of Transport on 
April 1. Mr Price has worked in turn for the Atomic 
Energy Authority and for the scientific group at the 
headquarters of the Ministry of Defence. He has been 
largely responsible for setting up the Byfleet establish- 
ment in the past few years. He is a physicist by trade. 





l Mr B. T. Price. 


This new appointment comes at a time when it 
seems that the Ministry of Transport would like to see 
more of what the British Government spends on 
research and development devoted to the art of moving 
about. 


Make or Break 


Dorise the past year or so, the Electrical Research 
Association has done its share of breast-beating in 
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_ public. The decision by the Central Electricity 
_ Generating Board to withdraw its habitually automatic 
_ support was a shock from which ERA has taken some 

_ time to recover. Now, although workers at ERA are 
_ hoping the worst is over, there is still a certain amount 

of belt tightening to be done. 

Under a scheme to be introduced next year, each item 

of research carried out at ERA will have to be indi- 
< vidually sponsored. This is a system which will doubt- 
less help to raise sums of money for jobs for individual 

companies, but is unlikely immediately to help ERA 

to continue work which is of general interest to the 

entire industry. The more general a problem, the 

less likely a company is to feel responsible for it. 

This difficulty is going to hit hardest at the work 

which is of greatest public concern—-the safety of 
electrical devices, as ensured by the correct design of 
_ fuses. ERA performs a continuing service for fuse 
manufacturers, not least by ensuring that British 
companies keep up with changes in international 

standards, now recognized as a major barrier to 
‘` successful exporting. The same section at ERA 
which is responsible for fuses also works on contractors, 

- and has recently been able to show that British 
manufacturers were producing a product which was 
-. uneconomic because the standards were too stringent. 
<: ERA has now published a summary of the literature 
in fuses between 1950 and 1965 (Advances in Electrical 

Fuses, by H. W. and C. Turner, ERA, 54s.). This, 
it is hoped, will stimulate British manufacturers to 
increase support for this important part of ERA’s 
activities, 


Biology of Barrages 
. Work is now in progress on the biological effects of 
-othe proposed barrage across Morecambe Bay. The 
full feasibility study announced early last year by the 
Water Resources Board is to cost about £500,000 
and is expected to last another 2 to 3 years. By then 
the board, with reports in hand representing all sides 
of the project,should be able to advise the government 


whether the barrage is a workable proposition. 


-<An important aspect of any barrage scheme is the 
effect. the works will have on the ecology and fisheries 
of the area. The biologists must try to predict what 
_ will happen to the different animals and plants, bearing 
“in mind the. usefulness of the impounded water, the 
-amenities of the area, the fisheries, and so on. One 
of the biological techniques used for a study of this 
_ kind is to find the nearest parallel project. Unfortun- 
ately, there are few examples of similar estuarine 
_ barrages to. which the biologists can turn. The con- 
version of the Zuider Zee into the Ijsselmeer in Holland, 
however, may have some relevance, and Loch Neagh 
in Northern. Ireland ‘shows some similarities although 
it is an inland lake. Two biologists who are to work 
-- on the Morecambe Bay barrage have now been ap- 
pointed by the Natural Environment Research Council. 
The co-ordinator of the ecological work is Mr John 
Corlett, who has been seconded to the Windermere 
Laboratory of the Freshwater Biological Association 
from the Fisheries Laboratory, Lowestoft. His assist- 
< antis based at the University of Lancaster. 
-The Nature Conservancy is also assisting in the study 
-in several ways. A small department to study the 
overall.conservation of large scale proposals has been 
recently. established at the Nature Conservancy 
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station at Shrewsbury under the direction of Dr R. J. 
Elliott. The proposed barrage is one of the projects 
with which it will be concerned, and it will keep in 
touch with the regional conservation staff and other. 
interested parties. Meanwhile, a small ornithological 
project on waders is in operation in co-operation with 
the Royal Society for the Protection of Birds and the 
Ministry of Agriculture. It is necessary to know how 
many of these birds there are in the estuary and what 
they feed on. The Nature Conservancy has therefore 
issued a licence for a few waders to be shot so that 
their stomach contents can be analysed. Work on the 
coastal ecology of the estuary will be done from the 
Nature Conservancy’s station at Merlewood, Grange- 
over-Sands, 
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The Morecambe Bay and Dee Barrages, with a suggested 
distribution system. 


It will be some time before all the data collected 
can be assembled into a meaningful whole, but there 
is no doubt that there will be some important biological 
factors for the engineers to bear in mind when or if 
they come to actually designing the barrage. 


Astronomers at Brighton 


For the first time since 1925, the General Assembly of 
the International Astronomical Union is to be held in 
Britain. The next Assembly—the fourteenth—will 
meet in 1970 at the University of Sussex, near 
Brighton, from August 18 to 27. Judging by the 
numbers at previous Assemblies—the thirteenth was 
held in Prague last year—about 2,000 astronomers are 
expected to attend. 

The chairman of the Preparatory Organizing Com- 
mittee, Dr D. H. Sadler of the Royal Greenwich 
Observatory, is hoping that observatories and astron- 
omy institutes in Britain will arrange visits for the 
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astronomers during the Assembly. Many institutes in 
the United Kingdom may also wish to take advantage 
of the presence of visiting astronomers to organize 
meetings before or after the assembly. Dr Sadler, 
like conference organizers the world over, is hoping 
that his plans will not be marred by duplication. 


Better Machines 


Tue Ministry of Technology has devised a way of 
supporting the development of numerically controlled 
machine tools. It involves collaboration between a 
government establishment (RAE, Farnborough), a 
research association (the Production Engineering 
Research Association) and industry (Airmech AKI). 
These three are establishing a numerical control 
advisory and demonstration service, which will set 
out to tell industry what is possible and how it can 
be done. 

Some industries in Britain are already aware of the 
importance of numerical control. Having a machine 
tool controlled by tape not only releases a man for 
other activities, but also improves precision and makes 
much better use of machines. A machine controlled 
by tape can be used for 60 per cent of the time, against 
20 per cent for one controlled by hand. Numerically 
controlled machines need fewer jigs, and may also 
reduce lead times—the gap between design and produc- 
tion. Most of Britain’s 1,400 numerically controlled 
machines are in the aviation industry, and other 
industries have tended to fight shy. The production 
engineers estimate that eventually 10 per cent of the 
machine tools in Britain will have to be controlled in 
this way, a total of perhaps 125,000 machines, so there 
is plenty of room for expansion. 

One of the difficulties has been to get an unbiased 
assessment of just how valuable numerical control is. 
The new service should be able to provide this, although 
by identifying itself with the scheme, PERA may 
have sacrificed its objectivity as far as industrialists 
are concerned. PERA says that it has been able to 
show a 20-25 per cent return on the investment for 
most companies contemplating the investment, and 
that each survey costs in the region of £1,200. The 
new service provides for the ministry to pay between 
50 and 90 per cent of the cost of such surveys, as well as 
paying for the training courses. At the same time, the 
ministry is supporting the establishment of a numerical 
control centre at High Wycombe by Airmech AEI 
Ltd. This will contain a workshop with a range of 
machine tools equipped with Airmech AEI control 
systems, and will undertake contract work for industry 
on a commercial basis, in order to prove how cheap 
and effective numerical control is. The total cost 
of the scheme will be £685,000, spread over three years, 
half of which will cover the cost of buying numerically 
controlled machine tools. 


Infrared Geology 


Fie. 1 shows an example of the infrared images (taken 
in the 8 to 13 micron band) which are providing infor- 
mation on the San Andreas fault system in the Carrizo 
Plain area of California. An aerial photograph is shown 
for comparison (Fig. 2). R. E. Wallace and R. M. Mox- 
ham have been taking pictures of 200 miles of the fault 
system as part of a joint project of the US Geological 
Survey and the National Aeronautics and Space 
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Administration. The infrared image was taken before 
dawn, when the properties of the rocks and soil are 
best indicated. The strong white line on the left is a 
hard packed road. It is thought that the particularly 
dark patches in the fault line itself are due to accumu- 
lations of tumbleweed which have exceptionally low 
thermal inertia and thus produce relatively low radia- 
tion temperatures before dawn. 





Fig. |. Infrared image of part of San Andreas fault. 





Fig. 2. Aerial photograph of the same area. 


Building High 

Mvcu modern building, particularly of high rise blocks, 
would be impossible without the detailed knowledge of 
soil technology which has been developed, principally 
in this century. Buildings, of course, have always 
depended on the security of their foundations, but until 
comparatively recently empiricism ruled supreme. 
Mr R. Glossop, giving the eighth Rankine lecture to the 
Institution of Civil Engineers on February 14, gave 
some intriguing examples of this approach. When 
Tower Bridge was built over the Thames in the late 
nineteenth century, there seems to have been no 
serious examination of the geological conditions below 
the foundations of the bridge. There was little excuse 
for this, as the techniques were known—for Saltash 
Bridge, I. K. Brunel sank 175 boreholes for the central 
pier alone. For Tower Bridge it was decided, evidently 
on scanty scientific evidence, that the clay would bear 
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a load of 4 tons/sq. ft; but contemporary engineers, 
who criticized the design, said that higher loadings 
would have been perfectly acceptable, and would have 
reduced the obstruction to the waterway. The con- 
sulting engineer, Mr John Wolfe Barry, fortunately 
stuck to his guns; Mr Glossop said that recent bore- 
holes near the bridge had shown that greater pressures 

would have been unwise. Indeed, the whole design of 
Tower Bridge seems to have been blessed with good 
fortune; the depth of the clay is only some 10 feet and, 
had this been penetrated, there might have been 
serious difficulties. 

This approach is happily now of historical interest 
only. Settlement is frequently a source of damage to 
old buildings, and Mr Glossop quoted the example of 
Westminster Cathedral, where the massive tower on 
“the north face of the cathedral has settled more than 
the rest of the building. Much of the progress in soil 

technology is due to the classical work of Terzaghi, 
which has been developed since 1925 into a most 
important branch of engineering science. The turning 
point, at least as far as the loading capacity of soils is 
concerned, seems to have come in 1942, when the 
foundations of a single storey building in the Firth of 
Forth collapsed. The design failed because it had not 
taken into account all the geological factors; but it 
provided such a mass of data for the Building Research 
Station to analyse that it might have been designed as a 
‘laboratory experiment. The agreement between theory 
and experience was so good, Mr Glossop said, that it 
finally brought conviction to many unbelievers. 
The most marked effect of the development of soil 
mechanics had come in the design and construction of 
‘earth dams. In 1866, Mr Glossop said, Jacob had 


- confidently stated that it was “idle to pursue the 


investigation (of earth dams) by a mathematical mode 
of reasoning”. He suggested a three to one slope on the 
upstream side, and a two to one slope on the downstream 
‘side, recommendations which were accepted without 
question until about 1940. In 1898, two engineers 
attempted to justify dams on which the slope flattened 
progressively from top to bottom on the grounds that 
Mount Fujiyama was that shape. Since then, Mr 
Glossop hastened to point out, the construction of 
earth dams had become a much more scientific 
activity, a claim which he proved by reference to the 
Derwent Dam, built on the borders of Northumberland 
and County Durham, and completed in 1967. 


All Change at the Museums 


Str Terence Morrison-Scort, Director of the British 
Museum (Natural History) since 1960, is to retire at the 
end of the year. The most important event in Sir 
Terence’s term of office must have been the severing of 
the Natural History Museum from the British Museum 
on the passing of the British Museum Act, 1963. This 
meant that the Natural History Museum for the first 
time in its life was able to establish its own governing 
‘body of twelve trustees. 

«At-the latest meeting of the trustees, two new 
appointments were also confirmed. Dr J. G. Sheals, 
- Head of the Arachnida and Myriapoda section, is to be 
-a deputy keeper in the Department of Zoology. Dr 
` Sheals is particularly interested in the application of 
data processing equipment to the taxonomic catalogues 
he museum. Another new deputy keeper—this time 
in the Department of Palaeontology—is to be Dr C. G. 










Adams, who works on the larger species of Tertiary 
Foraminifera. Dr Adams will transfer from the 
Zoology Department to the Palaeontology Depart- 
ment on taking up his appointment. Both appoint- 
ments are effective from April 1. 

A further announcement is that Lord Radcliffe has 
resigned as chairman of the Board of Trustees of the 
British Museum because of ill-health. His place has 
been taken over by Lord Eccles, who will now lead in 
the British Museum's efforts to persuade the Govern- 
ment to agree to the building of the new national 
library next door to the present museum. Lord Eccles 
appears to be as vehement as Lord Radcliffe in his 
condemnation of the Government’s action over the 
museum. It is understood that Lord Radcliffe will 
remain a trustee, at least for the time being. 


Science of Science 


Tux Science of Science Foundation is now in the fourth 
year of its existence. To mark the occasion, Dr O. M. 
Solandt, President of the Science Council of Canada, is 
to give the foundation’s fourth annual lecture. The 
foundation has continued to mount a wide ranging 
programme of lectures and seminars, and is now pub- 
lishing a bimonthly newsletter. It has also opened a 
library at the University of Sussex. These develop- 
ments apart, there is as yet little sign of the activities 
proposed in March last year when the foundation 
launched an appeal for £282,000 (Nature, 214, 1 and 3). 
It must be assumed that the appeal has not so far met: 
with conspicuous success. 

The foundation’s newsletter (obtainable at the Ciba 
Foundation, 41 Portland Place, London, W1; annual 
subscription 2 guineas ($6)) is concerned. with “topics 
of interest in the field of the science of science”. With 
twelve pages an issue, the newsletter contains reports 
of the foundation’s activities and other meetings, and 
reviews of relevant books and pamphlets. Science 
policy and other news from Europe, the USA and USSR 
are also covered. The newsletter began as a document 
for internal information, but outside demand for its 
services has already created a small but rising circula- 
tion. 


Research on a Shoestring 


Tue Medical Research Council of Ireland has just 
published its annual report for 1966 (5s.). The im- 
poverishment of medical research in Ireland. is made 
blatantly obvious—the council, for example, has to do 
without a research director or a central research 
institute. The reason for this appears to be to ensure 
that as much of the council’s grant as possible goes 
directly to the support of research. Most of the money 
is used to encourage research in medical school depart- 
ments, but there is also one special university unit, 
the Unit for Cell Metabolism in the Department of 
Biochemistry, University College, ‘Dublin, and one 
independent unit for studying chemotherapy specially 
set up by the council in Trinity College. Summaries 
of the research carried out by these units and research 
in other departments supported by the council are 
given in the report. This research is co-ordinated by 
the special committees sét up recently by the council 
to advise it on the development of particular research 
fields. There are five committees in all, covering 
cancer, cardiovascular diseases, gastroenterology and 
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haematology, metabolism and endocrinology, and 
pregnancy and congenital deformities. 

In November 1965, the government increased the 
eouncil’s grant for general research by £10,000 a year, 
bringing it to £72,000 a year. The increase was, how- 
ever, more than absorbed by salary increases, so that 
the council reports that the range of its activities is 
more or less at a standstill, Other grants from un- 
specified sources and a grant from the government for 
specific projects brought the total amount of money 
administered by the council in 1966 to £106,650. 


Parliament in Britain 


Foot and Mouth 

Lorp Beswick said that the setting up of a committee 
of inquiry into control policy for foot and mouth 
disease was being considered as a matter of urgency. 
‘The appointment of the chairman might be announced 
in the fairly near future. Although the precise terms 
of reference had not yet been decided, they were 
likely to be similar to those given to the Gowers 
Committee: “To review the policy arrangements for 
dealing with foot and mouth in Great Britain and to 
advise whether any changes should be made in the 
light of present scientific knowledge and the technical 
and administrative experience gained in recent years 
in this and other countries”. The experience of those 
employed in the present outbreak would best be made 
available as witnesses rather than as members of the 
committee. (Debate, House of Lords, February 5.) 


Dungeness B 

‘Tux parliamentary secretary to the Ministry of Power, 
Mr R. Freeson, stated that the estimated base-load 
generating cost (including capital charges and operat- 
ing costs) of the Dungeness B nuclear power station 
had increased by about 25 per cent since July 1965. 
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The Central Electricity Generating Board advised 
that 8 per cent of this was due to increase in price 
levels, including the effects of devaluation, changes in 
ground rules and use of the same rate for interest 
during construction, 3 per cent to the inclusion of 
royalty payable to the Atomic Energy Authority, 
and 7 per cent to other causes. The station was 
expected to begin operating in 1970. (Written answer, 
February 6.) 


Satellite Motors 

In answers in the House of Commons on February 5, 
the Minister of State, Ministry of Technology, Mr J. 
Stonehouse, stated that the first experimental model 
of an electrical thruster had been made at the Royal 
Aircraft Establishment and preliminary testing would 
start shortly. Initial research was being carried out 
on very low thrust electrical units suitable for main- 
taining the orientation of a satellite in orbit. A develop- 
ment programme on this initial research work came 
within a wider programme costing £3 million a year. 
(Written answer, February 5.) 


Insects 

A LIST of current research projects into the biological 
control of insect pests to which the Department of 
Education and Science was giving assistance was given 
by Mr P. Gordon Walker, Secretary of State for Educa- 
tion and Science. The institutions receiving assistance 
are: Glasshouse Crops Research Institute; Pest 
Infestation Laboratory; National Vegetable Research 
Station; Rothamsted Experimental Station; Virus 
Research Unit; Agricultural Research Council, Monks- 
wood Experimental Station; Department of Zoology, 
Cambridge University; Department of Zoology and 
Applied Entomology, Imperial College of Science and 
Technology; Department of Agriculture, Leeds Univer- 
sity; Haughley Research Farm; and Insect Pathology 
Unit. (Written answer, February 6.) 





A mosaic of cloud pictures on Mercator’s projection, produced by computer from ESSA 3 satellite photographs. 
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How Useful are Weather Satellites ? 


Tue recent publication of a technical note on “The Use 
of Satelite Pictures m Weather Analysis and Fore- 
casting’ 18 an opportune moment to ask how useful 
weather satellites are proving to be The purpose of the 
note, published by the World Meteorological Organ- 
ation, 1s to help with the mterpretation of pictures of 
cloud formations 

TIROS 1, launched m 1960, was the first satellite 
designed specifically for meteorological observations 
It was followed by a series of TIROS and NIMBUS 
satellites which tested different camera systems and 
developed the techniques needed for an operational 
weather watching system Once the development work 
was completed, the running of the project ın the United 
States was transferred from the National Aeronautics 
and Space Admumustration to the Environmental 
Science Services Admmustration The first satellite m the 
operational system was ESSA 1, launched early in 1966 

Weather satellites are used extensively m Britain 
as an aid in the plotting of weather charts At present 
between 20 and 25 pictures a day are received by the 
Meteorological Office at Bracknell from NIMBUS 2— 
one of the research and development satellites still 
functionmg—and from ESSA 6 The ESSA satellite 
has an automatic picture transmission facility, which 
means that any station m the line of sight can m 
principle recerve pictures of conditions in the area The 
forecasters at Bracknell thus have available pictures of 
cloud formations over large areas of the North Atlantic 
and Europe, sometimes only 20 mimutes after they 
were taken 

The satellite pictures are used to correct the surface 
charts—the famihar maps showing the positions of 
fronts and isobais delmeating regions of high and low 
pressure The procedure is to compare the cloud dis- 
tribution imphed by the surface chart with that 
revealed by the satellite pictures Where the two differ, 
a correction 1s made to the surface chart Pictures of 
the cloud cover can also be taken durmg the night with 
infrared sensors Such an instrument ıs fitted to 
ESSA 6 but has not worked for some time 

It 1s clear that weather satellites do not eliminate the 
need for ground observing stations This 1s particu- 
larly so because there seems to be no immediate 
prospect of developing satellite-borne instruments for 
measuring pressures and wind speeds m the lower 
atmosphere—two parameters of great importance to 
forecasters As far as meteorologists are concerned, 
the full benefits of earth satellites have yet to be 
realized Before any really revolutionary improve- 
ments in weather forecasting are made, there will have 
to be many more weather stations, particularly in 
remote polar and oceanic areas and im the under- 
developed nations These regions still account for 
enormous areas of uncertamty on the surface charts 


In addition to stations on land and fixed to buoys at 
sea, there are plans for the introduction of free-floating 
balloons to carry mstruments over remote regions. 
Experiments with balloons of long lifetime have been 
made by the French space agency and by the National 
Centre for Atmospheric Research, Colorado. The 
Americans have released a series of ‘Mylar’ plastic 
balloons from New Zealand and from McMurdo Sound. 
in the Antarctic The balloons float at a height where 
the atmospheric pressure 1s equal to the pressure 
inside the balloon Most of the American balloons 
were inflated so as to drift at levels between 18,000 feet 
and 40,000 feet Some of them have lasted for more 
than two hundred days, circumnavigating the earth 
several times until lost because of 1cmg To test the 
satellite data collection aspects of this project, the 
satelite NIMBUS B is to be launched m April This 
will be able to locate and interrogate free-floatmg 
balloons and relay the information to ground stations 
In the first instance tests will be made with a balloon 
drifting over the United States It therefore seems 
probable that ın the 1970s, communication satellites 
will be the chief contribution of space technology to 
meteorology 


Cerebral Impasse 
from our Neurophysiology Correspondent 


UNDER the title “The Logical Analysis of Cerebral 
Functions” a meeting was held at the Royal Society on 
February 8 under the organization of Professors J Z 
Young and H C Longuet-Higgins 

Professor Weiskrantz began his paper with a plea for 
illogicality ın research This at first seemed at variance 
with the spirit of the meeting, but he proceeded to give 
a logical analysis of the effects of temporal lobe lesions 
on the classification of visual formation by monkeys 
and man His thesis that engimeering analogies often 
die while the real nervous system survives carries some 
weight, although a distinction should be made between 
a logical function and the device which performs 16 
It ıs fashionable to compare retrieval by the cerebral 
cortex with holography and information storage This 
is a useful analogy because it presents in tangible terms 
a system capable of performing some of the more 
mysterious operations of the brain 16 18 not, of course, 
suggested that the bram ıs a hologram but merely that 
transformation of mput mto some kind of storable 
interference pattern 1s a possible mechanism of memory 

Professor Longuet-Higgins presented his theory of 
the temporal storage of patterns by “holophony”’ 
(Nature, 217, 104) He showed that a bank of resonators 
could store information about the component frequen- 
cies of an auditory put and then reproduce the whole 
input when stimulated agam by only a fragment of it, 
provided that the coupling constant of each resonator 
were altered proportionally to the power of the put 
signal in 1ts frequency band After his presentation the 
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inventor of holography, who was sitting m the front 
row, declared that he had been so impressed with Pro- 
fessor Longuet-Higgins’s idea that he had been forced 
to devise alternative models (Gabor, Nature, 217, 585) 
One of these has the further property that 1ts put and 
output signals can be expressed m digital terms, the 
model therefore corresponds to the celebrated 
“McCulloch-Pitts” neurones Both models are mter- 
esting attempts to supply mechanisms for the recall of 
extended temporal patterns such as the muscular move- 
ments made m playing a piece of music 

What constitutes mformation storage m the bram ° 
Most of those mterested m cerebral function favour & 
change ın the conductance of cortical synapses, but this 
has proved extraordmarily difficult to demonstrate 
Professor Burns described the results obtamed by 
himself and his colleagues Bliss and Uttley from isolated 
slabs of cat’s cerebral cortex Two stimulating elec- 
trodes, one m the white matter and one on the cortical 
surface, were used to provide two “independent” path- 
ways of excitation to a cell whose activity was recorded 
by an extracellular microelectrode The effects of 
stimulation by one path (x) were tested by stimulation 
via the other (y), measured as the probability that the 
cell would fire m response to each stimulus pulse A 
somewhat cabbahstic equation 


(kac =—0 509" +0 1254 -038 Z 
x y y 


where c ıs conductance of the cell to mformation 
and the other parameters are as defined) was 
said to desembe the changes observed in 19 of the 
26 neurones observed The equation became somewhat 
less mystical when we were told that the various 
coefficients ın fact had at least 50 per cent uncertainties 
in either direction Notwithstanding, the mam con- 
clusion—that cortical pathways m the cat are not 
usually facihtated by frequent usage but are in fact 
de-facilitated—is imdeed of great importance, if 
confirmed, 1t will be the first direct measurement of 
changes, apparently at the synaptic level, related to 
usage in the cerebral cortex One important gap in this 
paper was the apparent failure to consider factors such 
as accommodation and fatigue which might have affec- 
ted the results m a systematic way 

Dr Cragg, m collaboration with Dr Rose, has been 
investigating by light deprivation the anatomy of the 
rat’s visual cortex m the hope of finding anatomical 
correlates of disuse His results, which have been 
presented m detail already (Nature, 215, 251), were 
impressively ordered and carefully analysed, they 
showed that light deprivation led to an increase in sıze 
but a decrease m number of synaptic termmals A 
first period of exposure to light had the opposite effect 

No meeting of this sort would be complete without a 
computer stmulation Dr Thorne, from the Depart- 
ment of Machine Intelligence at Edmburgh, acted as an 
entertammg representative of the computer im ques- 
tion, describmg a programme (10,000 characters m 
ATLAS autocode) which simulates the way m which a 
human undertakes the syntactical analysis of English 
sentences Its novel features are the lack of a compre- 
hensive dictionary, and the relative speed with which 
sentences are analysed at only one readmg Psycho- 
hnguisties has given a great impetus to the partitionmg 
of brain mechanisms into those which are mborn and 
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those which are learnt One of its most mteresting 
conclusions 1s that there are syntactic universals 
which must be genetically determmed—the “deep 
structure” of language—and which make ıt possible 
for a human to select from the infinite possibilities of 
his language 

The meeting ın sum was rather disappomting and 
httle new information was produced But all present 
must have been impressed with the fascmation which 
the problems of cerebral function exert on many 
scientists from a wide range of disciplines There 1s a 
widespread feeling that bram mechanisms will be for 
the next few decades what molecular biology has been 
for the last few 


Lipid Peroxides 


Ix suitable conditions, unsaturated fatty acids will 
react with oxygen to form lipid peroxides These 
compounds have been found im animals im states of 
vitamm E deficiency, and after exposure of animals 
to carbon tetrachloride, ultraviolet hght and 1onizing 
radiation They are thought to be responsible for at 
least some of the toxic effects produced by these agents 

Japid peroxides can act as oxidizing agents, probably 
through a free radical mtermediate They readily 
oxidize small molecules contaming the thiol (SH) 
group, and 1t was thought that the effects of hpid 
peroxides might partly be explained by the oxidation 
of protein SH groups Little and O’Brien have recently 
examined the oxidation of protem SH groups by 
hnoleic acid hydroperoxide, and have shown that the 
presence of haem groups affects the reaction (Biochem 
J, 106, 419, 1968) Haem groups catalysed the 
reaction so that haem proteins were oxidized more 
quickly than small thiols, which reacted more rapidly 
than non-haem protems The rate of reaction was 
always greater with the fatty acid peroxide than 
with hydrogen peroxide, but fewer thiol groups were 
oxidized per mole of fatty acid peroxide m haem 
proteins than in small thiols In non-haem proteins 
there was relatively little thiol oxidation of the native 
protem by the hpid peroxide, but the denatured protem 
was oxidized by the hpid peroxide to the same extent 
as by hydrogen peroxide The addition of haematin 
to solutions of glutathione (GSH) decreased the 
amount of SH oxidation It therefore seems that the 
group most susceptible to lipid peroxide 1s the haem 
group, and the presence of haem groups can protect 
protem thiols from oxidation, but increase the rate of 
oxidation 

Thiols can also affect the formation of lipid peroxides 
Oxidized glutathione (GSSG) and mixtures of GSSG 
and GSH will stimulate lipid peroxidation, but Christo- 
pherson (Biochem J , 106, 515, 1968) has now shown 
that GSH actually mhibits ascorbate-stimulated per- 
oxidation in fresh preparations but not m boiled ones 
Cysteamine and diethyldithiocarbamate inhibited both 
fresh and boiled preparations, but thioglycollate and 
2-mercaptoethanol had no mhibitory effect Cysteme 
and homocysteme stimulated peroxidation even m 
the absence of ascorbate, probably because they 
always contamed some oxidized thiol The GSH 
inhibition does not seem to mvolve the protection of 
protem thiols, as the same effects were observed when 
the preparations had been pre-treated with N-ethyl 
maleimide, which blocks SH groups 
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Slater (Biochem J ,106, 155, 1968) has found that 
the peroxidation produced by carbon tetrachloride 
can be mbhuibited by concentrations of promethazme 
(a tranquilizing drug) which are hkely to be found 
during treatment The same drug strongly hibited a 
peroxidation system requirmg reduced nicotinamide 
adenine dinucleotide phosphate, adenine diphosphate 
and ferrous ions both in vuro and im vwo Other 
phenothiazme drugs mbibited this system ın vitro, 
but not all compounds which protect agaist carbon 
tetrachloride necrosis were mbibitory The author 
suggests that the mbibition of this system involving 
free radicals may mean that the phenothiazmes can 
act as general free radical scavengers 


Dismantling the Ribosome 
from our Molecular Biology Correspondent 


REMARKABLY little 1s known about the manner in 
which the ribosome carries out its catalytic function 
Recently, however, attempts at partial disruption of 
the structure and reassembly have met with success 
and it has been found possible to identify certam 
protems or groups of proteins with particular aspects 
of the activity This represents a chmk of light m 
what was until then almost total darkness The same 
approach has now been taken several steps further by 
Nomura and his colleagues (Traub et al, Proc US 
Nat Acad Scr, 58, 2480, 1967) 

Tt had already been established that 50S and 305S 
particles from Æ colt can be stripped of part of their 
protem at high concentrations of caesium chloride to 
yield “cores” 40S and 23S These cores were inactive, 
but could be restored to full viability by the addition 
of the abstracted protems It was further found that 
these protems could be fractionated and the different 
fractions returned to the cores with varying results 
Thus the protems taken from the 30S particles n caesium 
chloride were separated into two groups—one acid (A) 
and one basic (B) When protems of the first group 
were added to the cores, these remained mactive, but 
protems of the second group were sufficient m them- 
selves to restore much of the activity Some or all of 
these protems are therefore indispensable 

The complete fractionation of the B protems has 
now been achieved by the use of a new system of column 
chromatography on phosphocellulose to give five 
apparently homogeneous components The five pro- 
tems have been restored to the 238 cores, individually 
and in combination, and all facets of the activity have 
been assayed—poly-U-stimulated phenylalanme and 
viral RNA-strmulated valine incorporation, binding of 
phenylalanyl-tRNA, bmdmg formylmethionyl--RNA 
m the presence of viral (f2) RNA and binding of poly-U 
When all five 8 protems were added to the cores, all 
activities were restored im full, but omission of either 
B, or B, resulted ın essentially complete mactivity, 
except m regard to poly-U bmding (which, as the 
authors pomt out, could be at least partly non-specrfic) 
The lack of B, leads to low levels of activity, that of 
B, to moderately hıgh levels, especially in terms of 
tRNA bmding Here, however, the authors add the 
caveat that the cores contam protems of the same 
electrophoretic mobility as B, and B,, and if these 
should in fact be residual B, and B,, these last results 
are not quantitatively significant The absence of 
B, led to ummpaired, mdeed enhanced, activity m 
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all respects except the bindmg of formylmethiony]- 
iRNA which was reduced by some 60 per cent 

Thus at least two essential factors for protem syn- 
thesis, B, and B;, have been identified, as well as 
another, B, which 1s not ınvolved ın mecorporation, 
but may well be specifically concerned m cham mitia- 
tion Studies on the mteraction of these protems with 
the various elements of protem synthesis hold the 
promise of momentous results 

Further interestmg experiments concernmg cham 
initiation come from Ghosh and Khorana (bid, 
2455) These are among the dividends of the synthesis 
of polynucleotides of repeating sequences ın the same 
laboratory, and they provide a pleasmg proof of the 
mechanism previously outlined by Nomura, whereby 
the 308 particle ıs self-sufficient for cham mutiation, 
whereas the 50,8 component 1s required for propagation 
In the presence of the polymers poly-rAUG or poly- 
rUG, which contain repeating codons for methionine, 
the cham mutiator formylmethionyl-tRNA will bmd 
to the 308 sub-unit, while methionyl-tRNA and other 
tRNAs wil not do so This then defines the cham 
initiation step If now 508 particles are added, the 
methionyl-tRNA is taken up, and a complex contam- 
ing the two different {RNAs can be isolated On, 
addition of the cell supernatant, the dipeptide formyl. 
methionylmethione is produced There are thus two 
tRNA binding sites on the 708 ribosome, the second 
of which 1s generated when the two sub-units associate , 
when this occurs the process of polypeptide synthesis 
is set in tram This adds particular attraction to the 
notion that the B, protem may be identified as part 
of the iitiation site on the 308 particle 


Viruses and Cancer 


Proresson M G P Sroxer and his colleagues at 
the University of Glasgow have been concerned with 
the early events ın the transformation of cells mto 
tumour cells, using m particular the polyoma and 
SV40 viruses These viruses have not been found to 
cause tumours under natural conditions, but are 
useful tools m laboratory systems using tissue cultures 
On February 6, Professor Stoker gave a fascinating 
lecture on the subject to a large and attentive audience 
at the Royal Vetermary College, Camden Town 

When cells are infected with transforming virus two 
things may happen either the virus multiplies within 
the cells which then die, or else the normal cells are 
transformed mto tumour cells—Professor Stoker de- 
scribed the several] differences that exist between the 
normal and transformed cells The most exciting 
part of his lecture, however, concerned the work that 
several laboratories have undertaken to discover 
exactly what the transformmg virus does inside the 
cell The great problem is that once transformation 
has occurred, the causative virus usually disappears 
without a trace Two antigens—the transplantation 
and T antigens—have, however, been recognized n 
these cells, and viral mRNA has also been demonstrated 
It is also expected that techniques will be improved 
sufficiently to allow viral DNA to be detected—tech- 
nically a difficult task 

But if viral genetic material is m the cell, where 
precisely 1s 1t? As Professor Stoker explamed, the 
fact that transformed cells perpetuate themselves 
suggests that the division of the virus ıs ın some way 
associated with the division of the cell Recent work 
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has suggested that loss of the cell chromosome results 
m loss of transformation, mdicating that the viral 
nucleic acid 1s possibly mtegrated with the host cell 
chromosome. 

It seems that the events occurrmg m a transformed 
cell are similar to the early stages of vegetative growth 
of viruses, but that the late functions such as viral 
rephation and synthesis of viral protem do not take 
place Why should this be so, and why are the trans- 
formed cells not killed ? Two alternative explanations 
have been offered either the virus 1s defective when 
1b enters the cell, or else ıt may be that the transformed 
cell 1s unable to synthesize the late products of the 
virus By fusing a cell transformed with SV40 with 
a susceptible cell, research workers at the Salk Institute 
at La Jolla and at the Wistar Institute m Philadelphia 
have shown that virus synthesis begins and the cycle 
1s completed This suggests that there ıs no defect, 
at least not in the S V40 virus 

Certain requirements for transformation can now 
be defined These are a functional virus particle, the 
absence of cell death, mtegration of the viral DNA 
so that it ıs perpetuated, and absence of the late gene 
functions of the virus But do the physiological 
changes ın the transformed cell depend on viral DNA 
bemg permanently mtegrated into the host chromo- 
some, thereby creating the switch that alters regula- 
tion, or 1s the change caused by a viral product which 
functions irrespective of the position in the cell of the 
virus DNA? To determine which of these 1s correct, 
Professor Stoker has made use of a phenomenon 
called anchorage dependence m BH K2] cells infected 
with polyoma virus. When these cells were put into 
agar with transforming virus, only 1-5 per cent were 
transformed When, however, a viscous solution of 
‘Methacel’ was used, a third to a half of the cells 
appeared to have been transformed—that 1s, these 
cells could now form colonies m the ‘Methacel’. When 
removed and cultured further, ıt was found that the 
majority reverted to normal 

From this Professor Stoker concludes that transform- 
ation can either be temporary (in which case the cells 
become normal agam when the virus 1s lost) or else 
permanent transformation can occur, m which the 
viral DNA ıs integrated He suggests that although 
the physiology of the transformed cell does not depend 
on integration, transformation can only be perpetuated 
if the viral DNA 1s integrated When polyoma virus 
enters any cell ın which 1t functions, the cell 1s probably 
transformed mto a tumour cell Subsequently, the 
cell may die accompanied by growth of the virus, or 
else 16 may contmue for a short time as a transformed 
cell until the virus 1s lost and 1s not therefore tagged 
on to cell replication Finally, the virus DNA may be 
integrated, and thereby the transformed characteristics 
are perpetuated mdefinitely, resulting m cancer 


5’ Terminus of RI7 RNA 


from our Cell Biology Correspondent 


Mzssencer RNA 1s translated m the 5’ to 3’ direction, 
and the nucleotide sequence of the 5’ terminal region 
of mRNA molecules probably specifies both the binding 
site for mbosomes and the mutiation of in-phase transla- 
tion The simplest expectation would be that an 
muitiator codon, either AUG or GUG, 1s 5’ termmal 
and fulfils both these functions Unfortunately, 
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determmation of the 5’ sequence of mRNA, or of any 
other RNA molecule, 1s ın practice extremely difficult 
First, the only mRNA molecules which can readily be 
isolated m sufficient purity and quantity to warrant 
such analysis are RNA phage genomes Second, and 
more generally important, the ideal method for determ- 
mmng 5’ termim is by specifically labellmg the 5’ 
terminal nucleotide of non-radioactive RNA and then 
isolating the labelled nucleotide But, as Takanami 
(1966, 1967) has discovered, this 1s difficult without 
at the same time causing the degradation of the RNA 
molecules—and every breakage generates a spurious 
5’ terminus 

Takanam: found that f2 phage RNA had to be 
treated with alkaline phosphatase before 1t could be 
labelled with 32P phosphate by the agency of the enzyme 
polynucleotide kinase, and ıt appears to be umpossible 
completely to free these enzymes of ribonuclease so 
that some molecules are always degraded Takanami’s 
results have, however, one important implication— 
the 5’—OH group of the terminal nucleoside of f2 
RNA made ım vwo is phosphorylated and probably 
triphosphorylated, pppXp Such termini might 
have been expected, because RNA chains grow 5’ to 3’ 
by the nucleophilic attack of the 3'—OH group on the 
growing polynucleotide on the 5’ a phosphate of the 
mcoming nucleoside triphosphate Not all RNA 
molecules possess 5’ triphosphate termim, however, 
Takanami claims that Æ cole mbosomal RNA has 5’ 
phosphoryl termini, pXpXp 

The occurrence of the 5’ triphosphate group suggests 
an alternative approach to the determmation of the 
5’ nucleotide of RNA If *P-labelled phage RNA 
grown n vwo has a 5’ triphosphate, alkalne hydrolysis 
of such RNA should uniquely liberate the 5’ termmal 
base as the tetraphosphate pppXp Roblin (J Mol 
Biol , 31, 51, 1968) m some very carefully executed 
experiments has shown that alkaline hydrolysis of R17 
RNA in fact yields pppGp, so that the 5’ termmus 
must be pppGpX pY He has also shown (doctoral 
thesis, Harvard University) that the second base 1s a 
purme and the third a pyrmidine This means that 
neither AUG nor GUG initiating codons are 5’ terminal, 
and so at least the first three bases must have some 
function other than mitiatimg polypeptide synthesis 
Likewise the last eleven bases at the 3’ termmus of 
phage RNA do not melude a cham-terminating codon 
(see Nature, 217,-311, 1968) In collaboration with 
J.T August, Roblin (doctoral thesis, Harvard Univer- 
sity) has also shown that the 5’ terminus of QB RNA 
made ın vtro 18 pppGpGpXpYp where X 1s a purme 
and Y 1s a pyrimidine 

It now seems likely that all the RNA phage genomes 
have pppG'p at the 5’ terminus Dahlberg (quoted in 
Roblin’s thesis) has apparently found this for f2, and 
both Q8 minus and plus strands begin pppG'p (Banerjee 
et al, 1967, Bishop, Pace and Spiegelman, 1967) 
Moreover, Maitra and Hurwitz (1965) showed the 
predominant 5’ termim of RNA made m vitro by 
E coh RNA polymerase to begm either with pppAp 
or pppGip 

Why do purmes predominate at the 5’ termmus of 
mRNA, and what 1s the effect of the 5’ triphosphate 
group on ribosome bindmg and the codmg properties 
of these molecules? It should be possible to answer 
these questions as more and longer 5’ termmal sequences 
are determined 
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Diversification at Harwell 


by 


JOHN MADDOX at Harwell. 


Tue Atomic Energy Research Establishment at Harwell 
18 now just over two decades old, and one of the most 
surprising of the signs of its maturity 1s that buildings 
which were within hving memory freshly paimted and a 
little stark are now softened by vegetation—a great many 
trees, rvy on some buildings and Berkshire grass every- 
where Indeed, there 1s occasionally a suspicion that the 
research establishment may sink back into the landscape 
on which ıt was imposed and this, of course, chimes in 
well with the trough m the morale of the laboratory in 
the past few years when ıb has been hard to see just how 
the laboratory could justify its continued existence It 
1s true, of course that even before the passage of the 
Science and Technology Act m March 1965 the laboratory 
had taken the lead among government establishments m 
planning to engage in research and development of wider 
interest to crvilian industry than the mere development 
of nuclear power stations Now, lookmg back, the 
people at Harwell say that many of them were always 
frustrated by the need to stick to their narrow brief In 
any case, Section 4 of the Science and Technology Act 
gave the Atomic Energy Authority a licence to carry out 
other kinds of research and development by agreement 
with the Minister of Technology 

Since then, diversification has been the watchword at 
Harwell For one thing, ıt seems to be the best way of 
giving the laboratory a continuing programme of work 
The fact that Dr Walter Marshall, who will succeed Dr 
Robert Spence as Director on April 1, has been the 
principal architect of the diversification programme 1s one 
sign of the 1mportance attached to diversification But 
the programme being followed at Harwell 1s clearly 
regarded as a model by other government establishments 
anxious to find ways of cushioning the effects of financial 
stringency withm the defence budget and even, some- 
times, as the Mimster of Technology would wish, to make 
a contribution to the health of British industry It 1s 
therefore of some importance to know how well diversifica- 
tion at Harwell ıs proceeding even though ıt is necessarily 
far too soon for anybody to make a final judgment 1970 
will be the tıme for that 

It 1s only sensible to acknowledge that opinions about 
the potential merits of the attempt to diversify the 
interests of a government laboratory are varied and 
often in conflict with those of the research establishment 
itself There are some, for example, who say that civil 
servants and quasi civil servants are necessarily less 
efficient than scientists and engineers who work in 
industry, but this ıs not @ very serious argument, Harwell 
mdeed has a splendid reputation for getting things done 

A more cogent objection 1s that there must be doubt 
about the efficacy of programmes of research and develop- 
ment which are pursued at locations different from those 
at which good ideas are turned into manufactured pro- 
ducts. If the people responsible for research and develop- 
ment are separate from the manufacturing orgamzation, 
so the argument goes, there ıs a danger that unrealistic 
programmes will be designed and followed in the research 
jaboratomes. Another view 18 that the separation between 
research and production loses what may be the most 
valuable function of industrial research—that of providing 
a means by which the manufacturing process can be 
leavened by the spirit of the research laboratomes To 
some people, these potential snags far outweigh the 
potential advantages of the admittedly magnificent 
resources which are available at Harwell and, to a lesser 
extent, at other government laboratories. Even m a 


It is now three years since the programme of diversification began 


How well is it working ? 


prelimmary assessment of the diversification programme, 
these are the most conspicuous questions 

Projects now under way, which account for roughly 
18 per cent of the research effort at the establishment, 
melude several about which there can be no argument, 
Harwell is able to use its resources for providing some 
services to industry which could not easily be accom- 
modated withm the manufacturmg companies most 
directly concerned Thus the Non-Destructive Testing 
Centre under Mr R S Sharpe seems to have a flourishing 
business ın the design and construction of devices for 
special tasks in engmeering industries In the nature of 
things, the company which commussions the design of such 
an instrument (paymg a fee calculated on the basis of 
the time and materials consumed) 1s hkely to find that its 
needs are satisfied for several years. In this sense, the 
establishment at Harwell functions exactly as if ıt were 
an mdependent profit-making research laboratory. Its 
advantages are that 1t can call on the services of a large 
and skilled engimeermg organization so that the design 
of a new instrument can benefit from what may seem to 
be an ideal matching of need and skull 

In much the same way the diversification group at 
Harwell which ıs known as the Heat Transfer Service is 
carrying out work for chemical engineermg companies 
on a fee-paying basis This same group of people, 
which hopes to exploit the ease with which ıt has access 
to computers and the other faculties of Harwell, plans, for 
example, to offer to chemical engineering companies what 
1t calis a design information service as part of which, for a 
fee of £1,000 a year, a company will receive half a dozen 
or more detailed reports on particular pieces of design 
work which have been carried out The Heat Transfer 
Service confidently hopes to find between 30 and 50 cus- 
tomers It expects that something like seven people will sup- 
port a turnover of about £100,000 a year and will have time 
and energy to spare for a programme of supporting research. 

A part of the philosophy which has so far been developed 
at Harwell is that a research programme of some kind 1s 
an indispensable accompaniment of ad hoc help to indus- 
try Thus a good deal of the effort of the Non-Destructive 
Testing Centre 1s concerned with more long-term problems 
—the development of means of testing the strength of 
bonds made with adhesives between different matenals 
and the development of means for understanding and then 
predicting the strength of composite materials such as 
those made from carbon fibres now coming into fashion 

The programmes of research and development in which 
the estabhshment has a formal agreement on collabora- 
tion with some industrial companies are somewhat 
different ın flavour even if the difference is merely one of 
degree By now the establishment has accumulated a 
number of schemes like this Probably the oldest of 
them are those which form a part of the programme of 
desalmation research on which £13 millon has been 
spent m the past three years and to which a further 
£4 million has just been allocated by the Ministry of 
Technology In its work on flash distillation, for example, 
the establishment at Harwell 1s lImked with the Weir 
Westgarth Company, and there seems to have grown up 
a tidy division of labour between the two partners Har- 
well claims, and the company confirms, that the AEA pro- 
vides a valuable service ın carrying out rapid and accurate 
assessments (by computer) of designs which the company 
would hke to submit for tender One product of this 
work has been that the company has taken seriously to 
experimenting with arrangements other than horizontal 
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evaporator tubes ın its distillation plants—a potentially 
important source of economy m commercial operation 
In practice, the desalmation programme is based at 
Risley ım Lancashire, and Harwell tends to contribute the 
basic research but only part of the large-scale chemical 
engifeering design : - 

The establishment 1s also deeply engaged ın a programme 
of collaborative research which already involves the Royal 
Aureraft Establishment at Farnborough, the Nationa] 
Research Development Corporation and commercial com- 
pamies of various kinds on the development of composite 
materials based on carbon fibres. The object here 1s 
somehow to exploit the high specific modulus of thin 
filaments of carbon The estabhshment at Harwell 
has experience in the development of graphite for nuclear 
reactors and ıt so happens that the same equipment 
ean be used for the development on a small scale of 
methods for manufacturing carbon fibres from long 
lengths of a synthetic polymer Carbon fibres some 
hundreds of feet long have been manufactured in this 
way and bonded together with various resins Heat 
treatment is known to be a crucial part of the process of 
developmg the full strength of the material as ıt 1s ın the 
preparation of graphite for nuclear reactors, and a brief 
sight of the equipment in use 1s a sufficient justification 
of the establishment’s claim that in this respect its facili- 
tres are unique 

In the mdustrial development of materials based on 
carbon fibres, funds are provided partly by the National 
Research Development Corporation In othe: agreements 
it has made, the Harwell establishment has found itself ım 
partnership with a straightforward commercial enterprise 
Thus, for example, there 1s a collaborative programme of 
research on the development of means of usmg 1on beams 
in the construction of semi-conducting electronic devices 
In this and other agreements, the commitment of resources 
1s sad by both partners to be the only real means of 
knowing that the other ıs prepared to take the work 
seriously 

The management at Harwell considers that the propor- 
tion .of the laboratory’s effort devoted to work of an 
industrial character may eventually rise to 25 per cent 
The schemes now bemg considered for approval may 
indeed mean that the target of about a quarter of the 
establishment’s effort on diversification 1s reached within 
the coming year The establishment seems to welcome 
the prospect that ıt will then have to pick and choose 
rather carefully the dustrial schemes on which 1t embarks 
This ıs entirely in line with the laboratory’s view that 
competitiveness should determme the way m which 1b 
functions m imdustrial concerns Thus the laboratory 
takes the view that ıt ıs no part of 1ts job to help to 
support unsuccessful companies or declming industries 
In this sense, the argument goes, 1ts industrial interests 
are markedly different from those of the research associe- 
tions It will do its best to reinforce success 

A number of comparatively mmor criticisms of the 
diversification programme are comparatively easy to 
answer 1n this context Thus to the complaint that the 
charges made at Harwell for research or consultancy are 
too high, the laboratory answers that industry ıs not ım 
any case sufficiently aware of the real costs of professional 
research and that, in spite of the cost, the demand for the 
establshment’s services has grown rapidly to the point 
at which it 1s now almost an embarrassment 

The same line of argument 1s at least a partial response 
to the suspicion that a laboratory with the prestige of 
Harwell might be able to foist impractical ideas on a 
gullible industry Companies which have played a part 
m collaborative programmes at Harwell say that some 
of the ideas put up to them under the terms of the collabor- 
ation are indeed more mnocent of mdustmal experience 
than would be welcome At the same time, the companies 
concerned seem to find no difficulty m imposing a sense 
of commercial reality on the jomt enterprise Evidently 
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what matters.1s that both partners are committed in 
money terms The long-term safeguard ıs that the part- 
nership between the laboratory and the industry should 
never be one m which the industrial partner 1s altogether 
lacking ın capacity for research and development The 
ideal is that the laboratory and its mdustrial partner 
should be complementary m some sense or another : 

That said, 1t 1s important that the laboratory may yet 
find that 1ts new activities raise problems of an unfamuliar 
kind Some at Harwell pomt to the mony of how ıt has 
been possible ın the past few years to dismantle much of 
the apparatus necessary to safeguard national secrets 
only, now, to discover that the problems of administering , 
commercial secrecy are every bit as mtricate In practice 
this means that the laboratory would not, for example, 
be able to tackle the same problem for two different 
companies Making sure that one company cannot use 
Harwell as a means of finding out what its competitors 
are up to 1s obviously a crucial matter, and years will no 
doubt go by before the establishment has been able to 
establish for itself ın this respect the kind of reputation 
which the great independent research laboratories have 
built up over the years The problem 1s specially difficult 
to handle m circumstances in which the establishment 
collaborates with several different companies on different 
aspects of the same pioblem—water desalination, for 
example Then it ıs necessary formally to agree in 
advance on the exchange of mformation between the 
companies about the status of separate parts of the 
development programme without disclosing detailed 
design information 

Problems affecting the staff of Harwell are lhkely to 
assume increasing importance in the years ahead At’ 
present, the people engaged on the diversification of work 
are dealt with as are the other employees of the Atomic 
Energy Authority and this, of course, 1s mevitable because 
it 1s often hard to predict just who 1s gomg to be caught 
up m some industrial programme and for what proportion 
of his time The result, however, 1s that 1t 1s compara- 
tively easy for dustrial companies to tempt away from 
Harwell people whom they wish to recrurt and on one 
view, of course, this 1s nothing to weep about-—uf the’ 
laboratory can imject people from Harwell mto British 
industry as a whole, some of 1ts objectives in diversifica- 
tion will have been achieved. But in the long run it 1s 
hard to magme that the laboratory will be able to keep 
its present salary structure, even with the degree of' 
flexibihty which the autonomy of the Atomic Energy, 
Authonty provides, and yet allow its diversification' 
teams to function efficiently That, however, is a problem 
yet to be faced 

It goes without saymg that a proof of the success of 
diversification must also he m the future These are early' 
days and ıb ıs bound to be some time before the establish-’ 
ment at Harwell will be able to demonstrate that a 
substantial proportion of its diversification projects has 
been successful (Nobody, of course, would expect them 
all to be successes ) So far, however, the signs are en-' 
couraging It remains to be determmed how freely the 
estabhshment will be able to function in British industi y— 
understandably, its mterests so far have been largely 
concerned with problems more or less related to chemical 
engineermg It ıs also conceivable that success will take 
the form of persuading industrial companies to imeregase' 
their efforts in research and development, so that in the 
long run Harwell’s function will be seen as that of a pump 
primer But this is a long way m the future For the’ 
time being, what seems to matter most 1s that the venture’ 
has begun well and has served already to revive sagging’ 
spirits at the laboratory It ıs perhaps worth remember- 
ing that things may have begun so well because of the 
great prestige and undoubted competence of what 1s, after 
all, one of the best institutions of 1ts kind In other words, 
1t does not follow that if diversification works at Harwell, 
1t will also work at other government establishments 
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Engineers and Scientists in Industry 
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1 Inpustry’s need for more “qualified scientists and 
engineers” has been widely discussed and documented dur- 
ing the past few years There are several aspects (a) What 
sort of engineers and scientists does mndustiy want? 
(6) Do the universities turn out people with the right type 
of trammg and outlook for mdustry’? (e) Why 1s 
industry apparently unable to attract good quality people 
m sufficient numbers ? (d) What aspects of collaboration 
between industry and university should be further 
developed to mmprove the situation ? 

2. The Royal Society organized two one-day meetings to 
discuss these questions Each was attended by a repre- 
sentative group of thirty people from industry, universities 
and government departments The first discussion, held 
on March 17, 1967, covered all four topics, while the 
second, held on J uly 6, 1967, concentrated on collabora- 
tion between industry and university Although no definite 
conclusions or recommendations have emerged, it was 
felt that a summary of the views expressed at these two 
meetings should be given some pubhieity 

3 Having been responsible for the arrangements of the 
meetings, we decided to produce such a summary It 
would be impossible to mention in detail all the aspects 
in a brief article, and so we have picked out those points 
which seemed to us important or novel, and drew from 
these our awn conclusions This is a personal, idiosyn- 
cratic report and so are the recommendations, to ensure 
that none of the particrpants should feel m any way bound 
by what we say we do not attribute remarks and views 
to named individuals 


Industry’s Needs 

4 No clear pattern emerged from the discussion on the 
relative numbers of B Ses (or equivalent), M Ses (or 
equivalent) and Ph Ds wanted by industry This 1s not 
surprising, because the participants were drawn from 
many diverse fields cluding the machine tool, electrical, 
motor car, aircraft, chemical and pharmaceutical indus- 
tries All one can say 1s that, taken as a whole, British 
mdustry, as at present constituted, will want at the most 
1 per cent of 1ts intake of qualified engineers and scientists 
at Ph D level, although m some industries, such as elec- 
tronics and chemical, the figure is much higher 


Training Scientists and Engineers for Industry 


5 This was probably the most controversial subject in 
the whole discussion and a gulf was seen to exist between 
the engineermg professors and the industrialists Indus- 
try, with its well developed traming schemes, has a vested 
mterest in education and this makes the job of the 
universities difficult Industralists on the whole regard 
the three year university courses as sufficient and are m 
favour of engineers learning their job in industiy apart 
from periodical releases for further training This is m 
sharp contrast with the practice in many European 
countries, where universities provide a really full traming 
of engineers lasting five to sıx years so that further traming 
1s not required in industry, except ın the firm’s specialized 
techniques 
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The Royal Society arranged two meetings in Oxford last year to 
discuss the difficulties of persuading scientists and engineers to go 
into industry 
some recommendations for action to help the situation 


In this article the organizers of the meetings make 


l 


6 Trammg m mdustry bas the drawback that ıt often 
results ın narrow specialization and this mihtates against 
mobility of manpower Fully tramed engimeers on the 
continent settle down quickly in new jobs 

It 1s sa.d, on the other hand, that the “sheltered life” 
and the type of trainmg ım universities tend to make 
people unwilling or unable to cope with the stresses and. 
strains of industry and to assume responsibilities i 


i 


Recruitment 

7 Industry does not get high quality people ın sufficient 
numbers, and ın the view of industrialists too high a 
proportion of the good graduates remain m the universities 
after their first degree, either to take advanced courses 
or to read fora Ph D It was pointed out, however, that 
one year advanced courses are in many cases a continua- 
tion of the undergraduate courses and could be regarded,as 
a tacit acknowledgment of the fact that 1t 1s not possible 
to train a competent scientist or engineer in three years 

8 The high proportion of those reading for a PhD 1s 
quite another matter Too many Ph Ds, especially m 
chemistry and physics, stay on in universities, most of, 
them ın the so-called “penumbra” without permanent 
positions The longer they stay on, the less hkely 
becomes their ultimate assimilation in industry even if 
industry could offer sufficient numbers of attractive 
openings for all Ph Ds Many felt that either the number 
of research studentships should „þe reduced, or at least 
more of them should be channelled anto, research of ultim- 
ate benefit to mdustry This is already bemg done, 
through changes ın the grants policy’ of the Science 
Research Council (SRC), for example, the mstitution of, 
science and industry awards, industrial studentships, indus- 
tral fellowships and the earmarking of a proportion of. 
research siudentships for work with an mdustrial content 

9 Why was it that graduates preferred to stay m unver- 
sities rather than go mto mdustry? One reason put, 
forward was that in ther undergraduate years students 
were ‘“‘brain-washed” in favour of pure academic work' 
and were left m ignorance of the needs of industry and 
the intellectual challenge of industmal work Equally 
important appeared to be the poor mage of industry 
Many recruits felt that their abilities were not fully, 
used, they were not “stretched” and they were not given’ 
responsibilities sufficiently early m their career It was 
mentioned m this connexion that industry in the United 
States 1s more compartmentalized than m.the United 
Kingdom and as a result they have more high and well 
paid posts with responsibilities im only a limited field 

10 Higher salaries and better working conditions (for 
example, longer holidays) would help m recruiting At 
present salaries ın industry up to the age of 30-35 are, 
about the same as in universities At least half of the 
industrial salaries level out at about £2 500° per annum 
and less than 10 per cent rise markedly above professonal 
salaries But even if economic considerations permitted 
a general raismg of individual salaries the advantages, 
would be short-hved, for, because of the ‘Priestley, 
doctrine” government and university salaries would 
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follow sut This difficulty does not seem to exist in other 
countries, for example, 1n France where industrial salaries 
are markedly higher than university salaries which m 
turn are fully at par with those in the United Kingdom 

11 In several mdustries insistence on parity withm a 
grade seems to make salary differentials based on merit or 
qualification difficult to achieve On the other hand, 
there seems to be a lack of parity between the “science” 
and the “arts” men mindustry If people on the manager- 
ial, advertising, commercial and legal side could expect 
higher salaries than their “technical” colleagues who 
prefer to continue creating wealth rather than manipulat- 
ing it, this tends to discourage engineers and scientists 
from entering industry 


Collaboration between Industry and University 


12 The doctor’s degree. One of the reasons for graduates 
wanting to stay on m universities 1s the umportance 
attached to the possession of a doctor’s degree This was 
strongly felt by industmahsts, to find out the reasons 
might be the subject for a sociological study Because, 
however, this attitude cannot be changed quickly, some 
other remedies have to be found ‘The obvious solution 1s 
for universities to award doctor’s degrees for work carried 
out in industry A survey of most British universities 
has shown that although purely external degrees are 
offered only by one or two universities, most others do 
award Ph Ds provided some residential qualifications (one 
year in most cases) are satisfied The attitude of universi- 
ties may be summarized by saying that they do not want 
to be degree-giving bodies for work carried out entirely 
outside the university 

13. It was generally agreed that the work carried out in 
several industrial research and development laboratories 
was fully of the type and standard required for the Ph D 
degree as at present constituted But ıt was pomted out 
very forcibly that the PhD 1s basically a preparation 
for pure research, while industry needed people of the 
same intellectual calibre but with a mind more attuned 
to industrial hfe The question was raised whether it 
would be possible to award Ph D degrees not only for 
work leading to new discoveries but also as a recognition 
of high standards of critical ability and of organizational 
talent required by industry In this connexion & recent 
scheme started at the University of Aston 1s worth 
mentionnmg This will have three novel features (1) 1t 
will be on apphed research carried out ın mdustry and 
directly related to the operation of the firm; (11) the 
research project will be more broadly based, that 1s ın 
addition to the basic discipline the knowledge of a com- 
plementary discipline will be required, for example, an 
engmeering project would have an economies content, a 
physics project would mvolve operational research and 
psychology and so on, and (m) wherever possible the 
work will be done by teams and the thesis will be written 
jointly 

14 If more graduates of Ph D calibre were to be drawn 
into mdustry the output of research mm universities would 
correspondingly be reduced While it 1s thought that at 
least ın some disciplines a reduction ın the number of 
Ph D students would not damage university research, 1t 
appeared that a reduction in the number of post-doctoral 
people might be serious 

15 Consulting work by wnwersity staff A survey has 
shown that all British universities allow their staff to do 
consultmg work in mdustry and that there are on the 
whole no serious restrictions on the amount of consulting 
done or on the earnings It was felt, however, that the 
attitude was more one of toleration than of encourage- 
ment and ıt was generally agreed that universities should 
positively encourage their staff to get mvolved through 
consultancy, in industrial hfe For example, successful 
consulting work should be taken mto account together 
with, or m replacement of, publications when considerng 
promotion 
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16 It was pointed out that there 1s stall too much 
“prestige” consulting going on, consultants paying occa- 
sional visits to the firm concerned without getting involved 
inits work It was agreed that for consulting to become 
an effective bridge between university and industry ıt 
must be done properly and the consultant should as far 
as possible take an active part in certain aspects of the 
firm’s work and even assume responsibility for ıt 

17 There was also general agreement that it was unde- 
sirable for a firm to msist on the consultant not to work 
for any other firm m the same field or a cognate field 
Insistence on “‘sole consultancy” 1s to some extent a 
reflexion on the scientist’s or engmeer’s professional 
integrity and is unknown ım most other professions, 
for example, in the legal or financial field Although ıt 
would be difficult for universities to forbid ther staff 
to enter mto sole consultancy agreements, they should 
strongly discourage ıt 

18 The small firms with no research and development 
sections were particularly in need of unrversity consultants 
and ıt was pointed out that the British Council—Depart- 
ment of Education and Science publication Scientific 
Research wn British Universities provided a good guide 
for finding them 

19 Industrial staff ın uneversiivtes The importance of 
industriahsts gettmg more involved m university hfe 
was emphasized This practice 1s becoming fairly wide- 
spread, but at present most visiting professors or readers 
from industry are only concerned with research and post- 
graduate tramimg. Industrialists feel that an understand- 
ing of the aims and methods of industry should be culti- 
vated early m the student’s academic life, and so 1b seems 
important that visiting professors should get mvolved in 
undergraduate teaching as well This obviously would 
mean some sacrifice by mdustry, because the benefits 
of such involvement would be of a long-term nature On 
the other hand, universities should pay more than a 
nominal honorarium to visiting professors from mdustry, 
a figure in the range of £500-£1,000 per annum bemg 
regarded asreasonable The possibility of using mdustrial 
visiting professors as temporary replacements for univer- 
sity staff on sabbatical leave might be explored. 


Conclusions and Recommendations 


We want to make it clear that the following remarks 
are based on just two one-day discussions and on some 
additional bits of information we have picked up, and 
that we did not have the help of a powerful committee 
or secretariat to provide detailed mformation It may 
well be that some of the actions we are suggesting have 
already been taken or that some of our premises are no 
longer valid If this ıs the case, we apologize 

(A) Not enough is known about either the actual or 
the desired composition (B Ses, M Ses and Ph Ds) of 
industry’s present mtake We recommend that these 
data be ascertained and the future policy be examined 
(paragraph 4) This requires action by the Confederation 
of British Industries (CBI) and by the Committee on 
Manpower Resources of the Mmustry of Technology and 
the Department of Education and Science 

(B) There 1s a great variety ın the ways of traming 
engineers and a divergence of opmuon about the relative 
advantages We recommend that this whole question 
be examined in depth and that methods in the United 
Kingdom be compared with contmental and American 
practices (paragraphs 5, 6). This requires action by the 
Couneil of Engineering Institutions (CEI), the CBI and 
the Committee of Vice-Chancellors 

The followmg three conclusions and recommendations 
are related to mdustry’s recruitment difficulties 

(C) As a result of the “Priestley doctrine”, that 1s, the 
insistence on parity between the three sectors, salaries in 
industry are much the same as those ın universities and 
the Civil Service Withm industry salary differentials to 
recognize higher academic qualifications are small There 
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18 also a strong feeling that prospects of promotion for 
“arts” graduates, most of whom are in the administrative 
or managerial sections, are better than for engmeers or 
scientists. We recommend that these questions be 
exammmed (paragraphs 10, 11) This requires action by 
HM Treasury, the CBI and the professional mmstitutions 
(for example, Association of Professional Civil Servants, 
the Association of University Teachers, and the appro- 
priate trade unions). 

(D) Given more attractive conditions ın industry, 
recrurtment of graduates could be mproved by reducing 
the number of SRC and other studentships and of post- 
doctoral awards We recommend that the short-term 
and long-term effects of such measures on university 
research be examined (paragraphs 7, 8, 14) This requires 
action by the research.councils, especially the SRC, the 
Council for Scientific Policy, the Committee of Vice- 
Chancellors and the Royal Society 

(Z) The possibility of gaming a doctor’s degree on the 
basis of work (not necessarily of research) done in industry 
would help recruitment We recommend that the whole 
basis of the Ph D degree, which at present 1s geared to a 
university career, should be examimed (paragraph 12) 
This requires action by the Committee of Vice-Chancellors, 
the SRC and the Royal Society 

While the measures mentioned under C, D and E would 
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go a long way towards improving recruitment by mdustry, 
they are not sufficient in themselves. It ıs umportant 
that universities, that 1s, both staff and students, should 
become more aware of the needs of dustry, and that. 
industry should make a more effective and intelligent use 
of high grade manpower The followmg pots deal with 
this question 

(F) We recommend that consultancy by un:versity 
staff both at professor and lecturer level should be posi- 
tively encouraged by the university authorities (para- 
graphs 15, 16,17) This requires action by the Committee 
of Vice-Chancellors and the CBI 

(G) We recommend that part-time university appoint- 
ments (visiting professorships, fellowships, readerships, 
lectureships) of industrial staff should be encouraged and 
that the need for mvolvement m undergraduate teaching 
be emphasized (paragraph 19) This requires action by 
the Committee of Vice-Chancellors and the CBI 

(H) We recommend that the dissemmation of nforma- 
tion already available about umiversity activities of 
interest to industry (for example, Screntyfic Research m 
British Unwersitves) should be made more effective (para- 
graph 18) This requires action by the Office of Scientific 
and Technical Information, the Mimistry of Technology, 
the CBI and the Committee of Vice-Chancellors 
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Multiphase Development of the Lunar Crater Tycho 
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Tyco, the rayed lunar crater 85 km ın diameter, has 
long been regarded as the classic example of a large impact 
crater Its anomalously high radar reflectivity! mdicates 
that the floor of Tycho 1s rougher or denser than the 
surroundings Its anomalous thermal behaviour? during 
a lunation, or durmg eclipse, indicates that the materials 
of the crater are better thermal conductors than the 
terram around Tycho Taken together with the facts 
that the rays of Tycho are stratigraphically more recent 
than most objects which they cross, and that the walls 
of the crater are sharply sculptured and nearly circular, 
the observations have been interpreted widely to demon- 
strate that Tycho 1s a recent umpact structure 

In 1967, Tycho was photographed in medium resolution 
(Fig 1) by Orbiter V, and much of the floor, wall and 
surrounding terrain was, n addition, covered by high- 
resolution photography Surveyor VII soft-landed and 
chemically analysed the material in the ‘“‘contmental” 
domain. covered by the high-resolution shots In this 
prelmmary report we extract mformation from the 
Orbiter V coverage of Tycho We find clear evidence 
for extensive volcanism m and around Tycho 


Geological Units 


The geology of the Tycho region will be described fully 
when the Surveyor VII analyses are available On the 
basis of marked morphological and topographical dif- 
ferences of the terrain immediately north of Tycho, as 
represented on the Orbiter V photograph H-128, we 
mapped the approximate boundaries (Figs 1 and 2) of 
the principal geological units in the region Units A and 
B have all the characteristics of lava flows and they cover 
the units C and Dand so must be later than these umts A 

“ On leave from the University of London. 


Data collected by Orbiter V when it landed on the Moon tn 1967 
provide information about the history of the crater Tycho. 
Volcanic eruptions seem to have been involved in the crater’s 
development 


Ingh density of fine fractures, shown as short hair lines 
in Fig. 2, was found principally m units C and D and was 
used to define the boundaries of these units, which appear 
to overhe unit E Unit E itself ıs largely devoid of simular 
fractures and we believe that 1t is the oldest geological 
unt mapped Fine fractures could, of course, be filled 
by detritus on the older units, so the paucity of fractures 
there ıs ın accord with our proposed age sequence. 

We beleve that units C and D are voleame flows m 
addition to some parts bemg fractured m a manner 
characteristic of lavas, they are topographically higher 
and are less cratered than unit Æ, also, they conform, 
largely, to the “deltoids” described* as special fracture 
zones from which lavas were extruded to build up complex 
plateaux 

Several flow structures have been mapped in addition 
to those shown m Fig 2 Six well-defined flows occur 
W and N W. of Tycho and are shown m Fig 1 They are 
3-20 km long and about 2-6 km wide The direction of 
flow is indicated by arrows ın Fig 1 and conforms to the 
slope of the terram on which they have flowed Several 
have flowed towards Tycho and others have flowed away 
fiom Tycho 

Five of these sıx flows have apparently issued from 
craters which have been breached by the flows Ther 
surface texture ıs coarse with a wrinkled or ropey appear- 
ance and they seem to have been considerably more 
viscous than the flows ın the mana The general appear- 
ance of the flows and the fact that they are associated 
with craters indicate that they are volcanic flows—prob- 
ably lava rather than ash or debris flows 

The most distant flow 1s Just over 100 km from the rim 
of Tycho which 1s near the limit of the medium resolution 
coverage of Orbiter V m this area It 1s quite possible 
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Fig 1 Medium resolution mosare of three Orbiter V photographs of Tycho and region 
bw ı The rectangle north of Tycho outlines the area mapped in Fig 2 from a high resolution 
x photograph That portion of the floor of Tvcho mapped in Fig 3, from another mgh 
resolution photograph, 1s also indicated here The black spots give the approximate 
locations of those “lakes” on which craters were counted Larger “lakes” are shown in 
outline, chiefly east of Tycho Finally, the principal lava flows are sketched, and the 
direction of flow 1s indicated by arrows (Based on NASA photographs M 125, 126, 127 ) 
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Fig 2 Principal geological units A to F, discuased in the text 
approximately located Short hair lines define fractures 
Craters are blacked ın 


the text 
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Broken lines are used to define boundaries in places where they are only 
The smallest, irregularly shaped units mapped are the lava “lakes” discussed in 
The position of Surveyor VII 1s shown as a cross labelled S at the northern extremity of unit D (Based 

on NASA photograph V-—H-128 ) 
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that other flows occur at even greater- distances- The 
fresh appearance of these flows, the relatively. close 
proximity to Tycho and their similarity to flows on the 
rm and on the interior wall of Tycho suggest that they 
are associated with the formation of Tycho i 

The mterior slopes of Tycho also show signs of the flow 
of material (Fig 1) These are primarily expressed as 
channels with raised rims, although theré are several 
flows with well-defined fronts One of these flows has 
issued on the floor and merged with it so that the floor 
and flow appear as one textural umt Pempheral fissures 
on the floor contmue across the flow Thus the flow 
reached the floor when it was ‘still in a fluid or plastic 
condition and before the formation of the pempheral 
fissures, and the flow must be essentially the same age 
as the floor The flow channels have raised rims and several 
appear to begin at craters on the wall The channels are 
almost identical to lava dramage channels with natural 
levées built up by the overflow of lava The similarity 1s 
strengthened by the fact that several of the channels 
start at craters and at least one ends m a small “lake” 
which exhibits a flow front 

Numerous small “Jakes” of relatively dark material 
and exhibiting fine fractures are situated m circular to 
irregular depressions They are depicted m Fig 2 and 
mterrupt the other units (C, D and E), therefore, they 
must be later than these umts The “Jakes” are con- 
centrated withn 20 km of the rim and several of the 
larger ones have distinct fronts where they contact the 
sides of the depressions in which they he The approximate 
locations of the “lakes” studied on the high resolution 
frames are shown as filled circles ın Fig 1 The larger 
“lakes” may be seen only on the medium resolution tover- 
age and their well-defined elevated-fronts are-also mapped 
m Fig 1 The distribution of these lakes near the mm of 
Tycho indicates they are intimately associated with its 
formation We beleve the lakes consist of lava which has 
found egress to the surface through vents or fractures 
prmarily associated with the depressions m which they 
he and that, because of the paucity of craters and abund- 


613 


ance of well-defined fractures found. om them, they arp 
relatively recent features. Fmally, that_part of the floor 
of Tycho recorded on the Orbiter V photograph H-125 
forms a geological unit which 1s morphologically quite 
different from the other units It is shown ın Fig 3 and is 
characterized by steep and gentle-sided domes (not 
mapped) interspersed with terram which displays a highly 
fractured and ropy pattern similar to that of terrestrial 
lava Several gentle domes exhibit the same texture as 
the floor and have fissures along their crests They are 
probably updomungs of the floor or tumul: produced by 
the hydrostatic pressure of fluid lava underneath the solid 
erust Numerous crater chains and craters of highly 
irregular shape occur on the floor. Some of these features 
are shown m Fig 3 and attest to the imtense volcanic 
action to which the floor has been subjected g 

A set of peripheral fractures ıs found on an inward 
slopng bench at the margins of the floor and indicates 
that the floor has subsided leaving a higher bench broken 
by tension fractures ın the zone of maximum down- 
bending ‘These features are very similar to the fractured 
benches found on terrestrial lava lakes—for example, in 
Hawau—caused by the dram-back of lava mto the vent. 
If the Tycho bench formed ın a similar manner, then 1b 3s 
probable that Tycho ıs underlain by a magma chamber 
into which the lava dramed 

Eumorphic (sharp-rummed) circular craters as large as, 
or in excess of, 50 m m diameter have been mapped on 
all the geological units These craters may be used in an 
attempt to date the different units 


Crater Counts 


To check the stratigraphic sequence suggested by the 
morphological and topographical relations, we counted 
probable impact craters on each geological unit mapped. 
This was done using only eumorphic, circular craters 
and corrections for the many shadowed and over-exposed 
areas were apphed for all regions using planimetric and 
square-counting methods Although the counts of craters 
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on the floor of Tycho are restricted to eumorphie craters, 
the position.of many at the apex of hills and on or at the 
end of fissures suggests that they may be voleanie rather 
than impact m ongin The count therefore represents & 
maximum on this unit The measured areas and counts 
for the different units are given m Table 1 

The geological units A and B are alike and, mdeed, are 
found to have the same crater density, within the limits 
to be expected from the method Agam, the apparently 
similar unts C and D have similer number-densities of 
craters A less obvious result of the crater counts 1s that 
the “lakes” and the “floor” units are cratered to a sumular 
number-density (Table 1) Unit # has 4 5 times as many 
craters per unit area as the floor of Tycho, 2 6 times as 
many as unit (A+ B) and twice as many as unit (C+D) 

It would be natural to interpret these differences in 
crater density as age differences between the various 
geological units Random fluctuations (such as might have 
resulted from “secondary” cratermg) ın crater density as 
a possible cause of the observed differences can be ruled 
out because of (a) the extent of the areas mapped and 
(b) the sumlarity in the cratermg on superficially similar 
geological units With the assumption that cratering 18 
related to age, Æ would be the oldest umt mapped while 
the floor of Tycho and the lava lakes would be the most 
recently formed units The counts completely confirm 
the observed stratigraphic relations of the various 
geological units 

A further analysis of the number data will now be 
given In Fig 4, the data are represented logarithmically 
as cumulative numbers per 1,000 km? of surface agamst 
mmimum crater diameter The most significant poimts 
are jomed with contmuous hnes, the less significant pomts 
with broken lines. Because the difference mn crater density 
of units (A + B) and (C+D) was only 1 3 at the 50 m size 
(Table 1), we took sample counts m these regions for 
craters down to half that size (Fig 4) to see if the same 
difference persisted The result shows a simular difference 
in crater density, although we suspect that there 1s 
observational incompleteness ın the counts of the smallest 
craters because the terras are rough and the graphs 
bend mward relative to the graph for the “Jakes”, where 
equally small craters (25 m) were seen easily. 

The fact that (A+B) 1s actually younger than (C+D) 
comes from stratigraphic evidence By themselves, the 
crater counts are insufficient to establish the age dif- 
ference beyond doubt, although they do not conflict with 
the geological information Random fluctuations m crater 
density may be expected to render the counting method 
of dating invalid for small areas. Even when areas A, B, 
C and D are taken separately, however, either of the 
areas A and B has fewer craters per unit area than either 
of the areas C and D (Table 2); and A 1s adjacent to C, 
D and E, whereas B is adjacent to other parts of C and 
E (Fig 2). Thus ıt 1s not unlikely that the observed 
differences ın crater density on units (4+B) and (C+D) 
are a true measure of age 

Combining the results of the crater counts with the 
geological mformation on the relative age of the dif- 
ferent units, we conclude that (a) materials of unt (C+D) 
are appreciably younger than those of unit E, (b) materials 
of unit (4 + B) are somewhat younger than those of unib 
(C+D); (c) the materials forming the floor of Tycho, and 
those forming the lakes outside Tycho’s walls, are appre- 


Table 1 TOTAL CRATER COUNTS IN DIFFERENT GEOLOGICAL UNITS 
Total No of 


Geological Area Corrected craters greater Craters per 
unit examined area of count than 50 min unit area 
km? (km?) diameter (floor =1) 
Lakes 22 22 17 09 
Floor 460 400 347 10 
A 24 18 30 18 
B 19 15 22 17 
(d 185 136 278 24 
D 51 42 81 22 
E 483 842 1,824 45 
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Fig 4 Numbers N of craters = 4 metres in diameter/1.000 km? of 
surface, represented logarithmically for the geological units indicated 


ciably younger than those of units (C+D) and (A+B), 
and (d) the flow on the wall of Tycho which merges with 
the floor 1s the same age as the floor. 


Further Implications 


If these age differences are accepted, the mevitable con- 
clusion 1s that at least the terminal phases m the formation 
of the floor and outer rim of Tycho were protracted 
Certamly, the rm materials that we now see cannot be 
ejecta. first, the ejecta blanket of an impact crater would 
have been formed withm minutes and would tend to be 
uniformly cratered or to show systematic losses of craters 
as the rim crest was approached; second, ıt would not 
display the range and disposition of geological units, or 
the sharp discontinuities between them, that are observed 
It seems that the extrusion and flow of lava at very dif- 
ferent times 1s the only way to account for the observa- 
tions If, however, an umpact produced Tycho, lavas 
might be generated at the tıme of the mpact, as Urey* 
suggested, or later as Hartmann’ suggested. We now 
show that neither hypothesis seems to be ddequate to 
account for the present observations 

The time interval between the formation of the various 
lava units 18 mportant m this discussion and, given the 
rate of cratering, the appropriate intervals of time can 
be calculated. An attempt to date the dividual units 
may be made usmg Hawkins’st influx law log N = 
log mx — 7 5, where N ıs the cumulative number of meteor- 
ites received by 1 km? of Earth per hour and ma is the 
mass in kg of a meteorite at infinity. Assuming that the 
diameter of the meteorite, density 3 g em~, required to 
form a crater of diameter A is A/15 (see ref 7), ıt follows 
that the mass required to form a 50 m crater 1s 5 3 x 104 kg, 
If (as we expect) the meteoroid flux is the same in the 
viernity of the Moon, and if ıt 1s constant in tıme, then 
one would expect one primary Junar impact crater 50 m 
or more in diameter to be formed per 1,000 km? every 
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Table 2, INCREMENTAL AND CUMULATIVE CRATER COUNTS IN DIFFERENT 


GEOLOGICAL UNITS 


Geological unit n* (50-100 m) N} (250m) 
Lakes 580 759 
Floor 733 869 

A 1,421 1,579 
B 1,267 1,487 
A+B 1,394 1,575 
Cc 1,816 2,044 
D 1,881 1,929 
C+D 1,821 2,005 
E 3,529 3,871 


*n Number of crater/1,000 hm? between 50 m and 100 m ın diameter 
1 V, Total number of craters/1,000 km? > 50 m m diameter 


Table 3 ESTIMATED AGES OF GEOLOGICAL UNITS 
Geological unit Age in units of 10% yr 


» 


Lakes and floor 16 04 
(A+B) 32 08 
(C+D) 40 10 

E G7 20 


2x105 yr Using the cumulative number-data of Table 2, 
it follows that the various geological units may be expected 
to have the ages listed in the second column of Table 3 

A very crude but mdependent method of dating the 
geological units 1s to consider the volume of lunar material 
eroded per unit surface per year and to assume that the 
50m craters would no longer be regarded as eumorphic 
after 4 m of material had been eroded from their 11ms and 
deposited ın and around them Data, including micio- 
phone data, relating to the particle flux m space have 
been used’ to arrive at a lunar erosion rate of <10-§ 
cem? cm-? yr- Nilsson? showed that the microphone 
counts of particles m space were too high, and certainly 
unreliable He suggested (private communication) that 
a bette: estimate of erosion rate could be deduced from 
the observed decrease ın 1eflectivity of the Earth-satellite 
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Echo I Assuming that <5 per cent of the surface of the 
100 ft balloon was etched by micrometeorites during a 
4 yı period, and using the skin thickness of the balloon, 
13x10- cm, to obtam an upper limit for the volume of 
material eroded, ıt follows that <1 6x 10-5 cm? em~ yr™ 
was eroded away The 10-* figure indicates that all the 
50 m craters counted would be $40x108 yr old If 
2 0 x 10° yr were the absolute age of the average eumorphic 
craters on. unit E, the ncremental crater counts in Table 2 
would yield the ages listed in column 3 of Table 3 These 
differ by a factor of 4 from the age estimates based on 
Hawkins’s equation If the estimates are taken at face 
value, the time span between the formation of the lavas 
{4 + B) and (C+D) is of the order of 107 or 108 yr The 
floor of Tycho and the lava lakes solidified ~10* yr later 
than the lava flows (A+B) The figures quoted are 
wlustrative only, but we stress that, even if the ages are 
m error by an order of magnitude, there must still be wide 
intervals of time between the formation of the various 
lava fields We therefore believe that polycyclic eruptions 
characterized at least part of the formation of Tycho 
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SEVERAL authors? have suggested mechanisms for 
amoeboid movement which locate the source of locomotory 
energy ın contracting membranes While considering 
which molecular mechanisms are involved ın such con- 
tractions, the studies of Kuhn and his collaborators? on 
the mterconversion of chemical and mechanical energy 
in charged polymers led us to wonde: whether the cell 
membrane was behaving in a manner analogous to Kuhn s 
polyelectrolytes, its degree of extension or contraction 
being determined by the effective net surface charge 
density over its surface Experiments performed on 
intact, moving Amoeba proteus and Naeglerva gruberw 
will be reported elsewhere We wish to focus attention 
here on a simple: membrane system, namely, the isolated 
nucleus of A proteus and its response to various polyionic 
substances 

Changes in the volume and size of various isolated 
organelles—for example, mutochondria‘-*, chloroplasts 


Swelling of nuclei in Amoeba proteus is quite independent of the 
ionic strength of the medium or the osmolarity Rather, ıt seems 
that surface charge is important in determining the configuration 
of a biological membrane which could give rise to large and specific 
changes tn its permeability 


and microsomes’ and ribosomes*—have often been de- 
seribed, and generally attributed to swellmg and shrinking 
consequent on passage of water across the bounding 
membrane Experiments with isolated nuclei’, how- 
ever, suggest that the volume changes that have been 
observed are induced not by the osmolarity of the suspend- 
ing medium but by more specific stimuli such as the 1onI1¢ 
strength and the presence or absence of certain macro- 
molecules ın the solution The nuclear envelope certainly 
does not constitute an osmotic bariier®4, and we con- 
sidered that in isolation 1t would provide a useful model for 
the study of contractile processes m an 1solated biological 
membrane 

Amoebae were giown in rice grain cultures in Petri 
dishes They were removed from such cultures and 
placed on a glass slide and when they had adhered to ıt 
were washed several times in Chalkley’s medium Isolated 
nucle: of Amoeba aie very sensitive to mechanical injury™, 
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and puncture of the nuclear membrane with a microneedle 
leads to a collapse of the nucleus into a shrivelled mass 
To avoid such injury, cells were disrupted by the applica- 
tion of an electric field Iftwo electrcdes are dripped mto 
opposite sides of a drop of Chalkley’s medium on a slide 
containing some amoebae and the applied potential 1s 
gradually increased by means of a potentiometer, then at 
a certain value the outer membrane of the cell will be 
disrupted at several points and the cell contents will 
rush out into the surrounding medium under the influence 
of the electrophoretic field When a nucleus isolated mm 
this manner has been allowed to stick to the slide it can 
be washed free of other debris by gentle irmgation 
Changes ın appearance of the nucle: when irrigated with 
different media were observed by phase contrast at x 400 
magnification and changes 1n size were measured with an 
ocular micrometer To avoid mechamcal damage no 
coverslips were used with these preparaticns 

The nucleus of A proteus has a discoid shape with a 
rather irregular border when observed in the cell by phase 
contrast microscopy During movement, ıt undergoes 
some changes in shape After isolation and washing in 
Chalkley’s medium or in simple salt solutions at pH 7 2 
(0 14 M and 0 01 M sodium chloride, 02 M, 001 M and 
0001 M phosphate buffer) nucle: immediately expand 
and take up a more regular shape Such nuclei are quite 
transparent to light and their surfaces seem to be quite 
smooth and uniform This swelling phenomenon 1s quite 
independent of the 1ome strength of the medium or 
osmolarity, proceeding equally well in distilled water, 
0 2 M sodium chlorde or 10 per cent sorbitol Such an 
expanded nucleus 1s shown in Fig 14 





Fig 1 A, Nucleus isolated ın 0 14 M sodium chloride, B, nucleus in 
presence of 0 005 per cent poly-t-lysine, C, nucleus in presence of 01 


per cent poly-L-lysine, D, nucleus ın presence of 005 per cent 


poly-L-lysine 


Poly-t-lysine adsorbs very readily from very dilute 
solutions (3-5 ug/ml ) onto negatively charged biological 
membranes as our observations on N gruberw had shown 
Irrigation of an isolated nucleus with a 005 per cent 
solution of poly-u-lysine (molecular weight about 50,000) 
brought about an immediate strong contraction accom- 
panied by changes in appearance of the nucleus First, 
the normal intracellular appearance of the nucleus was 
restored and then further contraction took place within 
less than a second and a simular effect could be brought 
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about by applying 0 2 per cent protamine, another post- 
tively charged polymer The numerical values observed 
are given in Table 1, and stages in the contraction aic 
Ulustrated in Fig 1B, C and D 

ATP 1s a tetra-amon and, as might have been predicted 
on mechanochemical grounds, a 1 mM solution did not 
stimulate an isolated nucleus to contract With 1 mM 
ATP + 1 mM magnesium chloride, however, a very 
strong contraction was obtamed The surface of the 
nucleus remained smooth, but the diameter was always 
much less than inside the cell This dramatic contraction. 
of the nucleus was specifically dependent on the presence 
of magnesium ions, substitution of calcium ions gave 
rise to no measurable contraction 

Nuclei: were urigated with solutions contaimng 1 mM 
EDTA, 0 1 per cent heparm or 0 2 per cent sodium poly- 
glutamate, all containing 1 mM magnesium chlonde 
In all cases a contraction of the nucleus was observed 
although this was never so strong as in the ATP-—magne- 
sium solution The values which were obtained are 
recorded ın Table 1 All these polyanions in solution 
without magnesium ions are without effect on isolated, 
swollen nucle 


Table 1 WFFEOCT OF VARIOUS POLYELEOTROLYTES ON THE DIAMBTER OF 


ISOLATED NUOLEL OF A proteus 


Diameter of nuclei a8 a percentage of diameter ın solution of 0 14 M sodium 


chloride at pH 7 2 

Protoplasm 8445 
Medium alone, 0 14 M sodium chloride 100+3 
0 2 per cent sodium polyglutamate 10142 
01 per cent heparin 10443 
01 per cent heparm+1 mM 

magnesium chloride 8145 
0 2 per cent protamine 8244 
0 05 pee cent poly-L-lysine 7742 
1 mM EDTA+1 mM magnesium chloride 65+3 
1mM ATP +1 mM magnesium chloride 5843 


Single nucle: were irrigated with a sequence of the 
reagents described here applied ın various orders It was 
found that the appearance and size of nucle: were always 
determined by the medium bathing the nuclei at the time 
of observation and bore no relation to their past history 
Exceptions to this rule were nucle: which had contracted. 
under the influence of ATP-magnesium or poly-L-lysine 
which did not recover completely on washing with Chalk- 
ley’s but which required treatment with polyglutamate 
or heparm By treatment of a single isolated nucleus 
with various media 1t was possible to follow it through an 
apparently indefinite number of cycles of expansion and 
contraction An example of such an experiment 1s recorded 
in Table 2 In Table 3, a, simular experiment in the presence 
of 10 per cent sorbitol shows the independence of the 
phenomena of osmolarity 

If our analogy with Kuhn’s mechanochemical models is 
correct, change in pH and alteration of the degree of 
ionization of surface groups should also change the con- 
figuration of the membrane. Accordingly, nucle: were 
treated with 02 M acetate and phosphate buffers from 
pH 36 to 80 Fig 2 represents the mean of results 
obtained from measurements on ten separate nuclei, the 
results ın each case being expressed as a percentage of the 
value for the given nucleus at pH 80 The results show 
that depression of 1omzation of acidic groups at low pH 
indeed induced a strong contraction of the nucleus which 
proved to be quite reversible There 1s also the suggestion 
of a point of inflexion in the curve near to pH 6 0 which 
would suggest that we are not here dealing with the 
lomzation of a single species 

The most commonly accepted molecular theory of 
contraction 1s the well known “shding filament” theory 
derived from the analysis of the contraction of muscle 
fibres by hght and electron microscopy It would seem, 
however, to be only applicable in detail within the 
relatively complex system of the muscle proteins Con- 
tractile processes ın living organisms are not limited to 
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Table 2 EFFECT OF DIFFERENT MEDIA ON THE SIZE OF AN ISOLATED NUCLEUS OF Amoeba proteus 
0 1 per cent 1mM 02 1 mM 
0i heparin ATP per cent 02 OL 005 per cent EDTA 
Medium Proto- Medium per cent +1 mM +1 mM sodium percent percent percent sodium +1 mM 
plasm alone heparin magnesium magnesium  polyglu- prota- heparin poly-L- polyglu- magnesium 
chloride chloride tamate mine lysine tamate chloride 
Diameter of nucleus (x) 42 50 53 45 30 49 41 51 38 48 32 
All reagents were dissolved in 0 14 M sodium chloride solution at pH 7 2 
Table 3 EFFECT OF DIFFERENT MEDIA ON THE SIZE OF AN ISOLATED NUCLEUS OF Amoeba proteus 
0 1 per cent 1mM ATP 
1mM ATP 0 05 heparin +1 mM 0 2 per cont 
Medium Proto- Medium +lmM Olpercent percent 01 percent +1 mM Medium magnes- sodium 
plasm alone magnesium heparin oly-L- heparin magnesium alone um. polyglu- 
chloride lysine chloride chloride tamate 
Diameter of nucleus (x) 37 55 84 53 39 52 44 50 30 49 


All reagents were dissolved in 107 M phosphate buffered saline, pH 7 2, containing 10 per cent sorbitol 


those of muscles but on the contrary are shown by a 
variety of structures, so 1t seems to us that the explana- 
tion of these processes should stem from a rather more 
general theory of molecular behaviour than one designed 
to cope with one specialized molecular array Such a 
basis 1s provided by the mechanochemical principles laid 
down by Kuhn and Katchalsky and thew co-workers*-18 
and we wish to discuss our results in these terms 

Molecules of flexible polyelectrolytes change their shape 
in solution as the mean electrical charge density along 
their length is altered The change m configuration is 
brought about by a readjustment ın the relation between 
the forces stemming from the Brownian motion of the 
molecule tending to bring ıt to a roughly spherical con- 
figuration, a force of entropic origm, and the Coulombic 
repulsive forces between the charges along its length 
which tend to extend ıt The Ingher the net charge on 
the molecule the greater will be 1ts extension and asym- 
metry 

In their reaction with hydrogen ions at low pH and with 
polylysine, nucle: of amoebae behave exactly analogously 
to polyanions ın solution, collapsing as their overall 
surface charge density is reduced It 1s of considerable 
mterest that three polyamome materials will mduce 
contraction of the nucleus when in the presence of magne- 
sium 10ns although they have, as we would have predicted, 
no effect on ther own This result suggests strongly that 
a mechanism similar to that proposed by Morales for 
the interaction of ATP and magnesium with myosin 1s 
m operation He has suggested that the quadrivalent 
anion could be bound by 10n-triplet bridges, with mag- 
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diameter expressed as a percentage of the average diameter at pH 8, 
abscissa pH of surrounding medium 


nesium being the linking ion to the amonic sites on the 
myosin molecule, thus reducing its overall charge and 
causing a contraction as indicated here It is evident 
from these expermments that anions other than ATP are 
capable of fulfilling this role 

Davies and Spencer*® have ascribed the swelling of 
nuclei ın various media contaimng heparin to competition 
between heparm and DNA for binding to histone and con- 
sequent expansion of negatively charged DNA molecules 
The experiments described here make this suggestion 
unhkely, especially because heparin can induce a nuclear 
contraction in the presence of magnesium ions and they 
draw attention to the importance of the 1ome milieu m 
which fixation 1s performed when interpreting hght or 
electron micrographs 

Bryn Jones! has shown that addition of ATP to 
tissue culture cells in the presence of magnesium leads to 
a reduction of adhestveness which he ascribes to a con- 
traction of the membrane surface as a result of the 
presence of actomyosin protems at the surface 

Experiments with intact A proteus indicate that 
contractions can be brought about at the periphery of the 
cell by local appheation of polylysme to an advancing 
pseudopodium, which are similar m appearance to the 
natural tail of the amoeba (Gingle, Korohoda and Wol- 
pert, unpublished) We feel that these experiments show 
the mmportance of surface charge in determining the con- 
figuration of a biological membrane which could give rise 
to large and specific changes in 1ts permeabilhty Whether 
these changes are themselves capable of providing the 
conversion from chemical to mechanical work or whether 
they are the initiators of the contraction of actomyosin 
molecules at or adjacent to the cell surface requires further 
experimental work to decide 

We thank Professor L Wolpert and Mr D Gungle for 
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Royal Cancer Hospital) from the Medical Research 
Council, the British Empire Cancer Campaign for Re- 
search and by a Public Health Service research grant 
from the National Cancer Institute, US Public Health 
Service 
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Distribution of Plasma Fatty Acid before and after Canine 


Hepatic Homograft 


by 
WILLIAM S WORTH 


Department of Pharmacology, 
University of Colorado Medical Center, 
and operation 


Veterans Administration Hospital, 
Denver, Colorado 


Exvciwarion of hpid metabolism m the liver transplant 
recipient has been hampered by the fact that survival 
rarely exceeded 15 days As surgical techniques improve 
and prolonged liver transplantation survival becomes 
imminent, ıt ıs mereasingly important to look at the 
physiochemical role of the transplanted lrver to determme 
its capacity for normal metabolic function The hver is 
primarily involved in lipid metabolism, and so 1ts function 
may well be reflected m quantitative or qualtative 
changes in plasma lipid and fatty acid values 

The hvers of three healthy unrelated mongrel dogs 
were completely removed and replaced by an orthotopic 
hepatic homograft obtained from unrelated dogs? 
Azathioprme and antibiotics were admmustered daily 
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Fig 1 Total percentage of plasma fatty acids (GLC) in a canine hepatic homograft (HHM-12) 






The effect of liver transplantation on the fatty acids in the plasma 
of dogs suggests that fat is mobilized and dehydrogenated after the 


after the operation The diet consisted of commercial 
dog food freely given Blood from the perrpheral venous 
system of a fasting dog was collected in ethylenediamine- 
tetraacetate (EDTA) pie and post-operatively twice a 
week for clinical chemistry and lpid analysis Clinical 
chemistry and hve: function tests were performed routinely 
and are reported elsewhere? 

The “lipid profile”, consisting of total, free and esterified 
cholesterol (CE), phospholipid (PL), non-esterified fatty 
acid (NEFA) and triglyceride (TG) were analysed by 
chemical procedures‘-? 

Isolation of the lipid classes was accomplished by ex- 
tracting the lipids from 1 ml of plasma with chloroform 
methanol (3 2 v/v) and then spotting the extract on a 
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The bar graph shows the fatty acids, 


by carbon chain length, for each of the four periods 
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thin-layer chromatograph (TLC) plate coated with 1 mm 
of sihea gel @ The solvent used consisted of redistilled 
Skelly Solve B ethylether glacial acetic acid (70 30 1 
v/v) A standard was apphed to each TLC plate to locate 
the four lipid classes (1) phospholipid, (2) NEFA and 
cholesterol, (3) triglycerides and (4) cholesterol ester® 
The plates were run, standard developed and sample 
fractions were immediately scraped into a test tube and 
extracted from the silica gel with chloroform methanol 
(8 2-v/v) These four fractions were individually saponi- 
fied, esterrfied and metholated by a modification of 
Metcalfe’s® methanol-boron-trifluoride fatty acid methola- 
tion procedure 

The fatty acids were analysed ın a Barber Colman 
Model-20 gas chromatograph (GLC) which was equipped 
with an argon-trit1um ionization detector The column 
specifications are ethylene glycol succinate (15 per cent) 
on ‘Chromsorb’ (100-110 mesh) support, mlet pressure 
of 30 psi. argon and column temperature of 185°C 
Hormel Institute standards were used before and after 
each day’s run The peaks were calculated by the “abso- 
lute-peak-area”” method (height x width at 1/2 height) 
using pure fatty acids as qualitative standards The 
results are expressed as percentage total for each fatty 
acid Each fatty acid 1s represented by a pre-operation, 
10, 20 and 40 day post-operation value for each dog? 

Early liver mjury was observed m each of the three 
dogs as determmed by standard hver function tests 
Only one of the animals (HHM-5) developed hyperbili- 
rubinaemia and died after 100 days There was in 
each animal an merease in alkalne phosphatase serum 
glutamic oxalacetic transaminase (SGOT) and serum 
glutamic pyruvic transamimase (SGPT) More detailed 
data have been presented before! 

The lipid profile showed that total and esterified 
cholesterol and phospholipid dropped to about 50 per cent 
of the pre-operation value in the first 10 days but returned 
to the pre-operation range m 30-40 days ‘Triglycerides 
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remained m the pre-operation range The NEFA 
fluctuated but exhibited no obvious trend 

The fatty acid data are reported m two ways (1) by 


a graph showing a representative fatty acid pattern in 
one anımal (HHM-12) for each lipid class (Fig 1), and (2) 
by a bar graph (Fig 2) showing the unit changes ın short 
chain versus long chain and saturated versus unsatur- 
ated fatty acids ın each dog as related to the mduivi- 
dual animal’s own pre-operation value The lipid class 1s 
reported during each of the four periods of the study 

For convenience im this study, the fatty acids were 
divided into two groups Fatty acids from C12 0 lauric 
to C 16 1 palmutoleic are designated as shorter chain 
fatty acids Long cham fatty acids are designated C18 0 
stearic to the unidentified peak which is piesent after 
C 20 4, arachidonic This unidentified peak (retention 
tıme êr 60 mm) appears after C 20 4 (tę 50 mim) but 
before C 24 0 (tr 66mm) The peak 1s not present after 
hydrogenation, indicating that ıb 1s an unsaturated fatty 
acid 

Changes occurring m the mdividual fatty acids of dog 
HHM-12 durmg the four time periods are ulustrated in 
Fig 1 This dog’s fatty acid pattern appears to be the 
median of the three dogs A typical prevalence of long 
chain fatty acids in the phosphohpid fraction 1s present 
Tt ıs also mteresting to note that in the NEFA fraction 
there ıs a general quantitative merease as the cham 
length mereases 

The data in Fig 2 are an expression of the unit variation 
between the pre-operation value and each of the three 
post-operation periods for each anımal Each anımal acts 
as 1ts own control There is a noticeable increase m the 
long cham fatty acids in two of the dogs but not in 
dog HHM-5 Here the shorter chain fatty acids increase 
After transplantation the unsaturated fatty acids mcrease 
m all classes except HHM-12’s triglyceride and HHM-5’s 
phospholipid fraction, as seen m Fig 2 It 1s interesting 
to note that there is a fatty acid ratio of 40 per cent 
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The data on this graph were derived from the difference between plasma fatty acids (GLC) pre-operative and post-operative for each 
of the three periods Each animal is its own control The results express the unit change after transplantation 
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saturated to 60 per cent unsaturated which remains 
constant for all dogs pre and post-operatively 

The fatty acids most prevalent m the dog food were 
oleic, palmitic, lmoleic, stearic and Iinolenic, m that order 
Neither the unknown peak nor the C 20 4, arachidonic, 
peaks were present 

Dog HHM-2 differs from the other two dogs m that there 
18 a larger percentage (53-67 per cent agaimst 39-47 per 
cent) of saturated fatty acids in all classes m the pre- 
operation sample ‘This ıs because of a high proportion 
of C 12 0 and C 14 0 ın the phospholipid, NEFA and 
cholesterol ester fractions as well as C 16 OQand C18 0 
in the triglyceride fraction By the fortieth day the 
saturated fatty acids of dog HHM-2 had dropped to the 
range (36-51 per cent) of the other two dogs 

As may be expected, there 1s more continuity between 
fatty acid changes within each dog rather than between 
the three dogs Two of the dogs (HHM-2, HHM-12) show 
a general increase in long cham fatty acids, while one 
dog (HHM-5) exhibits an merease m shorter chain 
fatty acids There is a general increase ın the unsaturated 
fatty acids for all dogs, the exceptions bemg in dog 
HHM-5 phospholipid and cholesterol este: fractions and 
dog HHM.12 triglyceride fraction 

The plasma of two dogs (HHM-2 and HHM-12) and 
the control dogs contains an mcreased amount of long 
chain unsaturated fatty acids This may be a result of a 
mobilization of the adipose tissue, for long chain fatty 
acids are found primarily in fat stores Carter! states that 
fatty acids with less than twelve carbon atoms cannot be 
stored in the anmmal’s body and so must be oxidized as 
they are absorbed 

Another factor which could cause an increase in long 
chain unsaturated fatty acids is that, theoretically, anımal 
tissue cannot synthesize linoleic acid (C18 1) The animal 
therefore depends entirely on an external source of 
supply, namely the diet Tho third largest fatty acd 
content m the dog food was linoleic acid Once present 
m the cell ıt undergoes a sequence of desaturation and 
elongation to form arachidonic acid and other long chain 
polyunsaturated fatty acids? 

It 1s obvious that the enzyme systems of the trans- 
planted liver are affected, for alkalne phosphatase, 
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SGOT and SGPT are altered, as already noted! Hexa- 
decanoyl dehydrogenase, the enzyme which acts on 
the acyl Co A derivatives of the long cham fatty acids, 
may therefore also be altered 

Dog HHM-5 was the one which exhibited a rise in the 
shorter cham unsaturates, notably ın the phospho- 
lipid fraction This dog died of acute pneumonia a httle 
more than 100 days after the operation Further 
research will be necessary to clamfy this mteresting 
observation, for pneumonia 1s one of the major causes of 
death in hver transplants 

Temporary plasma lipid changes m hver transplant 
dogs seem to be caused by immunogenic and operative 
trauma Plasma lipids of control anmals (without 
transplant livers) were not obviously affected by the 
ımmunologe therapy but there may be subtle changes 
in fatty acid metabolism 

In the hepatic homograft, mobilization of long chain 
fatty acids from the adipose tissue may be a natural 
defence mechanism to supply the liver with “essential 
fatty acids” for phospholipid synthesis Phospholipids 
in turn play an important part ın the reduction of excess 
fat m the liver and alveol function im the lung 

This work was supported by grants from the US 
Pubhe Health Service Ithank Drs T E Starzl and T L 
Marchioro for thew help and Miss N L Miller for techmecal 
assistance 
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Numerical Taxonomy and Influenza B Virus 


by 
ANNA M. LEE 


Epidemiology Branch, 
National Cancer Institute, 
National Institutes of Health, 
Bethesda, Maryland 


Ir may not be easy to see ummunological relationships 
within several virus strans from experimental data, such 
as those ın Table 1, which shows titres from a cross-haem- 
agglutination mbibition (HAT) test mvolving strains of 
influenza B For clarification, these data have been sub- 
jected to numerical taxonomic analysis The methods, 
which may be valuable in predicting pathogenicity of 
newly isolated strains and in determining polyvalence of 
vaccines required, should be useful for summarizing 
information about a variety of other organisms 

The values given ın Table 1 were “normahzed” by a 
logarithmic transformation ‘Virus strains were then com- 
pared two at a time, the reactions of a virus stram with 
each of the antisera being considered as multivariate obser- 


Analysis of the reactions of influenza B virus with various antisera 
has clarified the relationships among virus strains 


vations on that strain Thus row 1 of Table 1 contains 
eleven observations on virus V, row 2 contams eleven 
observations on V, and so on From each rephcate 
of the experiment there would be eleven additional 
observations on each strain As a measure of the similarity 
between V, and Fa the sample product-moment correla- 
tion coefficient r was computed for the eleven pairs of 
(logarithmic) observations For V, and V,,r=0 82 Corre- 
lations calculated from data m Table 1 (after logarithmic 
transformation) are grven ın Table 2 Vy) and Vy, are 
most closely related because their correlation coefficient 1s 
098, FV, and FV, have a correlation of 0 00 and are not 
related F, and FV, have the strongest negative relation- 
ship (r= — 0 59) 
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Table 1 CROSg.HAENAGGLUTINATION INHIBITION TEST WITH INFLUENZA B 
STRAINS FROM 1940-61 

Test strain and Immunizing strain 

passage history Sı SS; Ss Sa Ss Se Sy Se Sy Suo Su 
VY, B/Lee/40 

¥8-M137-E179 768 512 <8 <8 <8 <8 <8 <8 <8 24 8 
Vv, BfLee/40 

FI8A-M17-E3 256 1,536 32 24 48 12 64 16 48 24 24 
Fs B/TM/40 

#2-M24-E5 48 <8 384 12 16 <8 12 <8 <8 <8 48 
V. B/Mel/Bon/43 

E8 48 48 <8 36 64 256 192 16 48 32 24 
Y; B/AA/Chaddick/45 

El? <8 <8 <8 48 64128 48 <8 <8 8 <8 
YV. BIAA/Allen/45 

E31 < <8 <8 48 32 256 192 16 18 24 32 
V, BiAA/6/52 (Lwy) 

Es 16 <8 <8 24 96 64128 <8 24 8 16 


y. 


B/GL{1739/54 
E4-M10-F£15 12 64 24 48 48 96 256 


96 256 


96 256 192 384 
F; 


BlAA[1/55 
E4 32 16 24 24 64 256 192 512 


Vip B/AAJ1/59 
E4 
Vi, B/Tokyo/M27/61 
n Rey eT 


32 32 24 32 24 64 64 961,0241,024 


<8 <8 <8 <8 <8 8 16 12 48 612 512 


Sı to Sy, represent antisera from ferrets immunized with virus strains V, to 
Fz, respectively Homologous titres are upderhned The value <8 was 
mnterpreted as 4 


This matrix of correlations was analysed for “‘clusters’’ 
or ‘families’ of virus strans One method used was 
Sokal and Miuchener’s clustermg by average Imkage 
(weighted pair-group method, WPGM)!, by which admis- 
sion of a strain into a cluster ıs based on an average of 
the correlations of that strain with the existing members 
of the cluster Results of this analysis are represented by 
a dendrogram (Fig 1) The abscissa ıs used only to separate 
virus strams, whereas the ordmate shows the smmularity 
coefficient (correlation) scale from +100 to —0 40 For 
example, V, and V, are linked at 0 82 and their average 
correlation with V, ıs 078 When correlation is 090 
there are two clusters and seven mdividual strains; and 
when correlation 1s 0 75 four clusters of viruses are seen 
(Vis Fa), (Vas Vis Ves Fah (Var Vo» Vios Vas) and (V;) 
An investigator wishing to prepare a vaceme against these 
strains might determme a reasonable level of correlation 
and include one strain from each of the clusters seen at 
that level 


Virus strain 


V3 Vy Vo Va Vs Ve Vz Ya Vo Vio Yn 


100 
090 
0 80 
070 
0 60 
050 
040 
030 


020 


Correlation coefficient 


010 
000 
~010 
—0 20 
~0 30 


—0 40 


Fig 1 Dendrogram showing relationships between strains of influenza B 
virus from analvais of correlations in Table 2 bv Sokal and Michener’s 
clustering by average linkage procedure (WPGM using simple averages) 


Table 2 CORRELATIONS BETWEEN VIRUS STRAINS 
Vv, Vs Va V; Vs V; Va Y, Fa Vax 
¥, 082 -001 —000 -041 —059 -037 —045 -036 —018 —017 


Va —002 004 —035 —057 -022 —033 —034 —0 31 —035 
Fs —0 56 —0 24 -037 -014 ~046 —036 —011 —017 
Ve 075 073 078 023 023 —023 -012 
F; 082 080 004 ~003 —032 —028 
Ye 077 054 051 012 019 
V, 023 025 -016 —007 
F, 096 074 077 
Vy 077 084 
Vis 098 


Prinerpal components analysis? provided a second 
means of identifying clusters of virus strains From 
data ın Table 1 each virus stran was considered as a 
point in eleven dimensional space the co-ordinates of which 
correspond to the eleven observations (titres) for the virus 
Analysis of correlations ın Table 2 revealed that most 
of the variation (87 per cent) m the orginal data occurs 
in a three dimensional space, which corresponds to the 
first three principal components of the correlation matrix 
Fig 2 depicts the eleven virus strams with respect to 
these principal component axes Four clusters of virus 
strains are seen (Vi, Vo), (Va; Va Feo V2), (Fa Fy, 
Vio Fu) and (V) These clusters are essentially the 
same as those appearing ın the dendrogram, which 18 
reassuring because principal components analysis 18 
mathematically far more sophisticated than the average- 
linkage procedure 


. 














Fig 2 Graph of first (X), second (Y) and third (Z) principal components 

for eleven strains of influenza B virus The Z scale has been elevated 0 05 

units above the ¥-Y plane to simplify presentation of “virus” points 
the Z co-ordinate of which 1s less than zero 


The results indicate that these strains of influenza virus 
fall into groups according to the date of their isolation 
This is not a new observation, of course, but the relation- 
ships are more clearly visualized by numerical taxonomy 

Computer-sumulated experiments were conducted to 
evaluate these two methods of cluster analysis and two 
further methods (a) McQuitty’s elementary Imkage 
analysis® and (b) Sneath’s clustering by single linkage* 
Artificial data, resembling real data from HAI experiments 
involving seven or ten virus strains, were obtained by 
sampling from twenty-one different multivariate normal 
populations The computer expermments were planned 
so that the “virus strams’’ could be expected to cluster 
in given patterns, correlations between strains withm tho 
same cluster ranged from about 0 60 to 095 m normal 
populations from which samples were drawn The four 
methods of cluster analysis were compared on the basis 
of the proportion of samples from each population for 
which the “virus strams” were “correctly”? clustered. 
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Ease of computation was another basis for comparison 
of methods, and both two-replicate and unreplicated 
computer expermments were exammed 

Several conclusions were drawn from the analysis of 
computer experiments (a) When the correlation coeff- 
cient is used to measure similarıty between virus strains, 
classifications based on two-replicate expermments are more 
rehable, as might be expected, than those based on un- 
Lephcated experiments regardless of the method of cluster 
analysis employed (b) Sokal and Michener’s average- 
linkage analysis and principal components analysis are 
comparably ‘‘accurate” in classifying the number of virus 
strams used in this study (up to ten) when the correlation 
coefficient 1s the measure of similarity (The methods of 
average-lmkage analysis and prmcipal components analysis 
seem to complement each other, although the end results 
of the two differ somewhat ın appearance, while the 
former method ıs sumpler computationally, one might 
perform both analyses ıf possible ) (c) McQuitty’s elemen- 
tary linkage analysts tends to yield too many clusters and 
1s the least satisfactory of the four procedures investigated 

Sneaths clustermg method, which bases admussion 
of a virus strain to a cluster on a single linkage of the virus 
with any mdividual member of the cluster, 1s logically 
less appealing than Sokal and Michener’s technique. 
which admits a virus strain to a cluster on the basis of an 
average linkage with members of the cluster 


Biological Phase Relationships 
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Burner! has suggested that growth and cell differentia- 
tion in hydra are regulated by two factors which he 
called stimulator and mhibitor He further suggested 
that the relative concentrations of these two factors 
account for the morphological changes which occur along 
the body column of the hydra Webster? has proposed a 
shghtly different model ın which he suggested that the 
interrelation of two factors—‘“level of mbuibition” and 
“threshold for inhibition”—controls hypostome formation 
in hydra Others (for example, ref 3) also suggest that 
polarity ın hydra is controlled by the interrelation of two 
factors or materials 

Recent experiments‘-*, however, have suggested that 
inorganic ions control differentiataon m some situations 
The authors have suggested that cellular control can be 
effected by the modification of membrane properties by 
hormonal substances or growth factors. A change m 
membrane selectivity caused by growth factors would 
cause intercellular 1onie compositions to change A change 
m ionic composition is then assumed to cause a change m 
cell properties, that 1s, differentiation or growth I do 
not mtend to argue this hypothesis, but rather to mdicate 
a possible method for determming the mmimum number 
of controlling factors for cell differentiation The argument 
to be presented relates specifically to hydra, but it ıs 
applicable to other biological systems as well, and the 
reference to hydra was selected primarily for convenience 


Biological Phases 


Biological systems can be characterized as heterogeneous 
systems composed of separate and distinct elements called 
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Numerical taxonomic methods othe: than those pre- 
sented here seem to be useful ın the study of influenza 
Of the many types of cluster analysis, only four of the 
more widely known were included in the present study 
Various measures of similarity between virus strains, 
among them a normahzed Euclidean distance function, 
have been considered instead of the correlation coefficient 
The mean titre ratio’, a commonly used measure of sero- 
logical similarity between two strains of influenza virus, 
1s not recommended for numerical taxonomic studies, 
because ıb utilzes little of the available wnformation in 
makmg a comparison 

Numerical taxonomy affords a means for simphfymng 
visualization not only of the results of serological tests, 
as presented here, but also of other biological entities 
on which a number of quantitative measurements have 
been made 

This research was supported by a grant from the US 
Public Health Service JI thank Dı Schork and Dr B 
Berlin for their advice and Miss E Minuse for supplymg 
data 
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hydra as a multi-phase system with each cell type 
a separate biological phase the minimum number of 
necessary to control cell differentiation can be 


cells, spaces and fluids If we take all of the elements of a 
particular type (say, epithelial cells) they might be said 
to constitute a single biological phase Each biological 
phase must be distinct and must be separated from the 
other phases, but a given phase may itself be broken 
into parts as long as each portion of a phase 1s the same as 
every other portion of that phase This 1s analogous, for 
example, to an 1ce—water system ın which 1ce constitutes 
a single phase whether ıb 1s a single piece of ice or many 
pieces It will be assumed that the state of a biological 
system ıs determined by the phases and the controllmg 
components which determine the phases The controlling 
components are the constituents of one or more of the 
phases which are responsible (that ıs, causal factors) for 
the presence of the various phases That 1s, they are the 
minimum set of constituents the 1elative concentiations of 
which determine the relative amount of each phase The 
constituents, including the special set called components, 
constitute the entire biological system Each biological 
phase is recognized as being distinct morphologically 
because of the presence of distinct constituents For a 
biological system m steady state the mole fractions of the 
components in the phases can be assumed to determine 
completely the state of the system For the co-existence 
of two biological phases I assume that one mdependent 
component 1s required to describe the state of the system 
Water is assumed to have a constant concentration 
throughout the biological system Two solutes, with the 
mole fraction of one dependent on the mole fraction of the 
other, are therefore required to establish the relation- 
ship between two phases Imphet in this argument 1s the 
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assumption that by changing the mole fractions of the 
components the relative amounts of the two phases will 
correspondingly change just as 1ce becomes water when 
the temperature or pressure changes 

If three phases co-exist, then the number of independent 
components required 1s two, or a system of co-existing 
biological phases 1s specified by a minimum of one less 
independent component than the number of phases 
Furthermore, ıt should be noted that the same components 
could be responsible for the regulation of more than one 
phase mteraction m the same system Before discussmg 
how the phase relations apply to hydra a more precise 
derivation of the deductions presented here will be given 


Derivation of Steady State Phase Relationship 


The phase rule was derived by Gibbs’ to apply to 
equilibrium systems, and other authors*-!° in extensive 
discussions of the derivation or the application of the phase 
rule consider only equilibrium situations Biological 
systems, however, are not m thermodynamic equilibrium 
and therefore, to describe cell differentiation or other 
biological phase relationships, 1t 1s necessary to derive a 
relationship in which equilibrium 1s not assumed This 1s 
now done 

The Gibbs function for constant temperature and pres- 
sure 1s given by 


q 
dG = È udn (1) 


v=1 


where G is the Gibbs free energy, p: 1s the chemical 
potential of the eth component and n, 1s the number of 
moles of the 2th component If time derivatives are used, 
then 


dG/dt = $ p.dn,fae (2) 
tel 


Because G 1s an additive property, if the system ıs 
considered to be composed of r distinct phases with q 
components then 


q 
G = EG, and dG/dt = È $ py dnyjdt (3) 
gel geley=l 


where the double subscript refers to the sth component 
m the yth phase 

A biological system, such as a single hydra polyp, which 
has a constant shape and a relatively constant composition 
with time is said to be in steady state That 1s, any 
accretion of material is exactly balanced by a correspond- 
ing loss of mateual New cell divisions occur at an 
approximately uniform rate and are balanced by a loss of 
cells at the body extremities and food input ıs balanced 
by waste product outflow The steady state situation 1s 
considered to occur when the average flow of materials, 
meluding cell division and cell death, 1s constant with 
time Analytically, this ıs deseribed by saymg that the 
change ın the flow or the change m the flux of a material 
with respect to time ıs zero, that ıs, flows are constant 
At steady state therefore the time derivatives become 
equal to zero and 


r 1 
dG/dt = X dG,/dt = 0, or dn;jdt = £ dnyjdt = 0 (4) 
3=1 g=1 


Thus the flow of the ath component 1s assumed to be 
constant throughout the animal and flow between any 
two phases 7 and 7+ 1l 1s also constant Foi constant flow 
to exist the driving force for the flow or the difference m 
chemical potential between two phases (Ay) ,.,) for 
the zth component must be constant There are r phases, 
and so this gives r— 1 restrictmg conditions for each of the 
q components Or there is a total of q(r— 1) mternal re- 
strieting conditions on the system relating to the distribu- 
tion of the components which control the biological state 
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If instead of moles (n) mole percentage composition is 
used to deseribe the composition of each phase, then there 
are g—1 mdependent composition variables required to 
describe each of the r phases or r(g—1) composition 
variables for the systems We define the number of degrees 
of freedom (DF) for the system as the difference between 
the number of restrictive conditions and the number of 
composition variables or 


DF = g@-1) — rq—1) =1-¢ (5) 


The degrees of freedom give the number of composition 
variables that must be arbitrarily selected so that the 
state of the system may be defined 


Phase Relations in Hydra 


For hydra the r phases consist of cell types with each 
cell type being a distinct phase, but all cells of the same 
type constitute only a single phase The g components 
are the factors controlling cell differentiation and growth, 
that ıs, growth factors, hormones or inorganic ions In 
hydra there are eleven prmcipal cell types which are 
contained ın two epithelial layers The two layers called 
the epidermis and gastrodermis are separated by a cell- 
free mesogloea, All the cell types seem to derive from 
two stem cells, the imterstitial or neoblast cell and the 
epithehal cell The two cell lmes have never given 
evidence of mterchanging, that ıs, a cell in one lme dif- 
ferentiating into a cell of the other lme The two cell Imes 
seem therefore to be essentially mdependent, and we 
are probably dealing with two distmct systems This 
independence ıs related to differentiation capabilities and 
1s not meant to suggest that certain positional or gradient 
effects do not act simultaneously on both cell lines 
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Fig 1 Pathways of cellular differentiation and dedifferentiation in 
hydra showing location of event by cell layer Cell divisions for both 
stem cells occur ın both cell layers 


The stem cells divide and provide a continuing supply 
of cells which differentiate into all of the other cell types 
along the pathways shown in Fig 1 The particular cell 
layer ın which each cell type 1s found ıs also mdicated ım 
Fig 1 We have assumed that there are two distinct cell 
lines, and so Fig 1 could be redrawn into two figures with 
trangular co-ordinates (Fig 2), one for each cell hne 
Fig 21s drawn so that cell types found adjacent in the 
anımal are adjacent ın the phase diagram, correspond- 
mgly, cell types which do not occur in juxtaposition on the 
phase diagram also do not usually occur in immediately 
adjacent areas in the animal Cell drvision 1s included as 
a distinct phase because ıt can be considered to be a state 
of differentiation! Each cell type (phase) is represented 
by an area, and cell (or phase) transformations oceur 
across boundaries An intersection of boundaries m Fig 2 
represents an invariant association of cell types (phases) 
Moving away from an mtersection along a boundary 
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¥ig 2 Phase diagrams for epithelial cell and interstitial cell lines 
An area on the phase diagram represents a single cell type and trans- 
formations occur across boundaries The factors A, B, C are shown to 
indicate how three components may interact to control the phase 
behaviour (differentiation and division) of the two cell limes The 
composition at any point on the diagram is found by the intersection 
of lines drawn perpendicular to the sides of the diagram, the proportion 
of B being read from the side opposite apex B, and s0 on 
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represents a state with one degree of freedom, that 18, one 
composition variable can be arbitrarily chosen An area 
represents a state with two degrees of freedom The three 
variable factors or components, which is the minimal set 
for zero degrees of freedom, are represented along the 
three sides of the phase diagram Fig 2 represents the 
actual situation m hydra, m which three cell types of a 
given cell line jointly exist only within a very restricted 
area but two cells from the same cell lme co-exist n a 
much larger area, For each cell lme, for DF=0, we there- 
fore have r= 8 for the three co-existing phases at an mter- 
section on the phase diagram; therefore g=r=3, or, to 
explain the observed phase behaviour, at least three com- 
ponents are necessary There ıs no way of predicting 
whether or not the same components will be active in 
controlling both cell nes If the interstitium between 
cells or the mesogloea 1s considered as another phase, then 
a four-dimensional phase diagram would be required and 
q=r=4 at an imtersection on the phase diagram Thus 
three or four components are reqmred to describe the 
biological phase behaviour m hydra depending on the 
part played by the interstitium ım cell regulation 

An alternative way of analysmg the phase behaviour of 
the hydra cells ıs to ascribe properties to the stumulator 
(x) and mhnbitor (I) substances’ similar to those usually 
given m thermodynamics to temperature and pressure 
Now equation (5) becomes 


DF = r~q+2 (6) 


where 2 meludes the variables x and I, and g includes the 
composition variables This system cannot be easily 
represented graphically, but we can imagine the v and I 
substances exertmg a thermodynamic stress on a cell, 
thereby causing a change in Ay: between two phases 
The change in chemical potential causes dn/dt40 until 
a steady state is re-established This effect can be likened 
to the effect of temperature and pressure on phases under 
Le Chather’s prneiple The two factor system of Burnett 
or Webster is therefore clearly madequate to explain 
the phase behaviour of hydra cells We are therefore 
fully justified ın searching for a three or four component 
system (which may be mediated by two growth factors) 
which exerts control over cell differentiation and division 
in hydra 
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Evolutionary Rate at the Molecular Level 


by 
MOTOO KIMURA 


Calculating the rate of evolution in terms of nucleotide substitutions 


seems to give a value so high that many of the mutations involved 


National Institute of Genetics, 
Mishima, Japan 


COMPARATIVE studies of haemoglobm molecules among 
different groups of animals suggest that, durmg the 
evolutionary history of mammals, ammo-acid substitution 
has taken place roughly at the rate of one ammo-acid 


must be neutral ones 


change ın 10’ yr for a chain consisting of some 140 amuno- 
acids For example, by comparing the « and @ chains of 
man with those of horse, pig, cattle and rabbit, the 
figure of one amino-acid change in 7 x 10° yr was obtained!. 
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-This is roughly equivalent to the rate of one amino-acid 
substitution in 10’ yr for a chain consisting of 100 
_ | amino-acids. 
= TA comparable value has been derived from the study 
-of the haemoglobin of primates’. The rate of amino-acid 
“substitution calculated by comparing mammalian and 
| -avian cytochrome ¢ (consisting of about 100 amino-acids) 
turned out to be one replacement in 45x 10° yr (ref. 3). 
Also by comparing the amino-acid composition of human 
triosephosphate dehydrogenase with that of rabbit and 
cattle, a figure of.at least one amino-acid substitution 
for every 27x 10° yr can be obtained for the chain con- 
` sisting of about 1,110 amino-acids. This figure is roughly 
equivalent to the rate of one amino-acid substitution in 
30x 10* yr for a chain consisting of 100 amino-acids. 
Averaging those figures for haemoglobin, cytochrome c 
and triosephosphate dehydrogenase gives an evolutionary 
rate of approximately one substitution in 28 x 10° yr for 
a polypeptide chain consisting of 100 amino-acids. 

I intend to show that this evolutionary rate, although 
appearing to be very low for each polypeptide chain of a 
size of cytochrome c, actually amounts to a very high 
rate for the entire genome. 

‘First, the DNA content in each nucleus is roughly the 
same among different species of mammals such as man, 
cattle and rat (see, for example, ref. 5). Furthermore, we 

- note that the G-C content of DNA is fairly uniform among 

“mammals, lying roughly within the range of 40-44 per 
cent*, These two facts suggest that nucleotide substitution 
played a principal part in mammalian evolution. 

In the following calculation, I shall assume that the 
haploid chromosome complement comprises about 4 x 10° 
nucleotide pairs, which is the number estimated by 
Muller’ from the DNA content of human sperm. Each 
amino-acid is coded by a nucleotide triplet (codon), and 
so a polypeptide chain of 100 amino-acids corresponds to 
300 nucleotide pairs in a genome. Also, amino-acid 

replacement is the result of nucleotide replacement within 
a codon. Because roughly 20 per cent of nucleotide 

replacement caused by mutation is estimated to be 

synonymous’, that is, it codes for the same amino-acid, 
one amino-acid replacement may correspond to about 

4:2 base pair replacements in the genome. The average 
time taken for one base pair replacement within a genome 
is therefore 


4x 10° 


9 10° yr = ( — 
8x 10% yr + 300 


+ 1-2 = 18 yr 


This means that in the evolutionary history of mammals, 

: nucleotide substitution has been so fast that, on average, 

~-gne nucleotide pair has been substituted in the population 
roughly every 2 yr. 

-| This figure is in sharp contrast to Haldane’s well known 
estimate’ that, in horotelic evolution (standard rate 
evolution), a new allele may be substituted in a population 
roughly every 300 generations. He arrived at this figure 
by assuming that the cost of natural selection per genera- 
tion (the substitutional load in my terminology**) is 
roughly 0-1, while the total cost for one allelic substitu- 
tion is about 30. Actually, the calculation of the cost 
based on Haldane’s formula shows that if new alleles 
produced by nucleotide replacement are substituted in a 
population at the rate of one substitution every 2 yr, 
then the substitutional load becomes so large that no 
mammalian species could tolerate it. 

Thus the very high rate of nucleotide substitution 
which I have calculated can only be reconciled with the 
limit set by the substitutional load by assuming that 
most mutations produced by nucleotide replacement are 
almost neutral in natural selection. It can be shown that 
in.e population of effective size Ne, if the selective advan- 
tage of the new allele over the pre-existing alleles is s, 
then, assuming no dominance, the total load for one gene 
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substitution is 


i =l 


lu(p) | 
4Sp 


45 
y — 1 y 1 
| Zoi dy= 2e-as | Z dy + 2loge ( *) Q) 
0 y 435p P 


Lip) = 2 


where S=N.s and p is the frequency of the new allele 
at the start. The derivation of the foregoing formula will 
be published elsewhere. In the expression given here 
u(p) is the probability of fixation given by™ 


u(p) = (1 —e~48p)/(1 —e-*S) (2) 


Now, in the special case of |2Nes| <1, formulae (1) 
and (2) reduce to 


L(p) = 4Nes loge(1/p) (1) 


u(p)= p+ 2Nesp(1—p) (2') 
Formula (1’) shows that for a nearly neutral mutation the 
substitutional load can be very low and there will be no 
limit to the rate of gene substitution in evolution. 
Furthermore, for such a mutant gene, the probability of 
fixation (that is, the probability by which it will be 
established in the population) is roughly equal to its 
initial frequency as shown by equation (2’), This means 
that new alleles may be produced at the same rate per 
individual as they are substituted in the population in 
evolution. 

This brings the rather surprising conclusion that in 
mammals neutral (or nearly neutral) mutations are 
occurring at the rate of roughly 0-5 per yr per gamete. 
Thus, if we take the average length of one generation in 
the history of mammalian evolution as 4 yr, the mutation 
rate per generation for neutral mutations amounts to 
roughly two per gamete and four per zygote (5 x 10-° per 
nucleotide site per generation). 

Such a high rate of neutral mutations is perhaps not 
surprising, for Mukai? has demonstrated that in Droso- 
phila the total mutation rate for “viability polygenes” 
which on the average depress the fitness by about 2 per 
cent reaches at least some 35 per cent per gamete. This 
is a much higher rate than previously considered. The 
fact that neutral or nearly neutral mutations are oceurring 
at a rather high rate is compatible with the high frequency 
of heterozygous loci that has been observed recently by 
studying protein polymorphism in human and Drosophila 
populations!*-#5, 

Lewontin and Hubby! estimated that in natural 
populations of Drosophila pseudoobscura an average of 
about 12 per cent of loci in each individual is heterozygous. 
The corresponding heterozygosity with respect to nucleo- 
tide sequence should be much higher. The chemical 
structure of enzymes used in this study does not seem to 
be known at present, but in the typical case of esterase-5 
the molecular weight was estimated to be about 10° by 
Narise and Hubby!*. In higher organisms, enzymes with 
molecular weight of this magnitude seem to be common 
and usually they are “multimers”’!’. So, if we assume 
that each of those enzymes comprises on the average 
some 1,000 amino-acids (corresponding to molecular 
weight of some 120,000), the mutation rate for the 
corresponding genetic site (consisting of about 3,000 
nucleotide pairs) is 


u = 3x103x 5x10- = 15x 10-8 


per generation. The entire genome could produce more 
than a million of such enzymes. 
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In applying this value of u to Drosophila it must be 
noted that the mutation rate per nucleotide pair per 
generation can differ in man and Drosophila. There is 
some evidence that with respect to the definitely dele- 
terious effects of gene mutation, the rate of mutation per 
nucleotide pair per generation is roughly ten times as 
high in Drosophila as in mant, This means that the 
corresponding mutation rate for Drosophila should be 
w=1-5x10- rather than w=1-5x 10-8 Another con- 
sideration allows us to suppose that u= 1-5 x 10 is prob- 
ably appropriate for the neutral mutation rate of a 
cistron in Drosophila. If we assume that the frequeney 
of occurrence of neutral mutations is about one per 
genome per generation (that is, they are roughly two to 
three times more frequent than the mutation of the 
viability polygenes), the mutation rate per nucleotide 
pair per generation is 1/(2 x 108), because the DNA con- 
tent per genome in Drosophila is about one-twentieth of 
that of man®. For a cistron consisting of 3,000 nucleotide 
pairs, this amounts to w= 1-5 x 10-5, 

Kimura and Crow have shown that for neutral 
mutations the probability that an individual is homo- 
zygous is 1/(4Neu + 1), where N, is the effective population 
number, so that the probability that an individual is 
heterozygous is H,=4N,u/(4N.u+1). In order to attain 
at least H,= 0-12, it is necessary that at least. N.= 2,300. 
For a higher heterozygosity such as H = 0-35, Ne has to 
be about 9,000. This might be a little too large for the 
effective number in Drosophila, but with migration 
between subgroups, heterozygosity of 35 per cent may be 
attained even if Ne is much smaller for each subgroup. 

We return to the problem of total mutation rate. 
From a consideration of the average energy of hydrogen 
bonds and also from the information on mutation of 
rITA gene in phage T, Watson? obtained 10-*~ 10-9 as 
the average probability of error in the insertion of a new 
nucleotide during DNA replication. Because in man the 
number of cell divisions along the germ line from the 
fertilized egg to a gamete is roughly 50, the rate of muta- 
tion resulting from base replacement according to these 
figures may be 50x 10-8~ 50x10- per nucleotide pair 
per generation. Thus, with 4x 10° nucleotide pairs, the 
total number of mutations resulting from base replace- 
ment may amount to 200~ 2,000. This is 100-1,000 times 
larger than the estimate of 2 per generation and suggests 
that the mutation rate per nucleotide pair is reduced 
during evolution by natural selection '*1®, 

Finally, if my chief conelusion is correct, and if the 
neutral or nearly neutral mutation is being produced in 
each generation at a much higher rate than has been con- 
sidered before, then we must recognize the great impor- 
tance of random genetic drift due to finite population 
number?’ in forming the genetic structure of biological 
populations. The significance of random genetic drift has 
been deprecated during the past decade. This attitude 
has been influenced by the opinion that almost no muta- 
tions are neutral, and also that the number of individuals 
forming a species is usually so large that random sampling 
of gametes should be negligible in determining the course 
of evolution, except possibly through the “founder prin- 
eiple’*4, To emphasize the founder principle but deny 
the importance of random genetic drift due to finite 
population number is, in my opinion, rather similar to 
assuming a great flood to explain the formation of deep 
valleys but rejecting a gradual but long lasting process of 
erosion by water as insufficient to produce such a result, 
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The USSR Venera-4 Probe photographed 
during Preparation for Flight (TASS) 


(see opposite) 





The Venera-4 probe, weighing nearly 2,500 


fey 


g lb., was 
launched from the USSR on June 12, 1967. After 128 
days in flight, it was parachuted from the space rocket to 
make a soft landing on the surface of Venus, Information 
sent back to Earth from the probe was picked up by the 
radio telescope at Jodrell Bank and was passed to the 
Russians for decoding. Some of the results are discussed 
opposite. 


Seemee 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Superadiabatic Atmospheric Layer on 
Venus, as inferred from the Venera-4 
Probe Measurements 


Tue USSR Venera-4 probe entered the atmosphere of 
Venus on October 18, 1967, made the first direct measure- 
ments of the physico-chemical characteristics of the 
lower atmosphere and landed smoothly on the planet’s 
-surfacel?, The probe's whole descent took place on the 
night side of the planet, close to the equator and about 
1,500 km from the terminator. The probe contained two 
“resistance thermometers, an anaeroid barometer trans- 
--~dueer, a densitometer and eleven core gas analysers. 
“Immediately after the probe’s parachutes opened at an 
altitude of 26 km, an atmospheric sample was inserted in 
five cores. The remaining six cores received samples at 
an altitude of 23 km. All the analysers operated. The 
carbon dioxide content turned out to be 90 per cent, with 
less than 10 per cent error. The water or moisture content 
turned out to be greater than 0-1 per cent and less than 
0-7 per cent. In one analyser the oxygen content was 
greater than 0-4 per cent. In another analyser the oxygen 
and water content were less than 1-5 per cent, that is, the 
oxygen content is somewhere between 0-4-1-4 per cent. 
Finally, the nitrogen content is less than 7 per cent, for 
an analyser with this response showed no presence of 
nitrogen. Table 1, derived from these measurements, 
presents five atmospheres of differing composition for 
Venus, depending on the relative amounts of carbon 
dioxide, between the possible limits 80-99-5 per cent. 
Probably small quantities of argon and other inert gases 
are present in the atmosphere of Venus as may be deduced 
from the composition. 

Table 2 presents the temperature and pressure for 
altitudes from 0 to 25 km. The temperatures are mean 
values determined from the measurements of the two 
thermometers; the deviation from the mean in the 
readings of the two instruments was about + 7°. From 
26 km to the surface, the temperature varied from 313° K 
to 543° K. The behaviour of temperature with altitude 
turned out to be almost linear, with a mean temperature 
gradient of 8-9° km. The pressure at the same altitudes 
varied from 0-7 to 20 atmospheres. The average behaviour 
of pressure with altitude is shown in Table 2; also, possible 
errors in its measurement are indicated by minimum 
and maximum values. 

From the data presented in Tables 1 and 2 it is possible 
to estimate the degree of convective activity in the lower 
atmosphere of Venus. If the actual temperature lapse 
rate is represented by y and the dry-adiabatie rate by 
va, then there are three possible atmospheric stability 
conditions 

y< ya stable 
y=ya neutral a) 
y>yae unstable 


The necessary condition for the support of vertical 
motions, up or down, in dry air is a lapse rate greater 
than the adiabatic rate or a superadiabatic lapse rate 
(y>ya). The dry adiabatic process operates up to the 
-saturation point of the water vapour. If the greatest 

‘possible moisture content of 0-7 per cent obtained by 
direct measurement of Venera-4 at 23 km is taken. then 
the condensation level turns out to be about 29 km. If 
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the minimum amount of water vapour (0-1 per cent) is 
assumed, then the cloud level is about 32 km. 

For any gaseous atmosphere, 

ya= — OT /0h=g/Ce (2) 
where T is the temperature, A the altitude, g the accelera- 
tion of gravity and Cp the specific heat at constant 
pressure of the gas composing the atmosphere. The 
Taano of g with k above any planet can be expressed 

y 

g= Gok? /(R +h) (3) 
where go is the acceleration of gravity at the planet's 
surface and R is the planet’s radius. For Venus*, gọ= 
877+5-0 em s and R=6,085+20 km. The variation 
of g with altitude is slight in the lower atmosphere of 
Venus (Table 3). From 1-20 atm, the variation of Cp 
with pressure is slight for carbon dioxide, molecular 
nitrogen and argon’. The main variation of Cp in equation 
(2) is therefore caused by its direct variation with 
temperature. The temperature decreases with altitude 
(Table 2), and so Cp also decreases with altitude. 

Using values of Cp for individual gases accurate to three 
decimal places‘, calculations were made of the specifie 
heats of the following four mixtures of gases at the 
temperatures and pressures listed in Table 2: (a) 80 
per cent carbon dioxide, 7 per cent nitrogen, 13 per cent 
argon; (b) 85 per cent carbon dioxide, 7 per cent nitrogen, 
8 per cent argon; (c) 90 per cent carbon dioxide, 7 per 
cent nitrogen, 3 per cent argon; (d) 95 per cent carbon 
dioxide, 5 per cent nitrogen. Calculations were made 
also for 100 per cent carbon dioxide. These five cases 
correspond closely to the five Venus atmospheres presented 
in Table 2. It should be noted that Cp for carbon dioxide 
and nitrogen are approximately the same for the assumed 
conditions. The slight amount of water vapour and 
molecular oxygen was neglected in the calculations. 

The value of the specific heat at constant pressure for a 
gas mixture, consisting of n different gases, Cp, isë 


AQ 
` 
it 


M 


where M is the average molecular weight of the gas 


l n 
sae x CiM Cp, S 
i 


n 
mixture (ECM); Ci; is the proportion of constituent 


2 
gas i; Ma: is the molecular weight of constituent gas 7 
and Cp, is the specific heat at constant pressure for 
constituent gas i. 


Table 1. RELATIVE CONCENTRATION (PER CENT) OF CONSTITUENTS IN LOWER 
ATMOSPHERE OF VENUS (0-26 KM) FOR VARIOUS PERCENTAGES OF CARBON 
DIOXIDE” 


Carbon dioxide (per cent) 
85 90 95 


Constituent 80 90-5 
Water vapour 01-07 0-1-07 0-1-0-7 01-07 O1 
Molecular oxygen O-4—1-4 0-4-1-4 0-4-4 O4-V4 Q4 
Molecular nitrogen 0-0-7-0 0-0-7-0 0-0-7-0 0-4-5 0 
Other inert gases, 

such as argon 10-90-19-5 59-145 098-5 00-45 0 


Table 2. TEMPERATURE AND PRESSURE VERSUS ALTITUDE IN THE VENUS 
LOWER ATMOSPHERE! * 
Altitude ‘Temperature Pressure (atta) . 
(km) CK) Minimum Average Maximum 
0 543 18-0 20-0 22-0 
5 499 12-0 13-1 14-2 
10 455 7-9 RG 92 
15 410 4-9 5-2 58 
20 366 2-7 2-9 Bl 
25 321 0-9 1-0 Ve 
Table 3. ADIABATIC LAPSE RATE (DEG/KM) VERSUS ALTITUDE IN VENUS 


LOWER ATMOSPHERE FOR FIVE DIFFERENT COMPOSITIONS 
Atmospheric composition 


Alti- Temper- Pres- g 80% CO, 85% CO: 90% COs 


tude ature sure (em 7% Ne 7% Na 7% Na 95% CO, 100% 
(km) (K) (atm) s*) 13% Ar 8% Ar 3%Ar 5AN CO 
9 543 20-0 877-0 8&8 86 Bd 8-2 8-2 
5 499 131 8752 9-0 8-8 8&6 R5 85 
16 455 S6 R744 9-3 9-1 58 ER BB 
15 410 52 872-6 9-6 9-4 9-2 1 91 
20 366 29 8717 10-0 9-7 a5 4 0-5 
25 B21 10 8700 10-4 10-2 10-0 a9 10-0 
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Next, using the specifie heats caleulated from (4) and 
g from (3), adiabatic lapse rates were computed from (2). 
The results are given in Table 3, which shows the adiabatic 
lapse rate in degrees per kilometre in the lower atmosphere 
of Venus from 0 to 25 km for the five different possible 
compositions (Table 1). 

The actual lapse rate of 8-9° km is greater than the 
adiabatic lapse rates for mixtures in Table 3 containing 
90 per cent or greater amounts of carbon dioxide at 
altitudes up to 10 km. For the 85 per cent carbon dioxide 
mixture the altitude of the superadiabatic layer is about 
5 km, while for the 80 per cent carbon dioxide mixture it 
is at the surface (0 km). No appreciable changes are 
made in the values in Table 3 if they are calculated using 
either the minimum or maximum pressures displayed in 
Table 2. Likewise, no significant changes result if the 
calculations are made using temperatures either 10° less 
or 10° greater at all altitudes. 

These detailed calculations therefore indicate that if 
the lower atmosphere of Venus consists of 85 per cent 
or more carbon dioxide, as seems probable, then it con- 
tains a fairly thick (5-10 km) superadiabatic atmospheric 
layer at its surface. According to the criterion in (1), 
the lower atmosphere is unstable and favours large scale 
vertical motions. These conclusions, based on measure- 
ments made on the night side of Venus, should hold even 
more strongly for the day side. The presence of such a 


= TR 
È GE (it 


Fig. 1. Schematic 800 mbar flow patterns (approximately 9-0 km above sea level) on a day when 


of Mohenjodiro and Harappa and the catchments of the 


monsoon depression before and after it curves to the north. 





Indus and its tributaries in relation to the 
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marked convective layer and its influence on dust particles 
can have profound effects on the dynamies of the lower 
atmosphere of Venus’. 

This work was supported by the Lockheed Independent 
Research Program. 
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Monsoon over the Indus Valley during 
the Harappan Period 


THERE is adequate archaeological evidence! that the 
Harappans, who flourished in the Indus Valley between 
2500 and 1700+100 Bo, lived in very much moister 


a middle-latitude quasi-stationary trough 
causes a change in the track of a monsoon depression from west-north-west to north or north-east. Note the positions of the famous cities 


middle latitude trough and the track of the 


Contours at 300 mbar level; --~-, track of monsoon depression 


at sea level, 
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-climatic conditions than those which exist today. Archaeo- 
_logists** have also emphasized the occurrence of inter- 
inittent floods in the Indus valley during the Harappan 


- period. These conclusions, which are based on archaeo- 


logical evidence, are also supported by the following 
‘meteorological considerations. 
“s The patterns of 1,000-500 mbar thicknesses recently 

published by Lamb, Lewis and Wocdroffe! clearly indicate 
< that in 2000 and 500 Bc, there was a mean trough in the 
upper westerlies with its axis along 70° E. and extending 
from high latitudes to 45° N. in the month of July. 
These thickness charts do not indicate the existence of 
such a mean trough anywhere between 0° E. and 160° E. 
in modern times. 

I have made a detailed study of the daily northern 
hemisphere charts for 1962-66, with good coverage of 
data to the north of the Indo—Pakistan sub-continent, 
and have found that quasi-stationary troughs in the 
westerlies at the 500, 300 and 200 mbar levels occasionally 
extend into north-west Pakistan and induce monsoon 
activity ahead of such troughs’. They are deep enough 
to alter the configuration® of the sub-tropical high to 
their east and are thus indirectly responsible for causing 
any monsoon depressions moving in a west-north-westerly 
direction towards longitude 78° E., to curve to the north 
or north-east towards the Punjab (Pakistan), Punjab 
(India) and Kashmir (Fig. 1). Before the depression 
curves to the north, the area of heavy rainfall lies in the 
left front quadrant’ of the depression. After the depression 
has curved to the north, however, this area of heavy 
rainfall shifts to the northern sector of the depression, 
with the active monsoon area chiefly determined by the 
area of high level divergence ahead of the trough in the 
upper westerlies®*, In the later stages of its north- 
eastward movement, the monsoon depression causes 
floods in the upper reaches of the Himalayan rivers to the 
west of 78° E. An example of this can be seen in the mon- 
soon depression of September 2-9, 1966. Such depressions 
curving to the north or north-east: were, however, only 
very occasional during 1891-1960 (ref. 9). 

It follows that during the south-west monsoon seasons 
around 2000-500 sc deep troughs in the upper wester- 
lies must have extended into west Pakistan far more 
frequently than they do now, inducing monsoon activity 
and also causing any monsoon depressions from the Bay 
of Bengal moving towards longitude 78° E., to curve to 
the north or north-east. These developments would 
have caused frequent active monsoon conditions over the 
entire Indus Valley, which is basically a fertile region’’. 
Thick vegetation and marsh jungles inhabited by fauna 
as described by archaeologists’, and intermittent floods 
in the Indus and its tributaries, would therefore have 
characterized the period of the Harappan civilization. 

These conclusions are further supported by the recent 
discovery of considerable reserves of ground water’? 
in the arid region of extreme west Rajasthan close to the 
Indus Valley. Carbon-14 tests carried out!* by staff of 
the Tata Institute of Fundamental Research in Bombay, 
at a place called Palana, 14 miles south of Bikaner 
(28° 60’ N., 73° 18’ E.) indicate that the ground water 
there is about 5,000 yr old, this being the upper limit of 
the true age of the water. 

This work was supported by the Council of Scientific 
and Industrial Research, New Delhi. I thank the Director- 
General of Observatories, New Delhi, for providing 
facilities for this investigation. 
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Ultra-low Levels of Terrestrial lonization 


NEHER has suggested! that the approximate lower limit 
of the exposure rate resulting from soil radioactivity be 
taken as 1-4 pr./h, an unpublished value measured by 
Millikan in Manitoba. Subsequent surveys in Europe and 
the United States? * reported minimum values for the 
intensity of terrestrial ionization which averaged approx- 
imately 4-5 ur./h. Millikan’s value was also less than 
that found in the exhaustive study by Hultqvist*, in 
which the lowest indoor gamma level, as measured in 
wooden houses, was about 5:5 pr./h. 

In 1962, however, during another survey organized 
by the Health and Safety Laboratory of the US Atomic 
Energy Commission, Beck et al.’ measured 1-6 pr./h at 
Copperopolis, California. At a nearby asbestos mine 
(Pacific Asbestos, Inc.) a value of 0-5 ur./h was measured. 
The credit for pointing out the diminished radioactivity 
in this region must go to Wollenberg and Smith*, who 
during a search for low-activity materials for counting 
room enclosures “discovered” not only the Copperopolis 
site but also an underground facility, the abandoned Red 
Mountain magnesite mine in the Diablo Mountains in 
Santa Clara County, California. 

In the late summer of 1965 we visited the Red Mountain 
mine with a thin-walled (0-5 g/cm? ‘Plexiglas’) air-filled 
ionization chamber. This type of chamber has been 
described elsewhere’. After subtracting the cosmic ray 
contribution, estimated at 0-01 yr./h, the magnitude of 
the ionization measured in this mine was 0-05 pr./h, with 
approximately a 100 per cent error (Table 1). Even 0-1 
ur./h is a remarkably low value for terrestrial ionization. 
In New York City, for example, the average background 
is at least two orders of magnitude larger. Oddly enough, 
radon was detected during these measurements, and there 
is the possibility that it originated outside the mine”, in 
which ease the ionization levels associated with this mine 
may be even lower. 

We also conducted ionization measurements at the 
Pacific Asbestos open-strip mine at Copperopolis and 
obtained a value of 3-94 yr./h. This is the same (to within 
the +0-09 pr./h error) as the value reported by Shamos 
and Liboff? for the cosmic ray ionization at this pressure 
(734-7 torr), again implying quite small terrestrial levels. 


Table 1. SELECTED IONIZATION INTENSITIES OVER SOIL, NOT INCLUDING 
COSMIC RADIATION 
Exposure rate 

Location (urih) Referente 
Manitoba , 24 1 
Red Mountain mine, Santa Clara County, California ~ 0-05 
Pacific Asbestos mine, Copperopolis, California =6-09 
Ruberoid mine, Eden Mills, Vermont 1044021 
Jeffrey mine, Asbestos, Quebec 50-09 
Jeffrey mine (after heavy rain) O57 £014 
King Beaver mine, Thetford, Quebec 0:10 40-17 
Salt mine, Houston _~ O28 : 
Denver, Colorado 124i? 5 
Pelham, New York 6S Od 8 
Courtright Reservoir, California 20-7 +14 8 
Guarapari, Brazil (monazite sand beaches) 52,000 9 


All sites are above ground except for the Red Mountain mine, which is 
400 ft. below the surface. ak 

* Personal communication from W. Lowder, describing measurements 
made by H. Beck and W. J. Condon in 1965. 
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Three other asbestos strip mines have been studied, 
the Ruberoid mine in Hyde Park, Vermont, the Johns 
Manville (Jeffrey) mine in Asbestos, Quebee, and the 
(King Beaver) mine in Thetford, Quebec. These sites, 
too, exhibited far less than “normal” exposure rates. A 
summary of the findings is given in Table 1. The com- 
paratively higher reading at the Ruberoid mine may 
reflect the fact that data were obtained for only 1 day 
at this location, and this in rainy conditions. Further- 
more, the practice at this mine is to rebuild the excavatcd 
areas with processed rock and soil, with the inherent 
possibility of including foreign materials. Compare the 
two readings for the Jeffrey mine. The second set was 
taken after an extended rainy period. 

As well as these sites, underground salt mines appar- 
ently also exhibit rather low levels of radiation. For 
example, in a mine near Houston, an approximate level 
of 0-2 ur./h has been determined. It is interesting that 
the contribution of potassium-40 was negligible, and 
that there was a substantial concentration of bismuth-214. 

To scale the set of values in Table 1 properly, we have 
included some others. The first, an average of readings 
taken at an Atomie Energy Commission site in Pelham, 
New York, is a representative sample of the magnitude 
encountered over soil. The next value listed, on the other 
hand, is rather high. It was obtained over a granite out- 
crop at Courtright Reservoir in the Sierras. (This site serves 
as a standard for the University of California LRL 
Health Physics group.) In addition there are, of course, 
“hotter” regions, the best example of which is the mon- 
azite sands area on the Brazilian East Coast, where levels 
up to 2,000 ur./h are observed’. 

The ultra-low levels listed in Table 1 are almost cer- 
tainly associated with ultramafic rocks. This is entirely 
reasonable considering that the concentrations of the 
principal radioactive contaminants. uranium, thorium 
and potassium, vary, in the words of Wollenberg and 
Smith‘, “with the acidity of igneous rocks, being prac- 
tically nil in the ultramafic rocks’. Davis and Hess! 
showed that as the mafic nature of igneous rocks varied 
between felsic and ultramafic, the concentration of 
uranium changed from 3-0x10-° to 0-03 x 10-® g/g of 
rock. Included in their samples, coincidently, were 
specimen rocks from Belvidere Mountain in Vermont, the 
site of the Ruberoid mine already mentioned. In addition 
to reporting that gravimetric determinations show 
“generally between 0-00 and 0-03%, for the alkalis in 
ultramafic rocks’, Hamilton and Mountjoy" also list 
the results of an extensive series of flame spectrophoto- 
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metric analyses on alpine ultramafic rocks, in which 
the median concentration of potassium oxide was 0-003 
per cent. Dunite and serpentine were said to be virtually 
free of potassium?*. It is interesting that a constant ratio 
of potassium to uranium is said to occur!’ in ultramafic 
rock, In addition, the fact that relatively large regions, 
either on the Earth’s surface or close to it, show ultra- 
low radioactivity may have significance in connexion 
with (a) the hypothesis“: that the mantle immediately 
below the Mohorovičić discontinuity consists chiefly of 
ultra basic (peridotitic) rock, and (b) the fact that there 
are probably “quite severe restrictions .. . on the abso- 
lute concentrations of radioactive elements existing in 
the earth’s upper mantle’. 

Apart from geochemical considerations. perhaps the 
most interesting aspect is the possible exploitation of 
such areas for research which requires extremely low 
backgrounds. Consider, for example, what information 
can be derived from Fig. 1, which shows the ionization 
level in Red Mountain mine recorded for 10 min. Full 
scale is approximately equivalent to 4:0 ur./h. The 
electrometer zero is shown at the end of the record. 
Zero drift was measured during this period and found to 
be negligible. 

The large spikes represent bursts of ionization from 
alpha particles emitted by contaminants in the chamber 
walis. Some are shown in greater detail in Fig. 2, in a 
portion of record taken at a higher speed. For those 
times long after an alpha emission and before another, 
the mean signal level approaches a net deflexion of 
about 3/4 of a small division. The cosmic ray level at 
the mine elevation (3,040 ft.) is 4:3 ur./h, but is greatly 
attenuated by the 400 ft. of vertical thickness of rock 
above the ionization chamber. Assuming a specific 
gravity of 2-5, this corresponds to a depth of 3-1 x 10° 
g/cm’, enough to reduce the cosmic ray contribution to 
the order of 0-01 ur./h, and the net magnitude to the 
previously stated 0-05 ur./h. 

By direct counting of pulses for 30 min it was estab- 
lished that there were 0-036+ 0-003 alphas/sec. This, 
divided by the interior surface area of the chamber, is 
equivalent to 12x10- alphas/em?/sec. Sharpe! has 
reported that aquadag coatings (which constituted the 
interior electrodes in our chamber) emit about 1-9 x 10-5 
alphas/em?/s. It is seen, therefore, that the residual 
contammantion of the chamber itself is determined in 
a straightforward way. More elaborate schemes have 
been used in the past, notably the extrapolation 
techniques of Hess and Vancour?s, 
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Fig. 1. Intensity of background ionization in the Red Mountain mine, showing the effect of wall alphas. 
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Fig. 2. The resolution of alpha activity in an ionization chamber. 


As an example of the sort of experiment which could 
be carried out in the Red Mountain mine or, for that 


matter, in the mines in the Thetford region of Quebec, 


it has been shown?® that certain anomalous results in the 
cosmie ray depth-intensity relation below ground? can 
be explained as resulting from multiple Geiger counter 
coincidences caused by local gamma radiation. A sub- 
stantial decrease in local background would enable such 
work to be carried out with much less shielding, which, 
as an added benefit, would yield more data about the 
low energy end of the underground cosmic ray spectrum. 
Cosmic ray surface measurements could probably be 
performed over such regions with little or no shielding, 
and with perhaps little in the way of anticoincidence 
protection. Other possibilities include the use of svch 
areas for research in those problems in genetics and 
archaeological dating where very low background levels 
are required. 

ABRAHAM R. LIBOFF 

Morris H. SHAMOS 
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Received November 3, 1967; revised January 8, 1968. 


1t Neher, H. V., Science, 125, 1088 (1957). 

28olon, L. R., Lowder, W. M., Zila, A. V., Levine, H. D., Blatz, H., and 
Bisenbud, M., Science, 127, 1183 (1958). 

* Solon, L. R., Lowder, W. M., Shambon, A., and Blatz, H., US Atomic 
Energy Comm, Health and Safety Lab. Report, No. 73 (November 1959). 

£ i ig B., Kingl. Svenska Vetenskapsakademiens Hadlingar, 6, No. 3 


` + Beck, H. L., Condon, W. J., and Lowder, W. M., US Atomic Energy Comm. 
Health and Safety Lab. Report, No. 145 (April, 1964). 
2 Wollenberg, H. A., and Smith, A. R., Earth Materials for Low Background 
Radiation Shielding (Univ. Calif. Radiat. Lab., 9970, May 24, 1962). 
7 Shamos, M. H., and Liboff, A. R., J. Geophys. Res., 7,19 (1966). 
z Shama H., Ann. Report, US Atomie Energy Comm. Div, Biol. and Med., 
* Roser, F. X., and Cullen, T 
(edit. by Adams, J. A. 3., and Lowder, 
Chicago Press, 1984). 
* Davis, G. L., and Hess, H. H., Amer. J. Sei., 247, 856 (1949). 
” io W., and Mountjoy, W., Geochim. Cosmochim. Acta, 29, 661 
5). 
1? Ahrens, L. H., in Nuclear Geology (edit. by Faul, H.), 131 (John Wiley, 
New York, 1954). 
1 Wasserburg, G. J., MacDonald, G. J. F., Hoyle, F., and Fowler, W. A., 
Science, 144, 465 (1964). 
#* Ringwood, A. E., J. Geophys. Res., 87, 857 (1962). 
8 Ringwood, A. E., J. Geophys. Res., 67, 4473 (1962). 
1+ Lovering, J. F., and Morgan, J. W., Nature, 197, 138 (1963). 
‘Sharpe, J., Nuclear Radiation Detectors, 98 (Methuen, London, 1955), 
is Bess, V. F., and Vancour, R. P., Phys. Rev., 76, 8, 1205 (1949). 
# Barton, J. C., and Michaelis, E. G., Proe, Phys. Soc., 77, 377 (1960). 
2+ Barnothy, J., and Forro, M., Phys. Rev., 74, 1300 (1948). 


. L., in The Natural Radiation Environment 
W. M.), 825 (University of 


PHYSICS 


Stimulated Emission and Laser Action 
from the Organic Ligand of : 
Gadolinium Chelates 


We wish to report evidence for stimulated emission and 
laser characteristics from liquid solutions of gadolinium 
organic chelates at room temperature. To our know- 
ledge this is the first time that electronic transitions in 
organic chromophores have performed laser action under 
direct flash in liquid solution. The stimulated emission is 
reproducibly obtained at room temperature in conditions 
in which no fluorescence or phosphorescence is usually 
detected. With identical pumping energy, the coherent 
emission from the organic ligand in the Gd chelate is 
comparable with that obtained from solutions of 
europium!~* and terbium’ chelates in which the emitting 
species is the complexed lanthanide ion. 

Three gadolinium chelates exhibited laser action at 
room temperature in solution: éris(theonyltrifluoroaceton- 
ate)-Gd IN (GdT,), a,«’-dipyridyl-tris(theonyltrifiuoro- 
acetonate)-Gd III (GdT,Dipy), and 1,10-phenanthroline- 
tris(theonyltrifluoroacetonate)-Gd TII (GdT,Phen). The 
procedures for their preparation have been described 
previously*-?. Solutions of 1 x 10-*-3 x 10-* M in spectro- 
grade acetonitrile (Columbia Organic Chemicals) were 
prepared and tested for laser action at room temperature. 
Removal of oxygen (deaeration) or prolonged storage did 
not significantly change the laser performance of the 
material. 

The liquid laser cavities and the alignment techniques 
employed in this work have been described in detail 
before? ®. 

Fig. 1 shows the relaxation oscillations (spiking) 
observed above threshold from GdT,Dipy in acetonitrile. 
The optimum concentration (lowest threshold) was found 
to be around 2-5 x 10-3 M for GdT,Dipy, the most efficient 
of the three chelates reported here. The spectral distribu- 
tion of the laser lines is displayed in Fig. 2. The broad 
band centred at 394 mp is caused by the background 
light from the xenon flash lamp corresponding to a 
“window” in the filter system and is easily reproduced 
when the liquid cell is empty or filled with pure solvent. 
The very narrow laser lines are superimposed on the 
background emission. Beam collimation has also been 
observed above threshold on far-field images of the output 
obtained on Polaroid film. These results are reproducible. 
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Fig. 1. Relaxation oscillations in the output of the GilT,Dipy laser, 2-5 
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x 10* M, in acetonitrile at room temperature, A, Oscilloscope trace 


below threshold, 100 ys/em sweep; B, same, above threshold, 





eT he ee oD 


r 


Log relative intensity 





3950 4000 4050 
Wavelength (A) 
Microdensitometer trace of the spectral output from the 


3750 3800 3850.3900 4100 4150 4200 


Fig, 2, 
GAT, Dipy laser, The broad band centred at 3940 A is from the flash 
lamp; the narrow laser lines are superimposed on the background. 


The same solution can be flashed repeatedly up to 
about twelve times before its laser activity diminishes. 
Between the flashes we allowed several minutes for cooling 
by equilibration with environmental temperature. The 
time elapse between flashes can be reduced using external 
cooling with cold nitrogen gas or recirculation®, 

There are at least fourteen clearly defined laser transi- 
tions detectable in the spectral range 3750-4200 A. At 
present we are unable to make definite assignments of 
these transitions, but a brief discussion of the existing 
possibilities is warranted. The stimulated emission does 
not originate in the Gd** ion, which has the lowest reson- 
ance level at about 32,100 em~, Emission spectra of the 
chelates investigated in this work have been reported 
recently’. The phosphorescence and phosphorescence 
excitation spectra illustrated in Fig. 3 were obtained in 
rigid matrix (EPA) at liquid nitrogen temperature. A 
detailed analysis of Fig. 3 can be found in ref. 7. Tt is obvi- 
ous that the laser lines do not coincide with the phos- 
phorescence of either T or Dipy chromophores (curves 
A and C, respectively). But the triplet~singlet emission 
in Fig. 3 was obtained in a different environment and at 
much lower temperature. It is possible that in acetoni- 
trile the lowest triplet of the Dipy ligand is destabilized 
more than the ground singlet, in which case the laser 
lines would correspond to stimulated emission ori ginating 
at the lowest triplet in the Dipy chromophore. The n—»-1n* 
transition in some compounds has been blue-shifted as 
much as 725 em in acetonitrile’, Nothing is known 
about the polarity or solvation properties of the excited 
states in the Gd chelate. But the possibility of a hypso- 
chromic shift of the O--O band in the Dipy phosphores- 
cence such as to overlap with the observed laser lines cannot 
be ruled out. Usually only very few compounds exhibit 
phosphorescence in liquid solution because of collisional 
deactivation (or chemical reaction) by solvent molecules 





















or other cosolutes. This is a result of the relatively long 
lifetime of the lowest triplet. In a Fabry Perot resonator, 
however, the population inversion attained under a 
powerful flash may well lead to a stimulated radiative 
deactivation of the triplets. 

The second alternative seems to be a stimulated emis- 
sion from the lowest excited singlet in the T chromophore, 
for the lines in Fig. 2 could form a “mirror image” band 
with the excitation (absorption) curve D in Fig. 3. None- 
theless, we do not consider this alternative very probable 
because the rate of intersystem crossing in aromatic 
8-diketones is several orders of magnitude above the rate 
of emission from §,, and in Gd chelates the crossover to 
the triplet should be even faster. 

The third possibility is a photochemical process in 
which the intermediate or product is formed in an excited 
state which can be the origin of the lasing transitions. 
The decrease in lasing activity after repeated (about 
ten to twelve times) flash pumping tends to support this 
possibility. But the same effect may be the result of 
other photo-degradative processes. 

The vibrational structure of the lines in Fig. 2 cannot. 
be satisfactorily correlated with the absorption and 
emission spectra of the two organie ligands in the infrared 
(and Raman) and ultraviolet-visible. We are also con- 
sidering the energy transfer between the two different 
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ligands’ as well as other flash-induced alternatives in a 
‘detailed’ study to elucidate the origin of the lasing 
transitions. 
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Cavitation induced by Vorticity at a 
Smooth Flat Wall 


Aw interesting example of cavitation, apparently induced 
by vorticity, has arisen at the plane side walls of a small 
cavitation tunnel during studies primarily concerned with 
the behaviour of large cavitating eddies. 

A cylinder in a water tunnel has been made to generate, 
at high frequency and from alternate sides, a stream of 
eavitating eddies'. When viewed under stroboflashing 
light, cavitation bubbles are seen to stem from one or 
other side of the cylinder and in each case are carried by 
the stream into a rapidly growing but relatively short- 
lived eddy with a large amorphous central cavity. Each 
elongated, large-cavity eddy ultimately becomes detached 
from the cylinder; the amorphous core subsides quickly 
into two (or occasionally more) minor eddies of high 





Fig. 1. 








Fig. 2. 


angular momentum and each of these eddies briefly 
sustains a mist, or cloud, of minute cavities. Eventually 
each cloud eollapses with extreme rapidity and may cause 
severe damage at adjacent boundaries’. 

With the formation of each of the large cavity eddies, 
additional (and concurrent) cavitation has been observed, 
downstream of the cylinder, at the tunnel side wall 
adjacent to the large-cavity eddy. Flow is contained 
momentarily by the tunnel wall and by the free stream- 
line of the large-cavity eddy. The free streamline, which 
is at cavitation pressure, curves away from the tunnel 
wall and the radial pressure gradients associated with the 
eddy might therefore be expected to keep the tunnel 
wall pressures above cavitation pressure. But substantial 
vorticity seems to be generated within the boundary 
layer at the tunnel wall and it seems that this vorticity 
is responsible for the low pressures actually occurring 
near the tunnel wall and observed by means of the 
induced tunnel-wall cavitation. 

Figs. 1 and 2 show cavitation induced by vorticity near 
the tunnel walls downstream of the cylindrical obstruction. 
In this test, water at 66-5° Fahrenheit flowed past a 
1-50 in. diameter cylinder in a tunnel which was 9 in. 
long and 2-00 x 0-25 in. in cross-section. The measured 
eddy-shedding cycle frequency was 6,600/min when the 
water approached the cylinder with a mean velocity of 
17-2 ft./see and a pressure of 74-7 ft. of water (absolute). 

Tunnel-wall cavitation with associated cylinder-wake 
cavitation has also been observed (for example, Fig. 3) 
in the relatively steady flow situation obtained by closing 
one of the flow passages between the cylinder and the 
tunnel side walls. It thus seems that cavitation can be 
induced at a plane surface by the vorticity generated 
within the boundary layer and the vorticity may be 
detected and viewed, for example, under stroboflashing 
light, by its induced cavitation. 

Cavitation inception at the centre of a boundary layer 
near a smooth wall has been reported by Daily and 
Johnson, who found that such cavitation always occurred 
when the wall pressure was greater than the water vapour 
pressure. This was attributed to pressure reductions in 
the boundary layer caused by vortical eddies and turbu- 
lence?. Arndt and Ippen have also observed cavitation 
inception in the centres of turbulent boundary layers at 
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smooth and rough surfaces and have correlated the 
cavitation inception with the wall shear. Cavitation has 
also been observed and studied at other regions of high 
shear, for example, by Rouse in the mixing zone of a 
submerged water jet’. Such regions of shear generate 
vorticity and may therefore be expected to produce local 
zones of low pressure and, in appropriate conditions, 
cavitation. 
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THE SOLID STATE 


Mechanisms of Fatigue Damage in 
Face Centred Cubic Metals 


TuE work of Wood et al.: has shown that fatigue damage 
occurs by different mechanisms in different regions of the 
S/N curve, these being designated as the H mechanism 
at high stress levels where fatigue life inereases slowly 
with decreasing stress amplitude, and the F mechanism 
at lower stress levels where fatigue life increases rapidly 
with decreasing stress. There is also a pseudo-safe or S 
region. A number of workers*-*, however, have suggested 
that there is a less clear-cut distinction between the 
mechanisms occurring at the different stress levels than 
the results of Wood et al. indicate, and we discuss here 
the role of material properties such as texture and duc- 
tility on the operative mechanisms of fatigue damage. 
Fatigue tests have been carried out on three face 
centred eubie (FCC) materials, an aluminium-magnesium 
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alloy (Alean CA-57S), 99-99 per cent pure aluminium, 
and electrolytically pure tough-pitch copper, the plate 
being first cold-rolled by approximately 90 per cent to 
obtain sheets with a high degree of preferred orientation, 
the texture approximating to the {110}<112> ideal 
orientation. Sheet with cube texture ({100} < 001 >) was 
produced by annealing the cold-rolled, high-purity 
aluminium and the copper, and material with a random 
texture by annealing the cold-rolled 578 alloy. Fatigue 
tests were made on all materials, the specimens first being 
carefully finished and checked to ensure that they were 
free from scratches. Stressing was by reversed bending 
and tests were made over a wide range of stress levels. 
After testing to failure, the specimens were examined 
under the optical microscope to determine the nature of 
the fatigue damage which had occurred. 

The damage to the cold-rolled material tested at high 
and low stress amplitudes occurred by the formation of 
sub-boundaries and pores corresponding to Wood’s H 
mechanism normally found at high stress amplitude, and 
Fig. 1 shows such damage on the surface of a sample of 
high-purity aluminium tested at a low stress amplitude, 
the photograph having been taken some distance from 
the main crack. In this sample the surface has been 
electro-polished and lightly etched to show the structure 
more clearly. It was noted that the fatigue cracks, which 
developed by the continued production and linking of the 
pores, propagated in a direction approximately normal to 
the specimen axis in all the cold-rolled samples. In the 
sheet metal specimens with cube texture, fatigue damage 
at all stress amplitudes occurred along slip bands, which 
broadened until cracks formed and propagated at approx- 
imately 45° to the specimen axis. This corresponds to 
Wood’s F mechanism, and the surface of a specimen of 
annealed high-purity aluminium tested at a high stress 
amplitude and exhibiting damage along slip bands is 
shown in Fig. 2: again the specimen has been electro- 
polished and lightly etched and the region shown is some 
distance from the fracture. It is also of interest that the 
annealed material with random texture did not show a 
distinct difference between the mechanisms of fatigue at 
high and low stress levels, damage occurring predomin- 
antly by the H mechanism at high stress and by the F 
mechanism at low stress with a gradual transition at 
intermediate stress levels. The observations made from 
all the tests are summarized in Table 1, the high and low 
stress levels being defined in terms of the number of 
eycles to failure (N). 





Fig. 1. 
amplitude showing Wood's H mechanism of fatigue damage ( x 240), 


Cold-rolled, high-purity aluminium fatigued at a low stress 
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Fig. 2. Annealed, high-purity aluminium fatigued at a high stress ampli- 
tude showing Wood’s F mechanism of fatigue damage ( x 240). 


The results indicate that there is not necessarily a cor- 
relation between high stress amplitude and H mechanism, 
and low stress amplitude and F mechanism, and that the 
operative mechanisms of fatigue damage may be influenced 
to a great extent by texture and ductility. Although it 
is difficult to assess the separate effects of these two 
factors, because the ductility depends on texture to a 
large extent, it may be seen from Table 1 that the annealed 
aluminium 57S with random texture and the annealed 
high-purity aluminium with cube texture have similar 
ductility, but the fatigue damage at high stress occurred 
predominantly by the H mechanism in the former and 
by the F mechanism in the latter. We are now making 
a more detailed correlation between fatigue mechanisms 
and texture. 


Table 1 
Tensile Fatigue damage 
X ductility mechanism 
Material Condition (% elon- Texture High stress Low stress 
gation at (N=10'- (N=10*- 
fracture) 10° cycles) 107 cycles) 
ee eee oe Oe «oP FEN 
i nneale ndom > o> 
‘AL(99°09%) Cold-rolied 90% 6-5 (110) <112> H H 
Fi ie Annealed 30 i100; <001> F 
eld ugi 
; ont, Cold-rolled 90% 6 {110} <112> H H 
ugi 
pitch) Annealed 49 {100} <001> F F 
ci 
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MOLECULAR STRUCTURE 


NMR Studies of Gramicidine S$ 
in Solution 


GRAMICIDINE S is a cyclic polypeptide containing ten 
amino-acid residues arranged in two identical groups. This 
molecule has attracted considerable interest as a model 
related to the more complex globular proteins. 

Recently attempts have been made? * to derive a model of 
gramicidine S on the basis of energy considerations. The 
two models are schematically drawn in Fig. le, b and c. 
The two conformations are markedly different in spite of 
the similar overall shape and dimensions of the molecules. 
The difference probably arises because the energy criterion 
was applied in different ways. Sheraga et al. have tried 
to calculate the potential energy of the molecule as a 
function of all the angles of rotation about the non- 
conjugated bonds (including the side chains), but Liquori 
et al. used their own stereochemical code for the amino- 


Fig. 1, Models of the molecule of gramicidine 3 due to Liquori ef ai.’ 
(a) and (b) and Sheraga et al. (e). 
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acid residue with standard bond lengths and bond angles* 
which can only have five conformations defined by the 
angles of rotation Vcc, Vy-c, e¢-w = 0, about the skeleton 
bonds Ca-C, N-Ca, and C-N. These conformations are 
indicated by Ra, b, c, d, La for an L-residue (or Ra*, b*, 
ct, d*, La* for a p-residue). Identical repetitions of these 
five conformations generate the five helices Ra, B, y, 5. La 
energetically allowed for a homopolypeptide chain. 

The problem of deriving the conformation of gramici- 
dine S was therefore treated as a “stereochemical trans- 
lation” which involves assigning to each amino-acid 
residue a “stereochemical codon” with the restrictions 
imposed by the closure of the ring and by the condition of 
conformational equivalence between identical residues. 
As a result the skeleton of the molecule was ‘‘coded”’ as 
follows 


Ra Ra ct 
= Orn — Leu --pPhe 


d Ra 
Pro —— Val 


pPhe ~- Leu — Orn — Val —— Pro 
ct Ra Ra Ra d 


The two segments Val--Orn—Leu can therefore be described 
as two anti-parallel right handed «-helical segments which 
are connected by two ‘“non-helical’’ segments pPhe—Pro. 
Two hydrogen bonds between the C=O groups of two Val 
and the N-H groups of the two DPhe are present in this 
structure as in an «-helix. As well as testing this con- 
formation by X-ray diffraction, we have carried out NMR 
studies in solution. One aim of this investigation was to 
estimate the relative ability of the peptide hydrogens 
present in the molecule to exchange for deuterium. 
Furthermore, we have tried to obtain NMR data about 
the correctness of our stereochemical codification of the 
skeleton of gramicidine S. This test is based on the very 
close similarity between the local conformation of an 
amino-acid residue of gramicidine S corresponding to a 
given stereochemical codon in the proposed model and 
that of the same amino-acid residue in the corresponding 
helix. It has been shown (unpublished work of Liquori, 
Conti and Ferretti) that the chemical shift of a CH proton 
in a homopolypeptide seems tc be strongly dependent 
on the backbone conformation of the amino-acid residues, 
to a smaller extent on the nature and conformation of 
the side chains, and it is fairly insensitive to the solvent. 
‘Thus the chemical shift of the CHa of «-helical poly-t- 
leucine, «-helical poly-L-ornithine and 3-helical trans 
poly-t-proline (polyproline IT) should not differ much from 
the chemical shifts of the CHa protons of leucine, ornithine 
and proline residues in gramicidine S, which, according 
to our model, should have local conformations Ra, Ra 
and d respectively. 

The preliminary results obtained on a sample of grami- 
cidine S (Mann Research Lab.) using an HA 100 Varian 
NMR spectrometer are summarized here. 

(a) Deuterium exchange experiments. In Fig. 2 are shown 
the NMR spectra of gramicidine S recorded in pure di- 
methylsulphoxide (DMSO) and 10 min after addition of 
different amounts of D,O and trifluoroacetic acid. This 
region contains peaks corresponding to phenyl and NH 
protons. The CH protons of the benzene rings of the two 
groups of pPhe (7-25 p.p.m.) are magnetically equivalent 
This effect implies that the two rings are probably free 
rotating in solution and is fully compatible with the pres- 
ence ofa dyad axis relating the two amino-acid residues. In 
pure DMSO, the NH protons give rise to three different: sig- 
nals respectively at 8-05, 8-30 and 8-60 p.p.m., which are 
called HN], NHy and NHyyy. It can be deduced from the 
peak areas that the ratioNH; : Ny : NHyy between these 
peaks is 4: 2:2. The low peak at ~ 91 p.p.m. is probably 


* Whereas previously! the best set of Corey and Pauling? for the bond 
angles and bond lengths could be adopted for all the amino-acid residues, the 
model has now been slightly refined by using bond angles found by Leang 
and Marsh‘ for the geometry of the L-proline residues (unpublished work of 
Liquori and Santis). 
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eaused by an impurity, as may be judged from the value 
of the peak area and from the unusual chemical shift. On 
progressive additions of D,O, the peak NH, tends to 
disappear, and in the presence of traces of trifluoroacetic 
acid the peak NHyy also disappears and NHyy is the only 
peak left. There are therefore two equivalent NH protons 
which exchange at a significantly slower rate than the 
others. Such a conelusion is fully consistent with our 
model of gramicidine S which contains two hydrogen 
bonded NH groups. It should, however, be noted that 
this does not rule out Sheraga’s model, as can be seen in 
Fig. le. The NHy peaks at higher field might be identified 
with the NH protons of two Leu and two Orn residues in 
Liquori’s model which are less accessible and the NH 
peak might be identified with the NH protons of two Val 
residues which are more readily accessible and are mag- 
netically equivalent. 

(b) Tentative assignments. The 0-5 p.p.m. region of the 
NMR spectrum of gramicidine S in DMSO is shown in Fig. 3. 
The positions of the peaks corresponding to the protons in 
the NMR spectra of «-helical leucine and ornithine and of 
polyproline II (8-helical) (unpublished results) are indi- 
cated schematically at the top of Fig. 3. It can be seen 
that the position of the CH« peak of polyproline II agrees 
very closely with the band at 4-80 p.p.m. in gramicidine S 
which according to the integral of the peak area contains 
two protons. The positions of the CHa peaks of «-helical 
poly-t-leucine and poly-L-ornithine fall within the band 
at 4-25 of the NMR spectrum of gramicidine S. 

This peak corresponds to six protons and the shoulder, 
and so at a lower field (at 4-50) corresponds to two protons; 
the assignment of the two CH« protons of Phe and of the 
two CH protons of Val presents some ambiguity. 

It should be mentioned that the addition of CDCI, 
gives better resolution of the «CH regions in gramicidine S 
and that the shoulder at 4-50 becomes much more obvious. 
There is, however, a strong indication that an intermole- 
cular association takes place and this is being studied. 

This preliminary assignment therefore seems to 
be consistent with Liquori’s model of gramicidine S, and 
we hope to reach more definite conclusions on the basis 
of NMR spectra at higher resolution. 

Very little can be said about the consistency of Sheraga’s 
model with the «CH proton region of the NMR spectra 
of gramicidine S because of the lack of data concerning 
suitable reference systems. The marked broadness of all 
CH protons, except the phenyl and methyl protons, which 
is commonly observed in the NMR spectra of «-helieal 
homopolypeptides in solution, however, is in more 
general agreement with a compact conformation like the 
Liquori model than with an open structure like the 
Sheraga model. 
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All our conclusions therefore contrast with those of CHEMISTRY 


Balasubramanian® and are m Ime with the results of 
optical rotation studies? It should, however, be mentioned 
that Balasubramanian’s discussion of the expermmental 
results reveals that he has not mspected the molecular 
models Typical ın this connexion ıs the clam that 
Liquori’s model ıs not compatible with the infrared data, 
because 1t contains peptide bonds m a cs conformation, 
which 18 not truet 

The NMR experiments were carried out at the Istituto 
Superiore di Sanita We thank Dr G Conti for technical 
assistance 

Note added wn proof A recent calculation of the chemi- 
cal shifts of the protons of gramicidine § carried out in 
our laboratory (to be published) gives results which 
confirm this tentative assignment of the NMR spectra 
according to Liquors model and seem to be entirely 
inconsistent with Scheraga’s model 
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Laser Raman Spectra of Sorbed Species 


WE have previously reported! that spectra of adsorbed 
species can easily be obtamed with a laser excited Raman. 
spectrometer We now wish to extend the field to 
the case in which there ıs the possibilty of chemi- 
sorption 

Young and Sheppard?* have used infrared techniques 
to study a seres of aliphatic aldehydes adsorbed onto 
silica gel and have concluded that at room temperature 
they are, at least initially, physically adsorbed Spectra 
obtained after desorption were not identical with 
those of the clean gel They showed neither aldehydic v 
C—H nor carbonyl v C=O bands and were considered 
to be caused by a new surface species It was thought 
that two distimet types of species might be formed, the 
first of these would have an alkoxide type structme 
(Fig 1) and the second would be either a linear or cyclic 
polymeric aldehyde, but Young and Sheppard were 
unable to discriminate between the various possibilities 
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Using the sampling arrangements described earher!, we 
have investigated the Raman spectrum of acetaldehyde 
adsorbed onto silica gel The spectrum showed seven 
bands between Av=80 cm-! and 2,000 cm~, none of 
which were found to comede with the emissions caused 
by liquid acetaldehyde! and in particular the absence of 
the carbonyl v C=O band at 1,720 cm~ was most notice- 
able (Table 1) 


Table 1 
Adsorbate/ Paraldehyde Acetaldehyde Distillate 
adsorbent (cm7) (cm) (cm-*) 
cm- *240 m 
274 w 
372 w 
477 8 474.8 4748 
515 vs 515 s 
527 vs 526 vs 528 vs 
575 w 
755 w 
838 m 839 5 843 m 
857 w 
887 8 892 m 
914 s 916 m 
945 w 
1,101 v 
1,119 8 1,117 m 
1,174 m 1,169 w 
1,192 m 1,184 m 
1,345 w 
1,355 s 1,358 m 
1,872 w 
1,392 s 1,398 8 
1,431 8 1,430 8 
1,459 m 1,452 s 1,454 s8 
1,720 vs 1,723 8 


* Due to the ınstıument? 


The spectrum was found to resemble that due to 
paraldehyde (Fig 2) because the stronger emissions of 
this cyche molecule occur ın the adsorbate-adsorbent 
system Subsequent desorption into a cold trap produced 
a liqmd the spectrum of which is consistent with the 
circumstance of 1b bemg a mixture of acetaldehyde and 
paraldehyde 


CH,— CH CH—CH, 


Fig 2. 


Although overall similarities between the spectra of the 
structures shown in Figs 1 and 2 would be expected, the 
close resemblance between the spectra of paraldehyde 
and the adsorbate-adsorbent system strongly suggests 
that condensation of acetaldehyde has been catalysed 
at the surface, leaving a physically adsorbed cyclic 
product 

It may be objected that the laser beam itself could 
raise the temperature of the sample locally and evaporate 
off the adsorbate and its reaction products This possibil- 
ity has been discussed’, but ıt ıs considered significant 
that the spectrum of the adsorbed layer 1s not identical 
with that of the distillate and bands characteristic of the 
volatile acetaldehyde are absent from ıb 

It 1s evident that the use of Raman spectroscopy has 
considerable potential ın the study of adsorbed species 
The small amount of interference from the substrate does 
not prevent the convement recording of data over a wide 
and continuous frequency range (Av=3,600 cm~! to 80 
em~?) 
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Synthetic Analogues of Polynucleotides 


ANALOGUES of purmes and pyrimudmes have been used as 
antimetabolites! Some of these have been converted 
into their nucleosides or nucleotides which also act as 
antimetabolites? Analogues of nucleosides m which 
D-ribose or 2-deoxy-D-ribose ıs replaced by another 
carbohydrate or carbohydrate analogue have also been 
extensively studied? Some of the nucleotide analogues 
have been converted into polynucleotide analogues by 
the use of suitable enzymes? and by taking advantage 
of the fact that certan micro-organisms will mcorporate 
the nucleotide analogue mto DNA or RNA (refs 7-13) 
The synthesis of polynucleotide analogues m which the 
purme or pyridine side chains are linked by a type of 
backbone different from the sugar phosphate backbone 
of the natural polynucleotides has been reported in 
previous work from this laboratory One type was 
obtained by copolymerizing 5/’-O-acrylyluridine with 
acrylamide" and another by reacting adenosine dialdehyde 
with polyacryhe acid hydrazide® Both these polymers 
contained a fraction which hybridized with denatured 
DNA trapped in agar and with denatured DNA m solution 

Another type of polynucleotide analogue 1s one m which 
the carbohydrate and purme and pyrimidine bases are 
the same as those of natural polynucleotides but in 
which the mternucleoside linkage is not a phosphodiester 
linkage A dimucleoside phosphate analogue of this 
type has been synthesized in which the nucleoside units 
were linked by a phosphorothioate group** We were 
interested ın synthesizing analogues m which the hnkage 
between the nucleoside units was a carboxylic ester 
linkage This would give an uncharged molecule which 
might be expected to penetrate membranes of living cells 
more easily than a charged ohgonucleotide From the 
chemical pomt of view, one of the easiest types of mono- 
meric derivatives to prepare seemed to be the carboxy- 
methyl derivatives of the nucleosides The Imkage 
obtained by joining units of this type contains one more 
atom than does the phosphodiester linkage Examination 
of molecular models has shown, however, that the carboxy- 
methyl ester linkage 1s fairly flexible so that the nucleoside 
units can become similarly spaced to those of the natural 
polynucleotides (7 1 A) (ref 17) 

As a first stage, an analogue of a dmucleoside phosphate 
was synthesized The carboxymethylnucleoside chosen 
was 5’-O-carboxymethyl-2’,3’-O-isopropylidmeuridine (1) 
This was obtained as the sodium salt by treating the 
disodio-derivative of 2’,3’-O-1sopropyhdmeundime with 
sodium chloroacetate in dimethylsulphoxide In addition 
to the desired product, small amounts of 3-carboxy- 
methyl-2’,3’-O-isopropylidineuridine (II) and 3-carboxy- 
methyl-5’-O-carboxymethyl-2’,3’-O-1sopropylidmeuridine 
were formed If the monosodio-derivative of 1sopropylidi- 
neuridme was used the major product was JI ‘I, as the 
pyridinium salt, was condensed with 5’-O-tritylthymidimne 
m the presence of dicyclohexylearbodumide and the 
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trityl and isopropylidine protecting groups removed 
with 80 per cent acetic acid to give the dinucleoside phos- 
phate analogue, 3’-O-(uridin-5’-yl-glycollyl)-thymidme 

TI had Amax 264 mu in 0 01 N hydrochloric acid and an 
extinction coefficient of 183 10°. The corresponding 
value for 5’-O-carboxymethyluridine (obtamed from I 
by removal of the 1sopropylidene group with dilute acid) 
was 10 3x 103, and those for uridine and thymidine were 
10 L x 10° and 9 65 x 108, respectively Thus the extinction 
coefficient of ITI 1s 7-8 per cent lower than that calculated 
by summation of the corresponding values for the constitu- 
ents of the molecule This hypochromic effect 1s larger 
than that of about 3 per cent found for dithymidine phos- 
phate ın acid solution!*, and greater than the value of 
about 5 per cent found for polyuridylic acid!® This can 
be explamed by the fact that the mternucleoside hnkage 
in IEE 1s more flexible than the phosphodiester linkage 
and therefore allows greater mteraction between the 
bases than 1s the case with the oligonucleotides It may 
be noted that the hypochromic effect for p',p?-diadeno- 
sine-5’-pyrophosphate 1s considerably greater than that 
for diadenylic acid and that this has been attributed to 


the same effect°. 
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Solutions of ITI and polyadenyhic acid in buffer, pH 6 3, 
of various ionic strengths showed no hypochromic effect 
when mixed This result was not surprismg because 
thymidine-containing oligonucleotides of cham length 
less than five showed no hypochromic effect with poly- 
adenyhe acid?! 

Because of these results we decided to synthesize a 
polymer of a carboxymethylnucleoside We used 3-0- 
carboxymethylthymidine, which was obtained as follows 
The disodio-derivative of 5’-O-tritylthymidine was treated 
with sodium chloroacetate ın dimethyl sulphoxide to give 
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the sodium salt of 3’-O-carboxymethyl-5’-O-tntylthym- 
dine (IV) as the major product Some 3-carboxymethyl- 
5’-O-tritylthymidine was also produced 

The compound IV was obtamed pure by fractional 
crystalhzation and the trityl group removed with dilute 
acetic acid to give 3’-O-carboxymethylthymidme This 
was polymerized ın the presence of a tenth molar propor- 
tion of IV (to act as a chain termmator) m concentrated 
solution in pyridine by the use of dicyclohexylearbodumide 
The terminal trityl group was removed by treatment 
with dilute acetic acid, and the product dissolved in 
dimethylformamde, dialysed exhaustively against dı- 
methylformamide and finally agamst water or salt solu- 
tion to give a polymer of structure V Although the 
solubility of the polymer ın aqueous solution was low 
{about 4 ug/ml), this was sufficient for hybridization 
experiments with polynucleotides The extent of hybnd- 
ization was determined by measurmg the hypochromic 
effect obtained on mixing solutions of the polymer with 
solutions of the polynucleotide With polyadenyhic acid 
a hypochromie effect of about 8 per cent was shown at 
room temperature in 1 M sodium chloride and in water, 
but there was no effect with polyuridyhe aad or with 
denatured DNA. 








A solution of the polymer in dimethylformamide was 
fractionated on ‘Sephadex DH-20’. The results showed 
that part of the material was excluded and part just 
included in the gel The material that was excluded 
therefore had a molecular weight greater than about 
4,000. Both the fraction excluded from the ‘Sephadex’ 
and that mcluded showed a hypochromuic effect of 7-8 
per cent with polyadenyhe acid ın water. A solution of 
the excluded fraction in water was allowed to stand at 
room temperature for two weeks On refractionation in 
dimethylformamide solution on ‘Sephadex LH-20’, all 
the material was still excluded from the gel which showed 
that the polymer was stable ın these conditions. 

These results mdicate that the polymeric thymine 
derivative was mnteracting with polyadenylic acid prob- 
ably by means of specific hydrogen bonding as ın the case 
of natural polynucleotides An imteresting feature was 
that this interaction occurred in water as well as in salt 
solution, ın contrast with the natural polynucleotides 
which do not mteract at low ionic strengths" This 
suggests the possibility that polymers of this type might 
interfere with the function of messenger RNA ın biological 
systems e 

We thank Professor M Stacey for his mterest, the 
Medical Research Council and the British Empire Cancer 
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Laser Heating of Coal Particles in the 
Source of ‘‘Time-of-Flight” Mass 
Spectrometer 


DURING general investigation of the processes that occur 
in the combustion of pulverized coal, experiments have 
been undertaken to develop methods for determming the 
nature of products formed by the rapid thermal decom- 
position of coal particles, especially those evolved in 
the very early stages of decomposition In previous 
work! the yields of the stable decomposition products 
evolved from small coal particles during the first mulh- 
second of flash heating were determined by quenching 
the products ın an inert atmosphere Using this method, 
however, 1t was not possible to determine whether free 
radical fragments constituted part of the primarily 
evolved species Recent work on the pyrolysis of lump 
coal usmg'a laser beam has suggested that free 1adicals 
of molecular weight of about 100 are evolved?, but in 
these experiments the products arose both from complete 
vaporization within the crater formed by the direct 
beam and from relatively slow low-temperature pyrolysis 
around this crater 

In the experiments reported here, coal particles were 
heated m the source of a Bendix time-of-flight mass 
spectrometer and the spectra of the materials evolved 
have been recorded 

A thm layer of particles of coal (Coal Rank Code No 
902- C, 809, H, 48, O, 121 per cent dmmf basis), 
smaller than 10 um m size, was placed on the upper 
polished end of a quartz rod that projected vertically 
through a vacuum seal in the base of the source-housing 
of the spectrometer, the upper end of the rod bemg located 
Just below the 10on grids of the source A ruby laser was 
mounted above the housing and the focused beam entered 
the source vertically through a quartz window and passed 
between the grids to strike the coal particles within a 
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circular area of about 1 mm diameter The output from’ 
the laser was about 0 7 J which corresponded to a radiant 
flux falling on the surface of about 100 kW/cem? The 
weight of coal heated in this way was approximately 1 pg 

The pyrolysis products from the coal travelled only 
about 1 em in the high vacuum of the mass spectrometer 
before reaching the 1on1zing électron beam, thus minimiz- 
ing the chance of secondary reactions occurring before 
analysis ‘The mass spectra of the reaction products 
were shown on an oscilloscope and recorded using a 
high-speed drum camera, the inte1val between successive 
recorded spectra was 200 ys The first spectrum of the’ 
products of laser pyrolysis, recorded within 200 us of the 
laser pulse, showed an unusual distribution of peaks that 
could not be satisfactomly explamed by the cracking 
pattern of the low molecular weight decomposition 
products that are normally found m coal carbonization, 
and it was noted that the higher molecular weight materials 
normally found ın coal tars were absent A typical 
example of such a spectrum, obtained at 70 eV, 18 shown 
in Fig la From this spectrum, and from others produced 
at lower electron energies, the followmg observations 
have been made about the nature of the initial products 
from the laser pyrolysis of the coal 

(L) Radicals and atoms In the spectrum produced 
at an electron energy of 70 eV the peak at mass 15 (CH,) 
was higher than that at mass 16 (CH,); at the much 
lower electron energy of 13 eV (Fig 1b), at which the mass 
16 has almost disappeared from the spectrum, the 15 
peak persisted This suggests that the 15 peak 1s derived 
from methyl radicals and not from the cracking of CH, 
or methyl substituted hydrocarbons because at 13 eV 
the 1onization voltage was too low to rupture the C—CH, 
or C-—-H bonds Similarly, the peaks at masses 1 and 2, 
which are caused by H and H., show a much higher mass 
1/mass 2 ratio than 1s usual for molecular hydrogen The 
conclusion 1s that some of the mass 1 peak 1s caused by 
hydrogen atoms in the pyrolysis products The peak of 
mass 12 (carbon atoms) 1s too high to be accounted for 
by the cracking patterns of the hydrocarbons present 
and ıt is concluded therefore that carbon atoms generated 
during the pyrolysis also contribute to this peak 

(2) Polyacetylenes The 26 peak, attributed to 
acetylene, ıs the principal hydrocarbon product and 1s 
accompanied by peaks at 50 (diacetylene) and two peaks 
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Fig 1 Mass spectrum of coal products a, at 70 eV electron energy, 
b, at 13 eV electron energy. 
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at 74 and 98 which are tentatively assigned to tri- and 
tetra-acetylene 
(3) Ions The peaks at masses 7, 23 and 39 were 
detected even at zero electron energy and these are attri- 
buted to ions of the alkali metals, lithium, sodium and 
potassium Confirmatory experiments, m which carbon 
black and phenanthrene were heated with and without 
sodium and potassium salts, showed that these 1ons did 
not originate from the surface of the quartz rod 
The results show that reactive species are evolved fiom 
coal on laser heating, but the temperature reached by the 
particles during the heat treatment 1s not known The 
height of the peak of mass 12 suggests the presence of a 
relatively high concentration of carbon atoms and mdi- 
cates therefore that at some stage in the heating, tempera- 
tures of several thousands of degrees centigrade may have 
been reached The technique has, however, been shown 
to be suitable for detecting radicals and atoms, 1f present, 
and will therefore allow critical examimation of spectra 
obtained by heating solids at a range of energies of laser 
radiation 
We thank Professor J C Robb for many stimulating 
discussions 
W K Joy 
W R LADNER 
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Preparation and Use of Porous Sheets 
with Enzyme Action 


Two of the most important factors affecting the 1ate of 
catalysis by “imsolubihzed’”’ enzymes are the rate of dif- 
fusion of substrate molecules from the bulk of the solution 
to the attached enzymet? and the imteraction between 
the charged groups on the support materal and the 
charged groups of the substrate molecules? 

Many methods! are now available for coupling enzymes 
to insoluble supports, but they usually result ın a support 
with a net negative charge Preparations of enzymes 
which attack neutral or negatively charged substrates 
such as ATP or NADH have activities which often seem 
to below This 1s generally caused by electrostatic repul- 
sion between the substrate and the support which results 
in the attached enzyme having a high apparent Michaelis 
constant compared with that of the free enzyme! It is 
therefore an advantage for such enzymes to be attached 
to supports with net positive charges In preparing these 
types of support, we have found that for attachment of 
enzymes to cellulose and cellulose derivatives ıt ıs an 
advantage if the net charge on the support ıs of opposite 
sign to that carned by the enzyme at the pH of attach- 
ment In most cases attachment 1s carried out ın slightly 
alkaline medium (pH 7-9) Because the isoelectric points 
of many enzymes are less than pH 7, they are negatively 
charged above this pH and the support should therefore 
be positively charged 

Kay and Crook’ have attached chymotrypsin to mono 
and dichloro-s-triazinyl celluloses By modification of 
their technique 1t 1s possible to prepare support materials 
with net negative or positive charges and, if necessary, to 
alter the sign of the charge on the support after enzyme 
attachment, for example, by reacting the remaining 
chlorines of the support with a suitable amne Using the 
original method of Kay and Crook we have attached 
chymotrypsin to a dichloro-s-triazinyl cellulose paper 
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(prepared from Whatman No 1 filter paper) and to a 
dichloro-s-triaziny] filter cloth To attach §-galactosidase 
and pyruvate kinase to these papers, however, 1t was first 
necessary to react the dichloro-s-triazimyl cellulose with a 
02 N solution of N-(3-ammopropyl)-diethanolamine 
(Aldrich Chemical Co ) at pH 70 for 75mm This results 
m a positively charged cellulose de1ivative It also has 
the effect of removmg any free cyanuric chloride still 
remaining in the dichloro-s-triazinyl cellulose Very small 
amounts of cyanuric chloride can inactivate some enzymes 
presumably by reacting with certan groups (for example, 
sulphydry]) in ther active sites After this pre-treatment, 
the paper was reacted with the enzyme for 10 min at 
pH 72 and 25°C 

We have also attached B-galactosidase, creatine kmase 
and lactate dehydrogenase to chloro-amino-s-tuazinyl 
derivatives of DEAE-cellulose pape: (Whatman DE 81) 
Dichloro-carboxymethyl amino-s-ti1azine was reacted with 
DE 81 paper at pH 110 for 3 mn and, afte: thorough 
washing at pH. 2 0, the resulting product was reacted with 
6-galactosidase at pH 8 for 2h at 25°C This technique 
was slightly modified for the attachment of creatine 
kinase Lactate dehydiogenase was attached to DE 81 
pape: by a similar techmque (unpublished work) using 
dichloro-s-tirazime ‘Procion’ dye ‘Brilhant orange MGS’ 
(Mayborn Products) The behaviour of these sheets has 
been investigated by passmg substiates through them ın 
various conditions Some examples are shown in Fig 1 
All these preparations, with the possible exception of 
pyruvate kinase, were stable for at least several months 

In most conditions, packed beds with enzyme action 
are theoretically more efficient than continuously fed 
stirred tanks for performmg biochemical conversions? 
Porous sheets are a particular case of packed beds and 
have many operational advantages Reactors using 
several sheets stacked in series are easily set up and 
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Fig 1 The effect of flow rate on the proportion of the rate-hanting 
substrate converted to product durmg passage through an enzymatically 
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+ Lactatedehydrogenase 014 mM sodium pyruvate 74 25° 
@ 8-Galactosidase 2 : mar o-mtrophenyl-galac- 72 25° 
oside 
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@ Chymotrypsint 10 mM acetyltyrosine- 80 22 
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© Chymotrypsin 1 per cent (w/\) casein 85 22° 
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operated On an indusirial scale, filter cloths with 
enzyme action can be mounted m a plate-and-frame filter 
press, in the laboratory scale, small pieces of active 
paper can be used by mounting them in a filter holder 
(Gelman Instrument Co, Michigan) In this way, good 
flow rates can be obtamed without plugging or channelling, 
and the bed size can readily be altered by adding or 
removing sheets By using several sheets with different 
enzymes attached, 1b 1s possible to build a “multi-enzyme” 
reactor 
We thank Mr R M Patel for technical assistance 
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De-esterification using lon Exchangers 


Tow exchangers, as the name ımphies, are used prmeipally 
for the removal of unwanted ions. but they have also 
been used for 1ome catalysis. In particular, cation 
exchangers ın the H+ form have been employed to catalyse 
reactions requirmg H+ in which the product is required 
free from acid 

The hydrolysis of esters can be catalysed by acids or 
bases, but the latter are more effective Esters of different 
types of alcohol (primary, secondary, hemuiacetal) have 
different stability to base-catalysed hydrolysis This 
property was employed im the selective hydrolysis of 
peracetylated sugars with acetonic potassium hydroxide 
to give compounds which are esterified at the primary 
hydroxyl groups only“? The sugar products of these 
reactions were accompanied by potassium acetate from 
which they had to be separated 

This communication describes the use of anion exchange 
columns to accomphsh two tasks first, to catalyse the 
hydrolysis of esters and, second, to absorb the acid so 
formed Peracetylated sugars and sugar alcohols were 
used as starting materials Preliminary experiments 
indicated that weak anion exchangers such as ‘Dowex 3’ 
or “Duolite A6’ were not effective and so ‘Dowex I’ was 
used A column of this material effectively hydrolyses 
8-glucose pentacetate or §-galactose pentacetate to the 
free sugar, or sorbitol hexacetate to the alditol at room 
temperature If, however, the temperature 1s below 
5° C, then the deacetylation 1s not completed Thus 
‘Dowex 1’x1 50-100 mesh (400 g) was equilibrated 
with normal sodium hydroxide, washed three times with 
water and twice with actone water 1 1 and placed m a 
cooled Liebig condenser measuring 200 x 2 em and washed 
with acetone—water until the pH of the eluant was below 8 
Ten grams of $-glucose pentacetate or 8-galactose pent- 
acetate m 20 ml acetone was then applied to the column, 
which was mamtaimed below 5°C The column was eluted 
with acetone-water The first 650 ml of eluate contamed 
the products, which were a mixture of several acetates of 
the sugars, with 6-O-acetyl glucose or 6-O0-acetyl galactose, 
respectively, predominating These were crystallized 
and identified When sorbitol hexacetate was apphed, 
thm layer chromatography of the eluate (silca-gel D5 
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from Camag developed with chloroform methanol, 88 12, 
and made visible with 10dine), showed the product to be 
a mixture of acetates Of these, the 1,6-di-O-acetyl 
sorbitol predominated Also present were monoacetyl 
sorbitol, estenfied at a primary alcohohe group, and 
triacetyl sorbitol (esterified at Cl, C6 and C2 or possibly 
C5) and some tetraacetyl sorbitol 

At both room temperature and in the cold, the column 
absorbed the acetate that was formed Attempts to 
use the column for a third task, namely, that of separating 
the sugar-ester products fiom each other, were unsuc- 
cessful 

Preliminary experiments indicate that the method of 
1on exchange de-esterfication would be widely apphed, 
not only for sugar esters but also for hpıds Thus glyceryl 
tripropionate was hydrolysed to a mixture of glycerol 
and monoglycerate A paper chromatogram of the latter 
reacted slowly with alkalne permanganate-pericdate 
sprayt (for glycols), and weakly with the alternate 
periodate—p-anisidine spray® but strongly with alkaline 
hydroxylamme-acidic ferric chloride spray® (for esters) 
Quantitative periodate oxidation confirmed that ıb was 
a mixture of a- and B-monopropionn The mixture 
could have arisen as a result of acyl migration’ 

Polyacetylated oligosaccharides can also be deacetylated 
m this fashion, for the ‘Dowex 1’ column does not affect 
most glycosidic linkages Even the relatively labile 6- 
fructofuranoside lmkage ıs not hydrolysed, and, on 
deacetylation, sucrose octacetate gave sucrose admixed 
with sucrose monoacetate On the other hand, in swtable 
conditions, ‘Dowex 50’ and other cation exchangers 
hydrolysed glycoside bonds but not acetyl bonds 

I thank Professor J Leibowitz for his advice and Mr 
M Levanon for his technical assistance 
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RADIOBIOLOGY 


Attenuation in the Chest Wall of 
20 keV X-rays from an Inhaled 
Radioactive Aerosol 


EXTERNAL counting of the low intensity L uranium 
X-rays (energies 13 6, 16 9 and 20 2 keV) ıs a promising 
technique for the estimation of insoluble compounds of 
plutonium m the human lung These low energy radia- 
tions are, however, very easily absorbed in the tissues of 
the chest wall, the half-value thickness (HVT) 1s about 
07 cm of soft tissue and only 003 cm of bone The 
effects of variations in body build are clearly important 
and difficult to assess, and calibration of the counting 
equipment 1s a severe problem One approach has been 
the use of a phantom! or cadaver? In neither of these 
eases 1s there any certamty that the radiation from 
plutonium inserted mto the chest cavity will undergo the 
same attenuation by surrounding tissues as in vivo 

There are now techniques for the preparation of mono- 
disperse aerosols of polystyrene particles, labelled with 
radio-nuclides, and suitable for mhalation by volunteers’. 
This has made ıt possible to study the plutonium calibra- 
tion problem ın vwo, using radio-nuclides which decay by 


<- elimination from the lung was complete. 
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-orbital electron capture, and so emit characteristic 
— X-rays. As the first radio-nuclide for investigation we 
~ ehose I7 day palladium-103, which emits the charac- 


teristic K X-rays of rhodium (Ka at 20-2 keV, Kp at 
-22-8 keV) and is thus very suitable as a component of 


= o moek plutonium’’. 
-Irradiated palladium was purified and converted into 
the bis-diethyldithiocarbamate, which was dissolved in 
<- xylene containing 0-2 per cent of polystyrene. Because 
- the palladium-103 emits no significant gamma-radiation 
we used 27-9 day chromium-51 to provide a “label” 
(0-323 MeV gamma-rays). This was added to the poly- 
styrene solution as the acetylacetonate, to give a mixture 
of approximately equal activities at the beginning of the 
experiments. A monodisperse aerosol of polystyrene 
| particles 5 um in diameter was generated by the spinning 
“disk technique’. 
=o Keven healthy adult men volunteered to inhale the 
radioactive aerosol; the weights and heights of the sub- 


-jects covered a wide range as shown in Table 1. The lung 


-< eoritents of chromium-51 were determined by gamma-ray 
spectrometry using two collimated crystals of NalI(TI), 





15 em diameter by 8-9 cm thick, placed above and below 


the chest of the supine subject as described elsewhere*. 
< From the estimated contents of chromium-51 (Table 1) 
_. the contents of palladium-103 were calculated from the 
© known initial activity ratio and the half-lives. 

The X-rays from the. palladium-103 were measured 


inside a lead shield with a gas-flow (90 per cent Ar, 10 


per cent CH,) proportional counter, approximately 30 cm 
square, placed about 1 cm above the highest point of the 
chest of the supine subject. This counter, which will be 
described in detail elsewhere, uses the multi-wire method 
of internal anti-coincidence for background reduction‘. 
The main counting volume of 9 1. is defined on four sides 


«by 103 wires which also form the cathodes for thirty-nine 


anti-coincidence counters; these reduce the background 
response from about 725 c.p.m. to 13 ¢.p.m. above a 


oe ‘threshold of 8 keV. A further reduction to 4 e.p.m. 


results from the use of pulse rise time discrimination‘, 
“which also reduces the contribution at low energies from 
the chromium-51 gamma-rays, but without affecting sig- 
nificantly the response to 20 keV X-rays. For these 
‘experiments, an energy band of 14-29 keV was used and 
the background in this band was 2-3 c.p.m. 

The counting rate per microcurie of palladium-103 was 
determined at various times after the inhalation, and in 
Fig. 1 the results are plotted as a function of the ratio of 
weight to height (a measure of the average cross-section 
area of the body) for the seven subjects. Two sets of 
results are shown—those obtained from the first measure- 
-o ment after inhalation and the average of those obtained 

after 48 h and up to 14 days, when the early phase of 
At 48 h the 
average retention was 69 per cent (range 62-76 per cent). 
“and in all subjects the retention was decreasing only 
z slowly. 
< There is a remarkable degree of correlation between the 
-counting efficiency and the crude measure of body thick- 
ness represented by the ratio of weight to height. A very 
similar correlation was observed when the results were 
plotted against the chest circumference. There was only 
a small change in the counting efficiency as a result of the 
removal of some 30 per cent of the activity, presumably 
from the ciliated region of the lung. There was no sig- 





Table 1 
È Chest 

Weight Height — circum- Radioactivity 

Subject Age (kg) (em) ference inhaled, uci 
(em) acr  wPa 

DVB 46 G15 184 88-6 0-304 0-226 
DN. 30 64-5 170 93-5 0-098 0-081 
BPR 40 70-5 178 95 O278 0-172 
TEMS 56 79-5 180 96-3 0-260 0-171 
aR. 42 80-6 178 99-7 0-367 0-273 
NGS. 51 88-0 183 105 0-311 0-205 
TWO. 47 107-6 194 14 0-315 0195 
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Fig. 1. Variation of counting efficiency with the ratio weight/height. 


O, Measurements at about 30 min after inhalation; x, average of 
measurements made between 2 days and 14 days after inhalation. 


nificant systematic change after 2 days; when we ignore 
effects of statistical fluctuations, the range of all the values 
for any one subject corresponds to a change in average 
absorption of only 5 mm of soft tissue (about half one 
HVT at 20-2 keV). 

The factor of eight between the efficiencies for the sub- 
jects at the extremes of build corresponds to a difference 
in absorption of about 3 em of soft tissue, and this is in 
very good agreement with the results of investigations 
using ultrasonics for subjects of similar builds’. In that 
method, however, only the soft tissue thickness external 
to the rib cage was measured, whereas our measurements 
give results which include the effects of the ribs, and of 
differences in the size of the lungs which affect the 
geometrical efficiency. 

Because the uranium L X-rays emitted by plutonium- 
239 have energies between 13-6 and 20-2 keV, the varia- 
tions in absorption of that radiation among subjects will 
be even bigger than observed by us. It should also be 
pointed out that the fraction of counts attributable to 
Kg radiation (22-8 keV) from palladium-103 in the lung 
is higher than that from a bare source, so that this method 
probably under-estimates the effects of absorption at 
20-2 keV. We propose to carry out further experiments 
using other radio-nuclides which emit X-rays of lower 
energies and with more efficient counters being developed 
commercially from our design. 
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Influence of Micro-organisms on the 
Distribution in Roots of Phosphate 
labelled with Phosphorus-32 


MICRO-ORGANISMS have been shown to affect profoundly 
the uptake of phosphate by plant roots, especially from 
dilute solutions'-*. The way in which they influence the 
distribution of phosphate between different tissues of 
roots has now been examined in autoradiographs. 





Fig. 1, 
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It is thus evident that unless plants are grown under 
rigidly sterile conditions the observed distribution of 
phosphate between the root cortex and other tissues can- 
not be regarded as resulting solely from the metabolism 
of the plant. The extent to which the distribution of other 
ions is influenced by micro-organisms is not known, but a 
number of investigations have shown patterns of accumu- 
lation which are compatible with the view that microbial 
effects could be at least a contributory factor; for example, 
highly localized sites of accumulation of caesium in young 





B 


Autoradiographs showing the distribution of phosphate in transverse sections of roots from barley plants which had been supplied 


for 6 h with 3x10- molar potassium phosphate containing 1 mce. of phosphorus-32/]. A, Plant grown in the absence of micro-organisms; 
B, plant infected at the ambient laboratory level. 


Fig. 1 shows typical results for transverse sections of 
roots of 3 week old barley plants which were grown 
under sterile and non-sterile conditions and which were 
supplied for 6 h with 3 x 10-* molar solutions of potassium 
phosphate containing 1 me. of phosphorus-32. The pro- 
cedures for plant culture have been described by Barber‘; 
autoradiographs were prepared by the method of 
Jrossett?. 

In roots which were grown in sterile conditions, phos- 
phate was distributed relatively uniformly throughout 
the cortex and there was a marked accumulation in the 
stele. The presence of micro-organisms, however, led to 
considerable concentration of phosphate in irregular zones 
close to the root surface. These are attributed to the 
accumulation of the ion in colonies of bacteria, for micro- 
scopic examination showed that there was no fungal 
invasion of the cortex. This accumulation of phosphate in 
micro-organisms is readily compatible with the observa- 
tion that nucleic acids account for a considerably larger 
fraction of the recently absorbed phosphate in infected 
than in uninfected roots®3 5, 

The extent of microbial infection in the root (Fig. 1B) 
is likely to be less than the infection which frequently 
occurs in water culture because, in order to ensure com- 
parability between sterile and non-sterile plants, all the 
seedlings were initially grown in sterile conditions, infec- 
tion being brought about by aeration with unfiltered air. 
Autoradiographs in which the peripheral accumulation of 
phosphorus-32 was continuous have been prepared by 
Crossett? from the roots of maize plants which had been 
grown from germination without any attempt to exclude 
micro-organisms; he suggested that concentration of the 
jon in bacteria might be responsible. 


barley roots? and the concentration of iron in the super- 
ficial tissues of pea roots’. 
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MICROBIOLOGY 


Stimulative Vaporization of Phenyl- 
mercuric Acetate by Mercury-resistant 
Bacteria 

PHENYLMERCURIC acetate (PMA) has been widely used 
as a fungicide and as a disinfectant. It is well known 


that the antibacterial action of mercuric compounds 
results chiefly from their interference with essential 
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PMA (ug/ml ) 
Radioactivity (10° c pm jml ) 





40 80 
Min 


120 


Fig 1. Uptake of *%Hg-PMA by mercury-resistant bacteria ‘I'he 

washed cells of the organism (8 8 x 10°) were incubated ın 1 ml cf0 02 M 

phosphate buffer, pH 7 2, contaiming 90 ppm PMA Radioactivity in 

the whole medium (©), supernatant fluds (A), and cells (C) was 

assayed PMA in supernatant fluids (A) was also assayed colori- 
metrically 


sulphydryl groups of organisms There are, however, 
reports that some micro-organisms are resistant to mer- 
curie compounds Russell! showed that a mercury- 
resistant strain of Pencilleum roquefortt Thom was 
able to absorb a large amount of mercury from nutrient 
media containng PMA Stutzenberger and Bennett? 
have shown that Staphylococcus aureus 1s more resistant 
to mercurie compounds in the presence of Escherichia 
cola which produces extracellular glutathione and hydrogen 
sulphide This communication deseribes an experiment 
in which a large amount of PMA was absorbed by mercury- 
resistant bacteria The PMA was located chiefly on 
the bacterial surface and ıt was biologically stimulated 
to cause vaporization there 

The mercury-resistant mucro-o.ganism was isolated 
from sol by enrichment culture contaming glucose, 
mineral salts, vitamins and PMA The sonl from which 
the micro-orgamism was isolated was heavily contamin- 
ated with PMA The micro-organism produced water- 
insoluble red pigment and possessed general characteristics 
of the genus Pseudomonas The growth of the organism 
was inhibited at concentiations of 450 ppm im mercuric 
chloride, 120 ppm m PMA and 20 ppm im ethyl- 
mercuric phosphate These concentrations were about a 
thousand times greater than those of other bacteria like 
Escherichia colt and Pseudomonas aeruginosa 

The organism was grown in medium contaiing glucose, 
muneral salts and vitamins on a shaker When the washed 
cells of the organism were incubated in 0 02 M phosphate 
buffer, pH 7 2, contammg PMA labelled with mercury-203, 
PMA was taken up by the organism (Fig 1) PMA was 
assayed by the colour formed from reaction with dithizone 
ın chloroform? Radioactivity ın the cells, supernatant 
fluids and the whole medium was assayed with a scintilla- 
tion counter The PMA-bound organism was disrupted 
by Braun’s cell homogenizer with beads for 5 min so 
that the intracellular distribution could be studied, and 
then ıt was differentially fractionated by centrfugation 
Results obtamed showed that 76 per cent of radioactivity 
was present in the pellet obtained after centmfugmg at 
2,000g for 15 min, although 12 per cent of protem was 
present ın this fraction (Table 1) Bound PMA could be 
easily extracted with 01 M acetic acid A mercuric 
compound extracted from the cell was compared with 
standard PMA by thin-layer chromatography—no differ- 
ence could be found between them 
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Table 1 DISTRIBUTION OF *Hg-PMA TAKEN UP BY MEROURY-RESISTANT 
BACTERIA* 
Radoactivity Protem 
Fraction 10 cpm % mg % 
Homogenate 884 100 450 100 
2,000g, 15 min, pellet 1 264 76 52 12 
14,0007, 15 min, pellet 2 34 10 68 15 
37,0007, 15 min, pellet 3 49 14 77 17 
100,0007, 60 min, pellet 4 15 4 16 4 
Supernatant 4 6 2 23 0 61 


* The organism was disrupted after incubation for 2 hin the same condi- 
tions asin Fig 1 


Table 2 ABSORPTION OF VAPORIZED RADIOACTIVE MERCURY BY ACTIVE 
CARBON 
Radioactivity 
Organism Added PMA Medium Carbon 
epmj/ml % cpmj/ml % ecpmjml % 
Not added 4,220 100 4,054 96 129 3 
Added 4,220 100 1,527 36 2,800 67 


To find the fate of cell-bound PMA, the PMA-bound 
organism was transferred to a fresh culture medium 
containing glucose, mineral salts and vitamms The 
composition of this medium was as follows 25 g of 
glucose, 02 g of KH,PO,, 16 g of K,HPO,, 1 gof 
(NH,).S0,, 02 g of MgSO, 7H,0, 0 02 g of CaCl, 2H,O, 
0 1gof NaCl, 0 01 gof FeSO, 7H,0, 0 5 mg of Na,MoO,, 
05 mg of Na,WO,, 05 mg of MnSO,, 400 ug of Ca- 
pantothenate, 200 yg of p-aminobenzoic acid, 400 pg 
of pyridoxine hydrochloride, 400 ug of thiamine hydro- 
chloride, 400 ug of riboflavine, 2 ug of biotin, 05 ug of 
vitamin B,., 11 of distilled water, pH 7 2 

It was found that cell-bound radioactivity disappeared 
rather rapidly from the culture before the beginning of 
growth (Fig 2) The pH of the culture medium changed 
only from 72 to 67 during this 53 h of incubation 
Free PMA, however, hardly disappeared from the solution 
in the same conditions When the organism was incubated 
directly with radioactive PMA in cultwe medium, the 
disappearance of radioactivity from the culture was also 
observed A modified type of Conway s microdiffusion 
apparatus‘ was used to trace this vaporized radioactive 
mercury It consisted of a glass container resembling a 
Petri dish (83 mm in inner diameter and 26 mm deep), 
within which was placed a smaller dish (50 mm in diameter 
and 13 mm deep) 1 g of active carbon was introduced 
mto an inner dish In an outer dish which was tightly 
sealed, the organism was incubated in 10 ml of culture 
medium with 15 ppm PMA for 24h at 25°C The 
result showed that the vapomzed radioactivity was 
completely recovered by carbon (Table 2) It 1s obvious 
therefore that PMA was bound to the bactenal surface 
and then it was biologically stimulated to cause the 
vaporization of mercury The vaponzation, however 


Radioactivity (10? c p m /ml ) 
OD at 470 my (dilution x 4) 





Hours 


Fig 2 Vaporization of cell-bound **Hg-PMA PMA-bound cells were 

transferred to fresh culture medium and mcubated Free PMA was also 

incubated in the same conditions as described here Radioactivity 

1n the whole medium (@) and supernatant flmds (©) and in free PMA 

solution (O) was assayed ‘The specific activity was 232 c p m per ug 

of PMA Growth (A) was esr by reading the optical density at 
mg 
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‘was not stimulated by heated cells, by cells treated with 
acetone or toluene, nor by disrupted cells The vaporiza- 
tion was inhibited at concentrations of PMA higher than 
150 ppm and it was enhanced by cells pre-meubated 
with PMA The mechanism of the vaporization 1s not 
clear, but there are two possibilities The first 1s that the 
vaporization 1s stimulated by a gaseous substance evolved 
from the bacterial surface on which PMA 1s bound The 
second possibility ıs that there 1s a chemical conversion 
of PMA to a substance which is more volatile than PMA 

Evidence was obtained which suggested that the vapor- 
ized mercuric compound was different from PMA This 
idea was suggested when the vaporized compound 
absorbed to ferric hydroxide was examined by thin-layer 
chromatography after extraction with ethylacetate ın 
the presence of hydrochloric acid This, however, does 
not preclude the first possibility It seems to be interesting 
that the environment contaminated with PMA 1s purified 
by the organism capable of removing PMA from its 
environment This then results in the proliferation of 
the organisms 
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Action of Hydroxyurea on 
Multiplication of Influenza Virus 
in Mammalian Cells 


HYDROXYUREA has been reported to be a specific ın- 
Inbitor of DNA synthesis ın vitro and in vwol? In- 
hibition results from interference with the reduction of 
ribonucleotides to deoxynbonucleotides!3»4 Hydroxyurea 
has also been shown to mbit the multipheetion of 
vaccinia virus® and T, bacteriophage® There has been 
some controversy concerning the part played by the host 
cell genome in the multiplication. of the influenza virus?® 
Hydroxyurea was used in this study to gain msight into 
this question 

In 1961 Wong and Kilbourne? described a clone of a 
morphological variant of Chang’s conjunctival cell which 
supported the complete growth of influenza virus These 
cells (clone 1-5c-4), grown ın 60x15 mm Petr dishes?®, 
were used throughout our investigations Influenza 
AJNWS adapted to this cell line was provided by Dr 
E D Kilbourne The virus was propagated in embryona- 
ted eggs and stored at —70° C In all experiments, the 
input multiplicity was 8-10 Pru/cell and the monolayers 
were mamtained under Hagle’s medium contaming two 
times vitamins, ammo-acids, glutamine and 01 per cent 
bovine serum albumin fraction V After infection the 
cultures were incubated at 37° C in a humidified atmo- 
sphere contaming 5 per cent carbon dioxide for 24 h 
The supernatant fluds were then removed, cleared by 
low speed centrifugation and titrated for haemagglutin- 
ating activity, using serial two-fold dilutions, and mfec- 
tivity using half-log dilutions in embryonated eggs 
Hydroxyurea was found to mhibit the haemagglutinin 
production of virus infected cultures This effect was 
observed ın cultures that were frozen and thawed (total 
virus) as well as those in which only the supernatant 
fractions (extra-cellular virus) were analysed 
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Table 1 EFFECT OF VARIOUS CONCENTRATIONS OF HYDROAYUREA ON THE 
HAEMAGGLUTINATION AND INFECTIVITY TITRES OF INFLUENZA A/NWS 
GROWN IN 1-5c-4 CELLS 


Concentration of Haemagglutination* Infectivity 
hydroxyurea (molar) titre EIDs,{ml t 
10-3 14 107 13 
10> 14 40-7 33 
10+ 18 Jo- ss 
10 1 32 10-7 35 
10- 1 64 10-7 35 
Control 1 64 10-7 2 


* Two-fold dilutions using 0 5 per cent fowl red blood cells 
+ Negative logarithm to the base ten 


The optimal concentrations of hydroxyurea producing 
this effect were 10-2 and 10- M as shown in Table 1 
Both concentrations seemed to be equally effective in 
reducing the haemagglutinin yield, without an appreciable 
effect on the infectivity titre of the virus produced in this 
tissue culture system Higher concentrations of hydroxy- 
urea were toxic to the cells during the experimental 
period, and lower concentrations did not produce an 
optimal effect When a sample of a standard preparation 
of virus was incubated with 10-2 M hydroxyurea for 
1 h at 37° C and a similar sample without hydroxyurea 
was titrated, the haemagglutinating activity and ın- 
fectavity titres were the same. 

Fig 1 shows that the pretreatment of the cell cultme 
for 1 h was essential for the hibition of haemagglutin- 
ating activity, longer pretreatment periods did not alter 
the effect If hydroxyurea was added with the virus or 
any time after infection, a gradual decrease in the in- 
hibition of haemagglutinating activity production was 
observed until 4 h post-infection when there was no 
inhibition of either the haemagglutinin or infectivity 
yields 

The inhibitory action of hydroxyurea on DNA synthesis 
in this system was investigated by determmung the rate 
of incorporation of *H-thymidine into acid insoluble 
material in treated and untreated cell cultures The 
reduction of *H-thymidine into hydroxyurea treated 
cultures was 85-95 per cent of the control cultures This 
inhibition indicates that DNA synthesis, as measured m 
this manner, was effectively inhibited by 10-* and 10-2 
molar hydroxyurea 

The results already described and those reported for 
the action of cytosine arabinoside! suggest that DNA 
synthesis in the host cell is not a necessary condition for 
the replication of influenza virus Although studies with 
actmomyem D have shown that actinomyem D does 
interfere with influenza RNA synthesis'*, they cannot 
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Fig 1 _ Temporal sequence of inhibition of influenza virus haemagglu- 
tinims by hydroxyurea White coinme, control, shaded columns, 
reate 
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rule out the possibility that host cell genome function 
may be essential’:4% This participation of the host cell 
m influenza replication may perhaps be reflected by the 
action of hydroxyurea on the production of functional 
viral haemagglutinin Further efforts at determining the 
effects of hydroxyurea on the multiplication of mnfluenza 
virus in the conjunctival cell system are in progress 
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Cercariae of Schistosoma mansoni and 
Plants: Attempt to penetrate Phaseolus 
vulgaris and Hedychium coronarium 
produces a Cercaricide 


During the development of a method for evaluating the 
penetration of the cercariae of Schistosoma mansoni, a 
large percentage of the larvae were observed to penetrate 
the skin of dead as well as living mice. In addition, 
many cercariae attacked isolated mouse tissue, as had 
previously been reported? Furthermore, similar numbers 
of cercariae entered the skin of a wide variety of rodents 
regardless of whether or not the animals were hosts 
within which the larvae could complete their hfe eyele? 
It :s well known that avian schistosomes penetrate 
mammalian skin where they die, ın man this results in 
a severe dermatitis known as “‘swimmer’s itch’’4 Thus 
these organisms seem to be bereft of any discrumimatory 
mechanism in their attack on mammalian tissues In the 
plant kingdom, cercariae were observed to attempt to 
penetrate the integument of the green string bean, 
Phaseolus vulgaris, lose ther tails ın the process and 
thereby 1mmobilize themselves Investigation of eighty- 
one aquatic plants failed to reveal a similar penetration 
phenomenon, but resulted ın the discovery of a cercarici- 
dal substance which exuded from the cut stem of the 
white butterfly lly, Hedychwum coronarvum 

The method for evaluating the penetration of schisto- 
some cercariae can be summarized as follows Using a 
bacteriologist’s loop, forty cercariae were placed in non- 
wetting polystyrene containers After exposure of 
various materials to the cercariae, the contents of the 
container were poured into a Petri dish, and the intact 
cercaras, cercarial heads and tails were counted The 
number of intact cercariae and heads subtracted from 
the number of cercariae originally added provided the 
number of penetrants, the number of intact cercariae and 
tails provided a check on the cercariae placed in the 
eontaimers In several hundred individual experiments the 
original count was verified in more than 90 per cent, and 
in the remaining 10 per cent 1t deviated by one or, rarely, 
two cercariae As well as using this technique, the 
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behaviour of the larvae on contact with the various 
materials was observed under a dissecting microscope 
After exposure to large numbers of cercariae, samples of 
the plant material were preserved in buffered formalin 
for later sectioning and stainmg with haematoxylin and 
eosin 

When the tails of anaesthetized living Swiss albino 
female mice were exposed to forty cercariae of a Puerto 
Riean stran of S mansom in 5 ml of dechlormated 
water for 30 min, penetration approached 90 per cent 
(Table 1), a high degree of penetration in simiar con- 
ditions was also observed when the mice had been killed 
by cervical dislocation 3 days earlier, maintained at 
—30° C and warmed to room temperature before ex- 
posure (Table 1) In addition, the washed, isolated small 
intestine of freshly killed mice was also invaded by large 
numbers of cercariae (Table 1) A similar degree of 
penetration, as indicated by the disappearance of cer- 
carial heads from solution, was observed when the green 
string bean, Phaseolus vulgaris, was exposed in the same 
conditions (Table 1) 


Table 1 PENETRATION OF FORTY S mansoni CEROARIAE INTO LIVING AND 
DEAD ANIMAL AND VEGETABLE MATERIAL DURING A 30 MIN EXPOSURE IN 
5 ML OF WATER 


No of Per cent 
Material specimens penetration 
Tails of living mice 40 875+0 70 
Tails of dead mice* 10 7654218 
Isolated mouse small intestine 10 61342 36 
Green string bean, Phaseolus vulgaris 10 67 0+2 32 


* Dead 3 days (maintained ın freezer), experiment performed at room 
temperature 


Further studies, usmg the dissecting microscope, re- 
vealed that when the cercariae came mto contact with 
the green string bean, they went through the series of 
penetrating motions described by Stirewalt and Hackey? 
and in the process they lost their tails Staimed sections 
of the beans revealed cercariae in the process of pene- 
tration, but no cercariae were observed beyond the 
superficial outer layers of the vegetable (Fig 1) 

In contrast, exposure of ten specimens each of two 
other vegetables, celery and scallions, and three aquatic 
plants, Pomatogeton, Myriophyllum and Erchorma, re- 
sulted ın no penetration, nor did S manson cercariae 
attack specimens of seventy-eight other species of aquatic 
or semi-aquatic plants which were similarly tested H 
coronarzum, however, had a profound effect on the cer- 
carae When the stem of this plant was cut off just 
above the crown (the usual procedure for studying plants 
with root systems) and inserted into the plastic cup con- 
taimng forty cercariae in 100 ml of water, the cercariae 
were attracted to the stem, the tails broke off, and 1b 





Fig 1 Cereariae of S manson attempting to penetrate the integument 
of the green string bean, Phaseolus vulgaris Stained with haematoxylin 
and eosin (x 200) 
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seemed at first as though the heads were disappearing 
from the solution When a lily stem and the tail of a 
living anaesthetized mouse were placed at opposite ends 
of a container, the separated cercarial tails were divided 
equally between them Further study, however, revealed 
a situation which was completely different from that 
which had occurred with the strmg bean When the 
intact butterfly lly, complete with root system, was 
exposed to cercariae, the larvae did not attempt to 
penetrate the stem of the plant Within a few minutes, 
however, after cut pieces of stem were added to the water, 
the cercariae began to break apart, fell to the bottom of 
the cup and rapidly ceased all movement Even after the 
solid material had been removed by filtration, the solution 
remained toxic to the parasite larvae In contrast, when 
the cut ends of the stems were sealed with silicon stop- 
cock grease, no cercaricidal effect was observed 

The plant kngdom has been associated with schisto- 
somuasis in several respects, for (a) plants are important 
in the ecology of snails, (b) the fruit of several plants are 
reported to show molluscicidal activity, and (c) various 
plants are widely used by practitioners of Chinese tradi- 
tional medicine ın the treatment of schistosomiasis and 
its complications’ Our investigations reveal further 
associations between plants and schistosomes which have 
implications in relation to the distribution and control 
of the disease 
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Filtration of Arboviruses through 
‘Millipore’ Membranes 


CURRENT attempts!* to fit the arboviruses withm a 
universal system of classification have revealed seve1e 
deficiencies ın the knowledge of the basic physical struc- 
tural and biochemical properties of these agents, on which 
proposed systems are chiefly based 

Although virus size 1s not among the properties used for 
classification m one of the proposed schemes’, it never- 
theless seems logically connected with at least one element 
used in that scheme, for markedly dissimilar sizes within 
a collection of viruses may reflect differences in number 
of capsomeres as well as in the triangulation numbers of 
agents with cubic or icosahedral symmetry In addition, 
heterogeneity in size may correspond with heterogeneity 
in still other properties 

The present observations regarding the behaviour of 
arboviruses on filtration through ‘Millipore’ membranes 
were made as part of a continuing vestigation in this 
laboratory Properties other than size may affect the 
filterability of viruses through such membranes, and the 
commercially available membranes represent only a 
lumited range of average pore diameter (APD), and so 
these observations are at best estimates of virus size 
within rather wide lmits rather than accurate size 
determinations 

The technique usually employed was similar in some 
respects to that used with simian viruses‘ Except for 
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group C agents, each virus preparation was made up as 
a 10-2 suspension of infected newborn mouse brain tissue, 
using an electrical blender, with group C viruses (Nos 
13, 14 and 15 in Table 1), a similar dilution of mfected 
serum or whole blood was employed The diluent was 
0 02 M phosphate buffer m physiological saline, pH 7 2, 
to which was added 0 75 pex cent bovine plasma albumin 
(Armour fraction V) Between 50 and 60 ml of the 
freshly prepared virus suspension was spun in a Spinco 
preparatory centrifuge (Model L, Type 40 rotor) at 
15,000 rpm for 30 min or, ın the case of some of the 
larger viruses (Nyamanimi, herpes, Newcastle disease), at 
5,000 rpm for 30mm The supernatant flud was then 
filtered by pressure (20 ps1) successively through filters 
of APD 450, 220, 100 and 50 mp, the diameter of each 
filter was 47 mm and a muicroglass prefilter was used in 
all cases At each stage about 5 ml was reserved for 
infectivity titration The least volume emerging through 
the last filter was 10 to 15 ml The origimal crude sus- 
pension, the supernatant fluid and each successive filtrate 
were titrated by the mtracerebral route of inoculation in 
2-4 day old mice, eight mice being used for each dilution 


Table 1 INFECTIVITY OF ARBOVIRUSES AFTER FILTRATION THROUGH ‘MILUI- 
PORE’ MEMBRANES 
LDso titre of filtrate Estimated dia- 
Virus, strain (APD of membrane in mz) meter of particle 
450 220 100 50 (EDP)* 

(1) Dengue 2, NGB 48749 50 46 EDP <50 

(2) Ntaya, ong 63 53 55 53 EDP <50 

(8) MVE, French 70 70 72 64 EDP <50 

(4) SLE, Parton 70 69 70 66 EDP <50 

SLE, Parton 13 16 09 08 EDP <50 

(5) Chikungunya, Ross 56 55 56 52 EDP <50 

(6) Sindbis, EgAr 339 61 60 54 46 EDP < 50 

(7) EEE, orig 74 74 67 59 EDP < 50 
(8) WEE McMillan 70 75 66 46 50< EDP < 100 
WEE, McMillan 39 39 80 10 50< EDP < 100 
(9) Bunyamwera, ong 63 60 55 28 50 < EDP <100 
(10) Chenuda, EgAr 1152 50 45 85 06 50< EDP < 100 
(11) Kemerovo, R10 54 55 41 11 50 < EDP < 100 
(12) Bwamba, M459 45 44 14 Nt 100<EDP<220 
(18) Caraparu, BeAn 3994 31 19 N N 100 < EDP < 220 
(14) Murutucu, BeAn 974 47 41 15 08 100 < EDP < 220 
(15) Oriboca, BeAn 17 25 20 N WN 100 < EDP < 220 
(16) Bhanja, IG 690 42 81 12 11 100 < EDP < 220 
(17) CTF, Condon 44 45 02 WN 100 < EDP < 220 
18) Ganjam, JG 619 86 86 N N 100 < EDP < 220 
19) Hughes, Dry Tortugas 34 24 04 WN 100 < EDP < 220 
(20) Kaisodi, IG 14132 38 36 17 12 100 < EDP <220 
(21) Quaranfil, EgAr 1095 28 21 0 N 100 < EDP < 220 
(22) Silverwater, 113737 32 29 14 06 100 < EDP < 220 
(28) Thogoto, 24 31 26 06 N 100 < EDP < 220 
(24) Tribee, orig 60 49 10 N 100 < EDP < 220 
(25) Wad Medani, EgAr 492 50 45 26 N 100 < EDP < 220 
(26) Nyamanını, EgAr 1304 44 27 N N 220 < EDP < 450 
Nyamanını, Eg.Ar 1304 23 05 N N 220 < EDP < 450 
(27) Reovirus 3, Tr 23421 54 53 40 086 50 < EDP < 100 
(28) Herpes, HF 27 0 N N 220 < EDP < 450 
(29) NDYV, 98 19 N N N 220 < EDP < 450 


MVE, Murray Valley encephaltis, SLE, St Lows encephalitis, BEE, 
WEE, eastern and western equine encephalitis, CTF, Colorado tick fever, 
NDY, Newcastle disease virus 


* Based on the APD of the two consecutive filters between which dea 
15 or more of virus was removed 

+ Expressed in dex/0 02 ml 

t N indicates no virus recovered 


With a few exceptions, the size of the viruses tested 
was such that they were neither sedimented by the 
centrifugation employed nor excluded by the filter of 
APD 450 mz to a significant degree In nearly all m- 
stances, the infective titre of material passing the 450 
APD membrane was not more than 0 7-10 dex® lower 
than the titre of the original suspension, and this loss 
was caused as much by centrifugation as by filtration 
For our purposes, therefore, the 450 APD filtrate has been 
adopted as the workmg suspension, and reduction of 
infective titres resulting from subsequent filtrations has 
been calculated with reference to 1b rather than to the 
crude original 10-8 brain suspension 

Several viruses not arboviruses (Nos 27, 28 and 29 in 
Table 1) were meluded because thew sizes have been 
reported*8, usually as determined by electron microscopy , 
similarly, for some of the arboviruses included there are 
repoits of measurements, by the same and other tech- 
niques? It was presupposed that the observed degree of 
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“filterabihty of vuiises of known size mthe present system ~~ 


would permit certain mmferences, by analogy, about the 
relative size of the other arboviruses 

The results presented in Table 1 show, not unexpectedly, 
that the viruses tested differed considerably m degree of 
filterabilty, and presumably therefore in relative size, ın 
our expermmental conditions Considering a loss of 1 5 dex 
o1 more ın infective titre as significant, viruses Nos 1-5, 
represented by group B agents and one from group 4 
{chikungunya), were not affected by final filtration 
through the smallest APD used, 50 my Viruses Nos 6-9, 
however, suffered a loss of titre on filtration through the 
50 mu APD membuane, particularly pronounced in the 
case of WEE and Bunyamwera and less so for Sindbis 
and HEE Kemerovo virus (No 11) has been reported’® 
to have a virion size, including its envelope, of between 
60 and 100 my, and 1ts behaviour on filtration corresponds 
well with this size The behaviour of reovirus type 3 
(No. 27) on filtration sumlarly corresponded with its 
reported size of 70-77 mu 

The greatest number of viruses (Nos 12-25) experienced 
a significant loss of infectivity on filtration through the 
100 mu APD membrane but either no loss or only a 
moderate loss on filtration through a 220 mp membrane 
These viruses comprised members of group C (Nos 13, 
14 and 15), Bwamba (No 12) and tick-borne viruses not 
of group B (Nos 16-25) 

Nyamanim virus (No 26) has repeatedly shown con- 
siderable loss of titre on filtration through a 220 my 
APD membrane, if particle aggregation can eventually 
be ruled out, this loss in titre may indicate an unusually 
large size of arbovirus 

These observations seem to provide further evidence 
that the group of the animal viruses carned by arthropods 
1s heterogeneous in physical properties, inclusion of the 
arboviruses in a universal scheme will have to acknowledge 
such heterogeneity 
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CYTOLOGY 


Gene Amplification in the Oocyte 
Nucleus of Mutant and Wild-type 
Xenopus laevis 


During the development of the amphibian oocyte, the 
germinal vesicle becomes enlarged and can be seen to 
contain very many nucleoli»? instead of the four which 
would be expected from the tetraploidy of the egg nucleus 
The RNA of these nucleoli 1s simular in base composition 
to ribosomal RNA? and each nucleolus contains a small 
amount of DNA‘-* Amphibian oocyte nucleoli can be 
hypotonically disrupted to reveal DNP rings in the shape 
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Table 1 “OCGURRENCE “OF NUCLEOLI, NUCLLOLAR CORES AND NUCLEOLAR 
DNA IN THE OOCX\TES OF MUTANT AND WILD-TYPE Xenopus laevis 


No of oocytes Standard 
Diameter of examined Average count deviation 
oocyte (mm) Wild- Hetero- 
type 7ygous Wild-type Heterozygous 
Nucleoh 
0 05-0 07 12 5 396+ 45 435+ 85 
1-03 12 15 1,206+ 88 905+ 7L 
04-05 17 18 1,370+ 38 1,450 +110 
06-08 8 12 1,420+ 56 1,720 + 190 
09-10 13 22 1,375+ 58 1,640 + 136 
11-14 18 10 1,470+ 43 1,400 + 134 
15 6 7 920+ 70 1,090 + 100 
Cores 
03 - 10 36 5,265 + 145 5,120 +125 


Oocytes weie removed from ovaries of seven wild-type and five hetero- 
7ygous adult females in 01 M potassium chloride 01 M sodium chloride 
(5 1) The germinal vesicles were isolated manually, under a binocular 
microscope, washed several times ın the same medium by repeated gentle 
syringing ın a Pasteur pipette and, when free of all yolk, transferred into a 
well which contained 0 2 per cent (NH,),SO, together with a trace of methyl- 
ene blue The well consisted of a perforated microscope slide to which a 
coverslip had been fastened with paraffin-wax mature The nuclear mem- 
brane was disrupted by means of two tungsten needles and the well covered 
with another coverslip to the exclusion of all air The slides were then kept 
for at least 24 hin the cold to allow settling out of the nucleoh The nucleol: 
were counted in a Wild inverted microscope fitted with a drawing tubus. 
In some experiments, ın order to reveal the nucleolar cores, the isolated 
germinal vesicles were disaggregated in 0 02-0 05 per cent (NH,)-SO, 


of beaded circles or necklaces** There ıs compelling 
evidence ın amphibia**)? as well as in the insect Z'spula® 
that this DNA 1s derived from the chromosomal nucleolar 
organizer region which contains the ribosomal cistrons®»}° 
This conclusion 1s supported by the recent finding that 
ın ovarian tissue of Xenopus there 1s a disproportionately 
greater synthesis of ribosomal cistrons!? which leads even- 
tually to a higher proportion of them than that found in 
DNA of somatic tissues!" In Bufo, the nucleolar DNA 
migrates as granules from the chromosomal bouquet to 
the periphery of the nucleus where, at later stages, the 
granules give rise to nucleoli’ A similar process occurs in 
Xenopus where Feulgen-positive material appears ın the 
oocyte nucleus as a “nuclear cap” at leptotene!? After 
zygotene this cap disperses and numerous nucleoli are 
formed which contain one or several DNA cores or rmgs*# 
We have counted nucleoli and nucleolar cores in 
Xenopus laevis and have found that the Xenopus oocyte 
nucleus contains some 1,400-1,600 nucleoh and some 
5,200 nucleolar cores (Table 1) The nucleolar count 
remains constant for a range of oocyte diameters (0 4-1 0 
mm) Contrary to our expectations, the number of 
nucleoh and the abundance of the nucleolar cores are 
unchanged ın the mutant form of Xenopus in which one 
of the two chromosomal nucleolar organizers 1s deleted!5 16 
From the mucrospectrometric quantitation of the 
Feulgen stain in oocyte nucle: at post-zygotene—a time 
in development when all incorporation of *H-thymidine 
into the nucleus has ceased*—we deduce that mutant and 
wild-type nucle: both contain a simular amount of DNA 
(Table 2) This amount has been found to be about 
42 pg for the wild-type oocyte?! From this value we 
subtract 4C (12 pg (ref 9)) DNA m order to obtain a 
mass for the amplified DNA of 30 pg 
Two molecular mechanisms have been suggested for 
the production of the extrachromosomal nucleolar DNA 
units* (a) the chromosomal organizer is the only template 
and (b) the product of endoduphication can serve as further 
template in this process The results with the mutant 
Xenopus do not exclude possibility (2) We now know, 
however, that in Xenopus the number of chromosomal 
organizers 1s ın itself not a hmtıng factor in the produc- 
tion of these extra copies The controlling factors for 
amplification must obviously he elsewhere The concept 
of a cascade effect in gene amplification (possibility (b)) 
1s strongly favoured by the finding that the rate of 
incorporation of *H-thymuidine 1s roughly proportional 
to the mass of the DNA already amplified*® According 
to this scheme, the mutant nucleus could easily achieve 
the same degree of multipheity by a single additional 
round of reduplication (twelve rounds rather than eleven) 
In somatic tissues the ribosomal cistrons represent some 
0 2 per cent of the genome, or some 01 per cent organ- 
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Table 2 FEULGEN DYE CONTENTS, IN ARBITRARY UNITS, Ok POST-ZYGOTENE 
OOCYTE NUCLEI FROM WILD-TYPE Xenopus AND THEIR MUTANT SIBS 


Wild-type (norman Xenopus 


Preparations 3 4 5 
120 146 135 153 151 
125 143 171 146 163 
173 132 131 149 128 
157 138 149 159 136 
147 140 152 186 156 
139 132 141 
157 150 
159 
151 
130 
143 

Means and standard 145416 14045 147416 151412 147412 

errors 
Mutant (mononucleolate) Xenopus 

Preparations 1 2 3 4 5 
129 150 133 163 135 
164 145 161 140 150 
132 140 133 123 138 
158 153 136 129 136 
141 153 146 153 144 
143 152 154 136 
139 153 148 144 
156 41 157 
132 
139 
124 
126 


Means and standard 140413 148+7 
errors 


Measurements were obtained from five preparations 
was made from @ different pair of anima 


Female Xenopus weighing between 04 and 1g were used as a source of 
material for all photometric observations In each preparation an ovary 
from a wild-type animal was squashed, before hydrolysis and staining, on 
the same slide as an ovary from a mutant sib The two ovaries therefore 
underwent precisely the same hydrolysis, staining, washing, dehydration 
and mounting procedures Feulgen dye contents were measured in post- 
vygotene nucleiin which the cap of nucleolar DNA had more or less dispersed 
Details of the technique are described elsewhere? 


144410 144414 1438 


Each preparation 


wer®16 Tf gene amplification in the oocyte were concerned 
with the replication of the entire block of ribosomal 
cistrons, the 5,200 cores would be expected to represent 
520 per cent of the diplo.d DNA mass The Xenopus 
nucleus contains some 6 pg of DNA®, so 5,200 such 
DNA umts would yield some 312 pg of DNA This 1s 
remarkably close to the amount determined ın the spectro- 
photometric experrments We take this to mean that 
amplification ın the oocyte ıs concerned with the entire 
cluster of ribosomal cistrons, and thus with the nucleolar 
organizer as a whole, resulting in an increase in the 
number of ribosomal cistrons per cell from 1,600 m somatic 
tissues to some 4x 108 in the ‘oocyte 
It is easily demonstrated that an increase of this mag- 

nitude m the number of mbosomal eistrons is highly 
advantageous for the oocyte The mature Xenopus oocyte 
contains some 11x10? ribosomal 285 and 18S RNA 
molecules (4 yg (ref 17)), the somatic cell, on average, 
some 33x 10® (12 pg (unpublished results of MLB )) 
In rapidly proliferating tissue with a generation time of 
24 h, a complete set of mbosomes will be synthesized with 
every cell division, at a rate of the order of 1 4 mbosomes/ 
eistron/min If ribosome synthesis occurred at this same 
rate in the oocyte, m the absence of gene amplification, 
some 1-7 x 10° days would be necessary for the production 
of the oocyte ribosomal RNA Amplification of the genes 
by a factor of 2,600 would reduce the time interval to 
some 65 days, which 1s an interval commensurate with the 
time necessary for oocyte growth 
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Epidermal Cell Population Kinetics 
in Albino Guinea-pig Skin 


In adult mammals the epidermal cell population 18 in a 
steady state—contimuous cell loss by keratimization 1s 
balanced quantitatively by new cell production in the 
basal layer. We have found that the turnover time of 
albino guinea-pig epidermis (tıme required for the replace- 
ment of a number of cells equal to that present m the 
basal, spmous and granular layers) differed from that 
1eported by Platt! and also from that found for other 
mammals*-6 

To determine the turnove: time of the epidermis by 
the method of Leblond et al, we needed to know the 
DNA synthesizing time, ts Because t of many mam- 
mahan cells was 1eported to be 6-8 h, several workers 
have assumed i; to be 7 h when calculating the turnover 
time forthe human epidermis’, rat oesophageal epithelium® 
and human sebaceous glands? It should be pomted out, 
however, that ¢ for a number of mammalian cells 1s 
shorter or longer than 6-8 h, for example, ts for mouse 
ear epidermal cellsis 30h (ref 5) We therefore determmed 
the ¢, of guinea-pig epidermal cells usmg double labelling 
with *H and *C-thymidine Hair was'clipped from the 
flank of albino guinea-pigs when about 4-6 months old and 
weighing 500-800 g Three hours after intradermal injec- 
tion of 2 5 uCi of *H-thymidine (5 0 Ci/mmole) in 0 1 ml 
of saline, 25 pı of 4C-thymudine (37 9 mCi/mmole) in 
01 ml of saline was injected into the same sites, and the 
animals were killed 1 h later at 4 00 to 500pm Labelled 
thymidine was assumed to remain available to cells 
synthesizing DNA for less than 1 h (ref 8) Pieces of skin, 
about 1 cm ın diameter, were fixed in 10 per cent formalin, 
embedded ın paraffin, and cut to ôu thick The slides were 
dipped in NTB-3 liquid emulsion, dried ın a horizontal 
position, developed with Kodak D-19 developer after 
exposure for 21 days, and stamed with haematoxylin 
(Fig 1). Tritrum gave silver grains m one focal plane 
immediately over the cell nucleus whereas carbon-14 
produced a spray of tracks of silver grains in many focal 
planes above and around the cell nucleus, and so the cells 
labelled with tmtium alone and the cells labelled with 
earbon-14 alone o1 with both isotopes were clearly dis- 
tinguishable from each other The difference between 
labelhng with carbon-14 and with trium was much 
clearer under the microscope when there was a film of 
water between emulsion and cover glass. Two-ernulsion 
autoradiography was also carned out according to the 
method described by Baserga®, but we found this method 
no better than autoradiography with only one emulsion ' 

The ume of DNA synthesis, ts, was calculated by the 
followmg formula?! 





where N*q indicates the number of cells labelled with 
tritium alone, N“¢ the number of cells labelled with 
earbon-14 alone or with tritium, and ta the time interval 
between labelling, which was 3 h in this study. 
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Table 1 
Average No Average No 
of “C-labelled of *H-labelled DNA 
Animal celisin a cells in 3 No NSn synthesizing 
section section time in h 
(Wo) (W°n) (t) 
1 81 29 28 84 
2 73 23 32 96 
3 7? 23 34 102 
4 76 25 30 90 
Mean 93 


One or two skin sites were used for each anımal and at least eight sections 
were counted for each skin site to obtain the average number of labelled cells 


Table 1 shows that the average ts from four ammals was 
93h. The 4h interval between the injection of tritiated 
thynudine and the killing of animals ın our determination 
of t; could be too long, for some of the cells labelled with 
tritium could complete mitosis during this interval We 
found, however, only a few cells labelled with tritium 
which entered mitosis in the 4 h interval, and no labelled 
cells seemed to be the progeny of initially labelled cells 
This observation was similar to the findings with human 
and pig epidermis?~4 in which paired labelled cells were 
first noted 12-24 h after injection of H-thymidme Thus, 
it is very hkely that the postsynthetic period (G,) in 
epidermal cells 1s unusually long as compared with that of 
other cells™, and all the cells labelled with tritrum which 
we counted were likely to have been labelled originally 

In the next series of experiments, animals received an 
intradermal injection of *H-thymudine ın a dose of 5 pCi 
(5 Ci/mmole) ın 0 1 ml of saline at various times between 
l hand 12 days before they were killed Autoradiographs 
of skin were made as already deseribed 

In the tissues obtained 1 h after injection of *H-thymid- 
ie, most labelled cells were found ın the basal layer 
although there were a few in the transitional layer The 
total number of cells and the number of labelled cells in 
the interfollicular epidermis of these 1 h specimens were 
eounted, and the values are shown in Table 2 

The turnover time was calculated by the following 
formula’ 


T=— X ts 


Na 

where T indicates the turnover time, N/ne the ratio of 
the number of total cells to that of labelled cells ın the 
shdes obtained 1 h after injection of *H-thymidine, and 
ts 1s the tıme of DNA synthesis 

The average turnover time of guinea-pig epidermis 
obtained from six animals was 8 5 days (Table 2) Al- 
though this was very close to the turnover time for hær- 
less mouse epidermis, 9-10 days (ref 12), ıt was shorter 
than that of human epidermis, 14-177 days (ref 2), 01 





Fig 1 


Your hours after injection of *H-thymidime and 1h after 
injection of “C-thymidme The focus 1s on the carbon-14 grains Cell 1 
is labelled with carbon-14 alone, cell 2 1s labelled with tritium alone, 
and cell 31s labelled with tritium plus carbon-14 (Haematoxylin, x 360) 
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Fig 2 Twelve days after injection of °H-thymidine Heavily labelled 

cells are ın the granular layer, and lightly labelled cells ın the basal, 

spinous and granular layers are the progeny of the initially labelled 
cells (Haematoxylin, x 360) 


rat and mouse epidermis, 19-34 days (ref 8) The dif- 
ference m epidermal turnover time between guinea-pig 
epidermis and other mammals was also obvious in the 
autoradiographs of skin specimens obtained at various 
tıme intervals after injection of 7H-thymidine We found 
that by 6 days after injection of *H-thymidine some 
labelled cells had already appeared in the granular layer, 
and by 12 days most of the heavily labelled cells were an 
the granular layer (Fig 2), whereas labelled cells are 
reported to appear first after 10-14 days in the granular 
layer of human epidermis! and after 14 days in pig epi- 
dermis? Thus ıb seems that, contrary to previous 
conclusions of others, the turnover time of similaz 
organs in different species 1s not always the same 


Table 2 

Average 

Average No of 
total No of *H-labelied Turnover time 

Anmal cellsına cells ın a Nims h (days) 
section section 
(N) (na) 

1 1,228 49 251 233 4 97 
2 1,712 77 22 2 206 5 86 
3 1,047 50 209 1944 81 
4 1,110 59 188 174 8 73 
5 1,059 52 20 4 189 7 79 
6 1,231 51 24 1 224 1 93 


Mean 8 50 4* 


One or two skin sites were used for each animal and at least eight sections 
were counted for each skin site fo obtain average N and ns 
* Mean + standard error of the mean 
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Lens Soluble Proteins: Correlation with 
the Cytological Differentiation in 

the Young Adult Organ 

of the Chick 


Tue lens of the eye ıs an outstanding example of cellular 
differentiation At any moment the organ shows the 
complete sequence of its cellular ontogeny from epithelial 
cells to equatorial, cortical and nuclear fibre cells!-? 

The protein components of the whole lens have been 
extensively analysed during pre-natal and post-natal 
development This research has made available more 
knowledge of the molecular structure of this organ 

The lens therefore appears to be an ideal model for 
analysing the correlation between structural and bio- 
chemical differentiation Some data on the correlation 
between developmental differentiation of the lens and its 
protem biosynthesis have been reported? Information 
on the structural and cytological organization of the lens, 
synthesis of structural proteins, mRNA stability, oxidative 
metabolism and patterns of lactic dehydrogenase isozyme 
activity has also been collected?4-? 

Most immunological studies on chicken lenses have 
been on pre-natal development m order to establish the 
sequence of appearance of structural lens antigens*-** 
In the adult chick the data on the correlation between 
cytological and macromolecular differentiation are very 
limited This investigation was carried out to look for a 
correlation between the differentiating cells of the lens 
and their proteins and structural antigens We attempted 
to interrelate the immunological results with data provided 
by other techniques of protem analysis 

Lenses from 6 week old White Leghorn chickens were 
separately dissected in the following way A tungsten 
needle was used to make a circulai cut along the equator 
of the capsule The anterior portion of the capsule was 
pulled off togethe: with the epithelial cells The equatorial 
region, which histologically corresponds to the annular 
pad, was removed joined to the rest of the capsule 
Superficial cortical and nuclear fibre cells were isolated 
and the mtermediate cells were discarded The material 
collected therefore corresponds to the cytological dif- 
ferentiation sequence epithelial cells corresponding to 
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the epithelium, elongatmg equatorial cells to the annular 
pad zone, superficial fibre cells to the cortex and the 
deeper fibre elements corresponding to the nucleus. Lens 
tissues from the different regions of the organ were 
identified by phase contrast analyms (Fig 1) 

The material was pooled, weighed and homogenized in 
0 85 per cent sodium chloride solution at 4° C, and centa1- 
fuged at 17,000g for 15 mm at the same temperature 
The protem content of the supernatants was evaluated 
according to Lowry et al 4 Extracts gave a protem con- 
centration of 32 mg/ml for the annular pad cells, 42 mg/ 
ml for the cortical fibre cells, and 78 mg/ml for the 
nuclear fibre cells These concentrations refer to a 25 per 
cent dilution of the tissue wet weight Thus the normal 
differences ın protem content of annular pad cells (129 
mg/g), cortical fibre cells (168 mg/g) and nuclear fibre 
cells (312 mg/g) were maintained ın all the subsequent 
electrophoretic procedures Because of technical dif- 
ficulties epithelial cells were directly diluted and the 
protem concentration was adjusted to 30 mg/ml Anti- 
sera to the complete adult chick lens were produced by 
subcutaneous injections of a mixture of chick lens extract, 
containing 50 mg/ml , and Freund’s adjuvant mto rabbits 
A sample (5 ml ) of this suspension was separately injected 
and this was repeated at weekly mtervals for a month 
The antisera were collected from the rabbits 5 days after 
the last injection Three electrophoretic techniques were 
used 

Agar immunoelectrophoresis was cairied out in barbital 
buffer (0 1 molar, pH 8 6) ın a field strength of 6 V/em 
and starch gel electrophoresis was carned out m a tres- 
discontinuous system for 16 h at 12 V/cm according to 
Poulik! Lens extracts (502) were electrophoresed in 
cellulose acetate medium using barbital buffer (0 1 molar, 
pH 8 6), using a Beckman Microzone electrophoresis cell 
for 30min Strips were scanned on a model RB Beckman 
‘Analytrol’ 

Protein nomenclature used follows the recommenda- 
tions of Zwaan and Ikeda’? According to these authors, 
the chick lens contains three chief groups of soluble 
proteins, alpha, beta and delta ciystallms Delta crystal- 
ln, found only m the Sauropsida, has often been con- 
sidered as beta crystallm™ and ıt has also been called 
FISC (first :mportant soluble c1ystallm)** 





Phase contrast analysis of lens tissues from different regions of lenses from 6 week old chicks ( x 200) 
zone, C, cortex 


A, Epithehum, B, annular 
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Fig 2 Immunoelectrophoretic patterns of extracts of total lens and 

differentiating lens parts A, Extracts of total lens and lens epithelium, 

B extracts of epithelial and equatorial cells, C, extracts of annular pad 
cells and cortex cells, D, extracts of lens cortex and nucleus 


In this communication beta crystallin refers to all other 
protem families, irrespective of electrophoretic mobilities, 
with the exclusion of alpha and delta crystallin 

The immunological pattern of extracts of total lens 
shows three principal precipitin reactions which correspond 
to the alpha, beta and delta groups of crystallns The 
precipitin arc for alpha shows the fastest mobility Beta 
antigenic determinants give rise to a long lne which 
extends from the anode to the cathode Delta antigenic 
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determmants delimit a sharply defined arc occupying an 
intermediate position A comparison between the patterns 
of total lens extracts and those detected in the differentiat- 
ing lens parts clearly shows that antigenic determmants 
vary, both quahtatively and quantitatively, according to 
the cytological differentiation of the lens Thus the 
extracts of lens epithelm show two main precipitin areas 
with a mobility corresponding to the alpha and eathodal 
portion of the long line It also reveals that delta antigenic 
determinants are not picsent in the epithelial cells of the 
lens (Fig 2A) 

The annular pad cells, which represent a more advanced 
degree of cytological differentiation and the begmning of 
cellular elongation, show two antigenic lines, which also 
correspond to alpha and beta crystallin determmants 
Differences between the precipitin patteins of the epi- 
thehal and equatorial cells are shown m Fig 2B The 
amount and mobility of alpha crystallm antigenic deter- 
minants are greater in the equatorial cells The inter- 
mediate portion of the long line 1s predominant in the 
annular pad cells Similar to the epithelial cells, the 
equatorial cells lack the reaction foi delta crystallin, 
although a soft but famt antigenic arc with the mobility 
of delta crystallin was observed ın some experiments 

The simultaneous mmunoelectrophoretic patterns of 
annular pad cells and superficial fibre cells show clearly 
that the elongated cells of the lens cortex have a marked 
reaction for delta crystallin The patterns also reveal a 
significant predominance of the anodic portion of the long 
lne This is not present ın either the epithelial or the 
equatorial cells The alpha antigenic determmants also 
have a higher mobility ın the equatorial cells (Fig 2C) 
The innermost fibre cells of the lens nucleus show a pointed 
antigenic reaction for delta crystallm The antigenic 
determmants for alpha and beta crystallins are also 
present, but they are in low concentration (Fig 2D) 

Sumular results are obtained by subjecting the different 
lens extracts to starch gel electrophoresis (Fig 3) Thus 
band 3, which conesponds to alpha crystallin, 1s a pre- 
dommant fraction at the epithelial, equatorial and cortical 
cells, although 1t can be detected m smaller quantities m 
the nuclear fibre cells There are differences in mobility 
between the alpha fractions of the pad and the other 
regions Band 4 was identified as delta crystallin This 
protem is significantly predominant in the nuclear fibre 
cells No traces of delta crystallm were found in the 
equatorial or in the epithelial cells Other bands which 
are present in the protein patterns of starch gel frac- 
tionation must be considered as beta crystallin (bands 
1 2, 5, 6, 7) These protem fractions show different 
mobilties Thus bands 1 and 2 are in a cathodal position 
and predominant ın epithelial and equatorial cells Band 
5, with an intermediate mobility 1s mainly detected in 
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Fig 3 Starch gel electrophoresis of lens extracts 
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Fig 4 Cellulose acetate electrophoresis of lens extracts 


the annular pad and cortical fibre cells Bands 6 and 7, 
with the fastest migration, can be registered ın the cortical 
and nuclear fibres, but they were never detected m the 
eipthelial or equatorial cells 

In cellulose acetate electrophoresis from the anode to 
the cathode, corresponding beta, delta and alpha crystallin 
were detected The nuclear fibre cells showed a marked 
concentration of delta crystallm (80 per cent) Alpha and 
beta crystallm were also detected but in low concentra- 
tion (13 per cent and 7 per cent, respectively) Delta 
crystallın 1s stil the predominant fraction (69 per cent) m 
the cortical fibre cells The concentration of alpha crystal- 
ln ıs clearly more than that of the beta fraction (47 per 
cent and 27 per cent, respectively) In the epithelial and 
annular pad cells two protem fractions were identified as 
alpha and beta crystallin, beta crystallin being ım the 
higher concentration (66 3 per cent and 337 per cent) 
As ıb can clearly be seen, alpha crystallm molecules have 
a faster migration than alpha crystallm present m the 
nuclear or cortical fibre cells (Fig 4) 

The analysis demonstrates that delta crystallin 1s mainly 
contained in the old central fibre cells and superficial 
cells of young animals, but ıt 1s no longer synthesized ın 
the equatorial cells or m the epithehum Alpha, crystallin 
seems to be produced in significant amounts in the epi- 
thehal, equatorial and cortical cells It is also present m 
low concentrations in the inner fibre cells Alpha crystallin 
1s constantly more movable in the equatorial cells, suggest- 
ing physicochemical differences from the alpha crystallin 
of other differentiating lens cells Anodal beta crystallins 
are a typical characteristic of elongated lens fibres 
Medium migrating beta crystallins are a consistent feature 
of early cell differentiation at the equatorial region 
Cathodal beta erystallms seem to be synthesized m the 
young epithelial cells 

The results, obtamed by three different methods, are 
m general terms consistent They indicate clearly that 
antigenic determmants and protein patterns vary both 
quahtatively and quantitatively according to the sequence 
of differentiation and elongation of the lens cells 

This work was supported by a grant from the Associa- 
tion for the Aid of Crippled Children of New York 


J M Gents-GAbvez 
J M Castro 
E BATTANER 


Departamento de Anatomía y Embriologia, 
Facultad de Medicina, 


Universidad de Salamanca, 
Salamanca, Spam 


Received November 28, 1967, revised January 8, 1968 


1 Ralb, C, Z Wass Zool , 65, 257 (1889) 
2 Papaconatantinou, J , Sence, 156, 338 (1967) 
3 Genis-Galvez, J M , and Mawel, H , Infe Se: , 6 197 (1967) 


NATURE, VOL 217, FEBRUARY 17, 1968 


t François, J, Rabaey, M, Wieme, RB J, and Kaminski, M, Amer J 
Ophthalm , 42, 577 (1956) 


° Francois, J , Rabaey, M , and Wieme, R J, Asch Ophthalm Chicago, 53, 
481 (1955) 


* Maisel, H , and Goodman, M , Anat Ree , 151, 209 (1965) 
~” Genis-Galvez, J M , and Maisel, H , Nature, 218, 283 (1967) 
§ Ten Cate, G , Natuurw Tydschi , 92 (1949) 


° Ten Cate, G , and van Doorenmaalen, W J, Proc Kon Ned Akad Wet, 
58, 894 (1950) 


1° Clayton, R M , Nalufe, 174, 1059 (1954) 

1! Maisel, H , and Langman, J , J Embryol Erp Morph , 9, 191 (1961) 
12 Rabaey, M , Exp Eye Res ,1, 310 (1962) 

n Zwaan, J , thesis, Univ Amsterdam (1963) 


4 Lowry, O H, Rosebrough, N J, Farr, A L,and Randal, R J,J Biol 
Chem ,198, 265 (1951) 


* Poulik, M D , Natwe, 180, 1477 (1957) 


18 Zwaan, J, and Ikeda, A,1n The Structure of the Eye (edit by Rohen, 
J W >) (Schattauer-Verlag, 1965) 


Plant Agglutinins and Mitosis 


THE ability of saline extracts of certain plants to agglutin- 
ate human red cells was first noticed ın 1888 (ref 1), and 
this property has smce been found in many plants, par- 
ticularly ın the Leguminosae? Some plant agglutinins 
show blood group specificity?-> 

Phytohaemagglutinm (PHA)—a plant agglutinin ex- 
tracted from the red kidney bean, Phaseolus vulgares— 
also agglutimates white cells*:? and stimulates lympho- 
cytes to undergo mitosis when grown. ın tissue culture? 
Extracts of other legumimous plants? and of Phytolacca 
amervana also have mitogenic effects The nature of the 
relationship between the erythro-agglutinating, the leuco- 
ageglutinating and the mrbogenie properties of plant 
agglutinins, however, 1s obscure 

Attempts to fractionate the mitogenie and the agglu- 
tinating components of PHA have given variable results 
Punnett and Punnett“, usmg fractional precipitation, 
were able to prepare a mitogenic fraction from PHA 
which was free from erythro-agglutinating activity, but, 
as they pointed out, ıb will not be certain that these two 
fractions are different components of PHA until a less 
drastic preparative procedure 1s developed Nordman et 
al 7, on the other hand, were unable to achieve separation 
of the erythro-agglutinating and leucocyte-mitogenic 
activities of PHA using ion exchange chromatography, 
gel filtration, starch gel and immunoelectrophoresis 
Sumilarly, Rigas and Johnson” prepared a purified protein 
fraction of PHA which had both agglutinating and mto- 
genic activities and which seemed to be homogenous 
after ultracentrifugation, a variety of electrophoretic and 
chiomatographic techniques and N-termmal amino-acid 
analysis 

Absorption experments have also given differing 
results Elves and Israels? found that, when the erythro- 
agglutinating activity of PHA was reduced by absorption 
with red cells, the mitogenic effect was also diminished 
On the other hand, de la Chapelle eé al 4 and Barkhan 
and Ballast were able to remove most of the erythro- 
agglutinating activity fiom PHA by absorption with red 
celis and yet the mitogenic activity was unimpaired 
Nordman et al.’, however, were unable to isolate erythro- 
agglutinins from PHA which lacked mitogenic activity, 
and they suggested that PHA contaims a pure leuco- 
agglutinin and an erythro-agglutinin which also agglutin- 
ates leucocytes, and that both of these agglutinins are 
mitogenic 

In an investigation of the properties of Phytolacca 
amerwana, Borjeson et al! were unable to separate 
chemically the agglutinating and mitogenic activities of 
the extract, although electrophoretic and chromatographic 
results indicated that the mitogen from Phytolacca ameri- 
cana has different mobility and charge properties from the 
mitogen of PHA In absorption studies of the extract of 
Phytolacca the haemagglutinm could be selectively re- 
moved with red cells or stroma without altermg the 
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Table 1 
Erythro- Leuco- 
Plant extract agglutina- agglutina- Mutogenicity 
tion tion 
Phaseolus vulgaris (seed) +EH +++ +t++t 
Phytolacca americana (leaves) + ++ - 
(root) + + + +t ++ 
Another species of Phytolacca 
(not classified) (root) + +++ ++t+ 
(berries) + + et + 
(stem) + ++ ttt + 
Lentils (three varieties) ttt tttt +++ 
Ulex europaeus (seed) +++ ++ - 
Dolechos biflorus (seed) +++ +++ - 
(stem) ++e+ +++ - 
(root) ttt +++ - 
Potato tet tt = 
Pelargonium hortorum (root) ++ Not tested - 
Rose (garden variety) (petals) ++ +44 = 
Rumez erispus (seed) ++ Not tested - 
(leaves) +++ = - 
(stem) +++ +++ = 


mitogen, whereas absorption with leucocytes resulted in 
loss of both mitogenic and leuco-agglutinating activity 

In the present study, the erythro-agglutinating, the 
leuco-agglutinating and the mitogenic activities of several 
plant agglutinins, ıncludıng blood group specific ones, 
have been compared in an attempt to ascertam the 
relationship between these different properties 

The extracts which were prepared are shown in Table 1. 
Approximately 400 mg of the plant material was crushed 
in 7 ml of 09 per cent saline, left overnight at 4°C, 
centrifuged and filtered through a sterile bacteriological 
filter (porosity 5) The extract of Dolschos biflorus was 
specific for A, cells, and that of Ulex europaeus was 
specific for H substance, but the other preparations were 
non-specific Serial saline dilutions were made up to 
l ın 800, and were tested against cells from healthy donors 
Erythro-agglutination was examined by the standard tube 
method and leuco-agglutination by the method of Kill- 
man’, positive and negative controls were included in 
each experiment In the agglutination tests four doubling 
dilutions of the samples were also examined to a, titre of 
1/16 The erythro-agglutination was assessed macro- 
scopically and graded + to 4+ The leuco-agglutination 
was read microscopically and graded + to 4+ Most of 
the samples which gave a positive result did so to a titre 
of 1/16 The leucocyte cultures were prepared by the 
method of Hungerford, Donnelly, Nowell and Beck?*, 
except that PHA was not added in the isolation of the 
leucocytes A sample (01 ml) of the plant agglutinin 
extracts was added to 2 ml of the leucocyte suspension 
which contained about 1 5 x 10° leucocytes/ml , and had a 
serum concentration of 20 per cent A negative control 
and a positive control with PHA (Difco M) were included 
m each experiment The cells from each culture were 
treated with a hypotonic citrate solution, fixed with acetic 
alcohol (one part glacial acetic acid, three parts methanol), 
spread on a slide and stained In the control and negative 
cultures, less than three mitoses were seen on the whole 
slde and when 1,000 cells were counted the percentage of 
mitoses was less than 0 ] percent In the positive cultures 
many mitoses were seen in percentages which varied from 
l-14 per cent and were graded + to 4+ The lympho- 
cytes of at least three donors were tested with each 
extract The extracts of Ulex europaeus and Dolichos 
biflorus were tested against the lymphocytes of three 
donors of group O and three donors of group A, The 
results of the agglutination and cell culture tests were all 
1ead blind by two observers and were closely reproducible 

The results are shown ın Table 1 With one exception, 
all the extracts agglutinated white cells as well as red 
cells The extract of Dolichos biflorus agglutinated group 
A, leucocytes but not those belonging to group O, and 
the extracts of Ulex europaeus agglutinated leucocytes 
from group O subjects more strongly than those from 
group A, individuals Similar specific leucocyte agglutina- 
tion by plant extracts has been described by Hossam? 
Most of the extracts, cluding the blood group specific 
ones, failed to induce mitosis of lymphocytes, however 
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The piesent study shows therefore that, although plant 
agglutinins will commonly agglutinate leucocytes as well 
as red cells, they seldom also induce mitosis of lymphocytes 
in tissue culture This suggests that the mitogenic pro- 
perty present ın some plant agglutmins ıs independent 
both of the erythro-agglutinating and leuco-agglutinating 
activity 
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Distribution of Some Dehydrogenase 
in the Cerebellar Cortex 


Ecoues and his colleagues have shown us that cerebellar 
cortical neurones are predominantly inhibitory elements, 
including those of Purkinje cells which mhibit the neurones 
of vestibular nuclei“? The only excitatory elements 
known until now have been granular cells, and the indi- 
vidual structures and systems within the cerebellar 
cortex cannot be characterized according to their meta- 
bohe activity 

We have tried to characterize histochemically the dıs- 
tribution of enzymes the functions of which are connected 
with glycolysis, the pentose shunt, the citric acid cycle, 
fatty acid oxidation and with a system which destroys 
gamma, aminobutyric acid (GABA) Table 1 shows the 
methods which we used 


Table 1 
Density of 
Incuba- Purkinje cell; 
Enzymes detected tion Incubating medium, glomerulus 
time pH72 Geometrical 
(min) thickness 
Glucose-6-phosphate dehydro- 
genase 20 Substrate (0 1 M) 089 
Tsocitrate dehydrogenase 90 NADH/NADP 3 mM 095 
Malate dehydrogenase 65 NBT/TNBT 0 025% 096 
a-Glycerophosphate dehydro- 
genase 65 NaN, 10 mM 0 65 
8-Hydroxybutyrate dehydro- 
genase 65 MgCl. 7 mM 0 80 
Lactate dehydrogenase 65 005 M tris-HCl buffer 111 
Glutamate dehydrogenase 65 Cryostat sections 0 86 
Succinate dehydrogenase 90 —20°C 0 92 
NADH-diaphorase 20 3mM NADH 097 
GABA-transaminase 90 103 
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Fig 1 Glucose 6-phosphate ot A asia (stained with TNBT, 
x : 


Although the general patterns of distribution of the 
ten enzymes which we studied (in the rabbit cerebellar 
cortex) are all srmilar, there are some interesting differ- 
ences A high density of formazan deposits was found m 
the glomeruli of the granular layer as well as in Purkinje 
cells The neuropil in the granular layer shows a diffused 
distribution of formazan deposits with a slightly lower 
density (Fig 1) All enzyme reactions which we carried 
out were positive in Purkinje, stellate and basket cells 
and also ın Golgi neurones These results contradict the 
suggestion that succinate dehydrogenase 1s not active in 
small neurones of the molecular layer and in the Golgi 
cells’ Most important seems to be the question of whether 
there are any differences between the metabolic activity 
of excitatory and inhibitory neurones While comparing 
slides which showed different histochemical reactions, we 
found that this question could be answered only qualita- 
tively All enzymes which we determined are present 
im the plasma of the granular cells In cryostat sections, 
the cytoplasm of these cells fills a narrow space 0 3-0 5p 
wide The evidence of formazan deposits lies just on the 
resolution lmuts of the optical microscope and depends 
on results of the histochemical technique which 1s used 
This ıs probably the reason why the ideas which have been 
published about enzyme activity in granular cells are so 
different®-’, In these cells, the degree of the enzyme 
activity which is detected histochemically probably 
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Fig 2 GABA transammoese, according to Van Gelder (stained with 
TNBT, x50) Formazan deposits seen in cytoplasm of granular cells 
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depends on the dimensions of the cytoplasm and on ıts 
ultrastiuctural o1ganization We could find only six 
to ten mitochondia m the cytoplasm of an ultra- 
thin section of a granular cell Histochemical evidence 
methods indicate that there are no qualitative differences 
ın dehydrogenase activity between excitatory and inhi- 
bitory neurones 

The distribution of the enzyme which destroys GABA 
could be expected to be a reflexion of its function 
The GABA transaminase succmic semi-aldehyde system 
has been assumed to exert its effect on inhibitory neurones 
postsynaptically, where GABA ıs destroyed in large 
quantities This enzyme was also shown to be absent 
from granular cells*1° We have used the same histo- 
chemical technique and been able to show evidence of 
significant activity of this enzyme in granular cells (Fig 2) 
At least a part of this enzyme might be localized in the 
mitochondria (The same picture was obtamed with 
TNBT and NBT ) The enzyme shows remarkable activity 
ın the ghal cells of the white and giey matter (Fig 3) 
This pattern of distribution of enzyme activity 1s very 
similar to that of othe: hydrogenases of the Krebs cycle 
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Fig 3 Activity of GABA transaminase ın glial cells of cerebellar white 
matter x20) 


Very high activity of dehydrogenases was observed in 
the spaces of the granulai laye1—the glomeruli cerebellosi 
These glomeruli are structures where fibre terminals form 
a laige presynaptic block which has contact with numer- 
ous granular cell dendrites and with dendrites of Golgi 
cells Enzyme activity ın these spaces seems to be an 
example of metabolic activity in a multisynaptic space 
We tried to obtam more exact mfo1mation about the 
activity of dehydrogenase in this space and in the cyto- 
plasm of Purkinje cells, using a cytophotometer (wave- 
length 5600 A) to compare the distribution of activity 
with the density of formazan deposits in these places 
The extinction value divided by the measured geometrical 
thickness gives the degree of the density of formazan 
Results are recorded in Table 1 and are expressed as the 
ratio of the density of Purkinje cells to that of glomeruli 
The ratio of densities 1s very simula for the different 
dehydiogenases which are functionally connected with 
the e:trie acid cycle and NADH diaphorase The activity 
of these enzymes is also very similar m Purkinje cells 
and glomeruh (The ratio ıs near to 10) Glutamate 
dehydrogenase, glucose-6-phosphate dehydrogenase and 
6-hydroxybutyrate dehydrogenase show higher activity 
in glomerular structure whereas GABA transaminase 
and chiefly lactate dehydrogenase show higher activity 
m the cytoplasm of Purkmje cells The activity of 
«-glycerophosphate dehydrogenase in Purkinje cells is 
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low, and this enzyme usually shows less activity ın 
neurones and glial cells than in the neuropil 

These results indicate that there are differences in the 
generally similai distribution pattern of different dehydro- 
genases Histochemical evidence is that glomerular 
structures show more activity of the dehydrogenases 
which we have investigated The relatively high activity 
of lactate dehydrogenase m the cytoplasm of neurones 
is interesting 
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IMMUNOLOGY 


Passive Sensitization of Salmonella 
adelaide to the Bactericidal Action of 
Antibody and Complement 


Rep blood cells, onto which vanous unrelated antigens 
have been adsorbed or coupled chemically, may become 
sensitized to lysis by antibody against the adsorbed 
antigen in the presence of complement? In other words, 
lysis of red cells in this manner results from a heterologous 
antigen-antibody reaction with fixation of complement 
occurring on its surface The component requirements 
for cell damage by this system of antibody and comple- 
ment seem to be identical irrespective of the nature of 
the cell involved, whether ıb 1s a red cell, a tissue cell or 
a Gram negative bacterrum Passive sensitization to 
complement-induced lysis has been achieved using red 
cells coated with lipopolysaccharides or with bovine serum 
albumin (BSA)?, with mast cells?-§ and with lympho- 
cytes*:? among others 

We wished to know whether the similar behaviour of 
Gram negative bacteria as regards their kulling and lysis 
by antibody and complement also extended to passive 
sensitization The plan was to couple various proteins to 
the surface of S adelarde through the agency of bis- 
diazotized benzidine ın a manner analogous to that used 
by Rangel and Repka? with sheep red cells The sensi- 
tivity of the organisms to kilng by the antibody-com- 
plement system was then determined by an assay similar 
to that described by Michael et al® Fresh guinea-pig 
serum was used as a source of complement and was 
absorbed for 60 min in an 1ce-water bath each day before 
use with approximately 10° living S adelasde/ml to1emove 
any specific S adelaide antibodies After absorption the 
serum was sterilized by filtration through a 08 my 
‘Millipore’ membrane Rabbit antisera against bovine 
serum albumin, mouse gamma globulin and aggregated 
human gamma globulin were all absorbed in this way to 
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remove any naturally occuirmg anti-S adelarde anti- 
bodies The antibody contents of the various antisera 
were assayed by quantitative precipitation m the con- 
ventional manner? 

Crystallime BSA was purchased from the Common- 
wealth Serum Laboratories, Australia, the mouse gamma 
globulm was prepared by fractionation on DEAE 
cellulose’ of the serum globulins precipitated at 16 per 
cent sodium sulphate and the aggregated human gamma 
globulm by heating human gamma globulin (immune 
serum globulins from the Commonwealth Serum Labor- 
atories) at 63° C for 20 min!!! Bacteria were coupled to 
protems in the way described by Rangel and Repka? 
A volume (100 mg) of benzidine dihydrochloride was 
dissolved in 10 ml of 0 25 normal hydrochloric acid The 
solution was cooled to 0° C and 20 ml of precooled 05 
normal sodium nitrite was slowly added with contmuous 
sturing which continued while the solution was mam- 
tained at 5° C until no test for free nitrite was obtained 
with potasstum iodide and starch This solution (bts- 
diazotized benzidine) was then diluted 1 30 with chilled 
015 molar phosphate buffer, pH 74, and 5 ml was 
immediately added to 5 ml of a suspension in the same 
buffer of 108 S adelarde/ml which contained 10 mg of the 
protem to be coupled The suspension was stirred for 
15 min at 4°-7° C, centrmfuged once and the deposit 
diluted to a concentration of 2x104 bacteria/ml in 
015 molar phosphate buffer, pH 7 4, containing 0 02 per 
cent magnesium chloride 

After coupling m this manner, bacteria showed large 
and inexplicable variations in viability, ım some Instances 
only 1 per cent remained viable while in other experi- 
ments 90 per cent viability was obtamed The only bac- 
tericidal assays considered to be satisfactory were those 
m which the original coupling reaction allowed more than 
10 per cent of the organisms to survive 

For the bactencidal assays, a suspension of 10‘ protein- 
coupled bactena in 05 ml ofa 1 10 dilution of absorbed 
guinea-pig serum was added to 05 ml dilutions of the 
appropriate antiserum at 4° C All dilutions were made 
in the 015 molar phosphate buffer, pH 74, contaming 
002 per cent magnesium chloride Plate counts of the 
numbers of bacteria/ml in each dilution were prepared at 
this time and again after 150 mm at 37° C The number 
of colonies appearmg after overmght incubation of the 
agar plates at 37° C was noted The magnitude of killing 
was assessed by comparison with diluticns of control 
coupled bacteria incubated for 150 mm in the absence of 
antisera In order to establish that the killing of coupled 
bacteria in the presence of complement involved antibody 
directed specifically agaist the foreign protem, normal 
S adelaide was incubated as before with dilutions of the 
S adelaide absorbed rabbit anti-BSA 

Fig 1 shows a typical relationship between the killing 
of both BSA-coupled and normal S adelaide as a function 
of the concentration of rabbit antiserum agaist BSA 
Although 50 per cent of the coupled bacteria were killed 
at a dilution of 1/5,000 the uncoupled bacteria required 
a dilution of 1/380 for the same degree of king Coating 
the bacteria with BSA, however, did not impair the 
efficiency of kiling by rabbit antiserum to S adelarde plus 
complement 

The average results obtamed from three separate 
experiments for each antiserum are shown in Table 1 
Two findings emerged from these results first, that 
passive sensitization to complement-induced cytotoxicity 
occurs with Gram negative bacteria, and second, that 
the efficiency of killing by antibody plus complement 
seems to be related to the physical dimensions of the 
coupled foreign protein 

The finding that bacteria, like other cells, can be killed 
by heterologous antigen-antibody reactions occurring on 
their surface m the presence of complement serves to 
emphasize the fundamental similarity by which these 
reactants act on all susceptible cells Moreover, 1t strongly 
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Table 1 BACTERICIDAL STUDIES WITH PROTEHIN-COUPLED S adelaide 
Maxumum dilution Cone of antibody 
Foreign protem on S adelaide Preerpitable of antiserum (uafal at maximum 
Nature Molecular wt Rabbit antibody used antibody producing dilution producing 
protein (mg/ml ) 2 loge kill 2 logis kill) 
Uncoupled = Anti-S adelmde 0 26 1/107 26x10 
BSA 55,000 Ant-S adelaide 0 26 1/107 26x10- 
Anti-BSA 11 1/570 19 
Mouse gamma globulin 160,000 Anti-mouse gamma globulin 48 1/270 18 
Agg human gamma globulin 1-2 x 10° Anti-agg human gamma globulin 79 No kıl! No kil 


suggests that the appearance of holes ın red cells or 
bacteria!®!? after complement attack 1s not the result of 
a direct action on the antigen substrate but ıs a secondary 
effect consequent on the antigen-antibody fixation of 
complement as suggested by Muschel4® The finding that 
the efficiency of killing seems to be related to the physical 
dimensions of the foreign protein 1s particularly apparent 
when one considers the concentration of specific antubody 
in ug/ml necessary to give a 2 logy) kill of the bacteria 
A 105-fold merease ın mucrograms of precipitable anti- 
body/ml ıs necessary to kill © adelaide if the antibody 18 
directed against the BSA coating rather than against the 
organism itself This ıs even more striking when the 
bacteria, were coupled with mouse gamma globulin while 
coating with aggregated human gamma globulin failed to 
sensitize the organisms to killing by antibody plus com- 
plement 


100 ~~ 


inoculum 


50 


Percentage of killing of bacteri 


1 2 3 4 


Logie Serum dilution 


Fig 1 Bactericidal action of rabbit anti-bovine serum albumin serum 
(absorbed with S adelaide) against S adelaide (@) and S adelaide 
coupled to bovine serum albumin (O) 


It seems unlikely that this great reduction in efficiency 
using antibody against coupled antigen could be explained 
by a paucity of antigenic sites In some of our experiments, 
BSA labelled with 1odme-131 was used and this indicated 
that more than 10* molecules of BSA were coupled to 
each bacterial cell Moreover, with a strain of bactena 
highly sensitive to antibody and complement it has been 
shown that the number of antibody molecules which need 
to react with the surface in order to kill the bacterial cell 
may be as low as thirty m the case of yM (ref 14) 

These observations suggest that the efficiency of bac- 
tericidal effects which are mediated by complement 1s 
dependent on the effective distance at which complement 
1s fixed from the bacterial surface Muschel! has offered 
a similar explanation for the fact that, while P ballerup 1s 
refractory to the bactericidal action of serum, sphero- 
plasts of P ballerwp are as sensitive to lysis, mediated by 


the antibody—complement system, as those of the moder- 
ately serum-sensitive S typhosa 0 901 
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In vitro Detection of Immunosuppressive 
Activity of Anti-lymphocyte Sera 


TEE problem of a vitro evaluation of anti-lymphocyte 
sera (ALS) has not yet been solved The tests used, 
such as leuco-agglutination, cytotoxicity and lymphocyte 
stimulation m culture, do not detect small amounts of 
anti-lymphocyte antibodies and, furthermore, the results 
of these tesis are not regularly correlated with graft 
survival tıme}? We propose a new ın vitro test, based on. 
mhibition of an active function of the lymphocytes 

Immunologically active cells can be detected by an 
immunocyto-adherence technique—rosette formation? 4 
One rosette-forming cell (RFC) is found for every thou- 
sand lymphocytes m the spleen of Swiss and C57Bl6 
non-ummunized mice meubated with sheep red blood 
cells (RBC) We have studied the wn vitro action of ALS 
on this background of RFC 

Ten heterologous anti-mouse ALS from rabbits (Table 
1) were obtamed as previously described’ In four cases, 
immunization was achieved using rabbits which were previ- 
ously tolerant to blood and kidney of mice! (ALS Nos 4, 7, 
9, 10) These sera showed no activity or only weak 
activity against erythrocytes, serum and kidney of mice 
The technique of rmmunocyto-adherence was a modifica- 


Table 1 INHIBITION TITRES OF TEN ALS 
Inhibition titre 
Wit 


ALS Antigen used for ALS production Without 1 
complement complement 
1 Lymph node cells 1/600 1/10,000 
2 i sen oe 1/1,200 1/20,000 
3 ” ey) 1/1,200 1/20,000 
4 ” » n» 1/2,500 1/20,000 
5 ” 1» 1/600 1/1,20 
6 3t T 1/1,200 1/80,000 
7 Homogenized lymph node cells 1/1,200 1/20,000 
8 Insoluble fraction from homogenized 
lymph node cells 1/10,000 1/40,000 
9 Thymic cells 1/2,500 1/20,000 
10 = Splenic cells 1/2,500 1/10,000 
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Fig 1 Jn miro inhibition of rosette-forming cells with ALS ALS 4, 

leuco-agglutination titre, 1/16, cytotoxicity titre, 1/1,024, rosette 

inhibition titre without complement, 1/2,500, rosette mbhibition titre 
with complement, 1/20,000 


tion of Biozz’s method? 6x 10° spleen celis were washed 
twice in Hanks BSS and were meubated for 90 min at 
37° C, with two-fold dilutions of mactivated ALS After 
addition of 25x 10° sheep RBC and centrifugation (200g 
for 5 min) the number of rosette-forming cells was counted 
in a haematocytometer 

Results are shown ın Fig 1 After incubation with 
ALS the number of RFC 1s 0 2/1,000 spleen cells as 
compared with the control value of 1 0/1,000 cells without 
ALS When ALS ıs diluted to 1/5,000, the number of 
RFC mereases suddenly to 1/1,000 cells The test could 
not be performed with serum dilutions of under 1/300 
because of leuco-agglutmation Identical figures were 
obtained for all sera but one, the exception was serum 1 
for which an intermediary plateau was observed over two 
dilutions From these experiments, the “imbibition titre” 
has been defined as the highest dilution for which the 
number of RFC ıs 0 3/1,000 cells or lower The inhibition 
titre was increased by complement (1/500 dilution of 
guinea-pig fresh serum) which was added before splenic 
cells were mcubated with ALS For example, the mhibi- 
tion titre of ALS 6 was 1/80,000 with complement as 
compared with 1/1,200 without complement Inactivated 
guinea-pig serum did not increase the mhubition titre 

The mechanism of the mhibition of RFC by ALS ıs 
unknown ‘The anti-sheep RBC antibodies contamed in 
ALS are not concerned because the titre of rosette mhibi- 
tion was not modified after absorption of these antibodies 
The anti-mouse immunoglobulin antibodies which are 
present in ALS do not seem responsible either, first, 
because anti-rmmunoglobulin sera inhibit the RFC’ but 
not so strongly as ALS, second, because rosette formation 
is mbibited by ALS without any anti-immunoglobulin 
precipitating activity (ALS 2, 4, 6, 7, 9, 10), and third, 
because when complement 1s added the mhıbıtıon of RFC 
by anti-rmmunoglobulm sera is not increased Inhibition 
is not caused by cytotoxicity, as defined by the trypan 
blue exclusion test, because the titres for cytotoxicity 
are smaller than the mhibition titres 

We are currently studymg the possible correlation 
between this wm vitro test and homograft survival Human 
application ıs feasible because imbibition of human 
lymphocytes with horse anti-human ALS has been found 
m preliminary experiments 
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BIOCHEMISTRY 


Inhibition by Lasiocarpine of RNA 
Synthesis, RNA Polymerase and 
Induction of Tryptophan Pyrrolase 
Activity 

LASIOCARPINE a pyrrolizidine alkaloid derived from 
Hehotropwum lasvocarpwum or from Helwotropwum euro- 
paeum, produces chronic liver damage and cancer in rats 
and other laboratory anımals!-3, and ıt mnduces nucleolar 
“capping” (Fig 1) The functional significance of 
nucleolar “caps” 1s poorly understood They are probably 
related to alterations m DNA-directed RNA synthesis and 
RNA polymerase activity*-* 

The studies of Christie’ and Gallagher! deal with the 
effect of heliotrme and lasiocarpime on the activity um 
vtro of certain mitochondrial enzyme systems, but no 
information 1s available on the effect of pyrrolizidine 
alkaloids on RNA metabolism or on enzyme induction 

During a comparative study of RNA synthesis after 
admunistration of selected hepatocarcinogens (unpublished 
work of J Reddy and D Svoboda), 1t was observed that 
lasiocarpine markedly mhibited the incorporation wm vivo 
of *H-u1idine into rat liver nuclear RNA and significantly 
lowered the RNA content of the nuclear and ribosomal 
fractions (Table 1) To elucidate furthe: the mechanism 
of inhibition of *H-uridine incorporation by lasiocai pine 
and the significance of the concomitant morphological 
abnormalities ın the nucleolus and cytoplasm, the effect 
of lasiocarpme or tryptophan pyrrolase induced by steroids 
and RNA polymerase activity was investigated 
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Fig 1 
lagiocarpine, showing separation of the granular (g) and fibrillar (f) 


The nucleolus of a rat hver cell, 24 h after the injection of 


components to form two distinct zones (x 49,000 ) 
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With intraperitoneal injection (80 mg/kg body weight), 
lasiocarpme produced characteristic nuclear and cyto- 
plasmic alterations m rat liver as early as 30 min after 
administration By 24h, the nucleoli of almost all hepatic 
cells showed typical separation of the granular and fibrillar 
components (Fig. 1), which recovered by 72 h (ref 4) 

For estimation of steroid-induced activity of tryptophan 
pyrrolase, adrenalectomized male F-344 rats weighing 
200-300 g were myected with lasiocarpme (80 mg/kg 
body weight, mtraperitoneally) and killed at 6, 24, 72 
and 120 h Hydrocortisone acetate (2 5 mg/100 g body 
weight, intraperitoneal) was injected 4 h before death 
Tryptophan pyrrolase assays were performed according 
to the method of Knox and Mehler” 


Table 1 EFFEOT OF LASIOCARPINE ON LIVER NUCLEAR AND RIBOSOMAL 
RNA CONTENT, AND INCORPORATION in mvo OF 7>H-URIDINE 
*H-uridine 
RNA content* incorporation t 
Nuclear Ribosomal 
Group Nuclear Ribosomal fraction fraction 
RNA/DNA ratio RNA (d pu } (dpm /100 

(ue/ug) (mg/g hver) ug RNA) wg RNA) 
Control 0196+0001¢ 63834006 2,186 1,280 
Lasiocarpine 24h 0 120 + 0 006 471+0 08 255 540 

(80 mg/kg body (P > 0 001) (P >0 001) 
weight) 


* Each group consists of five animals 

+ 24h after the admımıstration of las:ocarpine, two antmals in each group 
were given 15 #01 of 7H-uridine/g body weight intraperitoneally and killed 
after 30 min esults are expressed as average of two animals 

t Mean + standard error 


The activity of RNA polymerase was determined on 
intact isolated nucle1!* from livers of rats injected with a 
single dose of lasiocarpine at 2, 4, 6, 12, 24, 48 and 72h 
before death Two rats were used for each interval Pure 
nuclear preparations were assayed ın dupheate at each 
interval m the presence of 0:32 M ammonium sulphate, 
using the standard assay mixture for nuclear RNA poly- 
merase based on the method of Gelboin et al® Nucleic 
acids were estimated by the method of Schneider and 
the radioactivity was determined by using a Packard 
‘Tri-carb’ liquid semntillation spectrometer 

In the hvers of adrenalectomized rats, lasiocarpime 
caused significant inhibition of steroid-induced tryptophan 
pyrrolase (Fig 2) at 6h Even at 72h after a single dose 
of lasiocarpine there was substantial reduction of trypto- 
phan pyrrolase activity Recovery was apparent, how- 
ever, at 5 days 

The studies of ın vwo incorporation of a 30 min H- 
uridine pulse into rat liver nuclear RNA showed marked 
inhibition 24 h after lasiocarpine administration (Table 1) 
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Fig 2 The activity of hydrocortisone-induced tryptophan pyrrolase 
(T-pase) in rats after lasiocarpine administration, 80 mg/kg body weight 
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Fig 3 Rathver RNA polymerase activity after lasiocarpine treatment 
The animals were injected with lasiocarpine 80 mg/kg body weight and 
killed at 2, 4, 6, 12, 24, 48 and 72h 


Likewise there was also a significant reduction in the 
labelled mbosomal RNA The depression of incorporation 
was accompanied by a 40 per cent reduction m the nuclear 
RNA/DNA ratio 

RNA polymerase activity in the hepatic nucle: of rats 
treated with lasiocarpine for 2 and 4 h before they were 
lulled was significantly decreased Fig 3 summarizes the 
data of incorporation of cytidine triphosphate into acid- 
insoluble material, ın terms of percentage of normal 
Maximum inhibition (about 65 per cent) of RNA poly- 
merase activity was still seen after 24 h, and nearly normal 
levels were noted by 72 h. Inhibition of RNA polymerase 
activity by lasiocarpine suggests that this agent, like 
aflatoxin B, (refs 8 and 14) and actnomyem D (ref 15), 
could interfere with transcription of the DNA molecule 
by inhibiting RNA polymerase activity. The analogy 
between lasiocarpine, aflatoxin B, and actinomycin 18 
extended further by the similarity of the early morpho- 
logical abnormalities in nucleoli: caused by all threet 1617 

Because the nucleolus plays a significant part m the 
synthesis of ribosomal RNA, the derangements of RNA 
synthetic activity and the inhibition of tryptophan pyr- 
rolase induction after lasiocarpine treatment may be 
related, ın part, to the loss of structural integrity of the 
nucleolus The reversal to normal of the morphological 
changes 72 h after administration of lasiocarpme 1s 
accompanied by restoration of RNA polymerase activity 
Steroid induction of tryptophan pyrrolase has been shown 
to be dependent on intact systems for transcription and 
translation of protem synthesis!*-1°, processes which are 
reflected ın part by nucleolar and cytoplasmic morphology, 
respectively Significant restoration of tryptophan pyr- 
rolase induction by hydrocortisone accompanies reversal 
to normal of the cytoplasmic changes 120 h after lasio- 
earpine This further supports the contention that aber- 
rations in the nucleolar morphology reflect or occur 
concomitantly with biochemical lesions and decreased 
RNA polymerase activity related to transcription (DNA- 
dependent RNA synthesis) 

Because the biochemical and ultrastructural effects of 
lasiocarpine on nucle: of rat liver cells are analogous to 
those of actinomycin D (refs 15, 16 and 19) and afla- 
toxin®-14.47, it is suggested that mhibition of nuclear RNA. 
synthesis, steroid induction of tryptophan pyrrolase and 
RNA polymerase activity are umportant biochemical 
defects in lasiocarpine injury and probably reflect the 
change termed nucleolar segregation or “capping” 
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-Urinary Peptides derived from the 
Cross-linked Regions of Connective 
Tissue Proteins 


We have used ‘Sephadex G-15 to examine the molecular 
weight distribution of urinary peptides obtained from 
normal males, aged between 22 and 24 yr, by a method 
designed to protect labile groups within peptides. We 
obtained a peptide fraction, of approximate molecular 
weight 600, which gave several slowly developing yellow 
Ehrlich positive zones after electrophoresis in pyridine 
acetate buffer at pH 5-5. This staining property was lost 
after chromatography in systems containing acetic acid, 
presumably because of oxidative decomposition on the 
paper surface in acetic acid. High voltage electrophoresis 
‘of this peptide fraction in pyridine acetate buffer at 
pH 3-7 showed that at least fifteen peptides were present. 
Total hydrolysis of the whole peptide fraction in sealed 
tubes containing 6 N hydrochloric acid under nitrogen 
at 100° C for 24 h yielded a complex mixture of amino- 
‘acids. These amino-acids were separated with the Tech- 
nicon autoanalyser system under nitrogen using the 
sodium buffer elution techniquet. The hydrolysate con- 
“tained the following. (a) Desmosine, isodesmosine and 
lysino-norleucine which are thought to be unique to in- 
- soluble elastin where they are known to be the acid stable 
cross-linkages®*. (b) Hydroxyproline and hydroxylysine, 
the latter of which is known to be involved in glycosidic 
linkage with galactose and glucose in collagen‘ and has 
only been isolated from connective tissue proteins. 
{e} Two unidentified amino-acids, described as V* and 
Hi*, which have recently been observed for the first time 
in a protein fraction of the human intervertebral disk 
(unpublished results of F. 8. Steven, D. S. Jackson and 
K. Broady). This protein is very firmly bound to collagen 
in the disk. The quantity of V* in the urinary peptide 


“fable 1. RP VALURS OF COMPOUNDS GIVING A YELLOW EHRLICH REACTION 
n-Butanol : Colour 
Solvent Iso-propanol : water ethanol : water develop- 
160 : 40 120 : 30: ment 
2 Grea 62 41 Fast 
Homocitrulline 27 17 Fast 
Unknown 39 a1 Slow 
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fraction is equivalent to 0-3 mg/l. of urine. (d) Several 
unidentified ninhydrin positive peaks which seem from 
their positions on the chromatographic elution pattern 
to be derived from basic amino-acids. 

Total hydrolysis of the disk protein fractions referred 
to in (c) also yielded a yellow Ehrlich positive spot after 
two dimensional chromatography in systems which did 
not contain acetic acid. This yellow spot again failed to 
appear in hydrolysates which had been subjected to 
chromatography or electrophoresis in systems containing 
acetic acid. Table 1 shows the Ry values of urea, homo- 
citrulline and the unknown Ehrlich positive spot. 

Hydroxyproline peptides are commonly found in urine, 
but hydroxylysine has only once been observed* in normal 
adult urine. Desmosine, isodesmosine, lysino-norleucine 
and the unidentified amino-acids have not previously 
been reported in urine. The modified amino-acids have 
probably escaped detection in previous studies of urine, 
beeause little work has been carried out on these low 
molecular weight peptide fractions. 

The presence of this peptide fraction suggests that the 
catabolism of connective tissue proteins proceeds nor- 
mally by proteolytic digestion until a cross-linked region 
is reached. At this stage a fragment is released which 
contains the cross-link plus perhaps two amino-acid 
residues adjacent to the cross-link on each peptide chain. 
This fragment might be an enzyme-resistant H-peptide. 
The urinary peptides containing desmosine, isodesmosine 
or lysino-norleucine as cross-linkages would be derived 
from catabolism of elastin. Those peptides containing 
hydroxylysine would probably be derived from collagen 
catabolism and those peptides containing V* and Hi* 
might be expected to be derived from the disk type 
protein complex with collagen. 

We thank Professors J. H. Kellgren and D. 8. Jackson 
for their encouragement and support of this project. 
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Sedimentation Behaviour of 
Rapidly Labelled RNA from 
Escherichia coli 


Raprpiry of labelling after exposure to radioactive pre- 
cursor is one of the distinctive characteristics of bacterial 
messenger RNA (mRNA). In early studies, rapidly 
labelled RNA prepared from bacterial extracts obtained 
by alumina grinding was of small size and sedimented as 
a broad peak at about 8-108 (ref. 1). When steps were 
taken to reduce enzyme degradation, rapidly labelled 
RNA showed a very heterogeneous distribution with 
fractions sedimenting at 6-8S, 14-168 and heavy chains 
at 16-308 (refs. 2 and 3). The heavy chains of rapidly 
labelled RNA could be dissociated to 188 by centrifuga- 
tion in gradients of sulpholane, a compound known to 
decrease interactions between ribosomal components*. 
There is also evidence that mRNA may become fragmented 
by sonication. Thus mRNA labelled with *H-uridine 
from Æ. coli which sedimented at 10-129 became frag- 
mented by sonication to chains sedimenting at 48 (ref. 5). 
Chromatography of RNA on columns of methylated 
albumin {MAK)* resolved rapidly labelled RNA from 
E. coli into several fractions which eluted around the 
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168 and 238 peaks of ribosomal RNA (rRNA) (refs. 2 and 
7). Tt has since been shown, however, that the use of 
methylated albumin columns for the determination of 
the size of mRNA is unreliable. mRNA molecules 
have been found to complex with rRNA molecules at 
sodium chloride concentrations needed for elution of the 
latter’, 

We have found that the sedimentation behaviour 
ascribed to mRNA from Æ. coli is that of chains of rapidly 
labelled RNA fragmented by mechanical shear, and that 
sedimentation properties of non-fragmented rapidly 
labelled RNA chains are similar to those of ribosomal 
RNA. 

We used E. coli Bju in growth conditions similar to 
those described before’. The pulse-labelled cells (see 
figure legends for details of labelling) were poured over 
frozen and crushed 10-2 M tris buffer, pH 7-75, containing 
1-5 x 10- M magnesium ions and collected by centrifuga- 
tion in the cold. For the preparation of RNA we used 
spheroplasts and extracts obtained by alumina grinding 
or sonication. 

The spheroplasts were prepared by a slight modification 
of the procedure of Kohn*. The cells with rapidly labelled 
RNA were washed by centrifugation in the cold in 10- M 
tris buffer, pH 7-75, containing 1-5 x 10-? M magnesium 
ions and 30 per cent sucrose, and resuspended in the same 
buffer (0-5 ml. of the buffer per 6 x 10" cells). Lysozyme 
(l mg/ml. of the cell suspension) was added and the 
cells were twice frozen in a solid carbon dioxide~acetone 
bath and thawed in an ice bath. After centrifugation in 
the cold the spheroplasts were gently resuspended using 
a wide bore pipette in 10-? M tris buffer, pH 7-4, containing 
10“? M magnesium ions (tris-Mg buffer) and lysed by 
adding 0-1 of their volume of 15 per cent sodium 
dodecyl sulphate and incubating the mixture for 1 min 
at 0° C (3 ml. of the lysing solution per 6 x 10! of the 
cells), 

For sonication, spheroplasts or whole cells in tris Mg 
buffer or purified RNA in 5x10 M tris buffer, pH 7-4, 
containing 10 M NaCl and 10 M ethylenediamine 
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tetraacetic acid (EDTA), were routinely disrupted for 


1-5 min at 4° C in the 20 kHz MSE ultrasonic disinte- 
grator with an output of 60 W using the 19 mm probe with 
a 9-5 mm tip. For alumina grinding, cells were ground 
with twice their weight of alumina in the cold and extracted 
as described previously®. 

RNA from the lysed spheroplasts and bacterial extracts 
obtained by alumina grinding or sonication was prepared 
as follows. To 3 ml. of the cell lysates or extracts, 3 ml. 
of freshly distilled 90 per cent (v/v) phenol was added. 
The phenol mixture in stoppered glass centrifuge tubes 
was gently agitated by turning the tubes upside down for 
2-5 min in the cold and centrifuged at 10,000g for 10 
min. The upper aqueous layer was carefully collected 
and freed from phenol by repeated ether extractions. 
The dissolved ether was removed by air blowing and the 
solution was incubated with 10 ug/ml. of RNase-free 
DNase for 20 min at 4° C. Thereafter 100 ug/ml. of 
pronase was added, the mixture was reincubated at 
37° C for 20 min and the RNAs were precipitated with 
two volumes of ice-cold 95 per cent (v/v) ethanol. The 
product was stored at — 20° C. 

Sedimentation behaviour of RNA was studied by 
centrifugation in linear sucrose density gradients 5-20 
per cent (w/v) in suitable buffer and ionic conditions (as 
listed in the figure legends). Gradients were run in the 
Spinco model L ultracentrifuge with the SW 39 rotor at 
37,000 r.p.m. for 4h at 4° C. From each gradient, between 
twenty-five and thirty fractions were collected. Optical 
density and trichloroacetic acid precipitable radioactivity 
of each fraction were determined’. 

We determined the recovery of radioactivity in the 
final RNA product, to make sure that our methods 
do not cause selective extraction of a special class of 
rapidly labelled RNA. If the total trichloroacetic acid- 
insoluble radioactivity in whole cells is taken as 100 
per cent, the RNA isolated from lysed spheroplasts 
and from extracts obtained by alumina grinding and soni- 
cation contained 92 per cent, 84 per cent and 80 per cent 
of radioactivity, respectively. 
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FRACTION 


Fig, 1 


pH 7-4, containing 0-1 M sodium chloride and 10+ M EDTA. 
RNA obtained from: A, sonicated cells; 





g Sedimentation behaviour of rapidly labelled and ribosomal RNA from Æ. cali. 
pulse-labelled with 0-1 «Ci/ml. of 2-4C-uracil for 1/140th of the generation time. 


NUMBER 


Influence of the method of RNA preparation, Cells were 
The RNA samples were dissolved in 5 x 10-* M tris buffer, 


Sucrose solutions used to prepare the gradients were made in the same buffer, 
B, cells ground with alumina; 


C, spheroplasts; D, sonicated spheroplasta; E, spheroplasts 


sonicated after phenol extraction and ethanol precipitation. 
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- Pigs. LA and B show the sedimentation behaviour of 
--oaibosomal and rapidly labelled RNA prepared from 
bacterial extracts obtained by sonication and alumina 
grinding, respectively. The ultraviolet-absorbing material 
eomprising the two rRNA components and transfer RNA 
is well resolved into three fractions sedimenting at 238, 
168 .and 48. The rapidly labelled RNA has a mean 
sedimentation coefficient im the range of 10-129 with 
a second rather ill-defined peak at about 88. 
Fig. 1C shows the sedimentation behaviour of a similar 
- RNA preparation obtained from Æ. coli spheroplasts. 
~ Isotope distribution is now coincident with the distribu- 
tion of material which absorbs at 260 mu, and both sed- 
iment as two peaks with sedimentation coefficients of 
238 and 168. When the spheroplasts were subjected to 
sonication, rapidly labelled RNA fragmented (Fig. 1D). 
Bi Fig. 1E shows the sedimentation behaviour of RNA 
Cion preparations obtained from Æ. coli spheroplasts and 
< subsequently sonicated. It is evident that deproteinized 
ooo ribosomal RNA is as susceptible to mechanical shear as 
as rapidly labelled RNA. It can be seen that purified 
ribosomal RNA was fragmented by sonication and 
“sedimented as a broad peak at about 10-128. 

oo Although the sedimentation behaviour of ribosomal 
RNA is largely unaffected by the method of extraction, 
zonie strength and bivalent cation concentration of the 

_ o medium and of sucrose gradients strongly influence the 
> tertiary and/or secondary structure of ribosomal RNA 

_ | components and their capacity to form complexes between 

themselves and with rapidly labelled RNA?-2. We 
‘have therefore compared the sedimentation behaviour 
¿of non-fragmented ribosomal RNA with that of non- 
fragmented and sheared rapidly labelled RNA chains 
in media which induce changes in the sedimentation 
< behaviour of the former. 
.. Fig. 2.4 shows that in media of moderate ionic strength, 
fragmented rapidly labelled RNA obtained from sonicated 
cells of K. coli sediments as a single peak at about 10-128. 
~~ In the presence of magnesium ions (Fig. 2B), complex 
“formation between ribosomal RNA components and 
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between ribosomal RNA and rapidly labelled RNA 
chains oceurred. The rapidly labelled RNA gave a poorly 
resolved profile in which the radioactivity was spread 
along the entire sucrose gradient. The same conclusions 
based on similar experiments have recently been reported 
by Asano? and Hayes eż al.?*. 

Fig. 2C shows the sedimentation behaviour of a similar 
RNA preparation run in sucrose density gradient at low 
ionic strength in the presence of EDTA. Ribosomal 
RNA sediments as a single peak at about 168. The 
behaviour of fragmented rapidly labelled RNA, however, 
remained unaltered and it sedimented as a broad peak at 
about 8-108. 

Figs. 2D, E and F show the sedimentation behaviour of 
non-fragmented rapidly labelled RNA in sucrose density’ 
gradients of moderate ionic strength, in the presence of 
magnesium ions and at low ionie strength in the presence 
of EDTA, respectively. In these conditions, the isotope 
distribution is coincident with the distribution of the 
material which absorbs at 260 my and both sediment as 
two peaks with sedimentation coefficients of 23S and 
16S in gradients of moderate ionic strength, as 398, 
28S and 16S in the presence of 10-? M magnesium ions 
and as a single peak at about 16S at low ionic strength 
in the presence of EDTA. 

Figs. 10 and 2D show that in addition to the bulk of 
rapidly labelled RNA which sediments at 23S and 168 
there is a fraction of radioactivity sedimenting as a broad 
zone at about 10-128. This may indicate that in spite 
of strict precautions a small proportion of rapidly labelled’: 
RNA became fragmented. On the other hand, the mater- 
ial sedimenting behind the 168 peak may represent RNA 
chains in the process of being synthesized. To distinguish 
experimentally between the two possibilities, we have 
examined the sedimentation behaviour of non-fragmented 
RNA chains labelled during pulses of various length. 

The results of a typical experiment are shown in. Fig. 3. 
Most RNA chains labelled during 10 seconds (Fig. 3A) are 
already resolved into two fractions which sediment at 
23S and 168. A fraction of radioactivity (about 20 per cent. 
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Fig. 2. 


Sedimentation behaviour of rapidly labelled and ribosomal RNA from Æ. coli, Influence of ionic strength and bivalent cation concen- 


: tration. Cells were pulse-labelled with 2-“C-uracil for 1/140th of the generation time. RNA was prepared from sonicated cells (A, B and C) 
ooo ccana from spheroplasts (D, Æ and F). The RNA samples were dissolved and centrifuged in sucrose gradients containing: A and P, 510° M 
trig buffer, pH 7-4, 0-1 M NaCl and 10° M EDTA; Band E, 5x 10-* M tris buffer, pH 7-4, and 10-* M magnesium ions; C and F, 5 « 10* M 

s tris buffer, pH 7-4, and 107 M EDTA. 
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of total) sediments as a broad peak behind 168. After 
longer periods of labelling the fraction of rapidly labelled 
RNA of low sedimentation coefficient decreases with a 
concomitant increase in the radioactivity sedimenting 
at 23S and 168. These results suggest that the non- 
fragmented rapidly labelled RNA of low sedimentation 
coefficient represents incomplete RNA chains in the 
process of being synthesized. 

The data presented in this work indicate that: (1) 
unlike rRNA, rapidly labelled RNA becomes fragmented 
by exposing cells to mechanical shear; (2) deproteiniza- 
tion makes ribosomal RNA susceptible to mechanical 
shear; and (3) the sedimentation behaviour of non-frag- 
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Fig. 3. Sucrose gradient profiles of RNA labelled for different periods of 

time. RNA was extracted from spheroplasts. Cells were labelled with 

2-4C-uracil: A, 03 «Ci/ml. of cells for 10 3; B, 0-15 #Ci/ml. of cells 

fer 20 a; C, O01 gCi/ml. of cells for 30 s; D, 6-066 wCi/ml. of cells for 

40s. The RNA samples were dissolved in 5 x 10 M tris buffer, pH 7-4. 

containing 0-1 M sodium chloride and 10-* M EDTA. Sucrose solutions 
used to prepare the gradients were made in the same buffer. 
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mented rapidly labelled RNA is similar to that of non- 


fragmented ribosomal RNA. 

It has been shown that a large percentage of the rapidly 
labelled RNA moiety represents newly synthesized ribo- 
somal RNA™-4 associated with 30S and 509 ribosomal 
sub-units'*.16, the remaining apparently being mRNA. 
The data presented here indicate that non-fragmented 
rapidly labelled RNA cannot be resolved into rRNA 
and mRNA components by sedimentation analysis, 
because they both sediment at a similar rate in sucrose 
gradients of different ionic composition. 

Ribosomal RNA in mature ribonucleoprotein remains 
intact in conditions when newly synthesized RNA is 
sheared and becomes susceptible to mechanical shear 
after deproteinization. Similar results on the resistance 
and susceptibility of these two classes of RNA towards 
nucleases were recently reported®17. It should therefore 
be assumed that the interaction of protein and RNA in 
mature ribonucleoprotein gives protection to the RNA 
moiety against mechanical shear and the action of degrada- 
tive enzymes, and that maturation of the ribosome 
involves qualitative and quantitative alterations or both 
in the protein-RNA interaction. These alterations lead 
to resistance of rRNA to agents which may endanger 
the integrity of the ribosome and impair its function. 
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Inhibition of Leucine and Lysine 
Aminopeptidase by Atopic Allergens 


Many atopic allergens—the biologically active substances 
involved in the syndrome of atopy in man (asthma, hay 
fever, atopic eczema)—have been shown to incorporate 
1-deoxy-2-ketose side chains attached at the sugar carbon 
CI to the -amino groups of lysine residues in the peptide 
chain of the protein or glycoprotein carrier molecules'-3. 
Recent syntheses have shown that the selective coupling 
of reducing sugar to the e-amino functions of lysine side 
chains in the $-lactoglobulin molecule does in fact increase 
the specific activity of the protein during skin tests in 
milk-sensitive individuals‘. The blockade of a few amine 
or amide groups by combination with monosaccharides 
would also provide a plausible explanation for the occur- 
rence of, and for the physicochemical difference between, 
the “‘iso-allergens” in extracts of grass pollen’. 

The initial allergen—reagin interaction in hypersensitive 
individuals ultimately causes the local or systemic release 
of a number of pharmacologically active substances, 











x < the substrate. 
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_among which are the peptides kallidin-10 and bradykinin. 
ee These kinins, which are vaso-active and which stimulate 
smooth muscle, are usually rapidly inactivated by 
specific enzymes, that is, by the converting enzyme 
aminopeptidase B, and by the kininase carboxypeptidase 

X which cleaves the C-terminal arginine of bradykinin‘. 

The aminopeptidase is capable of releasing the N-terminal 

lysine of kallidin-10, converting it into bradykinin, but it 

has been reported to be unable to hydrolyse the arginine- 

prolyl bond at the N-terminal end of bradykinin’. At 
< the site of inflammation, proteolytic enzymes (presumably 
-activated by the antigen-antibody complex) are thought 
to act on an o,-globulin substrate to release the active 
peptide kallidin-10, which must first be converted into 
bradykinin before the pharmacological activity can be 
completely abolished’. 

On the hypothesis that the active site of aminopeptidase 
B might be susceptible to inhibition by large molecules 
carrying sugar-substituted lysine residues, we have 
studied the influence of several atopic allergens on the 


`o reaction between the substrate L-lysyl-@-naphthylamide 


and commercial preparations of leucine aminopeptidase as 
< a source of the enzyme. Although they are highly purified, 
these preparations (extracted bovine lens and extracted 


| pig kidney, Seravac Laboratories) hydrolysed all three 

substrates which were tested—the §-naphthylamides 
|. of t-leucine, L-lysine and L-arginine—the turnover rates 
being approximately in the proportion 5: 6:4, respectively. 


The reaction system contained 0-1 mg of the lyophilized 
enzyme, 0-2 ml. of 1-lysyl-$-naphthylamide carbonate 
(0-2 umole) and quantities up to 1 mg of allergen in a 
final volume of 2:3 ml. of tris(hydroxymethyl)amino- 

-methane-hydrochloric acid buffer (0-1 molar, pH 7-0). 
The tubes were shaken for 1 h at 37° C and the reaction 
was stopped by the addition of 1 ml. of 0-1 per cent 
fast garnet GBC salt in 1 molar sodium acetate buffer 


ane pH 6-5. Exactly 30 min was allowed at room temperature 


for full colour development, and the extinction of the 
samples was finally read at 525 nm. Sets included blanks 
for enzyme and reagent absorption, for allergen absorp- 

“tion ab 625 nm and for spontaneous decomposition of 
A series of standard solutions containing 
the substrate in different concentrations served for calcu- 
lation. The degree of enzyme inhibition was plotted 
against allergen concentration and the point of 50 per 
gent inhibition was read from these curves by intrapolation. 

All atopic allergens which were investigated were found 
to inhibit the hydrolysis of L-lysyl-8-naphthylamide by 
the enzyme samples, the degree of inhibition being less 
pronounced with the leucyl- and arginyl-ß-naphthyl- 
amides as the substrates. The inhibiting capacity for a 
given amount of enzyme varied considerably, however, 
among different atopic allergens. A plot of the quantity of 
allergen causing 50 per cent inhibition against the ratio 
of the extinction coefficients in the ultraviolet £305/#280 
(Fig. 1) shows at once that the inhibiting power is a 


i fanetion of the number of lysine-sugar determinants in 


the peptide moieties of the respective allergens; the 
extinction coefficient at 305 nm has been shown to be 
indicative of the 1-2-enol tautomer of the 1-deoxy-2- 
ketose blocking the lysine residues'-*. The most highly 
pigmented allergens—kapok, feathers and house dust 
-—were among the most potent inhibitors. Assuming 
a molecular weight of 30,000 for the kapok allergen and of 
300,000 for the leucine aminopeptidase, the molecular 
ratio of allergen : enzyme for 50 per cent inhibition was 
‘galeulated to be approximately 2:1. Conversely, the 
inhibiting capacity decreases in a hyperbolic function 
with a diminishing number of blocked lysine e-amino 
groups in the allergens and model compounds (Fig. 1). 
“The observation that the synthetic model compound 
1-(N)-deoxy-ribulose bovine serum albumin inhibited 
he enzyme, in contrast with the crystalline parent pro- 
“tein, indicates that the active site of the aminopeptidase 
-ia indeed sensitive to the lysine-sugar conjugate. 
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Fig, 1. Graph showing the relationship between inhibiting capacity 
(dose for 50 per cent inhibition in #g/100 wg of leucine aminopeptidase, < 
log scale) and the approximate number of lysine-sugar residues of atopic 
allergens (see text). Key: (1) kapok KP-C; (2) feathers FE-B; (8, 4, 5) 
house dust (fractions E, B and D, respectively); (6, 7, 8) human dandrul 
(fractions £, D and B respectively); (9) pyrethrum (dialysed extract); 
(10) ipecae (fraction D); (11) timothy Hen (precipitate 03-08 
saturated ammonium sulphate); (12) horse dandruff (dialysed extract); 
(13) ovomucoid (extracte hen's eggs); (14) deoxyribulose bovine serum 
albumin; (15) crystalline bovine serum albumin. For allergens and 
fractions see refs, 1-3. 
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Although identical results were obtained during studies 
of aminopeptidase inhibition in human sera, inactivation 
of the enzyme converting kallidin-10 into bradykinin can, 
only be a side-effect of the biological action of allergens in 
man, if only because the most strongly pigmented allergens 
do not necessarily exhibit the highest reactivity in skin 
tests. Moreover, no significant differences were detected 
in the level of serum aminopeptidases between groups of 
normal and allergic human donors, nor in the behavioural 
pattern of these enzymes with regard to inhibition by 
allergens. Both normal and atopic individuals are, of 
course, exposed to environmental allergens to the same 
extent, and this would cause no difference in the degree 
of enzyme inhibition between the two groups of subjects. 
The interference of atopic allergens with the action of an 
enzyme which is essential for the rapid breakdown of 
active kallidin-10 might, however, conceivably intensify 
the traumatic response of allergic individuals to the 
triggering allergen-reagin interaction. 

No results have yet been obtained with the kininase 
carboxypeptidase N, but experiments with erystalline 
pancreatic carboxypeptidase B hydrolysing hippuryl-- 
lysine, a substrate of carboxypeptidase N, showed that 
the enzymatic activity was unimpaired in the presence 
of any of the atopic allergens which were investigated. 
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Cell Membrane of Uterine Smooth 
We wished to isolate the cell membranes of the smooth 
muscle of the uterus for investigation of the sialic acid 
components (see following communication) and have 
therefore applied the method of Rosenthal, Edelman and 
Schwartz', which is a modification of MecCollester’s 
method for emptying broken skeletal muscle cells?. The 
“uterine muscle cells are small, tapering and enmeshed in 
collagen so that the tissue is too tough to be disintegrated 
in a blender. We therefore protected the uterine horns 
against the effects of freezing by impregnating with 
glycerol’, and then froze them between slabs of solid carbon 
dioxide and scraped off the endometrium. Frozen muscle 
segments are made into a block with drops of 50 mM 
calcium chloride, and sectioned on a freezing micro- 
_ tome. The mush on the knife was periodically trans- 
ferred to 50 mM calcium chloride at 0°C and this 
homogenate was freed of cell contents by modifying 
Rosenthal’s method as in Fig. 1. The membranes sedi- 
mented readily during centrifugation because the collagen 
fibres were retained; if they did not settle after the ATP 
treatment, but remained as a fluffy dispersion, then phase- 
contrast microscopy showed that they were still sur- 
rounded by extruded protein containing nuclei and mito- 
chondria, and a second ATP treatment was necessary. 


Spin homogenate, 3,000g 


Discard ~~ 


supernatant. uterus) 


Discard 
supernatant | 
Discard ~ 
supernatant 


Discard |] 
supernatant 


Discard ~~] 
supernatant 





Discard ~~ 
supernatant 


Discard | 
supernatant | 


Discard sa 
supernatant 


Membrane 






Ice-cold water 
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Table 1, COMPOSITION. OP MYOMETRIAL MEMBRANE 
% Dry weight of 
total membrane 

Average values 


Nitrogen 13-4 
Phosphorus 1-2 
Collagen 581 
Hydroxyproline 49 
Lipid 13 
Total sialic acid O52 
Non-lipid sialic acid 0-43 
Phospholipid phosphorus 0-27 
Cholesterol L 
Proteolipid protein 0-5 


Nitrogen, phosphorus, collagen? and hydroxyproline were estimated in 
the dried membrane. The lipid was obtained by extracting dried membrane 
with chloroform-methano! 2 : 1 v/v (0:5 ml./mg) for 3 h at 24° € and, after 
removal of the solvent, the lipid was analysed for phospholipid phos- 
phorus'8, cholesterol?’ and proteolipid protein™, Sialic acid was estimated 
by direct Ehrlich reaction™. 


was shown to be predominantly lipid, not proteolipid, 
by the occurrence of only 4 per cent protein in this frac- 
tion. Wallach has expressed serious doubt that the lipo- 
protein plasmalemma is obtained in MeCollester’s method, 
because of the use of low ionic strength solutions’. That 
this doubt is unfounded is shown by the analyses for 
cholesterol and phospholipid in the uterine smooth 
muscle membrane; the molar ratio of cholesterol to 
phospholipid averaged 0:47. Table 2 shows the relative 
proportions of the various phospholipids. The analyses 
for this membrane preparation are in reasonable accord 
with the results for various other plasma membranes. 


| Ice-cold potassium chloride buffer, twice (17 ml/g of 
“| Incubate 37° C, 0-5 h potassium chloride buffer 


ji Ice-cold potassium chloride buffer, three times 
| 


| Tee-cold sodium hydroxide, six times (7 mL /g of 
uterus) (25x 10-7 N) 


0-2 mM ATP (25 ml./g of uterus) 


Cold water, twice 


Rats were treated with diethylstilboestrol 75 pg/day for 6 days before 


killing. 


Fig. 1. Procedure for isolating myometrial cell membrane 


Absence of mitochondria in the final membrane 
product was confirmed by electron microscopy!. By 
phase-contrast: microscopy, the emptied tissue sections 
resembled a network of holes, as would be expected for 
rings of empty membrane held together by the surround- 
ing collagen fibres, and did not resemble skeletal muscle 
sarcolemma tubules!:35.6. This is not surprising because 
of the method of comminution and the structural differ- 
ences between large, easily separated skeletal muscle 
fibres and small tapering smooth muscle cells enmeshed 
in collagen. The ratio of cell surface area to cell volume 
is ten times greater for uterine muscle than for skeletal 
musele? and so contamination of the membrane prepara- 
tion is less of a problem. 

Table 1 gives analyses of this membrane preparation. 
The chloroform-methanol soluble portion (13 per cent) 


The electrolyte composition of the membrane is interest- 
ing because of the high ratio of sodium to potassium, and 
this was independent of the use of the sodium salt of ATP 
in the last stage of the preparation (Table 3). Even if the 
membrane had bound every sodium ion available during 
the preparation with sodium hydroxide, it could have 


Table 2. PHOSPHOLIPID COMPOSITION OF MYOMETRIAL MEMBRANES 
% Total recovered 


Phospholipid phosphorus 
Solvent front (everything above P.E.) 2-3 
Phosphatidyl ethanolamine (P_E.) 24-8 
Phosphatidyl serine 64 
Phosphatidy! choline 50-3 
Sphingomyelin (8) 13-3 
Everything below S$ 25 


The phosphorus content.of each spot on a silica gel thin layer chromato- 
gram of the lipid extract was estimated by the molybdate method'tt!, 















ATURE. VOL. 217. FEBRUARY 17, 1968 





- Table 3. REROTROLYTE COMPOSITION OF MYOMETRIAL MEMBRANES 
BES Membrane preparation 


Electrolyte ATP sodium salt ATP tris salt 
Me 3-0 36 343 
Ca 44 4-1 3-9 
K 21 15 10 
Na 747 710 780 


Expressed as mM/kg dry weight of membrane. Tissues were dried, digested 
with nitric acid and analysed by flame photometry. 


obtained only approximately 1 mM/kg dry weight. The 
preceding stages involved potassium chloride buffer, 
and so we must conelude that the membrane strongly 
retained sodium ions despite the opportunity to exchange 
them for potassium ions. 
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-Sialic Acid of Uterine Muscle 
Membrane: Reappraisal of the 
Serotonin Receptor of Smooth 
Muscle 


WooLLey suggested that the serotonin receptor of uterus 
and stomach is a ganglioside, because neuraminidase 
destroys the sensitivity of those tissues to serotonin, 
and the sensitivity can be partially restored by the addition 
of brain gangliosides'. This assumption that a material 
which restores activity is the naturally oecurring receptor 
ean be questioned, and we have therefore investigated 
the sialic acid of the uterine muscle membrane and the 
occurrence or otherwise of gangliosides. 

The direct Ehrlich reaction? for estimating sialic acid 
lacks sensitivity but has a high degree of specificity’. 
Applying it to gelatine (as a membrane substitute) plus 
N-acetylneuraminie acid in the appropriate ratio, we 
found only slight interference (2 per cent) and therefore 
used this reaction to estimate the membrane sialic acid; 
(the thiobarbituric acid method applied to mucosubstances 
is unreliable’). The uterine muscle membrane was 
prepared and the lipid portion extracted (see preceding 
communication) from uteri which had been preincubated 
in physiological salt solution, either with or without 
neuraminidase. 

The lipid-soluble portion of sialic acid was approximately 
one-seventh of the total membrane sialic acid and V ibrio 
cholerae neuraminidase acted only on the non-lipid 
> portion of the membrane sialic acid, without detectable 

-activity on the lipid-soluble sialic acid (Table 1). With 
Clostridium perfringens neuraminidase, a difference of 
1 ug of sialic acid was not significant in relation to the 
total quantity of sialic acid and it is not correct to con- 
sider that one-third of the neuraminidase action was on 


667. 


the lipid-soluble sialic acid, for it may have removed. no 
lipid sialic acid. Sigma no longer supplies this enzyme, 
so we cannot confirm that Clostridium perfringens neur- 
aminidase does not act on the lipid-soluble sialic acid 
if used for a longer time. 


Table 1, ACTION OF NEURAMINIDASE ON SIALIC ACID OF MYOMBTRIAL 
MEMBRANES 
Calculated 
Control Enzyme removed by 
treated enzyme 
V, cholerae 
Complete membrane 54 44 10 
Lipid-free membrane 46 36 10 
Calculated in lipid 8 8 
C. perfringens 
Complete membrane 55 52 3 
Lipid-free membrane 47 45 2 
Calculated in lipid 8 7 


Control and enzyme-treated groups incubated for 75 min in physiological 
salt solution containing 1-4 mM calcium chloride, pH 7-15, bri 
(Calbiochem) and Clostridium perfringens (Sigma type V} neuraminidase were 
added with 5 mM EDTA, After incubation the membranes were isolated. 
and results expressed as pg of N-acetylneuraminic acid in 10 mg of complete 
membrane. 

The release of only 3 pg of sialic acid from a total of 
55 ug by Clostridium perfringens might explain why 
Woolley found this particular neuraminidase essential 
for his method of estimating the serotonin receptor and 
why the conditions he used were so critical”, If only a: 
very small proportion of the membrane sialic acid was 
removed, then only slight conformational changes might 
oceur in the serotonin receptor area, and gangliosides 
might succeed in partially reversing these conformational: 
changes. Vibrio cholerae neuraminidase was more active 
in our experiment, removing 10 pg of sialic acid from a” 
total of 54 ug, and presumably greater conformational: 


changes therefore occur with the use of this enzyme, — ; 


although Wesemann and Zilliken’ could completely 
restore the sensitivity to serotonin of tissue treated with 
this enzyme by the addition of N-acetyl, N-glycolyl or 
N-carbobenzoxyneuraminic acid. These facts argue 


against the importance of gangliosides, as such, in restos 


ing the sensitivity to serotonin, and suggest that it is 
the acidic sialic acid group which is important. i 

Gangliosides had not been detected in rat uterus™, aŭd ; 
so, to obtain a greater quantity of tissue, we used bovine: 
uteri. Bovine myometrium, dried with acetone, was 
extracted with chloroform-methanol, partitioned and 
dialysed by standard methods for preparing gangliosides. 
Analysis by a modification of Long’s method" showed that 
the dried myometrium contained 0-017 per cent sialic acid 
attributableto gangliosides and thin-layer chromatography 
revealed spots, some corresponding with bovine brain 
gangliosides (Sigma type II). Thus bovine myometrium. 
contains small quantities of gangliosides and human 
uterus also appears to contain them"; if sufficient rat 
uteri were used, one could probably also find gangliosides 
there. ; 

Woolley’s colleagues reported that the rat brain ganglio- 
side most active in restoring the serotonin response of 
neuraminidase-treated smooth muscle contained a mole- 
cular ratio of galactose : glucose : stearic acid 1:2:1 
(ref. 13). Gielen found only one ganglioside reversibly 
combined with serotonin; it had the molecular ratio 
1:1:1 and bound an equimolar quantity of serotonin, 
but had a greater affinity for caletum™. Even if there 
should be a trace of this latter ganglioside in rat uterus 
and stomach, the fact that it complexes in vitro with 
serotonin does not imply that it is the natural receptor of 
uterine and stomach smooth muscle. 

Consideration of the observations of Wesemann and 
Zilliken®, and of our finding that the sialic acid of uterine 
membrane is chiefly in the form of glycoproteins, not 
lipid-soluble gangliosides, and that neuraminidase acts 
predominantly on the non-lipid sialic acid, leads us to 
believe that serious consideration should be given to the 
possibility that the smooth muscle receptors for serotonin 
are not gangliosides, but are glycoproteins containing 
sialic acid. Loss of sialic acid from the glycoproteins 


Vibrio cholerae 
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> would ‘probably result in conformational changes in the 
receptor areas, and it may well be that addition of sialic 
acids can reverse those conformational changes. 
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-Isolation of a New Toxin from Cultures 
-of Aspergillus flavus 
oi Tur mould Aspergillus flavus produces a wide variety of 
_toxie metabolites and, because of its role as a frequent 
_ contaminant of some foods and feeds, its metabolites have 
been investigated both chemically and toxicologically?. 
_ Recent research on the toxice metabolites of this mould 
-has focused on the compounds known as aflatoxins’. 
Work in our laboratories directed toward the prepara- 
_ tive separation of the aflatoxins has resulted in the isola- 
_ tion of an unreported metabolite of A. flavus to which 
“we have tentatively assigned the name “aspertoxin”’, 
_ A. flavus was grown on shredded wheat and the meta. 
bolites were extracted with chloroform. Addition of 
hexane to the chloroform extract yielded a crude pre- 
eipitate which contained the aflatoxins, aspertoxin, and 
_ several highly coloured compounds. Chromatography 
of the crude precipitate of A. flavus on an acid alumina 


column with benzene/chloroform (1/1, v/v) gave a colour- 


Tess fraction containing aflatoxins B,, G, and B, Afla- 
‘toxins G, and M, were removed with chloroform/acetone 
(9/1, v/v). When the eluate containing aflatoxins G, 
and M, was concentrated, aspertoxin rapidly erystallized 
as tiny, colourless needles. 

Aspertoxin was originally thought to be aflatoxin M, 
because of an equivalence of Rr values (Rr=0-32) on 
silica gel thin-layer chromatography plates when chloro- 
form/acetone (9/1, v/v) was used as the developing solvent. 
Development of the plates with chloroform/pyridine 
(9/1, v/v) or chloroformyacetic acid (9/1, v/v), however, 
provided criteria for distinguishing the two compounds. 
In each case, aspertoxin moved at an Rp of 0-55—-0-60 
whereas aflatoxin M, appeared at an Rp of 0-40. 

The new isolate was quite pure without further erystal- 
lization; however, it could be recrystallized from hot 
dioxane-water. The compound decomposed at 240° 
280° C without melting, and yielded a red compound(s); 
the resulting mixture melted at 297°-304° C. By high 
resolution mass spectrometry aspertoxin was shown to 
have the molecular formula C,,H,,0,. The compound 
exhibited a molecular ion peak at m/e=354-074200; the 
mass calculated for C,,H,,0, is 354073949. 

The infrared spectrum of aspertoxin has bands at 
3,354 cm- (hydrogen-bonded OH), 1,656 cm- (C=O), 
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1,630 em (hydrogen-bonded C=0), 1,587 em and 


1,575 em~ (phenyl), 1,133 cm~ (C—-O—C) and other 
strong bands at 1,460 cm-', 1,269 em~ and 1,103 cm~. 

The ultraviolet spectrum of aspertoxin has A™°°# 310 me 
{€ 11,400) and 241 mu (e 34,000). The spectrum was not 
affeeted by the addition of acid or base. 

A complete structure for aspertoxin cannot be assigned 
on the basis of the limited chemical evidence so far 
elaborated. The compound is not difficult to isolate and 
purify; however, typical crude precipitates of A. flavus 
extracts usually contain less than 0-5 per cent aspertoxin 
by weight, whereas aflatoxin B,, the most abundant 
aflatoxin, usually accounts for about 30 per cent of the 
total weight of crude precipitate. The chemical data 
obtained thus far show that aspertoxin is not one of the 
previously known metabolites of A. flavus. 

Aspertoxin was tested for biological activity and found 
to have pronounced toxic effeets on the developing chicken 
embryo. In preliminary experiments, the injection of 2-0 
vg/egg into either the yolk or air cell of fresh fertile eggs 
killed 100 per cent of the embryos; a concentration of 
0-7 ugjegg killed 50 per cent of the embryos. Aflatoxin 
B, is an unusually potent toxin in the chicken embryo, 
and it produces comparable mortalities in lower concen- 
trations (LD; air cell route, 0-025 ug/egg)®. Nevertheless, 
aspertoxin must also be considered highly toxic in this 
system. Macroscopic examination of non-viable embryos 
revealed beak malformations, generalized oedema, loss of 
muscle tone and haemorrhage from the umbilical 
vessels. Whereas lethal doses of aflatoxin B, are effective 
within 3 or 4 days after injection, lethal doses of asper- 
toxin produce no mortality until late in the incubation 
period. A more detailed investigation, including histo- 
pathology, of the toxie effects of this new metabolite in 
the chicken embryo is in progress. 
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Catabolic Rate of Body Protein in Rat 
during the Earlier Stages of 
Protein Depletion 


THERE have been many attempts to determine the mag- 
nitude of protein reserves or endogenous nitrogen excretion 
in protein-depleted or starved animalsi. Previous 
results, however, have not clearly stated the fractional 
rate of catabolism of body protein itself, either for a 
whole body or for an individual organ or tissue. Bor- 
sook*.? presented the metabolic concept as a development 
of Martin and Robison’s concept? that the cytoplasmic 
proteins constituting reserve proteins are broken down at 
a rate depending on their mass, or in a first-order reaction. 
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In this study, ten adult male Wistar rats, weighing 
about 450 g, were fed a protein-free diet after preliminary 
feeding on a 20 per cent casein diet. The percentage 
changes in body weight and body nitrogen during the 
first 16 days are shown in Fig. 1; the second set of values 
derived from the final body nitrogen and the nitrogen 
balance during experimental periods. As Fig. 1 shows, total 
body protein decreases exponentially with extremely little 
variance between individuals at any time, whereas the 
changes in body weight show a sigmoidal decrease with a 
greater variance. Such a constancy in the catabolic rate 
of body protein as a whole after protein deprivation could 
provide a useful basis for estimating protein requirements. 
In Fig. 2, the percentage changes in body protein, together 
with those in the total nitrogen content of liver and 
muscle, are plotted logarithmically against time for the 
first 40 days of the depletion. This figure seems to show 
that the labile body protein is composed of at least two 
_eomponents, both almost completely catabolized in a 
‘first-order reaction. 
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Fig. 1. Percentage changes in body weight (a) and body nitrogen (b) 


of adult rats during the initial stages of protein depletion. * Mean 
$ 


standard error. 


By a general kinetic analysis®, the catabolic rate per 
day and the content of the less labile component were 
first estimated to be 0-79 per cent and 97-2 per cent, 

pectively. Then those of the more labile component 
were estimated to be 83-3 per cent and 2-8 per cent, respec- 
tively. The content of the more labile component almost 
_ agrees with the so-called extra nitrogen of urine estimated 

by Campbell? and Lusk”. Its catabolic rate, equivalent 


“to only 0-83 day (0°693/0-833) of half-value time, implies 


= that this labile component should be represented by 
the transitive or mobile body nitrogen which could 


: i be much influenced by daily intake of protein and bear 
-a close relation to the amount 


a of reserve protein. The 

contents of the more labile component in liver and 
uscle were similarly estimated to be 30-6 per cent and 
6 per cent, respectively. 
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Fig. 2. Logarithm of total percentage changes in body, liver and 

muscle nitrogen in adult rats during the earlier stages of protein demes 

tion. x, Body nitrogen; O, muscle nitrogen; @, liver nitrogen. 
Vertical lines represent standard error. 


We have tried to estimate roughly the protein require | 
ments for maintaining such a normal level of body protein. 
Because the content of body nitrogen of rats was approxi- 
mately 3-00 per cent of body weight, their protein content 
is 18-75 per cent. We therefore suggest that 437. mg 
(18°75 g x 0-028 x 0-833) of body protein is catabolized each 
day as a more labile component, and 144 mg (18°75. gX 
0-972 x 0-0079) as a less labile component. A total of 581 
mg of protein should therefore be supplied in a diet for each 
100 g of body weight, corresponding to 830 mg if the 
value for net protein utilization’ of the dietary protein 
is 70. In this experiment, the rats consumed about 25 g 
of diet daily, so that these protein requirements corre- 
spond to about 15 per cent of the diet (0-830 g x 4-5/25 g) 
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Changes in Collagen Cross-linking 


in Rats with Reduced 
Food Intake 


THERE have been several reports that decreased food 
intake blocks collagen cross-linking in rats':?. The result- 
ing collagen network is described as younger tissue. 
Comparing this observation with the classical experiments 
of McCay*, who increased the life span of experimental 
animals by reducing their food intake, it seems that a 
more detailed study of the cross-linking processes is 
desirable. As far as we know, no data are available which 
specify the cross-links that are blocked in animals whose 
food is restricted. Even the fact of whether this change 
in collagen structure involves only 
links between the three polypeptide chains of the tropo- 
collagen molecule, or whether it results in a random 
decrease in cross-link formation, has not yet been investi- 
gated. 

Two approaches were chosen to answer these questions: 
(a) chromatographic separation of the alpha collagen 
polymers; and (6) estimation of the free carbony] 
compounds in the soluble and insoluble collagen. The 
second approach was partly influenced by the findings 
of Milch et alt on the role of some products of inter- 
mediary metabolism (chiefly aldehydes) as potential 
cross-linking agents and partly by our own results56 
on the presence of keto-acids and an unknown alde- 
hyde component in collagen. It was reported earlier 
that the molar ratio of these compounds is changed, as 
the soluble collagen is converted into the insoluble net- 
work, 

The average food intake of male Wistar rats was 
estimated at monthly intervals in rats of different ages. 
An experimental group of animals was restricted to 
60 per cent of the control intake of food, and the control 
group was given standard pelleted (Larsen) food freely, 
The animals were 60 days old at the beginning of the 
experiment and were killed when they were 210 days 
old. 

To prepare skin collagen, the hair was shaved off, the 
skin was freed of subcutaneous tissue and acid soluble 
collagen was prepared according to the procedure of 
Drake et al.?. Acid soluble collagen was denatured by 
heating to 50° © just before analysis, and the denatured 
product was separated by column chromatography on 
carboxymethyl cellulose. The separation technique used 
was essentially the same as that described by Veis and 
Anesey®, 

In the estimation of carbonyl compounds, both acid 
soluble and insoluble collagen were used. Insoluble 
collagen had to be dissolved before analysis; this was 
done by pronase treatment according to the procedure of 
Drake et al.’. Carbonyl compounds in the dialysable 
fraction after treatment with pronase were converted 
into the corresponding 2,4-dinitrophenylhydrazones and 
were separated on silica gel chromatographic sheets 
(Eastman Kodak K 301 M ) in the following solvent 
systems: (a) chloroform—benzyl aleohol—acetic acid (70: 
830:3); (b) toluene-pyridine—ethylene-chlorhydrine—0-8 
molar ammonia (100 : 30 : 60 : 60, upper phase). 

A typical carboxymethyl cellulose chromatogram of 
the acid soluble collagen preparation from food restricted 
animals and animals fed freely is shown in Fig. 1. Ifthe 
individual peaks are compared it is evident that there is 
no qualitative difference between both preparations; 
there are, however, differences in the quantity of individual 
polymers. The amount of all polymers except beta-22 
and gamma-222 is clearly much smaller in the collagen 
preparation from food restricted animals and the so-called 
delta fraction is also slightly increased. This indicates 
that the formation of all cross-links is decreased, with the 
exception of those between two alpha-2 fractions which 
are not affected. The role of the cross-link between al pha-2 






Table 1. 


some of the cross-" 
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DINITROPHEN YUHY DRAZINE-REACTIVE, SUBSTANCES PRESENT IN 
THE COLLAGEN PREPARATIONS FROM CONTROLS AND FOOD RESTRICTED 
ANIMALS (MOLE PER MOLE OF TROPOCOLLAGEN, MOLECULAR WEIGHT OF 
TROPOCOLLAGEN CONSIDERED 260,000)* 


Dialysable fraction after pronase treatment. Non-dia- Total 
a-Keto- a- Total lysable carbonyl 
Sample Alde- glutaric Pyruvie Ketoiso- keto- residue} com- 
hyde acid acid valerie acids (aldehyde) pounds 
Controls (1-15) (2-30) (0-80) (2°87) (1-40) 
(0-75) 1 (2-15) 2 (0-65) 1 (2-28) 2 5 1 (1-00) 7 
(127) (165) (0-90) (170) (0-65) 
Food _ (O75) (L15) (075) (1-15) (1-35) 
fed” (0°65) 1 (0-80) 1 (0-75)1 (1-35)1 3 1(1-20) 5 
(0-75) (0-80) (120) (0-65) (0-65) 


* Data presented refer to 3 collagen preparations done from 20 skins each, 


+ The amount of the aldehyde component present in the non-dialysable 
fraction was estimated by measuring the optical density at 360 nm assuming 
the constancy of the extinction coefficient. 


ł Nambersin parentheses are actual experimental data. 


fractions has already been shown in hypophysectomized 
rats, where this type of cross-link is the only one which 
persists’. If the results of food restriction are compared 
with those of hypophysectomy, it is evident that whereas 
hypephysectomy results in an almost complete block of 
cross-link formation, which is very specific in allowing 
only gamma-222 formation, the effect of food restrietion 
seems to be more random. We tried to classify the nature 
of this cross-link. Table 1 shows that the total number of 
carbonyl compounds is decreased from seven to almost 
five per mole and that this decrease occurs because of 
the free keto-acids. The total number of aldehyde 
components is not changed. Our results show the 
following. (a) Food restriction results in a less polymer- 
ized acid soluble collagen; the polymerization of alpha-2 
fractions is apparently not affected whereas the cross-link 
formation between alpha-1 and alpha-2 and two alpha-1 
fractions is markedly decreased. (b) The formation 
of the alpha-2—alpha-2 cross-link is either independent 
of the carbonyl compounds present in the tropocollagen 
molecule, or the presence of the carbonyl compound 
involved in cross-linking cannot be influenced by restricted 
food intake. (e) On the contrary, the total number of 
carbonyl compounds with free carbonyl groups tends to 
decrease to five in the insoluble fraction which is the 
number found in acid soluble collagen. This means that 





CONTROLS 








Optical density 230 nm 


400 600 800 
Effluent ml.) 


Fig. 1. Chromatographie pattern of the denaturation products of the 
acid soluble collagen from animals kept on a restricted diet compared with 
controls: starting buffer 0-04 M aeetic acid and 0-06 M sodium 
acetate pH 4-8, limiting buffer prepared by adding 0-14 moles of sodium 
chloride to the starting buffer. After fraction No, 50 (500 ml. of effluent) 
the continuous gradient was suddenly changed with the starting buffer 
containing 0-44 M of sodium chloride. Another sudden change was 
introduced after fraction No. 68 when a 6 M urea starting buffer 
containing 1 M sodium chloride was used thereafter, 
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the amount of carbonyl compounds (keto-acids) in the 
collagen structure can be influenced by the food intake. 





ee ZDENĚK DEYL 

_ Institute of Physiology, 

|? Czechoslovak Academy of Sciences. 

- Prague. 

i ARTHUR EVERITT 
: Department of Physiology. 

University of Sydney, 

Sydney. 


Jan ROSMUS 


_ Central Research Institute of Food Industry, 
- Prague-Smichov. 


1 i Received November 18, 1967. 


© }Chvapil, M., and Hruza, Z., Gerontologia, 3, 241 (1959). 
2Giles, J. S. and Pveritt, A. V., Gerontologia, 18, 65 (1967). 


3 MeCay, ©. M., Maynard, L. A., Sperling, G., and Barnes, T L., J. Nutrit., 
18, 1 (1989), 


| WMileh, R. A., J. Sarg. Res., 3, 254 (1963). 


ihe “Ronana, J., Trnavsky, K., and Deyl, Z., Biochem. Pharmacol., 15, 1405 


* Rosmus, J.. and Deyl, Z., Experientia, 28, 610 (1967). 


Drake, M. P., Davison, P. F., Bump, S., and Schmitt, F. O., Biochemistry, 
5, 801 (1966). 


ooo Veis, A and Anesey, J., Biol. Chem., 240, 3899 (1966). 
os *Deyl, Z., Everitt, A., and Rosmus, J., Erp. Gerontol. (in the press). 


 Anti-metabolic Extract from the Brain 
of Protopterus aethiopicus 


Ir has been suggested that the brain of the aestivating 
< lung-fish might contain an anti-metabolic agent*, perhaps 
~ ‘not unlike the mono-amines secreted in the pons and 
> medulla of cats as active agents in the control of sleep’. 

Large lung-fish (2-6 kg) from Uganda were flown by 
jet to Denver, then placed in aquaria at Fort Collins, 
Colorado, in water 4-16 in. deep over specially collected 
mud. The constant temperature room was maintained 
at 24°-25° C. When the fish were accustomed to their 
new environment and were eating well, they were forced 
to encyst in the underlying mud by simply withdrawing 

a portion of the water from the aquarium each day until 

it was quite dry and the mud was caked hard. The fish 
dug their chambers at the bottom of tunnels, coiled up 
and entered a state of profound torpor, in every way 
similar to their behaviour in their normal environment in 
Africa during the dry season. 
After the fish had been immobile for a month to 6 
weeks, the mud was chipped away and an attempt was 
“made to kill the fish abruptly without arousal. It is 
presumed that all fish had reduced metabolism. The 
oxygen consumption of one was successfully measured. 
` In the resting-active state before encystment, the oxygen 
` consumption was 30-7 ml. /h/kg, whereas after 30 days in 
the mud, the consumption was 4-6 mi./h/kg, a drop of 
| 85 per cent. 
“Phe head was severed from the body with a meat 
‘ gleaver, and the brain immediately dissected from the 
skull and placed in acetone in a bottle packed in chipped 
“Gee, The entire brain was extracted on the same day 
“using the methods described by Guillermin et al.” The 
extract emerged as a buffered solution (pH 7-0) of 2 ml. 
= volume. 
"Phe extract was injected intravenously into fasting 
“white Wistar rats, contained in a 2 1. dark glass bottle 
with constant forced ventilation at 200 ml./min. The 
- state. of consciousness, rectal temperature, oxygen con- 
< sumption and carbon dioxide production were monitored. 
Heat production was calculated from the amounts of 
oxygen consumed per unit time and the RQ according to 
the formula: HP (keals/mol O,)=87+ 27 RQ. Readings 
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were continued hourly or at irregular intervals for as 
long as was deemed desirable. 

The following experiments were performed. (a) For 
the controls 2 ml. was injected of: (1) the extracting 
fluid; (2) and (3) extracts from the brains of two active 
fish (No. 1 and No. 2); (4) and (5) extracts from the brains 
of two torpid fish which were aroused and struggled for 
several minutes before being subdued and killed (No. 3 
and No. 4). (b) For the protocols 2 ml. was injected of: 
(6) extract of brain of torpid fish No. 5; (7) combined 
extracts of brains of fish No. 6 and No. 7. The metabolic 
data are presented as a family of curves in Fig. 1. Each 
curve represents observations of 1 h plotted against time 
for each test animal, numbered as listed here. The 
‘injection period” was variable, but represents the period 
of time the rat was out of the bottle for the injection 
procedure. 





Metabolic rate (kcal/h/g) 














Time (mìn) 


Fig. 1. Curves representing the data obtained from injection of rats, 


None of the control extracts affected the injected rat 
in any observable or measured way. The response to 
extracts from the brains of fish which bad been removed 
before the animal was aroused from deep torpor was 
profound and dramatic. The rats became lethargic and 
did not respond normally to irritating stimuli. They 
refused food, the body temperature fell 5° C and the 
measured metabolie rate fell to 65 per cent of the pre- 
injection fasting level. The respiration quotient did not: 
change significantly (0-80). The effect lasted several 
hours. 

Although the experiments are few in number, all those 
in which the protocol was successfully completed induced 
an unequivocal response: lethargy, a 35 per cent drop in 
metabolic rate and a fall of 5° C in body temperature. 

This work was performed under a contract between 
the US National Aeronautics and Space Administration 
and the Research Institute for Biological Sciences, 
Denver, Colorado. 


Henry Swan 

DALTON JENKINS 
KERWIN KNOX 

Surgical-Metabolic Laboratory, 

Colorado State University, 

Fort Collins, and 

Department of Medicine. 

Colorado Medical School. 

Denver. 


Received December 11, 1967; revised January 16, 1965. 


1 Swan. H.. Amer. Med. Assoc. Arch. Surg., 87. 715 (1963). 

2 Kleitman, N., Sleep and Wakefulness (Univ. of Chicago Press, 1963). 

8 Guillermin, R., Schally, A. V., Lipscomb, H. 8.. Andersen, R. N.. and Long, 
J.M., Endocrinology, 70, 471 (1962). 














672 


Maximum-intensity Fluorescence 
Microscopy 

Desrrre the high intrinsic brilliance of some modern 
light sources, there aro many occasions on which the 
intensity of an image viewed through a fluorescence 
microscope is inadequate, leading to inability to appreciate 
details or to inconveniently long exposures in photomicro- 
graphy. This situation is likely to become increasingly 
important with the further development of more specific 
immunofluorescence methods and of fluorescence histo- 
chemistry. The system described here approaches the 
maximum theoretical efficiency and the image intensity 
is limited only by the intrinsic brilliance of the source 
and by the transmission or reflectivity of the optical 
components. At the same time this system opens up a 
number of new possibilities for viewing two different 
components simultaneously. 

In recent years several vertical-incidence illuminators 
have been developed or adapted for fluorescence micro- 
scopy. One such system is shown in Fig. 1. The light 
source (LS) (usually a high pressure mercury lamp such 
as the Osram HBO 200) is focused by means of the collector 
lens (L,) onto the aperture stop of the objective O. F, 
is a suitable exciter filter (usually passing long wave 
ultraviolet or blue light) and M, is a beam-splitting mirror. 
For maximum efficiency, M, should be a dichroic (spec- 
trum-splitting) interference filter which reflects ultra- 
violet and blue and transmits visible light. In this 
case the specimen § will be illuminated with ultraviolet 
or blue light and the emitted fluorescence (usually 
of longer wavelength) will be transmitted through M, 
to the eyepiece E. A suitable barrier filter (B) is inter- 
posed to absorb any exciting light and provide a black 
background. This system has the advantage that most 
of the unabsorbed exciting light passes through the speci- 
men and the little that is reflected by it or by the cover- 
glass will be reflected away by M, Only a relatively 
light barrier filter is therefore required at B. The chief 
disadvantage is that the objective acts as its own con- 
denser, so that the illuminating numerical aperture varies 
with the objective, whereas with a conventional trans- 
mitted light system the specimen can be illuminated by 
means of a single condenser of high numerical aperture. 
Maximum illumination in the vertical incidence system 


Fig. 1. Simultaneous vertical and transmitted light illumination using 

single source L.S. M,, Ma, Ms are fully reflecting mirrors, M, is a dichroic 

beam-splitter, F,, F, exciter filters. B barrier filter, C condenser, O 
objective, S specimen, E eyepiece. 
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usually occurs with high power objectives, for which it is 
most needed. It is evident that vertical incidence 
fluorescence illumination can be combined with trans- 
mitted light illumination through a sub-stage condenser, 
using a second light source. This was carried out in 
preliminary experiments using a second HBO 200 lamp, 
collector lens and exciter filter. Measurements carried 
out with a photomultiplier photometer showed that the 
specimen illuminations obtained were additive. A 
simpler and economically more attractive method using a 
single source is illustrated. A second collector lens L, 
is used to image the back of the mercury lamp onto the 
condenser aperture stop. M,, M, and M, are fully reflect- 
ing front surface aluminized mirrors, F, an exciter filter. 
M, now acts as a barrier filter and reflects away any 
exciting light transmitted by the specimen. ‘The Zeiss 
large fluorescence microscope with vertical incidence 
illuminator proved particularly suitable for this modifica- 
tion; the beam-splitter M, in this instrument is of the 
dichroic type. The rear end of the lamp housing was 
removed and replaced by a collector lens. Only the 
mirrors M, and M, had to be added. When both objective 
and condenser are high-aperture immersion types, the 
specimen is illuminated by a solid cone approaching the 
theoretical maximum. With smaller apertures, some 
increase might be obtained by using auxiliary oblique or 
annular illumination, but it is doubtful whether the 
gain would be worth while. 

This system can, of course, be used for combining 
fluorescence with other methods of illumination, such as 
phase contrast. Suitably placed polarizing components 
make it possible to pick out birefringent elements in a 
fluorescent specimen. A less obvious application, not 
hitherto described, is to use different exciter filters F, 
and F, so that, for example, substances excited by ultra- 
violet light (such as many carcinogenic hydrocarbons) 
can be viewed against fluorochromed tissues excited by 
blue light and one or other component can be rapidly 
extinguished. It should also be possible to view simul- 
taneously two different antigens stained by different 
immunofluorescent techniques and excited by light of 
different wavelengths. 

R. BARER 
Department of Human Biology and Anatomy, 
University of Sheffield. 


Received December 1, 1967, 


Photochemical Production of 
Quinoid Structures in Wood 


DEGRADATION of wood by a number of agencies (for 
example, white rot fungi’, hot alkaline sulphite? or light?) 
results in a decrease in the methoxyl content of the 
lignin. Thus after irradiation for 1,000 h using an en- 
closed 1 kW carbon are, glass-covered newspaper manu- 
factured predominantly from Pinus radiata seemed to 
have lost about one-third of its methoxyl groups. Such 
a high loss suggests that, despite the very complex and 
variable type of structure proposed for lignin‘, a fairly 
simple molecular unit, which can be formed from at least 
30 per cent of the lignin building stones, is involved. 
Evidence is presented here which indicates that this 
intermediate is of quinoid structure; either an o-quinone, 
a p-quinone, or a p-quinone methide. 

Of these three quinoid structures, a p-quinone could be 
eliminated if the degradation did not involve atmospheric 
oxygen, as I have suggested*, but more recent experiments 
show that, if precautions are taken to exclude oxygen, 
wood is not yellowed by light and retains its methoxyl 
content. This means that the yellowing of wood by light 
is a photo-oxidative process and so p-benzoquinones could 
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e formed. Indeed, 2,6-dimethoxybenzoquinone shows 
— a significant (30 per cent) decrease in methoxyl content 
"when it is irradiated for 1,500 h in a solid film of cellulose 
| acetate. It is not yet known whether analogous p-quinone 
-| methides also show a decrease in methoxyl content on 
irradiation, and both they and o-quinones, from which 
he methoxyl group has already been lost, could also be 
ormed by photo-oxidation of guaiacyl-propane systems. 
The spectral region? (3550-4000 A) which causes yel- 
lowing of wood confirms that quinones, which are able to 
absorb this light, could be responsible for the degradation. 
The most significant evidence for the photochemical 
| production of quinoid structures in wood, however, comes 
from experiments in which the free phenolic hydroxy 
groups in wood lignin have been protected with acetyl or 
“methyl groups. Wood or newspaper which has been 
acetylated by successive immersion in aqueous sodium 
_ hydroxide (1 N) and acetic anhydride yellows slowly 
0 (Fig. 1) and does not initially (100 h) show a loss of meth- 
- oxyl groups when irradiated. Similarly, wood which has 
been acetylated by immersion in acetic anhydride con- 
- taining a trace of perchloric acid, although initially 
_ eoloured by the reaction, undergoes bleaching rather than 
yellowing when irradiated (Fig. 1). Methylation of the 
wood by soaking first in aqueous sodium hydroxide (1 
Nj) and then in warm dimethyl sulphate also markedly 
~ glows the yellowing process, particularly in the initial 
stages (Fig. 2). These results indicate that lignin only 
readily undergoes photochemical demethoxylation and 
‘yellowing when it contains free phenolic hydroxy groups. 
The same condition governs the formation of quinones 
and quinone methides and it thus seems very likely that 
these are formed at some stage when wood yellows. Being 
ighly photo-reactive themselves, it is probable that they 
I be further degraded and are not themselves respon- 
sible for the final yellow colour of the wood. This is in 
‘agreement with attempts to remove the yellow colour of 
irradiated wood by reduction. While dilute aqueous 
‘sodium borohydride removes all the yellow colour, hot 
stannous chloride has no effect on it, and hot sodium 
ithionite is only partially effective. 
“Neither the mechanism of methoxyl loss nor the struc- 
ture of the quinoid precursors in wood is known. Reflect- 
-ance measurements on panels of Pinus radiata in this 
“laboratory indicate that some of the suggested quinoid 
structures may already be present in wood, because 
-irradiation for a few hours under glass causes an increase 
in the reflectance around 3700 A. Most of the quinoid 
- structures, however, must be generated during the process 
of yellowing. Because reduction of benzoyl groups in the 
lignin by soaking the wood in aqueous sodium boro- 
“hydride does not hinder the yellowing process (Fig. 2), 
the suggested quinoid structures may be quinone methides 
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formed from benzyl aleohol groups. Certainly, irradiation 

under glass of 4-hydroxy-diphenylmethanes in cellulose 

acetate films produces yellow colours attributable to stable 

quinone methides. On the other hand, production of 

o-quinones would neatly combine the demethoxylation 

and the formation of quinones in one step. b 
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PHYSIOLOGY 


Action of Procaine on Calcium Efflux 
from Frog Nerve and Muscle 


A RECENT hypothesis about the mechanism of action of 
procaine and structurally similar depressants of excitation 
emphasizes their interaction with membrane calcium’. 
Procaine, it is suggested, replaces calcium at membrane 
anionic sites and this inhibits the influence of excitable 
stimuli on processes leading to sodium influx. The hypo- 
thesis is based, in part, on the assumed role of calcium in 
excitation, for the release of this cation is widely viewed 
as the first important step in membrane depolarization’. 
Furthermore, high concentrations of external calcium 
oppose the action of procaine on frog motoneurones® and 
lobster giant axons'. Evidence that procaine or other local 
anaesthetics actually increase the mobility of membrane 
calcium has not yet been reported. I have investigated 
the interaction between procaine and calcium in nerve 
and muscle and the question of whether procaine causes 
the calcium to be released from these tissues. 

Sciatic nerves isolated from frogs (Rana pipiens) were 
desheathed and placed in a buffered Ringer solution 
(pH 17-2) of a composition already described‘. Frog 
sartorius muscles were isolated and immersed in the same 
type of Ringer solution. After equilibration in normal 
Ringer solution at 22°-24° C, tissues were immersed for 
4-8 h in Ringer solution (5° C) labelled with 10 ue./ml. 
of calcium-45. The tissues were then rinsed with 20 ml. 
of non-radioactive Ringer solution, and a single nerve or 
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Fig. 1. Effect of 20 mM procaine on the time course of the rate of 

efflux of calcium-45 from isolated desheathed nerve. Procaine added at 

arrow, Each point is average of six nerves, Calcium-free Ringer solution 
used throughout, 


muscle was placed in a chamber containing 2 ml. of 
calcium-free Ringer solution. After 10 min, the 2 ml. of 
collection fluid was placed in a scintillation vial and 
replaced by fresh calcium-free solution; this procedure 
was repeated every 10 min for the duration of the wash-out 
period, which was carried out at 22°-24° C. At the end of 
the wash-out, tissues were ashed and dissolved in acid. 
To each 2 ml. of collection fluid or 2 ml. of acid-dissolved 
ash was added 20 ml. of scintillation fluor. The radio- 
activity of each sample was measured in a liquid scintilla- 
tion spectrometer, the efficiency for calcium-45 being 80 
per cent. Two types of curves were plotted from the data: 
(a) a rate curve which describes the time course of the rate 
of calecium-45 efflux; and (b) a rate coefficient curve which 
is the percentage of the average tissue radioactivity during 
the time of collection that has emerged each minute during 
the collection interval. 

The calcium-45 wash-out curve from nerve or muscle 
consists of an initial fast and a later slow component, and 
treatment with the local anaesthetic began during the 
slow phase. The slowly emerging calcium-45 probably 
derives from axons or muscle fibres but the specific locus 
of the cellular compartment remains uncertain. On the 
basis of results discussed below, we can at least conclude 
that the compartment(s) is readily accessible to the extra- 
cellular environment and is readily exchangeable with 
extracellular calcium, suggesting a membrane locus. 

About 7 to 10 mM procaine is required to produce a 
measurable and consistent release of ealeium-45 from the 
desheathed nerve, and 20 mM gives the maximum 
effect: (Fig. 1). The maximum release occurs within the first 
10 min of colleetion after procaine has been added to the 
nerve bath; this is followed by a rapid return of efflux 
to a rate measured in the absence of procaine. At 7 
mmolar, procaine causes complete depression of the o-A 
fibre spike of desheathed nerve within 5 min (in normal or 
calcium free Ringer solution). Thus the calcium-releasing 
action requires relatively high anaesthetic concentrations. 
This may indicate that the calcium-releasing effect is 
not causally related to the anaesthetic effect of procaine 
or, as is more likely, that the amount of calcium-45 
released is a very small fraction of the total emerging from 
the tissue. 

If non-radioactive calcium (caleium-40) is added to the 
calcium-free nerve bath during the slow phase of calcium- 
45 efflux, a rapid and transient release of caleium-45 is 
produced. It is known that procaine depresses this 
so-called self-exchange reaction in frog skeletal muscle’. 
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In frog desheathed nerve, 20 mM procaine depresses 
the influence of 5 mM calcium-40 on caleium-45 efflux. 
But this depression can be quantitatively accounted 
for by the calcium-releasing action of procaine (Fig. 2). 
This suggests that the calcium released by procaine and 
by calcium itself comes from the same cellular site, prob- 
ably the membrane. Of even greater interest is the effect 
of 5 mM procaine on the calcium-releasing action of 
ealcium-40. As Fig. 2 shows, this concentration of procaine 
has no effect on the rate of calcium-45 efflux, but it does 
enormously potentiate the exchange between caleium-45 
and calcium-40. Rather than competing with extra- 
cellular caleium-40 for tissue calcium-45, procaine 
apparently weakens the association between calcium-45 
and tissue binding sites. . 

In skeletal muscle, about 50 mM procaine is required 
to produce a consistent increase in the rate of calcium-45 
efflux (Fig. 3), a concentration which causes complete 
loss of excitability within 3 min. The lower sensitivity 
of muscle to the calcium-releasing action of procaine may 
be related to the lower sensitivity of muscle (compared 
with nerve) to the anaesthetizing action of procaine. Of 
particular interest in Fig. 3 is the comparison between the 
action of procaine and the more potent local anaesthetic, 
tetracaine. At one-tenth of the concentration of procaine, 
tetracaine produces almost twice the increase in the rate 
of calcium efflux, and the effect is more enduring. i 

These results support the hypothesis that the action of 
local anaesthetics of the procaine type on excitable mem- 
branes is causally related to displacement of membrane 
calcium. We have recently tested the effect of 10-5 M 
tetrodotoxin on the desheathed nerve and found no 
influence of this maximally depressant concentration on 
the rate of calcium-45 efflux. This suggests some degree 
of specificity of the procaine type of local anaesthetic for 
the calcium-releasing mechanism. On the other hand, it 
seems paradoxical that procaine has an effect on calcium 
efflux qualitatively similar to that of other agents, such 
as calcium chelators*, which lower excitability thresholds 
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Fig. 2. Effect of various concentrations of procaine on release of cal- 


cium-45 from isolated desheathed nerve and on the exchange between 
caleium-45 and calcium-40. Each vertical bar represents an average of 
6 nerves + S.D. Peak increase is calculated as the difference between the 
maximum amount of calcium-45 released by procaine or calcium-40 
and the amount of calcium-45 measured just before treatment. Procaine 
added at 50 min and calcium-40 added at 90 min from start of washout. 
Horizontal bar represents average peak amount (six nerves) of caleium-45 
released by 5 mM calcium-40 in the absence of procaine. Note marked 
potentiation of effect of calcium-40 by 5 mM procaine. 
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Wig. 8. Effect of procaine and tetracaine on the rate coefficient of 
| -eaiclam-45 release from isolated sartorius muscle. Each point is average 


“vot @ musiles, Calcium-free Ringer solution used throughout. ©, 


5 mmolar tetracaine; O, 50 mmolar procaine. 


_ and produce spontaneous impulses. Furthermore, procaine 


` antagonizes the effects of these threshold-lowering agents 


: cat concentrations much less than those needed to release 
calcium”. Clearly there is much to learn about the roles 


_ of calcium in excitation and about the cellular localization 
_of the different calcium-binding sites involved in excita- 
tion. Perhaps further investigation of the interaction 


| = between procaine and calcium will contribute to the solu- 


‘tion of these problems. 
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- Photoinhibitory Function of the Dorsal 


. - Ocelli in the Phototactic Reaction of 


< the Migratory Locust Locusta 
migratoria L. 
_ Av least two physiological functions have been ascribed 


-= to the dorsal ocelli of locusts and insects in general. 


‘First, in response to light intensity they regulate the 
(photokinesis)! and the threshold 

for the initiation of certain activities’; and second, 
-coupled with the complex eyes, they are in some unknown 
way involved in angular orientation, both in the photo- 
tactic’ +4 and in the dorsal light reaction®*. 
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The following facts have led to a new hypothesis of 
co-operation between the three dorsal ocelli and the com: 
plex eyes in the control of the phototaxis of locusts. 
Locusts and grasshoppers which react phototactically 


can respond to changing light intensity in two ways: _ : 


thus the strength of the phototactic turning tendency 

can either increase or decrease with increasing luminous — 
intensity (that is, direct and inversely proportional 

reaction types). The discovery of the inversely propor- 

tional reaction, in which the strength of the response . 
wanes with increasing intensity of stimulus, suggested 
an inhibitory mechanism which may be switched on and 
off’. In view of the electrophysiological evidence for the 
photoinhibition of the spike frequency of the ocellar 
nerve® and the observation that the menotactic angles 
of locusts can increase as a result of the occlusion of 
the ocelli!, it seemed that the dorsal ocelli supply the ` 
input to this inhibitory mechanism’. To test this hypo- 
thesis we have investigated the relationship, in laboratory 
reared migratory locusts, between the ocelusion of the 
ocelli and the relative strength of the phototactic turning 
tendency which is dependent on light intensity. 

Two different methods of quantifying the strength. of 
the phototactic turning tendency were employed—the 
geo-phototactic compromise experiment and the meno-« 
tactic angle experiment. The equipment for the com- 
promise experiment consisted of an inclined plane 1 m 
square with a slope of 30°; the plane was illuminated 
from the side with a horizontal beam of light (Fig. 1). 
The light source, a Prado slide projector, 380 em from 
the centre of the platform was visible as a disk of light 
with a luminous intensity of 200 stilb (full intensity) and 
subtended an angle of approximately 1°. 

Locusts showing negative geotaxis and positive photo- 
taxis which were placed head upwards in the centre of 
this plane assumed a compromise position between nega- 
tive geotaxis and positive phototaxis. The stronger the 
turning tendency of the locust toward the light source, the 
greater the angle of compromise (a) will be. Locusts 
which show negative phototaxis behave similarly but 
turn away from the light source. 

In testing the relative strength of the phototactie 
turning tendency, each animal was placed on the inclined 
plane and was allowed to orientate itself. The angle of 
the direction of the path of movement was then measured. 
Each individual tested was exposed five times in alternat- 
ing sequence to each of the four following conditions: 
(1) ocelli intact and the light source at full intensity; 
(2) same as in (1) but with the light source reduced to 
1/200 full intensity with a neutral grey filter; (3) all 
three ocelli occluded with opaque black shellac and the 
light source at full intensity; (4) same as in (3) but with 
the light source reduced to 1/200 full intensity. 

Before the experiments were begun the reaction types 
of the test animals were determined and fourteen indivi- 
duals of each type were selected for the experiments. 
The reaction was again checked at the conclusion of the 








Fig. 1. Apparatus for geo-phototactic compromise orientation. The 
angle a represents the measurement of the relative strength of the 
phototactic turning tendency, 







Fig.2. Effects of changing light intensity on the relative strength of the 
phototactie turning tendency of inversely proportional reacting Locusta 
migratoria during the geo-phototactic compromise orientation. Each 
point represents three trials of a total of seventy runs executed by 
fourteen individuals, @, Intensity of 200 stilb; ©, intensity of 1 stilb. 
~The arrows indicate the mean angular deviation from 0° for both inten- 
sities; in (B) this was calculated irrespective of sign. (4) represents the 
results of tests in which the ocelli were intact, (B) represents tests in 

è which the ocelli were occluded. 


experiments to determine whether there had been a change 
from one to the other reaction type during the experi- 
ments. 

The results show that the directly proportional reacting 
locusts maintained their reaction type after occlusion 
of the dorsal ocelli. The inversely proportional reacting 
individuals, however, reacted in a directly proportional 
manner when the ocelli were eliminated (Fig. 2). Thus 
‘the original photoinhibition of the phototactie turning 
tendency (Fig. 24) was no longer evident (Fig. 2B). 
Both the photoinhibitory effect (inversely proportional 
reaction) before, and the photoexcitational effect (directly 
proportional reaction) after, occlusion were found to be 
statistically significant. (Fig. 2A, t test for mean angles, 
P <1 per cent. Fig. 2B, y? test, Ho: number of scores 
above and below the common mean angle (32-62°) 
are the same for both intensities, P<1 per cent.) In 
eontrol experiments in which animals were tested with 
clear shellac on the ocelli, the angular orientation of the 
inversely proportional reacting individuals was not 
affected. 

The theory of the menotaxis of Jander!’ offered a second 
means of testing the relative strength of the phototactic 
turning tendency. In contrast to the first method in 
which the orientation arises as a balance between the 
opposing geotactic and phototactic turning tendencies, 
this method involves only the phototactic response. 
According to the menotactic theory the angular deviations 
of orientation pathways from the phototaxis (menotactic 
angles) are dependent on the strength of the phototactic 
turning tendency and must become smaller as this 
increases. 

In this experiment, the same fourteen individuals 
from the previous test which reacted inversely propor- 
tionally were placed on a level platform to one side of 
which was a horizontal light source; the individuals 
were allowed to move towards the light. The light source 
was the same as that used in the first experiments. The 
parameter which was measured was the angular deviation 
of the direction of the positive phototactic orientation 
from the route which was aimed directly at the light 
source. Most individuals were tested five times in alternat- 





. FEBRUARY 17,1968 


"ing sequence under the two light intensities with the ocelli 


either open or covered with black shellac as in the first 
experiment. During this experiment, several individuals 
with occluded ocelli walked in circles instead of executing 
directional orientations, indicating a breakdown ‘in the 
orientation mechanism. 

On decreasing the intensity of the light source, the 
variance of the menotactic angle decreased in locusts with 
intact ocelli (Fig. 34); thus the strength of their photo- 
tactic turning tendency increased. The opposite results 
were, however, observed in the same experiments in which 
the ocelli were occluded; the strength of the phototactic 
turning tendency decreased when the intensity was 
lowered (Fig. 3B). The variances in the angular distribu- 
tion in both experiments were significantly different 
under the two light intensities (F test, P<1 per cent). 
Because essentially the same effect was observed using 
both this method (Fig. 3) and the first method (Fig. 2). 
we concluded that the ocellar nerve exerts a photo- 
inhibitory (skotoexcitory) effect on the strength of the 
phototactic turning tendency of inversely proportional 
reacting migratory locusts. 

Thus, in this behaviour, the intensity-dependent control 
of the phototactic turning tendency exerted by the ocelli 
is complementary to the corresponding control exerted 
by the complex eyes: photoinhibition through the ocelli, 
photoexcitation through the complex eyes. The results 
of this co-operation can. be described as a form of central 
light intensity adaptation. 

A possible biological meaning for this interaction 
is suggested by observations which were made during 
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Fig. 3. Effects of changing light intensity on the variance of the meno- 

tactic angle of inversely proportional reacting Locusta. migratoria during 

phototactic orientation. Each point represents three runs from a total of 

seventy runsin (4) and 67 and 59 in (8) carried out by fourteen animals. 

©, Intensity of 200 stilb; @, intensity of 1 stilb. In CA) ocelli were in- 
tact. in (B) they were occluded, 
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e second experiment. - In conditions of weak intensity 
the ability of several individuals to orientate them- 
os with. oceluded ocelli broke down. and they 
began to circle instead of progressing towards the light 
source. This was probably because the phototactic 
urning tendency without the darkness stimulation of the 
ocelli had become too weak. This effect was never ob- 
vedin locusts with intact ocelli or in the control animals. 
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< Electroencephalogram Potentials evoked 
by Accelerated Visual Motion 


= OO CHANGES in the brightness and the spatial or temporal 
pattern of visual stimuli evoke small correlated changes 
in the electroencephalogram (EEG) potentials recorded 
from the occipital scalp and can be revealed by averag- 
ing the responses to repeated stimuli!-5. We have investi- 
gated the effects of changes in the velocity of patterned 
timuli and have found what seem to be analogous 
evoked responses to acceleration of the retinal image. 

< Itis well known that the perceived velocity of a moving 
_ figure is increased in the vicinity of a stationary reference 
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Fig. 2. Comparison of EPs for symmetrical and asymmetrical displace»: 
ments giving relative velocities of 4 cm/s (upper) and 2. cm/s (lower). 


point. Our first experiment was made to discover (q) 
whether any evoked potentials could be detected when a 
stationary visual stimulus was set-in motion; (b) whether 
the proximity of a reference line affected the magnitude 
or form of any response detected. 

The stimulus first used was a single horizontal line of 
light 7 em long generated by an oscilloscope with a 100 
kHz timebase and a normal green phosphor. The line 
was displaced vertically by a “ramp” function (Fig. 14) 
so that it returned to start and repeated its course every 
2s. A second beam could be used to provide an adjust- 
able stationary reference line on the same screen, parallel 
to the first. Alternatively, a front-silvered mirror parallel 
to the line direction and normal to the screen could enable 
an image of the stimulus line, moving in the opposite 
direction, to be added to the field of view at a varying 
initial distance from the first line. The viewing distance 
was 50 cm, and a faintly lit fixation point was optically 
superimposed. 

The electrode placements used are shown in Fig. 1, 
which also shows some typical results, each obtained by 
averaging 100 responses on a Mnemotron CAT 400 
computer. Fig. 1B shows that significant responses 
with a negative-peak latency of about 60: ms 
were obtained when an isolated stimulus 
line moved from rest with a velocity of 
2 cm/s, and that the presence of a reference 
line enhanced the response, by an amount 
inversely related to the initial separation 
of the two lines (Fig. 1C and D). As a 
check of fixation, eye movements were 
monitored by electrical recording. of trans- 
orbital potentials, and it was verified 
that any transient movements occurring 
were too small to contribute significantly 
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ig. 1. A; Vertical deflecting waveform. 
emis without reference line (upper) and with reference line (lower), 


B; Comparison of EPs to velocity step of 
3 Gand D, Effects 
“of distance of reference line (measured in cm) from starting point of moving line. 








to the average evoked potential. 

As a further check, a symmetrical 
display (two lines diverging) was provided. 
with the help of the mirror, so that fixa- 
tion was more easily maintained. The 
results, shown in Fig. 2, seem to discount 
the likelihood that eye movements were 
responsible for the EPs. There is. a clear 
similarity in magnitude and general form 
between the main components of the 
response to a line moving with a given 
velocity relative to a fixed line, and the 
response to two lines moving with equal 
and opposite velocities of half that amount. 

It seemed possible that part of the evoked 
response might be an off effect caused by 
the removal of light from the foveal area 
when the line was displaced. Accordingly, 








different fixation points were used, above and below the __ 


-initial position of the accelerated line, so that motion 
of the line would in one case increase the total light on 
the fovea, and in the other case decrease it. 7 
: Although the EP drops off rapidly with eccentricity 
of fixation, it-can be seen from Fig. 3 that there is no 
consistent. asymmetry between the EPs with fixation 
above and below the rest position, such as would be 
expected if the change in total foveal illumination were 
responsible for the EP. 

_ | Partly in order to reduce any possible on or off effects 
as the moving line left the fovea, the spatial extent of 
the moving stimulus was increased by converting it into 
„a raster of parallel horizontal lines, which was deflected 
up and down as a whole by the slow ramp waveform. 

-The main effect (Fig. 44) was a considerable increase in 
the amplitude of response. In order to minimize possible 
on or off responses as the individual raster lines appeared 
or disappeared at the edge of the field, the CRT face 

~ was masked by a sheet of photographic film having a 
circular aperture 5 cm in diameter with a blurred edge, but 
no significant change was produced by this. 

The strong effects of reducing the spacing—and thus 

Increasing the number—of the moving lines can be seen 
‘from Fig. 44. Perhaps most striking is the finding 
(Fig. 4B) that with a many-line raster the introduction 
(by use of the mirror) of a second raster moving in the 
opposite direction now brings about an increase of only 30 
per cent in EP. 

With the help of a Dove prism, the effective orientation 
of the display (now viewed monocularly) was changed so 
that motion occurred in one of eight different directions. 
The ramp waveform was replaced by a sawtooth wave- 
form with the gradients adjusted to be equal in both 
directions, so that the velocity of stimulus motion was 
simply reversed every 2 s. Electronic switching was 
used to gate the responses to alternate reversals into 
different channels of the CAT computer. The results 

` showed no significant dependence of the evoked potential 
on the direction of stimulus motion. 

The EPs recorded in these experiments seem clearly 
related to acceleration of a central portion of the retinal 
image. Their magnitude reflects both the change in 
velocity and the number, but not the direction, of acceler- 
ated contours. 

They might therefore be parsimoniously interpreted 
as non-vectorial signs of the disturbance of the retinal 
population by the displacement of contours from stimu- 
lated to unstimulated areas; but it also appears from 
Figs. 1 and 2 that this disturbance is greatly increased 
(at least with small numbers of moving lines) by the 
proximity of other lines to serve as landmarks. The 
nature of the technique prevented the recording of 
signals indicative of steady velocity, so it remains doubtful 








Fig. 3. Effects of off-centre fixation, 
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Fig. 4, A, Effects of increasing number of moving lines per em, 


B, Effects of adding mirror image of moving raster. 


whether these EPs reflect the activity of velocity-sensitive 
units in the visual cortex. It seems likely, however, 
that they may have a similar origin to the EPs recorded 
by Gaarder et al.* following saccadic eye movement, and 
to the EPs for pattern reversal recently deseribed?* 
which can be regarded as a limiting case for infinite 
image velocity. 

This preliminary study obviously raises a number of 
questions, which require a more flexible method of stimula- 
tion for their investigation. Some of these are suggested 
by the similarity between the present EPs and those 
evoked by stationary patterns*-*, An improved stimulator 
using continuously movable ‘visual noise” patterns has 
been constructed, and results obtained with it will be 
described elsewhere. 
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Effect of Excess Magnesium on Vagal 



































is known that an excess of magnesium ions blocks 
haptic transmission through the ganglia of the sympa- 
etic nervous system of mammals'*, It is also accepted 
hat peripheral parasympathetic pathways contain relay 
ynapses at or near the target organ. The pharmacological 
perties of the junction between pre and post-ganglionic 
urones in the parasympathetic system are believed to 

‘similar to those in the ganglia of the orthosympathetic 

tem. Stanbury?, however, failed to observe blockade 

‘the inhibitory effect of the vagus in cats treated with 

sufficient magnesium to block transmission in ortho- 

: Me apethetio ganglia. 

We became interested in this problem during two experi- 
nts on the effect of intravenous administration of 
gnesium sulphate to human subjects*. In these experi- 
ents, sufficient magnesium was administered to cause 
complete paralysis of most skeletal muscles, but the two 

hjects remained conscious, and their EEG was un- 
affected. The only sign that could perhaps indicate 
that the central nervous system was depressed by the 
magnesium was the disappearance of (respiratory) sinus 
thythmia, which was noticed in both subjects. If the 
hibitory effect of the vagus was transmitted normally 
in these subjects, the reflex modulation of the heart beat 
ust have been blocked at a site “upstream” of the vagus, 
resumably in the central nervous system. 

Since our report? has appeared, Toda and West‘ have 

own that magnesium diminishes the negative chrono- 

ic effect of vagal stimulation in isolated atria of rabbits. 

y used a higher concentration of magnesium on the 

ted tissue than that which was effective in our human 

jects. To determine whether the same dose of mag- 
um that paralyses skeletal muscle will also block 
al inhibition of the heart in situ, we 
ried out experiments with twelve un- 
anaesthetized high spinal cats. One or 
ath vagi were exposed in the neck and 
equipped with paired wire electrodes. Ten 
second trains of 0-5 ms shocks were 
| delivered to the vagus at 1 min intervals. 

_ The intensity of the stimuli was kept above 
the maximum, but various frequencies 

were tried in most experiments. The 

-arterial blood pressure and a lead II 

-electrocardiogram (ECG) were recorded. 

In some. experiments the isometric con- 
< tractile force of the anterior tibial muscle, 
 atimulated through its motor nerve, was 
also measured. The concentration of 

“magnesium and calcium in plasma was 
-| measured in arterial blood samples as 
-described earlier’. 

It is elear from Fig. 1 that during the 
infusion of magnesium chloride the effec- 
“tiveness of vagal inhibition diminished. 

Partial relief was achieved by the injection 

of a small amount of calcium chloride. 

As with skeletal muscle, transmission of 

stimuli of low frequency was depressed 
earlier, and recovered later, than stimula- 

-Ston at a high frequency. 

With the plasma magnesium elevated, 
“high frequency stimulation of the vagus 

= caused a partial block in atrio-ventricular 
= eonduetion. Because of this, the ventricu- 

“lar beat was suppressed and the drop of 

blood pressure was almost as severe as in 

-the control period, although the atrial fre- 

“quency. was much less affected by the 
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Fig. 1, 


chioride and 0-45 mequiv./kg of calcium chloride on 
heart (4); concentration of magnesium and calcium in plasma; and contractile force of 
anterior tibial muscle, stimutated via its motor nerve (B). 
counted in 108 immediately before stimulation of vagus (O— ©); ventricular rate dur- 
ing 10 s stimulation of vagus at 2/a (V—V); and at 26/8 (wW—YW), 
when A-V conduction block occurred ($8 
miuscte stimulated at 2/8 (O— OR i 
and after the infusion of magnesium tetanic tension was not well maintained, but only 
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vagus during infusion of magnesium than in the. control 
state. - ; ee 
Similar results were obtained in every experiment. ‘The: 
effectiveness of vagal inhibition varies from cat to cat. 
On the whole, the magnesium block of vagal inhibition 
was more severe in animals where the vagal effect was weak; 
Block of vagal inhibition could be a result of diminished 
acetylcholine output from presynaptic terminals, or of a: 
decreased effect of the acetylcholine itself. A distinction 
between these two alternatives was possible by experiments: 
on isolated perfused hearts. The heart of an anaesthetized. 
rabbit was excised with the vagus nerve attached, and 
the ccronary bed perfused with a constant-flow. pump. — 
through the aorta. The Krebs-Ringer solution contained: 
Nat: 145 mequiv./l.; K+:5-9 mequiv./l.; Catt: 
mequiv./l.; Mg++: 2-3 mequiv./l.; Ci: 131 mequiv./l.; 
HCO,-: 24-0 mequiv./l.; SO: 23 mequiv./l.; H POr: 
1-2 mequiv./l. Perfusion fluid with a high concentration 
of magnesium was prepared by adding isotonie ‘(0:2 . 
equiv./l.) magnesium chloride to the Krebs solution to 
bring the total magnesium concentration to 17 mequiv./l. > 
Perfusion fluid with a high concentration of calcium 
contained 10 mequiv./l. calcium. The ECG was recorded. 
differentially between right atrium and right ventricle | 
using fine stainless steel hooks attached to the heart wall. 
The heart was immersed in Krebs solution; the tempera- 
ture was kept at 37° C. Acetylcholine chloride was 
injected through a three-way tap close to the heart in 
volumes of 0-05 or 0-1 ml. aan 
As shown on Fig. 2, the basal heart rate was slow 
during perfusion with Krebs solution containing an 
excess of magnesium but, relative to the basal rate, the: 


„effectiveness of vagal inhibition decreased. In. contrast, 


injected acetylcholine caused a more pronounced inhibi- 
tion of the heart perfused with Krebs solution containing 


a high concentration of magnesium than in the control” 


state. Calcium, in the concentration used, enhanced the 
effect of vagal stimulation without much change in the 
effectiveness of injected acetylcholine. ie 
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> In our experiments, methionine sulphox- 
imine was used to study the mechanism of 
“transfer of memory trace’ from one animal 

4 to another by means of brain extracts, 








High Mgt White mice were trained to open a trans, 

Eed p i iii Jiii] parent door in front of some food pellets, 
Iced bln LALN oe p which were identical with those used in nor- 
wae $ + t mal feeding. A light above the door acted as 
Normal a conditioning stimulus accompanying the 


food. The mice were trained three times:a 
day, each session consisting of ten trials with 
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4 4 4 an interval between each trial of 80 s. The 

l 3 conditioning stimulus lasted. 10 s and the 

a High Ca opening of the door was recorded electrically. 
YEH Hiie 4. Mice were considered to be trained when they 

: 4 stim. 4 ach gave ten positive responses ma session, that 
Vagus. is, they opened the door within the time of 

the conditioning stimulus and did not open 

Pig. 2. The effect of stimulating the vagus at 25/s for 5 s, and of the injection of the door more than ten times between trials, 


2 f acetyl ine chloride, isolated bit heart ith Kre lution; eA res s 
5 uy of acetylcholine chloride, on an isolated rabbit hear perfused with Krebs solution D,L-Methionine sulphoximine, ina dose of 








“With solution containing 17 mequiv./l, of magnesium; and with solution containing 


10 mequiv./l, of calcium. 


a It is clear that the partial atrio-ventricular conduction 
block, seen with vagal stimulation of a high frequency in 
< the intact animal, is caused by the increased sensitivity 
_ of the conducting tissue of the heart to acetylcholine in 
“the presence of excess magnesium. Infusion of calcium 
_ always caused an increase of the basal rhythm of the 
heart in situ (see Fig. 1A). The reason is not clear, but 
‘it could be caused by the release of adrenaline or nor- 
adrenaline. On pacemaker tissue which has been isolated, 
‘¢alcium has a negative chronotropic effects, 
_ In conclusion, a rise in the magnesium cortent of plasma 
-or perfusion fluid circulating in the coronary bed causes a 
ecreased effectiveness of vagal inhibition. This is prob- 
ubly caused by a decrease in the release of acetylcholine. 
t the same time the effect of excess magnesium results 
in. the increased sensitivity of the cardiac pacemaker 
“and. the atrio-ventricular conductile apparatus to the 
‘inhibitory effect of injected acetylcholine. 

It is not clear from our observations whether the site 
of block is at the preganglionic. or the postganglionic 
terminals, or at both. Toda and West‘, who have studied 
‘isolated atria, concluded that magnesium had a blocking 
effect at both sites. 

¿This work was supported by a grant from the US 
Public Health Service. We thank Dr M. I. Hilmy, who 
carried out the magnesium determinations in plasma. 
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Effect of Methionine Sulphoximine 
on Memory Transfer 


METHIONINE sulphoximine influences the metabolism in 
the central nervous system in a number of different ways!. 
It affects the glutamine formation in the brain?, decreases 
the incorporation of phosphorus-32 in cytoplasmic ribo- 
nucleic acid’ and decreases the incorporation of meth- 
ionine labelled with sulphur-35 into the brain proteins‘. 
Methionine sulphoximine is an epileptogenic agent® and in 
subconvulsive doses it blocks alimentary conditioned 
reflexes’. Injection of this compound causes pathological 
changes in the synapses where considerable quantities 
of the drug are found’. 


150 mg/kg of body weight, was injected intra- 
peritoneally 20-24 h before the last training- 
session. This dose does not cause convulsions. but blocks 
the conditioned responses in trained donors. The injected 
trained donors were then tested in the experimental cage: 
The mice were killed within 1 h of testing and the brains 
were removed and homogenized in 2 ml. of distilled water. 
The homogenate was shaken for 4 h, left in the refrigerator 
at 1°-2° C overnight and centrifuged at 10,000 r.p.m. for 4 
h. The supernatant was injected into the peritoneal 
cavities of the acceptor mice, which were tested in. the 
experimental cage 24 h after the injection. The animals 
were starved between injection and testing. The number 
of conditioned reactions in the first testing session was 
calculated and the results were evaluated by means of 
rank correlation analysis for dichotomic ranks’. l 
Experiments were performed with forty-seven acceptor 
and forty-seven donor mice, in six groups as shown. in 
Table 1. Injections of extracts from an untrained brain 
into untrained animals did not improve the animals’ 
response in the testing session, as compared with that of 
untreated animals (S= 50, P not significant). . Injections 
of extracts from trained brains increased the number of 
positive reactions in the first session when this group was 
compared both with controls without injection (S= 122, 
P<0-001) and with the results from acceptors injected 
with extracts from untrained brains (S=73, P< 0-001). 
Injection of the subconvulsive dose of methionine 
sulphoximine blocks almost completely the alimentary 
conditioned reflex. The number of conditioned responses 
decreased from ten positive responses to none. Only for 
one animal were two conditioned responses recorded. 
This block could not have been caused by a decrease of 
appetite, because the animals ate normally at the end of 
the testing session. ; 
When extracts from brains intoxicated by methionine 
sulphoximine were injected into the untrained acceptors, 
it caused a significant increase of positive conditioned 
responses in the first testing session of ten trials. The 
rank analysis showed S= 127 (P< 0-001) when compared 
with the values from control uninjected animals, and 
S=78 (P<0-001) when compared with the animals 
injected with extracts from untrained brains. No differ- 
ence was noted between the performance of mice injected 


Table 1, RESPONSE OF ACCEPTOR MICE TO TESTS IN EXPERIMENTAL CAGE 
Average 
Donors Injection Acceptors No.of No. of positive 
of donors mice responses 
Trained — Untrained 8 6-25 
Trained MSI Untrained 8 6-38 
Untrained -= Untrained 10 2-70 
Untrained MSI Untrained 15 0-07 
Untrained MSI Trained 6 10-00" 
Untrained — Untrained 16 1-88 


MSI, Methionine sulphoximine. 
* Firat session after the injection. 
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extracts from brains from trained animals and mice 
jected with extracts from brains from trained animals 
treated with methionine sulphoximine (S=0, P not 
significant). 
njection of methionine sulphoximine into untrained 
imals caused no apparent changes of behaviour in 
ormal animal house conditions. Motility was unchanged, 
here were no convulsions and no change of appetite was 
noticed: When extracts of the brains of these animals 
re injected into the untrained mice, three of the fifteen 
mals died; of the twelve remaining, only one was 
e to find the food:in the first experimental session. 
Phe others did not find their way to the food and so the 
slaboration of the conditioned reflex could not be started. 
These mice were retested at weekly intervals. Four weeks 
fter the injection, nine of the twelve mice showed 
ponse to training. These mice were then trained for 
positive conditioned responses. The other three mice 
id not respond during this period. ` 
The six control mice were trained and then injected 
h extracts from the brains of untrained mice treated 
th methionine sulphoximine. Injection of this extract 
ad no effect on the formed conditioned reflex. The 
formance of these six mice was not changed. 
Methionine sulphoximine in subconvulsive doses blocks 
he alimentary conditioned reflex, but it does not disturb 
the “inter-animal memory transfer” mechanism. The 
substance responsible for the influencing of the higher 
nervous activity of acceptor mice is therefore not damaged 
y the methionine sulphoximine. 
“RNA (ref. 9) or small proteins’ are thought to be 
responsible for memory transfer, but these experiments 
hrow no light on the chemical nature of the phenomenon 
yecause of the complex effects of methionine sulphoximine 
metabolism. 
Injection of extracts from brains of untrained donors 
ated with methionine sulphoximine has a detrimental 
ect on the higher nervous activity of the acceptor 
imals. If this agent, responsible for blocking the ability 
“to be trained, is injected into the trained animal, it has 
10 effect. It is not formed if the donor mouse is trained 
first. This implies that this substance enters the chain 
of events leading to the formation of normal memory 
trace and is able to block it. This can only occur in the 
situation where the memory trace is not already formed. 
| Phere is therefore some kind of competition between the 
formation. of the normal memory trace and activity of 
the agent formed in the untrained brain under the in- 
fluence of methionine sulphoximine. 
"Phe factor causing the deterioration of the higher 
nervous activity of the acceptor mice is probably not 
methionine sulphoximine itself, because this factor is, in 
-contrast to the compound, ineffective when the acceptor 
ig pretrained before the injection. 
We thank D. E. Laryea, S. D. Foli and Mrs M. Reinišová 
< for technical assistance and D. M. Mobbs for linguistic help. 
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BIOLOGY. 


Pre-gravid Phase of Ovarian 
Development in Aedes detritus Haliday 


In Aedes detritus (Diptera, Culicidae) Haliday, complete 
ovarian development to the mature egg state does not 
always occur after blood feeding. A second blood meal, 
however, was found to result in complete oogenesis. ‘The 
occasional need for two blood meals for egg production 


has been noted in a few tropical mosquitoes *, but has: 


not been reported in any Palaearctic species. 

Ae. detritus overwinters in its immature ‘stages. 
the Poole area of Dorset, where the investigations reported 
here were undertaken, the adult biting season was from: 


May to November. A proportion of hungry females which © ~ 3 


was caught each month in human bait catches was allowed 
to engorge on the author in the laboratory. Batches _ 


of five to ten of these individuals fed on blood were held = 
in paper lined plastic tubes and supplied daily witha wad 
of cotton wool soaked in water. They were kept outside 


the laboratory in normal climatic conditions, except 
that they were protected from direct sunlight and rain. 
They were examined daily, and 3 days after they appeared” 
to have digested all their blood meal they were dissected 
and the ovaries classified according to their degree of 
ovarian development. Any mosquitoes which died within 
this period ‘were dissected, and if all blood had been. 
digested they were included in, the results. ES 
Results in Table 1 show that, whereas all 350 adults 
fed and dissected from July to. September developed — 
fully mature ovaries after one blood meal, a proportion ` 
of those caught and fed at the beginning and end-of the: 
adult biting season failed to undergo complete ovarian- 
development. These adults are referred to as pre-gravids. < 
The degree of ovarian development after.a blood meal is. 
different. from that observed in Anopheles gambiae Giles 
and A. funestus Giles. In these species, because: the 
ovaries only proceed to stage II, all pre-gravids can be. 
reliably separated from gravid adults without dissection'’. 
In Ae. detritus there was no clear distinction in the external 
appearance of the two groups, except in those in which 
ovarian development had not gone further than stage 
IIIb. Pre-gravids, however, could, with the exception 
of the few with the ovaries in stage IIb, be distinguished. 
from unfed adults. It is apparent that at certain times 
of the year, some of the biting population require two 
blood meals for completion of the first gonotrophie cycle, 
It follows that adults at bait will, at least at. certain times 
of the year, form three distinct age groups: (a) nulli- 
parous adults with undeveloped ovaries feeding for the 
first time; (b) nulliparous adults with partially developed 
ovaries taking a second blood meal; and (e) parous adults 
with undeveloped ovaries returning for further feeds. 
It should be possible to distinguish most of those in the 
second group from the others, and thirty-seven such pre- 
gravids were recognized in bait catches. When these 
were given a blood meal, ovaries developed completely- 
A mean fertilization rate of 94-7 per cent was recorded 
in those caught at bait (during months in which pre- 
gravids were in evidence) which underwent complete 
ovarian development after one blood meal. In pre- 
gravids the fertilization rate was 84:8 per cent. The 
slightly but significantly (P<0-01) higher fertilization 









Table 1. OVARIAN DEVELOPMENT IN dedes detritus AFTER A BLOOD MBAL 
Percent- Percent- 
Ovarian stages Per-- age fertil- age fertil- Mean 
Month Hb IHa- IVa V centage izationin ization in monthly 
Tb pre-gravids pre- elder temper- 
di-ly) gravids females ature *€ 
May (i 8&8 B 58 26-6 85-7 95-5 12-9 
June G 2 2 64 5-9 100 100 144 
July G 0 o 9 oO — O54 174 
August G o 0 153 0 — Thi 161 
September © 0 0 129 Q — 100 14-9 
October 5 12 H 98 22-2 89-3 100 9-5 
November 3 25 31 109 35:1 Bit 87-3 B-A 
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rate in older females indicates that some mating of 


` pre-gravids occurs. In the absence of pre-gravids, the 
fertilization rate in August was only 71-1 per cent, 
indicating that mating may occur in gravid individuals. 
There is no indication of the proportion of Ae. detritus 
that in certain months require two blood meals for com- 
pletion of the first gonotrophic cycle. Some adults may 
by-pass the pre-gravid stage. It was impossible to resolve 
this in the laboratory because none of the fifty and sixty- 
nine unmated newly emerged adults maintained, respec- 
tively, on tap water and 10 per cent cane sugar solution 
would take a blood meal. In the first group the ovaries 
remained in stages Ia-Ib, while 92-7 and 7-3 per cent 
of those fed on sugar solutions developed their ovaries to 
stages IIt and Illa, respectively. There was therefore 
-no-evidence of autogeny in the population, as was reported 
from: North Africa’. 
Ibis not fully understood why pre-gravids seem to 
occur in the population only at certain times of the year, 
but similar seasonal occurrences have been reported in 


a A. annularis Wulp and A. culicifacies Giles in India’. 


The proportion of pre-gravids is greater in cooler months 
80 temperature may be involved. Temperature may 
affect the quantity of food available for the larval popula- 
tion, and poor larval nutrition has been suggested as a 
reason for the need for two blood meals during the first 
gonotrophic cycle in certain species*:*. 
M. W. Service 
The Naturo Conservancy, 

: Monks Wood Experimental Station, 
‘Abbots Ripton, Huntingdonshire. 
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| Ultrasound in Rodents 


Dvrina a comparative survey among small mammals, I 

found that ultrasounds were produced by the young of 

all species of myomorph rodents studied. Ultrasounds 

were also associated with aggressive and submissive be- 

- haviour in adult laboratory rats and with aggressive 

` behaviour in the adults of several other species!. Ubserva- 
tions have now shown that ultrasonic pulses are produced 
by more species and in more situations than were pre- 
viously mentioned, and these are reported here. 

Ultrasounds have now been detected from the young 
of Microtus agrestia (L.) and Mastomys natalensis (A. 
Smith), both myomorph rodents. Measurements of the 
intensity of pulses as well as high speed tape recordings 
for later frequency analysis have now been made for the 
young of eight species of myomorph rodents. The effect 
has also been observed in five other species. 

Two functions for these sounds produced by baby 
rodents have been suggested by other authors who re- 
ported that they were produced in conditions of stress. 
They suggested that ultrasounds both aid the retrieval 
of young to the nest by the parent animal? and inhibit 
the aggression of the parent animal to what may seem a 
strange animal outside the nest. The results of the 
present intensity measurements may be important in this 
respect. 

For most of the species studied, the intensity of the 
ultrasonic pulses produced when the animals were left 
alone under the microphone was lower and decreased at 
an earlier age than that of the pulses produced when the 
animals were handled. The intensity of pulses produced 
by mice of the C,H strain which were left alone decreased 
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from. about the fifth to seventh day until the twelfth to 


fifteenth day, after which no ultrasound was detected in 
this condition. This decrease in intensity coincides with 
the period of development of homeiothermy in mice’. For 
a strain of white mouse, E. Noirot and J. D. Pye (personal 
communication) ‘have found that the intensity of ultra- 
sonic calls decreases sharply on the seventh day, which is 
about the day that the development of homoiothermy 
begins. The termination of calling of Peromyscus, elicited 
by cold stress, apparently also coincides with the onset of 
thermoregulation’. 

The intensity of ultrasonic pulses produced when young 
C,H mice were handled decreased sharply from the 
eleventh day until the thirteenth to eighteenth day, after 
which it remained at a low level until observations ceased 
between days 21 and 37. The pulses became more difficult 
to elicit as the young reached the age when they leave the 
family group. Noirot* has shown that there is a difference 
in the rate of calling between young mice left alone in the 
cage and those being retrieved. From the present study 
it seems as though there are also differences in the fre- 
quency patterns of pulses produced in these two conditions, ` 

Meriones shawi females make occasional: attacks on 
their young as they become old enough to fend for them- 
selves, and Rowell? has reported similar attacks by 
hamsters. 

The differing curves for the change of intensity in 
conditions of handling and non-handling may support the. 
previous suggestion that the ultrasound produced by baby 
rodents has two functions**. Those pulses produced: 
when the animals are not handled may be elicited by: 
conditions of stress, cold and hunger, and ultimately. 
result in retrieval and therefore restoration of warmth : 
and food. Their intensity decreases with the decreasing 
dependence of the young on the mother. ‘Those pulses. 
produced when the young are handled may tend: to 
inhibit the aggression of the retrieving adult. These 
persist at a higher intensity, but eventually decrease as 
the young become old enough to protect themselves. 

It was reported previously that ultrasounds were asso- 
ciated with aggressive and submissive behaviour in labora- 
tory rats, but in mice no ultrasound has been detected at 
any time during aggressive behaviour although twelve 
fights between male laboratory mice have been studied 
and tape recordings have been made of three of these. 
This may be significant because in mice no clearly defined 
submissive posture has been observed which compares 
with that which often ends bouts of fighting in rats. In 
Acomys caharinus (Desmarest) no ultrasound has been 
detected during aggressive behaviour, but in Clethrion- 
omys glareolus Schr. a few low intensity pulses were 
recorded during fighting. Ultrasonic pulses at about 
70 kHz were detected from Apodemus sylvaticus (L.) 
when one animal of a group faced an intruder, and a few 
pulses were produced during fighting. 

In my earlier work!, ultrasounds were detected from 
laboratory and wild rats (Rattus norvegicus) when a male 
mounted or attempted to mount a laboratory female rat 
or another male, and were detected from mice during 
mounting and sniffing of either sex by males. Observations 
of mating in laboratory mice, both C,H and Noirot’s 
impure strain, have shown that pulses at about 70 kHz 
were always produced during mounting and seemed to 
be correlated with the pelvic thrusts of the male, Audible 
sounds, clearly coming from the females, were often heard 
at the same time, but were not synchronous with the 
ultrasound. Ultrasound has also been detected during 
mating in Clethrionomys glareolus and Acomys caharinus, 
and in both it seems to be correlated with the pelvic 
thrusts of the male. The production of ultrasound during 
mating is thus common to four species of rodents which 
seem to differ in the production of ultrasound in other 
situations. i 

Purely ultrasonic -pulses were detected. from adult 
golden hamsters, Mesocricetus auratus (Waterhouse), when 
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another hamster, either male or female, was introduced 
- into the cage of a female on heat. Pulses of 22-30 kHz 
_ were heard when the resident female nosed the stranger. 
This occurred both immediately on introduction and also 
_ later during the observation if the female on heat had 
_ Maintained the rigid mating posture for several minutes 
without being mounted. Female hamsters are usually 
very aggressive towards intruders, so the ultrasonic signals 
may indicate willingness to mate. 
In Acomys ultrasound at about 50 kHz was detected 
_ from a lactating female after her litter had been removed 
from the nest box. 

Another situation in which ultrasound is produced has 
been found in Apodemus sylvaticus. Ultrasonic pulses 
_ ab 70 kHz have been detected as animals emerged from 
_ the nest after the cage had been disturbed. When two 
pairs of animals were separately put into new cages, no 
ultrasound was detected immediately in either case, but 
after 3-5 min pulses were heard as the animals moved 
-around their cages and stood upright on their hind legs. 
They were often detected while juveniles, 2-3 weeks old, 
‘were seen out of the nest and running round the cage in 
hich they were born. It seems possible that in this 
species ultrasound has an exploratory or territorial 
function. 

“These observations in addition to those previously 
reported! show that, among myomorph rodents at least, 
ultrasound probably plays an important part in several 
different aspects of social behaviour. 
I thank Professor D. R. Arthur for providing facilities 
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Ce Science Research Council studentship, and Dr J. D. 
Pye for advice and criticism. This research was supported 
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‘Growth Lines in the Larvae and 
Adults of Bivalve Molluscs 


THe existence of growth lines on the shells of adult 
bivalve molluses is well known, but little attention has 
been given to the significance of similar features in the 
larvae, although they appear in illustrations, such as 
those. of Ranson'. 

In adults, growth lines are the outer edges of growth 
layers within the shell.. The cyclic nature of these layers 
has been studied by Barker?, who concluded that the five 
orders of layers represented growth cycles with periods 
of approximately 6 h, 24 h, 15 days, 6 months and 1 yr. 

-He suggested that the layers result from periodical changes 
in temperature, salinity, tidal level and other environ- 
mental factors. 

Larvae of the European oyster Ostrea edulis, when 
grown in the laboratory and when taken from the plankton, 

“show a series of concentric rings on the shell. The rings 
are of two orders: major rings which seem to corre- 
spond in number to the number of days since the larva 
was released from the parent, and several minor rings 
between adjacent major rings. This arrangement is like 
that-deseribed by Barker for adult shells, with the larval 

_major atid minor rings corresponding, respectively, to the 
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fourth and fifth order rings of the adult. Both the fourth 
order adult ring and the major larval ring seem there- 
fore to represent a 24 h rhythm. But in the larva, at 
least, the occurrence of rings does not seem. to. result 
from environmental changes. Typical rings were formed 
in larvae cultured at constant temperature and illumina- 
tion, without mechanical disturbance. Furthermore, 
larvae taken from incubating females of the New Zealand 
species Ostrea lutaria Hutton and the Chilean species 
O. chilensis Philippi have growth rings which number 
twenty or more. It is significant that in both species. the 
period of incubation is much longer than in O. edulis, 
and extends to about 20 days in O. lataria according to 
Hollis? and to 5-6 weeks in O. chilensis according to 
Walne*. The number of rings in these species also 
increases with the number of days of larval life, although 
the larva during incubation is possibly less subject .to 
daily environmental changes than are the pelagic: larvae 
of O. edulis. The larval lines may therefore result from. 
an endogenous rhythm rather than an environmental 
one. If this is so in the larva, it may also be true of at. 
least the daily (fourth order) lines of adult bivalves. 
Environmental factors may, of course, modify the expres- 
sion of an endogenous rhythm. ae 
Barker suggested “laboratory growth experiments. and 
ecological investigations in order to test the hypothesis 
that growth layering reflects environmental periodicities’, 
and I would add that the part played by endogenous 
rhythms should also be investigated. — oe 
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Female Copulatory Behaviour in 
Male and Androgenized Female 
Rats after Oestrogen/Amine 
Depletor Treatment 


FEMALE sexual behaviour patterns are infrequent in adult 
castrated male rats unless very large doses of ovarian 
hormones are given!*. The age at which the rats are 
castrated is important?-*. Male rats castrated later than 
10 days of age and treated as adults with oestrogen in 
combination with progesterone displayed little feminine 
behaviour, but when castrated 1-5 days after birth the 
same hormone treatment caused more distinct female 
mating behaviour. Absence of androgen a short time 
after birth leads to behavioural feminization of the male rat. 

Testosterone propionate administered neonatally to 
female rats abolished later feminine mating behaviour in 
the intact female, and oestrogen and progesterone acti- 
vated sexual receptivity in ovariectomized rats*~’. 

Recent investigations suggest that in the female rat 
there are monoaminergic pathways which mediate in- 
hibition of female mating behaviour. The oestrous 
behaviour activated by oestrogen and progesterone in 
spayed rats was inhibited by increased central nervous 
concentrations of monoamine®-!°, but amine depletors 
such as reserpine and tetrabenazine induced oestrous 
behaviour in rats treated with oestrogen even when there 
was no progesterone treatment, which is otherwise neces- 
sary for a response??. 

This work describes the extent to which female mating 
behaviour can be activated with oestrogen in combination 
with amine depletors in male rats castrated as adults, 
and in female rats treated neonatally with testosterone 
and spayed as adults. 
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Sprague-Dawley female and male rats were raised in a 
controlled temperature (21°-23° C) under reversed day- 
night illumination (light on 9 p.m.—9 a.m.). This regime 
was maintained throughout the experiment. The size 
of each litter was reduced to eight animals on the third 
or fourth day after delivery. Half the females in each 
litter were injected when 4 or 5 days old with 1 mg/0-025 
mil. of testosterone propionate in olive oil per rat. The 
remaining females were injected with olive oil only. 
Castration and ovariectomy were performed at 90-100 
days of age and the animals were used in the experiment 
3-4 weeks later. The female or male was brought to a 
selected vigorous intact male (Wistar strain?) and tested 
for female mating behaviour on three or four occasions 
between 10 a.m. and 6 p.m. Tests for mating behaviour 
{lordosis reflex) were conducted as described earlier*.*. 
Each animal was offered at least five mounts with a 
maximum of eight mounts per test. A positive mating 
response was recorded when a clear cut lordosis reflex was 
observed on at least two occasions or on the last test. 
The hormones were dissolved in olive oil, Reserpine 
(Serpasil’) and tetrabenazine hydrochloric acid (‘Nito- 
man’) were diluted with or dissolved in distilled water. 

The female mating pattern was not seen in the castrated 
males after oestradiol benzoate alone although large doses 
(50 or 100 g/kg) were given (Table 1). The combination 
of oestradiol benzoate (25 ug/kg) and progesterone (0-4 
mg/animal) elicited a weak response: only two out of 
twenty animals displayed the lordosis response when 

mounted by another male. Increasing the doses of oestro- 
gen and progesterone to the maximal dose in the female 
ovariectomized rat did not lead to any further response 
in the castrated males. Oestradiol benzoate (25 yg/kg) 


followed 48 h later by reserpine (1 mg/kg) or tetrabenazine 


(40 mg/kg) activated an explicit female mating response 
in 40-50 per cent. The treated males accepted mounting 
by a normal male and displayed an evident lordosis 
reflex. No darting activity or ear movements typical of 
the fernale in heat were seen. 

The gross time relationship between the injection of 
oestrogen and the ability of the males to respond is shown 
in Table 2. Reserpine was given at the same time as the 
oestrogen treatment. Most males which responded did 
so in tests performed 52-58 h after the hormone/amine 
depletor treatment and continued to respond 24 h later. 
The sedative effect of treatment with reserpine was very 
slight in the 52—58 h and 76-82 h tests. The males moved 
spontaneously with only a slight decrease in locomotor 
activity and exploring behaviour. They still had some 
ptosis. 

Females treated with testosterone propionate 4 or 5 days 
after birth had a decreased ability to respond to oestrogen/ 
progesterone treatment (Table 3, A and B). The number 
of females treated with androgen which came into heat 
after treatment with oestradiol benzoate (10 ug/kg) and 
progesterone (0-4 mg/animal) was about 50 per cent of 


Table 1. LORDOSIS RESPONSE IN MALE RATS CASTRATED AS ADULTS 


Lordosis 
Treatment response No, 
AtOh At 48h % 
OEB 50 ugikg Oil only 0 30 
OEB 100 az/kg Oil only 0 10 
OEB 25 ug'kg Prg (0-4 mg/animal) 10 20 
OEB 50 ugikg Prg (1-0 mg/animal) 10 21 
OEB 25 yalke Reserpine (1-0 mg/kg) 50 24 
OEB 25 ugikg Tetrabenazine (40-0 mg/kg) 40 10 
None Prg (1-0 mg/animal) and reser- 
pine (1-0 mg/kg) 0 20 


OEB, Oestradiol benzoate; Prg, progesterone. 


Table 2. LORDOSIS RESPONSE IN MALE RATS CASTRATED AS ADULTS 
Hours after oestro- _ Lordosis 


Treatment gen injection response % 
OEB (50 ug/kg) and 28-34 9 
reserpine (3 mg/kg) 52-58 57 
76-82 48 
Cumulated: 1 
(N = 23) 


OEB, Oestradiol benzoate. 
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Table 3. LORDOSIS RESPONSE IN ANDROGENIZED, OVARIECTOMIZED FEMALES 


Treatment Lordosis response 
Treated Treated as 
AtOh At 48h Controls rats percentage 
% %  ofcontrols 
A, OEB (10 wg/kg) = Prg (0-4 mg/animal) 61 (23) 28 (21) 46 
B, OEB (25 pg/kg) Prg (2:0 mg/animal) 80 (18) 40 (15) 50 
C, OEB (10 pg/kg) 36 (14) 50 


Tetrabenazine (40 mg/kg) 72 (18) 
Reserpine (1 mg/kg) 77 (18) 33 (15) 43 
Reserpine (1 mg/kg) and 

Prg (0-4 mg/animal) 69(16) 42 (12) 61 


OEB, Oestradiol benzoate; Prg, progesterone, 

Numbers in parentheses are the numbers of animals tested. Treated rats 
each received 1-0 mg of testosterone propionate in olive oil at 6 days of age. 
Controls had the same volume of oil (0-025 ml.). 


that of the controls. This relationship persisted even 
when a larger dose of the hormones was used (Table 3, B) 
or when progesterone was replaced by one of the amine 
depletors, reserpine or tetrabenazine (Table 3, C and D). 
No qualitative differences were seen between the lordosis 
response displayed by the controls and the animals 
treated with androgen. 

Data from previous experiments with female rats sug- 
gest the existence of central nervous monoaminergic 
pathways which mediate inhibition of mating behaviour. 
These observations show that it is possible to induce 
female copulatory pattern in adult castrated male rats 
with oestradiol benzoate in combination with the amine- 
depletors reserpine or tetrabenazine. Oecstradiol benzoate 
alone or followed by treatment with progesterone was 
less effective. These results indicate that the relationship 
between activation or components of the female copulatory 
behaviour and central nervous monoamines exists in the 
male as well. 

In the androgenized female it is possible to substitute 
the amine depletors reserpine and tetrabenazine for pro- 
gesterone to activate sexual receptivity. The difference 
in ability to respond between androgenized animals and 
the control group was not overcome by treatment with 
the amine depletors. It seems that reserpine or tetra- 
benazine treatment is more effective than progesterone in 
inducing the lordosis response in the oestrogen-primed 
castrate male. In the oestrogen-primed androgenized 
female, progesterone and amine depletors gave similar 
results. 
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Sweden. 
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Stomatal Movements: a Yearly Rhythm 


WHEN the effects of air pollutants on plants were investi- 
gated, the sensitivity of the plants to ozone or irradiated 
automobile exhaust was found to decrease during the 
winter months regardless of whether the plants were 
grown in the greenhouse or in controlled environmental 
conditions. Because the degree of stomatal opening may 
influence the degree of injury caused by air pollutants, a 
year’s study of daytime stomatal movements was begun. 
Light, temperature, atmospheric pressure, relative humid- 
ity, time of day and month of year were the parameters 
studied. 

Little has been published about endogenous rhythms 
with other than 24 h cycles. Biimning found an endogen- 
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ous annual rhythm in germination of seed of various 
plant species’. Further experiments of his with seed of 
. Senecio vulgaris and Fragaria vesca have indicated that 
_ the embryo assumes the yearly rhythm of the mother 
_ plant and that the time of maximum germination capabil- 
“ity is independent of the time of seed maturation?*. 
_ Binning and Missle’ have since shown a yearly eyele in 
__ seed germination which is not affected by storage tempera- 
_ ture and cold treatment. Transfer of an endogenous eycle 
_ from seed to plant has not been shown. 
Certified seeds of Phaseolus vulgaris L., variety ‘Pinto’ 
- (Haney Seed Co., Idaho), from stock stored at room tem- 
perature were planted in a standard peat—perlite mix 
` and grown in the greenhouse and in the growth chamber. 
Two plants were grown in each 10-2 em plastie pot. The 
_ pots were placed in a pan of Hoagland solution. Plants 
. in five pots were started in both the greenhouse and the 
_ growth chamber each day. 
In the greenhouse, atmospheric pressure, light intensity, 
- temperature and relative humidity varied from hour to 
our during the day and from month to month during 
he year. In the growth chamber, light intensity, tempera- 
é and photoperiod were held constant. Air entering 
he growth chamber and greenhouse was filtered through 
activated charcoal. Carbon dioxide levels at all seasons 
“ were always considerably below the 1,000-1,500 p.p.m. 
necessary to induce stomatal elosure®. If there are 
early rhythms in stomatal opening as a result of photo- 
eriod, temperature or changes in light intensity only, no 
_ rhythms or a reduced rhythm in the growth chamber 
- would be expected. 
Phe plants in the growth chamber were kept on a 16 h 
hotoperiod under 1,900-2,200 ft.-candles using cool white 
luorescent lamps with supplementary incandescent 
hting. The temperature was held constant at 27° C 
‘during the day and at 21° C during the night. The green- 
house. plants were grown under greenhouse temperature 
d light conditions, which varied throughout the year. 
© greenhouse experiment lasted from June 1965 until 
y 1966, and the growth chamber experiment lasted 
m September 1965 until August 1966. 
_ Stomatal opening was measured with a modified Alvim 
= porometer* on the eleventh day after planting. The 
| time required for the manometer to drop from 40 to 30 
tm. of mercury was taken as the rate of airflow through 
the leaf and as a measure of the degree of stomatal 
opening. The readings were taken on the lobe of each 
primary leaf. Two readings, one on each of the two 
plants in a pot, were made at 2 h intervals during the 
day. The first reading was at 8 a.m., and the last reading 
was at 4 p.m. A new pot was used for each set of two- 
hourly readings in the greenhouse and in the growth 
chamber. 
_ Fig. 1 shows that the stomatal openings are the smallest 
-in December on plants grown in both the greenhouse and 
in the growth chamber. For plants grown in the green- 
house, the small stomatal openings might be attributed to 
the short photoperiod, the low temperature, or the low 
light intensity in December. For plants grown in the 
greenhouse the points on the curve are the monthly 
average values adjusted for changes in light, temperature 
and relative humidity. For the plants grown in the 
growth chamber the values of these factors are constant. 
The points on the curve are monthly average values of 
individual measurements. There was no statistically 
measurable effect of atmospheric pressure on stomatal 
opening in the greenhouse or the growth chamber. 

There is a definite yearly rhythm in stomatal movement 
in ‘Pinto’ bean plants grown in the greenhouse and in the 
growth chamber. In both the greenhouse and the growth 
chamber the yearly rhythm was statistically significant at 
‘the 95 per cent level at least (Fig. 1). All months were 
significantly different from December, which was taken 
-as the base month. As Fig. 1 shows, stomata of plants 
grown from November to February do not open as wide 
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Fig. 1. Seasonal pattern in stomatal opening; —, growth chamber; 
- - - , greenhouse, 


as those of plants grown from March to October. The 
yearly patterns for plants grown in the greenhouse and in 
the growth chamber are similar. «The scale in seconds 
has been inverted so that the graph can give a clearer 
picture of the rhythm in stomatal opening. The smaller 
the stomatal opening, the longer the time required for 
the manometer reading to drop from 40 to 30 mm of 
mercury. 

The question arises as to how the plants “know” when 
the seasons change and adjust their stomatal rhythm, — 
Binning’s findings concerning endogenous rhythms passed. _ 
on in seeds from the mother plant suggest that a “clock”? 
set within the embryo at the time of seed formation con- 
tinues to “keep time” as long as the seed remains viable 
and in this way the rhythm is passed on to the growing 
plant. 

Our data suggest that the clock controlling the yearly 
rhythm of the stomata was set within the embryo at the 
time of seed formation. The results suggest also that this 
clock continues in the young ‘Pinto’ bean plant at least as 
long as the primary leaves remain attached. 

We thank Hershell Carter for technical assistance, and 
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Agency, Lunken Airport, Cincinnati, Ohio, for obtaining 
the atmospheric pressure data. 
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Red Pine Needie Structure 


READERS of the recent article by Kozlowski and Clausen? 
on the anatomical responses of the needles of red pine 
(Pinus resinosa Ait.) to herbicides may have been con- 
fused by the extreme variations in needle structure which 
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these authors described and illustrated. Kozlowski and 
Clausen attributed many of the anatomical differences 
between “needles” shown in their Fig. 1 to the effects of 
various herbicides applied to the soil in which the seedlings 
were grown. From what is known of the leaf structure of 
pine seedlings’, however, we concluded that they had 
illustrated and described three different kinds of foliar 
appendages of red pine. Their Fig. 14, a transection of a 
“needle” from a non-treated seedling, seems to be a 
primary leaf, as is Fig. 1D from a treated plant. Their 
Figs. 1B, C and E are cotyledons, and F resembles a 
shrivelled secondary leaf. 

To verify our interpretation of their results, we have re- 
investigated the anatomy of red pine cotyledons and 
leaves. We tried to duplicate the experimental conditions 
of Kozlowski and Clausen, except that no herbicides were 
used. Red pine seedlings from two sources in Wisconsin 
were grown in soil in the greenhouse. The first seedlings 
appeared 3 weeks after planting. The first primary leaves 
developed 9 weeks after germination. They were followed 








E © re 

Fig. 1. Leaves of Pinus resinosa seedlings in transection: a, cotyledon 

of a 13 week old seedling; b, primary leaf of a 15 week old seedling; 

c, secondary leaf of a 26 week old seedling; ep, epidermis; hk, hypo- 

dermis; m, mesophyll; re, resin canal; se, subsidiary cell; st, stoma; 
vb, vascular bundle, 
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about 5 weeks later by the first secondary leaves, which 
are borne in pairs on axillary short shoots. At 13 and 15 
weeks after germination, cotyledons and primary leaves 
were collected from ten representative seedlings. Second- 
ary leaves were collected from nine seedlings at 15 and 
26 weeks. All samples were fixed in formalin—acetie acid- 
alcohol, embedded in tissuemat, sectioned at 12u, mounted 
and stained with safranin and fast green. 

The cotyledons of red pine are readily distinguished 
from all later-formed leaves by the absence of resin canals 
and by their triangular shape in transection (Fig. la). 
They also differ in having mesophyll cells which are 
usually rounded or undulate in transection, with most walls 
lacking internal ridges. The cotyledons have more exten- 
sive intercellular spaces than later-formed leaves, and the 
subsidiary cells of the stomata usually lack a flange. In 
common with primary leaves, the cotyledons have a single 
vascular bundle and thin-walled epidermal cells, and they 
lack a hypodermis. 

The primary leaves differ from the secondary leaves of 
red pine in shape and in position of the resin canals, in 
addition to the features enumerated earlier: the single 
vascular bundle; thin-walled epidermis; and no hypo- 
dermis (Fig. 1b). The shape of the primary leaves in 
transection is variable, but the adaxial surface tends to 
be flattened and the abaxial surface rounded. The primary 
leaves lack the geometrically regular semicircular shape ‘of 
the secondary leaves, however. The two external resin 
canals of the primary leaves are adjacent to the abaxial 
epidermis, in contrast to the adaxial position of the two 
principal resin canals in the secondary leaves. 

Even the first-formed secondary leaves of seedlings 
have most of the features of the red pine needle illustrated, 
for example, by Esau?: semicircular shape; thick-walled 
epidermis; well-defined hypodermis; two principal resin 
canals in contact with the adaxial dermal layers; strongly 
ridged mesophyll-cell walls; and flanged stomatal sub- 
sidiary cells (Fig. 1c). Most of the secondary leaves of the 
seedlings have two vascular bundles—-an invariable 
feature of the secondary leaves of older red pines. 

It is clear from earlier work and from our observations 
that some of the anatomical effects which Kozlowski and 
Clausen attributed to herbicides are normal differences in 
structure between different kinds of foliar appendages. 
They considered these features to be the effects of herbi- 
cide treatments: the triangular shape of the treated 
leaves; the rounded shape of the mesophyll cells; the in- 
frequency of internal ridges on the mesophyll-cell walls; 
and the extensive air spaces in the mesophyll. But these 
are all characteristics in which red pine cotyledons (see 
their Fig. 1B, C and Æ) usually differ from primary 
leaves which Kozlowski and Clausen used as a control 
(see their Fig. 14). 

Other effects that Kozlowski and Clausen reported may 
not have been a result of comparisons of different kinds of 
foliar appendages; some of these effects resemble herbi- 
cide-induced changes in the structure of secondary leavet 
of red pine reported by others‘. Their conclusions make is 
evident, however, that future herbicide investigations 
which utilize an organism as complex as a pine seedling 
should be based on an understanding of the variety of 
foliar appendages that these plants can produce during 
their first season of growth. 
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Berkeley, California. 
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BOOK REVIEWS 


WEATHER LONG AGO 


Histoire du Climat depuis l'An Mil 
(Nouvelle Bibliothèque Scientifique.) By Emmanuel Le 
© Roy Ladurie. Pp. 376431 plates. (Paris: Flammarion, 
1967.) np. 

Iv is now about a hundred and fifty years since the occur- 
“rence of ice ages at some time in the more or less distant 
= past, was first deduced from the identification of old 
moraines far down in the valleys of Switzerland and 
. Scandinavia. The discovery was the product of an age 
that was anxious about current advances of the glaciers. 
<- The first arrangements by governments to organize and 
maintain daily weather observations, in France in 1775 
and in Prussia in 1817, were inspired by anxiety over the 
behaviour of the seasons. There was also at that time an 
awareness in England and various other parts of Europe 
that the climate in the early middle ages (and to some 
extent in the first halves of the sixteenth and eighteenth 
eenturies) had been more genial—enough to affect horti- 
culture and the limits of the vine. It so happened that 
in the last quarter of the nineteenth century, when the 
first 100 year-long series of weather observations from 
‘ca number of places became available for study, the pre- 
wailing temperatures after an interval of greater warmth 
< between 1850 and 1875 had reverted to about the same 
values as when the series began. It was all too quickly 





_ concluded by the leading climatologists of the day that 
the climate was stable and that significant variability 


-- belonged only to the geological past. This view found its 
. way into the textbooks; and it was not until about 1950 
-o that the remarkable warming in the present century, 
which has produced historic retreats of the glaciers in 
most parts of the world and affected the prospects of agri- 
--eulture and fisheries almost as widely and had a great 
impact on human habits, really brought the diagnosis 
into. question. Since then the climatic trend seems to 
have reversed once more. So there is an urgent need for 
fuller knowledge and a better understanding of the 
phenomena of climatic change, to meet the demands of 
modern long-term economic planning. 
Research has been proceeding on a small scale—a sur- 
prisingly small scale in relation to the economic stakes 
< involved in forward planning of industrial and agricultural 
development—here and there wherever there happened to 
-pe interested individuals who could make an opportunity 
and had the necessary skills to pursue it. Institutions 
: with departments fostering research in this field are rare: 
= possibly the only ones deserving mention are the Center 


for Climatic Research established by Bryson in the 


- University of Wisconsin Department of Meteorology and, 
for ancient climates, the Quaternary Research Sub- 
Department set up by Godwin in the Botany School at 
mbridge—though other, smaller groups of interested 
= palaeobotanists, meteorologists, oceanographers, geo- 
: logists, glaciologists, radio-isotope physicists and others, 





= in Seandinavia, central Europe, Russia and the United 
-o States have made important contributions to knowledge. 





_. The literature of the subject is correspondingly scattered. 
he quest for facts of past climates, delineation of the 
“wind and ocean circulation patterns which controlled 
< them, and physical interpretation of the development of 
limatic changes, require an exceptionally broadly based 
disciplinary enterprise which would properly demand 


resources of an interdisciplinary institute. ‘This 


Jook is a remarkable testimony to what one brave man, 
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possessed of furious.energy and enthusiasm, can do; but 
it also reveals the breadth of the subject and the need 
for a co-ordinated attack on it. 

Diverse researches on the evidence of the past have 
already uncovered the outline of a climatic sequence over 
the 10,000 years since the last ice age, which shows end- 
less fluctuations of differing amplitude and on many 
time-scales, including a variation within the past thousand 
years such that the declining warmth and the precipitation 
changes between about ap 1800 and 1700 must have 
produced heavy strains on the primitive human economies 
of the time. Indeed, many of its impacts can be readily 
demonstrated, though historians have hitherto tended to 
attribute all such dislocations to the consequences of the 
Black Death and subsequent recurrences of the dreaded 
plague. i 

Historians have sometimes recently come under fire for 
working without reference to climatic stress except as an 
enemy the occasional intrusions of which on human 
affairs have been rare and entirely haphazard. Only in 
the history of Iceland and Scandinavia have the shifting 
climatic limits not been ignored—because they. could 
not be. Professor Le Roy Ladurie, of the Ecole Pratique 
des Hautes Etudes at Paris, the author of this book on 
climatic history from the year ap 1000, first found him- 
self driven to the subject in his research on the agri- 
cultural history of the Languedoc, in the south of France. 
Now, after twelve years of wide study and reading, he 
has had the courage to produce not just a history of 
Europe which takes account of climatic events but a 
history of the climate itself. 

The effort must have been enormous. The author has 
acquainted himself with most relevant matters from 
dendrochronology to radiocarbon and sunspot variation 
and has attained, on the whole, remarkably balanced 
judgments. The representative bibliography, like the 
meticulous documentation of his own historical researches, 
is a feature of the book. It is scarcely surprising that 
there are a few faults. One of the most glaring (on page 
100), probebly an accidental misquote or misunder- 
standing, concerns my own derivation of estimated 
average temperatures for the warmest period of the early 
middle ages. Quoting a summer temperature departure 
of 2° C above modern values for two centuries at that 
time, as in the much longer post-glacial warm epoch, 
Ladurie describes this as exaggerated: the actual pub- 
lished figure! derived by my analysis was an anomaly 
of +0-8° C, which I have mostly described as “about 
+1° C”. Ladurie performs a valuable service to-students 
in stressing the need for critical consideration of ancient 
texts before using them; but it is wrong to suggest that 
those meteorologists who have analysed the changing 
frequencies of various reported phenomena have omitted 
precautions about this. It is also untrue to say (page 22) 
that the wide agreement on the climatic sequence derived 
from these studies—for example, generally falling tem- 
peratures from the thirteenth to the seventeenth cen- 
turies and with sharper stages around 1315, 1430 and 
1560-1600 and some let-ups in between—depends on the 
use and re-use of the same sources by successive investi- 
gators. It has received verification in recent years by 
the publication of previously unused source material— 
for example, two items in Ladurie’s own bibliography: 
Titow’s study of the weather recorded in the medieval 
rolls of the bishopric of Winchester®* and Buchinsky’s 
collection of reports contained in the chronicles of the 
medieval monasteries on the Russian plain‘. In any 
case, Ladurie’s own picture of the climatic sequence 
differs only marginally in the magnitude and duration of 
the intermission which culminsted with the warm years 
of the 1520s and 1530s: on this last detail he produces 
perhaps the most useful analysis so far (page 236), in- 
cluding a demonstration of the biennial oscillation which 
is a subject of current interest in general circulation 
studies. 
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One regrets a certain undervaluing of the contributions 
of Flohn and Kraus (in these cases perhaps it is lack of 
thorough acquaintance), also of earlier pioneers like 
Huntington, Kinz] and Utterstrém; though C. E. P. 
Brooks comes in for legitimate criticism (page 213) for 
“romancing” about the so-called “little ice age” of recent 
centuries and putting an “interglacial” into it between 
1680 and 1740 on little evidence—actually the 1690s are 
now known to have been about the coldest decade in 
Iceland, Norway and Britain, though not in the Alps. 
Any unfairness has clearly resulted only from the difficulty 
of attaining, or expressing, a balanced judgment quickly. 
There is some polemic, probably mainly intended to goad 
his fellow historians into tackling the subject and pro- 
ducing further critically examined data for scientific 
analysis. This style of presentation does mean, however, 
that one has to read a long way before discovering that 
the author’s conelusion (for example, page 31) that the 
climate has been stable during the past two thousand 
years or more admits of oscillations great enough to allow 
several hundred years of disastrous advance of the 
glaciers (Brooks's “little ice age™-—a convenient enough 
term) and of the polar sea ice. 
Ladurie arrives at sensible estimates for the amplitudes 
and different period-lengths of the various fluctuations. 
The great glacier advances referred to were produced by 
a variation of average annual mean temperature amount- 
ing to only about 1° C. This should be sufficient warning 
of the precariousness of practical decisions based on an 
assumed constancy of climate. 
The book makes no attempt at meteorological inter- 
pretation and contains not a single weather map. The 
author seems to have much less appreciation of shifts in 
world precipitation patterns than he has of temperature, 
though a selection of Fritts* maps of average tree-growth 
in different decades since 1576 in the western United 
States are reproduced. Chapters of the book are devoted 
to: (1) aims of his quest for facts of past climates, (2) the 
evidence of changes in the forests and vintages, (3) the 
warming of the climate from 1850 to 1950, (4) the prob- 
lems and evidence of the “little ice age” which preceded 
the recent warming, (5) “working hypotheses” (in reality 
an assessment of the magnitude and course of the tem- 
perature changes which underlay the glacier changes of 
recent centuries), and (6) the turf moor at Fernau in the 
Austrian Alps. The last-named brings in a useful survey 
of the longer span of post-glacial climatic history and 
much little known detail on the sequence of glacier 
advances and retreats since 1500 Be in that locality; 
though it is an extreme course to generalize the history 
of Europe's glaciers from the record of a single one as 
registered in the peat bog near its snout. 
I share the author’s earnest hope that this book will 
serve to awaken interest in the climatic record and 
encourage many more historians to take it up. In the 
long run, the chief value of the book will, however, be 
its remarkable documentation, with the quoting or repro- 
duction of many ancient texts and dated maps and 
pictures, of the glacier advance and retreat in Europe since 
AD 1200 as well as the tabulated data year by year since 
AD 1349 of the French vintages and its analysis of how far 
the vintage variations were controlled by weather. 
Tt makes a fascinating book and one which will be 
bought for the charm of its remarkable sequence of 
pictures of the Rhône glacier and the Chamonix glaciers 
as well as for reference to the critically examined data it 
contains. H. H. Lams 
‘Lamb, H. H.. Pataeogeogr., Palaeoclim., Palaeoecol., 1, 13 (Elsevier, 
Amsterdam, 1965). 

2 Titow, J., Econ, Hist. Rev. (1960). 

3 Proc. Conf. on the Climate of the Eleventh and Sixteenth Centuries—-Aspen, 
Colerado, June 1962, 38 (NCAR, Tech. Note 63-1, Boulder, 1963). 

t Buchinsky, I. E., O klimate proslovo Russkei ravniny (The past climate of 
the Russian plain), Leningrad (Gidrometesizdat, 1957). 

‘Fritts, H. C., Monthly Weather Ree., 98. 421 (Tree-Ring Evidence for 


Climatic Changes in Western North America} (U.S. Dept. of Commerce 
Weather Bureau, Washington). 
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LABORATORY PHARMACOLOGY 


Pharmacological Experiments on Isolated Preparations 
By the staff of the Department of Pharmacology, Univer- 
sity of Edinburgh. Pp. 131. (Edinburgh and London: 
E. and S. Livingstone, Ltd., 1968.) 21s. 


Tue publication of this new practical book from Edin- 
burgh will be welcomed by most pharmacologists. Experi- 
mental procedures for setting up isolated tissue prepara- 
tions are described in sufficient detail for a novice to 
attempt these with every expectation of success. The 
illustrations are simple and helpful. 

There is a wealth of information of particular value to 
those concerned in the preparation of practical classes, 
notably about concentrations and doses of drugs, most 
of which are, quite rightly, expressed on a molar basis. The 
references have been selected for their relevance to practi- 
eal details. One appendix tabulates molecular weights 
and solubilities of drugs. Others deal with the estimation 
of fiducial limits and the equations of drug-receptor 
interaction. These are all useful data. An appendix 
listing the basic apparatus required for the experiments 
might perhaps be included in a subsequent edition. 

The use of capital letters to distinguish pharmacopoeial 
or approved names from “chemical names when these are 
simple” is quite unjustified. This convention, not always 
consistent, coupled with the use of italics for trade names 
(and for other drugs when these are part of a heading) 
will confuse rather than help the student. 

The description of each experiment begins on a new 
page; the descriptions of the biological preparations 
themselves, some of which apply to more than one 
experiment, are less easily located—a bolder type rather 
than italics might be helpful. The table of contents is 
clearly laid out and obviates the necessity for an index. 

All the experiments described are exclusively on 
isolated tissues and so can be performed by students 
without a Home Office licence. It is surprising how much 
pharmacology can be taught on tissues in vitro. Never- 
theless, it is essential for pharmacologists to remember 
that the experiments in this book should form only a 
part of any practical course in pharmacology. They 
must be supplemented by demonstrations on anaesthe- 
tized animals and if possible by the students experiment- 
ing on decerebrate, spinal or pithed preparations and on 
themselves. Perhaps the authors could be persuaded to 
write a further volume dealing with these aspects of 
practical pharmacology. It would be as well received as 
I am confident this one will be. E. W. Horton 


CANCER IN CANADA 


Canadian Cancer Conference 

Vol. 7: Proceedings of the Seventh Canadian Cancer 
Research Conference, 1966. J. F. Morgan et al. (editors). 
Pp. 432. (Pergamon Press, 1967.) $18; £6. 


THESE volumes serve to bring together the many aspects 
of cancer research. This latest volume contains twenty- 
two papers and covers five major areas in the study of 
cancer. Discussion of cell division and proliferation and 
of metabolie regulatory systems account for more than 
half of the contributions. The properties of cell mem- 
branes, the effects of radiation on cells, carcinogenesis 
and cancer epidemiology take up the remainder of the 
volume. The papers are all of a review nature, but this 
has not restrained the authors from presenting their 
personal views and speculations. Each of the papers is 
so wide-ranging that it is a pity there is no index to help 
the reader find particular details quickly. The editors 
are to be congratulated for achieving. a uniformly high 
standard in the presentation and content of the papers 
in this useful volume. Po We BARLOW 
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ALL WILD LIFE IS HERE 


<The Penguin Dictionary of British Natural History 
_ By Richard Fitter. Assisted by Maisie Fitter. Pp. 348. 
(Harmondsworth, Middx. : Penguin Books, Ltd., 1967.) 
Ba. 6d. 
_ ‘Tue naturalist in the field is the latest person to benefit 
< from the valuable series of Penguin dictionaries. 
In this case, as befits a dictionary of natural history. 
the greatest number of entries are names of animals and 
‘plants. There are descriptions of birds, butterflies, 
fishes, insects, reptiles, flowers, fungi and trees, entered 
under their common names. The binomial names of each 
“gpecies, and their vernacular equivalents, are given in an 
index of species at the end of the book. AH phyla and 
` classes are also entered and each animal or plant can be 
fully classified through two names which are given after 
each species entry. The student and amateur naturalist 
“now have a readily available way of linking common 





names to scientific names, which they must find useful, 


The important task of identifying animals and plants is 
_ not, of course, aided at all, and the identification manuals 
“are certainly not made redundant. 
Although this is not a dictionary which is specifically 
= concerned with biology, terms which are in use with the 

‘field naturalist are included. For example, mimicry, 
polymorphism, gene, polyploid, hetero- and homo- 
zygote are explained for the amateur—a mutation is 
“described as “A change in one of the genes of a chromo- 
some”. Mitosis, meiosis and other technicalities are not 
here. Various other ecological and ethological terms are 
included when they are relevant to natural history. 
There are also entries dealing with physical, meteorologi- 
eal, geographical and geological phenomena—there is a 
geological time scale which should be very useful to all 
those who can never remember the order and dates of 
the various periods. 

A paperback probably will not stand up well to life 
jn the field, and so this dictionary has to be recommended 
CAs a useful addition to the naturalist’s bookshelf. 

Mary LINDLEY 


MODERN ALGEBRA 


Lectures on Modern Algebra 
By P. Dubreil and M. L. Dubreil-Jacotin. Translated 
py A. Geddes. (University Mathematical Monographs.) 
Pp. xii+364. (Edinburgh and London: Oliver and 
Boyd, Ltd., 1967.) 105s. net. 


THERE are many textbooks on modern algebra. Most. 
introduce the student to the usual structures, including 
groups, rings. fields, vector spaces and perhaps lattices. 
This book does this too; but there is a difference, in 
that there is a strong motivation coming from a hidden 
< source. What is this source? It is the body of algebraic 
-knowledge now referred to as commutative algebra. Even 
_ this subject is of recent origin, arising, as it does, from 


< algebraic deficiencies of a fundamental character thrown 


up by a study of algebraic geometry. It is rather surpris- 
ing then that nowhere in the book is there any mention 
of algebraic geometry or of commutative algebra. The 
nearest the author comes to this is on page 142 where, 
in an example, it is remarked that the set of polynomials 
(of a polynomial ring) “which vanish at a given point, or 
at k given points, or on a given set of curves and points, 
4g an ideal’. It is a pity that the contact with algebraic 
“geometry is so marginal. 
Yn spite of what has been said about motivation there 
js no doubt that the book is an excellent text for the 
student of modern algebra. It carefully develops the 
‘theory from the most elementary concepts, and, while 
- it contains no exercises, there is a good sprinkling of 
_ illustrative examples. A particularly pleasing feature is 
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the inclusion of a chapter on lattice theory (largely in 
order to discuss the lattice of ideals of a commutative 
ring) and a chapter on noetherian rings. The last chapter, 
essentially on field extensions, contains sections on integral 
dependence and on the famous Nullstellensatz of Hilbert. 
These remarks on content serve to indicate how closely 
the material in the book is oriented towards commutative 
algebra. The book is a translation of the second edition 
of Leçons d’Algébre Moderne, and it is number six in the 
series of “University Mathematical Monographs”. The 
usual high standard of printing by Oliver and Boyd is 
everywhere evident. L. 8. GODDARD 


BOOK OF SPECTRA 


Atlas of Electron Spin Resonance Spectra 

By B. J. H. Bielski and J. M. Gebicki. Pp. xin +665. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1967.) 220s. 


Tue word “Atlas” is a bit misleading. This mammoth 
book, which must have taken a great deal of time and 
effort to compile, is more like a rambler’s guide book—- 
one of those interesting and often delightful works that 
take the reader down many quaint by-ways, thereby 
avoiding terrain that has become commonplace. 

This book will appeal to the expert, both as a source 
of information and as something to browse in. Basically, 
it consists of well reproduced esr spectra together with 
the appropriate references, the source of the paramagnetic 
material, and its nature. The field of organic radicals in 
fluid solution is quite well covered, as is that of radicals 
in systems of biological interest. The field of organic or 
inorganic radicals in solids is very sparse and the huge 
fields of colour centres and transition metal complexes are 
almost entirely omitted. For example, there is just one 
lonely reference to F-centres, and I cannot help feeling 
that this should have been replaced by a clear statement 
that F-centres were not covered, together with a list of 
references to appropriate reviews on the subject. 

More serious omissions arise in another way. In recent 
years many authors to save space, particularly in cases 
where good spectra have been obtained the interpretation 
of which is clear, have published the derived parameters 
rather than the actual spectrum. No mention of these 
studies is made and hence this atlas cannot in any sense 
be taken as being comprehensive even in the limited areas 
covered. 

The work is completely uncritical and therefore often 
very misleading, for many incorrect or improbable 
“identifications” are quoted. Some of these relate to 
work of at least ten years ago, the authors of which 
would surely no longer hold to their original assignments. 

A remarkable number of spectra are listed as “unpub- 
lished results’, and in some cases one realizes why. 
However, because often no interpretation is then offered, 
the reader can amuse himself by testing his own inter- 
pretative skill. 

The order of presentation is often most puzzling, and 
anyone who decides to read consecutively will be aston- 
ished at its vagaries. More serious, however, are the 
many errors. 

The symbol ay is a popular one for these authors and 
is applied in many cases to describe the hyperfine para- 
meters for a large number of nuclei, not just hydrogen. 
Certain peroxy-radicals formed in the reaction of hydrogen 
peroxide with titanous salts are incorrectly described as the 
hydroxyl radical. The N -methyl pyridinium ion is said 
to be the source of an interesting esr spectrum and is 
described as the methylviologen cation radical. 

The reader may be taken aback by the large number 
of spectra assigned to nitrogen dioxide. In fact, only two 
of these are anything to do with NO». the others being, 
in my opinion, various radicals formed by reaction 
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between NO, and either the solvent or impurities con- 
tained therein. 

Radicals described as NH,-, C,H,* and allyl alcohol 
diradicals are without doubt other species than these, 
and the presence of a hyperfine splitting from 12Xe in 
irradiated CF, is certainly surprising ! 

It would scarcely seem necessary to illustrate spectra 
for polycrystalline diphenylpicrylhydrazy!, or indeed for 
aqueous Mn**, but to find both these spectra referenced 
as “unpublished results” is quite astonishing. 

M. C. R. Symons 


SENSE OF PERSPECTIVE 


The Graphic Work of M. C. Escher 
Pp. 24+ 69 plates. (London: Oldbourne Book Co., Ltd., 
1967.) 42s. net. 


“ALTHOUGH I am absolutely innocent of training or 
knowledge in the exact sciences,” Escher writes in the 
introduction to this book, “I often seem to have more in 
common with mathematicians than with my fellow 
artists.” In the principles of symmetry, inversion and 
topology that so dominate his work, Escher shares a 
common interest, superficially at least, with chemists 
and crystallographers as well as with mathematicians. 
Yet scientists no less than others will wonder whether 
the intriguing visual paradoxes that Escher con jures forth 
from the formal qualities of line and plane in fact transcend 
their own virtuosity. 

Escher’s impossible buildings, achieved by subtle per- 
versions of the rules of perspective, are among the best 
known of his works. A genre that he has made his own 
is the exact filling of a space with two or more sets of 
discrete objects which interlock perfectly with each other. 
Another common theme is the blending into one com- 
position of two mutually incompatible situations, “Day 
and Night”, for example, shows on the left hand black 
birds flying over a daytime landscape and on the right 
hand white birds flying over the mirror-image landscape 
under cover of darkness; the centre of the picture, with 
remarkable dexterity, merges the two flocks of birds into 
each other and into the contraposed landscapes. 

But after the tricks and the trompe-Voeil, what remains ? 
Is there a serious substance in these drawings, or are they 
to be dismissed as amusing exercises in technique, no 
more significant than the visual illusions beloved of 
psychologists ? Escher himself points out that two of 
his motifs were taken from an article in the British 
Journal of Psychology, and the bizarre naivety of the grin- 
ning fishes and dwarflike men that populate many of the 
drawings cannot but confirm the impression of frivolity. 

Beneath the pyrotechnics there is, perhaps, a profounder 
purpose. Lévi-Strauss, possibly with tongue untypically 
in cheek, has remarked of abstract art that it is concerned 
with style, not content, and that an abstract work shows 
the manner in which the artist would execute his pictures 
if he were by chance to paint any. In a similar way it 
seems that Escher is preoccupied with the conventions of 
representing three dimensions in two, and that his pictures 
are inquiries into the logic of perspective and the assump- 
tions made both by the hand of the artist and the eye of 
the beholder. Escher says in his notes on the pictures, “The 
two dimensional is every bit as fictitious as the four 
dimensional, for nothing is flat”. His work is an explora- 
tion of the absurdities that spring from this fiction and, 
it may seem, is a statement of the problems to be over- 
come before he could himself portray the world as he 
sees it. The plates grouped under the heading “Conflict 
between the Flat and the Spatial” are a remarkable and 
not merely entertaining exposition of these absurdities. 

At two guineas this book is moderately priced, and to 
those who decline to accept it as art, its illusions should 
give a good run for their money. N. M. L. Wape 
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OBITUARIES 


Professor J. L. B. Smith 


PROFESSOR J. L. B. Smrra, the South African ichthyo- 
logist, died at his home in Grahamstown on January 7, 
1968. At the time of his death he held the research 
professorship of ichthyology at Rhodes University. 

Professor Smith's name will always be associated with 
the discovery and description of the extant coelacanth 
crossopterygian, Latimeria chalumnae, captured in Decem- 
ber 1938 near East London. The circumstances sur- 
rounding this event, and the subsequent fourteen-year- 
long campaign to obtain a second specimen, were vividly 
described by Smith in his book Old Fourlegs (1956), 
This account revealed (as its author realized) a great deal 
of the man, and rarely can have been equalled as a frank 
character-study of a determined and dedicated man. 

Born at Graaff Reinet in 1897, Professor Smith was 
educated at a number of schools including “Bishops” 
College, and the Victoria College, Stellenbosch. Tt was at 
Stellenbosch that his interest in chemistry was first 
aroused, and it was as a chemist that he joined Rhodes 
University College, Grahamstown, as a lecturer in 1923, 
after obtaining a Ph.D at Cambridge. During the First 
World War, Smith served with the South African Forces 
in East Africa. 

From 1923 until 1947 Smith lectured in chemistry at 
Rhodes, producing several papers and three textbooks on 
chemical subjects. His spare time, however, was largely 
devoted to studying fishes. It was during this period that, 
in addition to his work on the anatomy of Latimeria, he 
laid the foundations for his most widely known work, 
The Sea Fishes of Southern Africa. In 1947, the South 
African Council for Scientific and Industrial Research 
awarded Smith a research fellowship which enabled him 
to resign his post in the chemistry department and 
thereby devote his full energies to ichthyology. 

Smith’s interest in fishes stemmed from an early contact 
with them as a sea-angler. This introduction left its mark 
on all his subsequent work which, as far as possible, he 
based on personal acquaintance with the fishes in the 
field. His love and enthusiasm for angling, and his 
appreciation of the angler’s problems, led Smith into wide 
and profitable contact with the public. There is probably 
no other ichthyologist who can claim to have had queues 
forming outside bookshops on the day his regional mono- 
graph was published. Yet this was the reception that 
Smith’s great work The Sea Fishes of Southern Africa 
received in 1949, 

Essentially synoptic in its treatment, Sea Fishes was 
followed by a series of family and generic revisions of 
species from South African waters and the western 
Indian Ocean, as well as numerous shorter papers dealing 
with new taxa. In 1963, Smith and his wife published 
another important regional synopsis, Fishes of the Sey- 
chelles, covering an area the marine fauna of which had 
received scant attention since the mid-nineteenth century. 
In all, Smith produced more than two hundred papers 
and articles on ichthyological subjects. 

Although there is a long history of ichthyological 
research in South Africa, Smith’s investigations have 
undoubtedly added more to our knowledge of the fishes 
from this vast marine area than have those of any of his 
predecessors. Smith’s work was essentially pioneering, 
and his attitude that of a field-worker faced with the task 
of mapping a complex and rich fauna still imperfectly 
known. At times this brought him into conflict with 
European and American workers, particularly on ques- 
tions of nomenclature. The momentary heat-haze gene- 
rated by these differences cannot, however, obscure 
the fact that J. L. B. Smith’s drive and dedication re- 
sulted in a very significant contribution to ichthyology. 
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_ Professor Smith is survived by his wife, Margaret M. 
« Smith, who was his close collaborator in the field and 

laboratory, and who was responsible for most of the illus- 
= trations in his many papers. P. H. GREENWOOD 


Professor George Macdonald 


© PROFESSOR GEORGE MACDONALD, one of the most domi- 
` nant figures in the world of tropical medicine for twenty 
years, died on December 10, 1967, in University College 
Hospital. 
Lhe son of John Smyth Macdonald, FRS, Professor of 
. Physiology at Sheffield and later at Liverpool, George 
Macdonald graduated M.B., Ch.B. at Liverpool University 
“in 1924 at the age of 21 and took his D.T.M. in the same 
“year. In 1925 he went as a research assistant to the Sir 
Alfred Jones Laboratory at Freetown, Sierra Leone, and 
‘in 1926 he published the first of his many papers on 
malaria. After graduating M.D. Liverpool and taking the 
< London D.P.H. in 1932, he spent seven years in India and 
Ceylon and returned to England as assistant director 
of the Ross Institute in 1939. He joined the Royal Army 
` Medical Corps and after a short period as D.A.D.H. 
“Salisbury Plain Area he was appointed to form and 
command the first Malaria Field Laboratory. This unit 
<- had an adventurous career in Greece and Crete. 

In 1942 he was appointed consultant malariologist to 

“the Middle East Forces, and his advice saved the Eighth 

Army from burdening itself with hundreds of tons of 
antimalarial equipment during its advance to Tripoli. 
‘In 1947 he became the first professor of tropical hygiene at 
the London School of Hygiene and Tropical Medicine, 
‘and director of the Ross Institute. 

He was a pioneer throughout his life. In Ceylon he 
devised an automatically flushing siphon for anti- 
malarial drainage, the appearance of which was followed 
by a spate of “new and improved models”. In London, 
when he turned his mind to the quantitative epidemiology 
of malaria, the answers to entomological questions he 
"posed were not available; his reaction was to set up the 
Ross Institute’s own entomological unit, now an estab- 
lished leader in research on anophelines. In 1957 he 
published his collected malariological work in The 
Epidemiology and Control of Malaria (O.U.P.), a book 
_ which mathematicians and others could read with equal 
pleasure and profit. He was a member of the World 

Health Organization’s Expert Committee on Malaria 
_ from its inception, and (theoretical though his work seemed 
to. some people) on several occasions he reasoned out 
epidemiological methods with strictly practical field 

application. 
o The epidemiology of malaria, an asexual infection in 

man, involved relatively simple mathematical calculations 
which were soluble with hand calculators—and with help 
om professional statisticians which he freely acknow- 
d. When he turned his mind to helminthic and 
erefore sexual infections the aid of a computer was 
ed. Characteristically, he learned to produce his 

‘programmes and in due course published a mathe- 
ical model for the epidemiology of schistosomiasis. 
is too has thoroughly practical implications, not least in 
itiating healthy controversy in a new subject. 

As a teacher Macdonald tended to lecture above cloud 
l. But his formidable brainpower and concentration 
freely available to anyone who went to his office, and 
solved the problems of hundreds of callers, correspon- 

s and committees. He met the knowledge of im- 
pending death with great mental and physical courage, 
carrying on creative work and inspiring others to the last 
ossible moment. 

_ He was made C.M.G. in 1953, and received the Darling 
:¿ < Foundation Award in 1954 and the Bernhard Nocht 

Medal in 1963. He was president of the Royal Society of 
cal Medicine and Hygiene in 1965-67. 
oe B. B. WADDY 
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Professor Frank Raw 


Proressor Frank Raw died suddenly, in his forty- 
seventh year, on October 1, 1987, in Brisbane. He had 
been professer of entomology in the University of Queens- 
land, Australia, for six months. 

Graduating from Queen Mary College, University of 
London, in 1942, Raw began research in Cambridge under 
Salt and Hollick with the war-time team studying wire- 
worms in agriculture, work which included pioneer 
studies of the general arthropod fauna of pasture and 
arable soils—a subject that remained Raw’s chief interest. 
After two years he became an advisory entomologist at 
the Research Station, Long Ashton, later transferring to 
the National Agricultural Advisory Service, where he 
continued his work on insects of pasture soils with a 
broad ecological study of the garden chafer beetle. 

In 1948 Kaw joined the staff of Rothamsted Experi- 
mental Station, and remained there until 1967, specializing 
in the agricultural aspects of soil zoology. During this 
period, however, he spent two years at the West African 
Cocoa Research Station, in what was then the Gold 
Coast, studying the control of cacao capsids with chlorin- 
ated hydrocarbon insecticides; this early work has since 
led to much improvement in caeao growing. 

Raw’s work very successfully combined fundamental 
and practical approaches, and his zoological studies were 
always related to the effects of soil animals on the yield 
of crops, an aspect of research in agricultural entomology 
still much neglected. He continued to study the biology 
of wireworms at Rothamsted and he made experiments 
in collaboration with the insecticides department on the 
chemical control of these pests especially with chlorinated 
hydrocarbon seed-dressings; this notably contributed to 
current methods of control. Nevertheless, he also studied 
side-effects both of chlorinated hydrocarbon and of 
organophosphorus insecticides an the invertebrate animals 
in the soil. By improving methods of extracting these 
animals he revealed the unexpected abundance of Pro- 
tura, a group that had before been considered as being 
sparse. 

Raw’s work on earthworms is well known and his 
technique of using formalin for sampling populations of 
worms is ncw a standard methed. He showed, especially 
in apple orchards, how weather and chemical sprays 
affected the abundance and activity of worms, how these 
changes affected the burial of fallen leaves and the ineor- 
poration of leaves into the soil as nutrients for the trees; 
this work also raised problems of the removal from 
orchards of the spores of the fungus causing apple scab 
when worms buried dead leaves. 

In his studies of the wheat-bulb fly, cut short.at a most 
promising stage, he related the population dynamics of 
the insect to damage done to wheat crops. He studied 
the effects ef fallow, both locally and nationally, of seed- 
rates, tilth, fertilizer treatment and different varieties of 
wheat on the response of the crop to attack by this pest. 
Raw was more aware than most workers that the abun- 
dance of a pest is only one of the many factors to be 
considered when studying loss of yield on crops caused 
by insect attack and that various ecological inter- 
actions between crop, pests and associated organisms are 
important in agricultural entomology. He had a special 
ability, nct common among research entomologists, 
to see pests in a broad agricultural context. This 
wide approach is evident in Raw’s publications and 
especially in his joint editing of the recent treatise, Soil. 
Biology. 

Raw was, for long, an active officer of the Association 
of Applied Biologists and for the past seven years its 
esteemed treasurer. 

It was expected that he would influence the subject 
of agricultural entomology greatly in his new appoint- 
ment, for his clarity of thought and of exposition was 
exceptional. C. G. JOHNSON 
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University News: Glasgow 


Dr Joms H. SUBAK-SHARPE, at present a member of the 
staff of the MRC Experimental Virus Research Unit in 
the Institute of Virology at Glasgow, has been appointed 
to the chair of virology in succession to Professor M. G. P. 
Stoker, who has been appointed to the direetorship of 
the Imperial Cancer Research Fund Laboratories in 
London. Dr Subak-Sharpe will also succeed Professor 
Stoker as honorary director of the Experimental Virus 
Research Unit. 


London 


Mr R. G. BURWELL, senior registrar at the Robert Jones 
and Agnes Hunt Orthopaedic Hospital, has been appointed 
to the chair of orthopaedics tenable at the Institute of 
Orthopaedics. 


Newcastle upon Tyne 


Dr D. H. Wuirren, at present superintendent of the 
Division of Molecular Science in the National Physical 
Laboratory, has been appointed to the chair of physical 
chemistry. 


Appointments 


Tue Royal Society has made its ninth appointment to a 
Royal Society research professorship and the holder of 
this appointment is Professor H. C. Longuet-Higgins, 
honorary professor in the Department of Machine Intelli. 
gence and Perception, University of Edinburgh, and 
until 1967 John Humphrey Plummer professor of theor- 
etical chemistry in the University of Cambridge. Pro- 
fessor Longuet-Higgins will take up his appointment on 
April 1 and will work at the University of Edinburgh. 


Announcements 


Tue Scientific Medal of the Zoological Society of London 
has been awarded to the following in recognition of their 
distinguished work in zoology: Dr J. B. Gurdon, 
Department of Zoology, University Museum, Oxford, for 
his work on nuclear transplantation; Dr J. E. Treherne, 
Department, of Zoology, University of Cambridge, for his 
work on insect physiology, particularly the absorption of 
nutrients; Professor L. Wolpert, Middlesex Hospital 
Medical School, London, for his work on cell biology and 
embryology. 


Tux Institution of Mechanical Engineers has awarded the 
James Clayton Prize jointly to Professor F. T. Barwell of 
the Mechanical Engineering Department, University 
College, Swansea, and Mr Frank Nixon, chief consultant 
at Rolls-Royce Ltd., Derby. 


‘THE following addendum has been sent by Dr Kenneth 
8. Warren and refers to the article “Cercariae of Schisto- 
soma mansoni and Plants: attempt to penetrate Phaseolus 
vulgaris and Hedychium coronarium produces a Cercari- 
cide”, which appears on page 647 of this issue: Recently 
it was noted that cereariae are attracted to only certain 
varieties of green string beans. Although there were no 
obvious. differences among the beans tested, this phen- 
: omenon is under investigation. 


Erratum. In the communication “Solar Oblateness and 
the Perihelion Advances of Planets” by J. J. Gilvarry 
and P. A. Sturrock (Nature, 216, 1283 ; 1967) the third 
paragraph on page 1284 should begin: “Because the 
accuracies in the determinations of the perihelion advances 
of Venus and the Earth are inadequate for the purpose, 
the only natural planet that could be conjoined with 
Mercury for a test equation (1) is the asteroid (1566) 
Tearus*. For this minor planet, the advance of the peri- 
helion predicted by general relativity is 10-1 see/century, 
exceeding that of any planet except Mercury’, and the 
advance arising from solar oblateness would be 15-7 sec/ 


NATURE, VOL. 217, FEBRUARY 17. 1968 


century ...”,. The sixth line of the second paragraph on 
page 1285 should read “with no observational disagree. ` 
ment”, and not “with an observational disagreement”. In 
the sixteenth line of the fourth paragraph on page 1285 
reference 11, not reference 8, should be mentioned, and 
reference 16 should be inserted at the end of the following 
paragraph. This article was received on September 12. 
1967, and not revised as indicated. The following note 
was added in proof: It has been pointed out recently by 
J. Ashbrook (Sky and Telescope, 34, 229; 1967) that the 
results of Dieke and Goldenberg differ sharply with the 
careful observations of W. Schur and L. Ambronn by 
means of a heliometer over the period 1891-1902 (essen- 
tially a sunspot cycle) implying only an insignificant solar 
oblateness. Their values are less than one-hundredth, at 
most, of that reported by Dicke and Goldenberg. In 
reply, the latter value is defended by Dicke (Sky and 
Telescope, 34, 371; 1967) as based on a differential 
measurement between the limbs, rather than on a visual 
measurement from limb to limb. 


Erratum. In the communication “Imidazole and 
Sequestration of Calcium Ions by Sarcoplasmic Reti- 
culum” by B. P. Yu, E. J. Masoro and F. D. DeMartinis 
(Nature, 216, 822; 1967) the figures were wrongly num- 
bered. The legend of Fig. 4 should accompany the graph 
of Fig. 5, the legend of Fig. 3 should accompany the 
graph of Fig. 4, and the legend of Fig. 5 should accom- 
pany the graph of Fig. 3. (A previous erratum to this 
communication should be ignored.) 


Erratum. In the communication “Transducing Phage 
for Pseudomonas putida” by B. W. Holloway and P. 
van de Putte (Nature, 217, 459; 1968) the phage 
PMBL-4B1 was incorrectly described as PMBL-4B]1. 
CORRIGENDUM. In the communication “Mechanism of 
Olfactory Transduction” by Barnett Rosenberg, T. N. 
Misra and Robert Switzer (Nature, 217, 423; 1968) the 
sentence beginning on line 23 of the right hand column of 
page 426 should read: “In the dark, the eonductivity of 
crystalline ehlorophylls was again higher, and the 
adsorbed gas could be easily desorbed. This process of 
irradiation and desorption could be repeated*a few times, 
with diminishing effects, until it almost disappeared”’, 


CORRIGENDUM. In the communication “Instability of 
Amitriptyline Base” by C. R. Henwood (Nature, 216. 
1039; 1967) Fig. 1b was incorrectly drawn. The earbony! 
group should be attached to the ortho positions of the 
benzene rings as in Fig. la. 


CORRESPONDENCE 


Mink in the Wild 


Sir,-——In the issue of Nature of January 6 (217, 9; 1968), 
you published an interesting note on “Mink in the Wild’. 

Apart from a disagreement with the Ministry of Agri- 
culture about the significance of the damage which 
“escaped” mink do, I want to point. out-a misunder- 
standing concerning the reproduction, On p. 10 itis 
mentioned that “The young are born in Mareh . . .”. 
This is completely wrong. The mink has its breeding 
season in March. The length of gestation period is on 
average 49 days, that is the young are born at the beginning 
of May, ranging from late April to middle of May. 


Yours sincerely, 


O. VENGE 
prof. dr. agro. 
The Royal Veterinary and 
Agricultural College, 
Department of Animal Geneties 
and Animal Breeding, 
Copenhagen V, Denmark. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, February 19-—-Wednesday, February 21 


‘ ~ MATERIALS SCIENCE CLUB (at the City University, St. John Street, London, 
O #61)—Informal Meeting on “Materials for Fuel Celis and High Energy 
Density Rechargeable Batteries”. j 


Tuesday, February 20 


=: SOOTY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, SW1), at 10.30 a,m.—Meeting on “Practical Problems in the 
‘Analytical Control of the Animal Food Frade”. 


»o TNSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
f Control Group of the I.Mech.E., The Iron and Steel Institute, and the 
Institute of Measurement and Control, at Savoy Place, London, WC2), at 
11. a.m.—Colloquium on “The Design of Mechanical and Electronic Equip- 
ment for Automatic Control in the Steel and other Heavy Industries”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr P. G. McLaren: “Static Sampling Distance Relays”. 


UNIVERSITY or LONDON (at the Institute of Child Health, Guilford Street, 

London, WC), at 5.30 p.m,—-Dr Naomi Datta: “The Vectors of Antibiotic 

> Resistance in Bacteria”. (Twelfth of fifteen lectures on “The Scientific Basis 
of Medicine” organized by the British Postgraduate Medical Federation.)* 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, Westmin- 
ster, London, SW1), at 6 p.m.——Discussion Meeting on ‘Electrical Auxiliary 


+ 


Systems for Nuclear Power Stations”. 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
(at “The Feathers", Tudor Street, London, EC4), at 6,30 p.m.— Discussion 
Meeting on “Automatic C.H.N, Analyzers”. 


SOCIETY FOR ANALYTICAL CHEMISTRY, SPECIAL TECHNIQUES GROUP (in 
=.. Lecture Theatre “CO”, Chemistry Department, Imperial College, London, 
“BW7), at 6.30 p.m.-—Professor W. Klyne: “Optical Rotatory Dispersion 
and Circular Dichroism; Applications in Structural and Stereochemical 
aeei, Dr R. D. Gillard: “Cirewar Dichroism and its Analytical 
ential’, 


Wednesday, February 21 


ROYAL INSTITUTION, HISTORY OF SCIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 p.m.—Professor D. M. Newitt: “Origins 
and Growth of Chemical Engineering”’.* 


Royan Socrery or ARTS (at John Adam Street, Adelphi, London, WC2). 
rte 2.40 pm—Dr H. A. Cole: “The Scientific Cultivation of Sea Fish and 
ell Fish”. 


` INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 pm—Mr H. G. Riddlestone: “Standardization and Approval of 
Electrical Equipment for Use in Hazardous Atmospheres”. 


 Mewran HEALTH RESEARCH FUND (in the Edward Lewis Theatre, Middle- 
: gex Hospital Medical School, Cleveland Street, London, W1), at 5.30 p.m.— 
Dr Lyman C. Wynne (National Institute of Mental Health, Bethesda): 

“Sehizophrenics and Their Families—Recent Research Findings and Impli- 
cations” (Sixth Mental Health Research Fund Lecture). 


| >. SOCIETY OF INSTRUMENT TECHNOLOGY (at the A.E.T. Cinema, 33 Grosvenor 
Place, London, SW), at 5.30 p.m.—Mr B. W. Balls: “The Place of Com- 
puters in Process Control”. 


_ UNIVERSITY or LONDON (at the Institute of Child Health, Guilford Street, 
‘London, WC1), at 5.30 p.m.—Professor A, P. Waterson: ‘Viruses and Virus 
‘Diseases’. (Second of three lectures on “The Scientific Basis of Dentistry” 
organized by the British Postgraduate Medical Federation.)* 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, AEROSPACE, MARI- 
TIME AND MILITARY SYSTEMS GROUP (at 9 Bedford Square, London, WC1), 
at 6 p.m. -Symposium on “Integrated Harbour Surveillance Systems”. 


‘Unrersiry ov LONDON (at. the Institute of Archaeology, 31-34 Gordon 
Square, London, WC), at 6 p.m.--Mr G. P. B. Naish: “Sources of Maritime 
- Archaeology---Early Ships in Britain’’.* 


Wednesday, February 21—Friday, February 23 


Con INSTITUTION. OF MECHANICAL ENGINEERS {jointly with the National 
~ Council for Quality and Reliability, Ministry of Defence, at 1 Birdcage 
_ Walk, Westminster, London, SW1)—Conference on “The Reliability of 
Service Equipment”, 


Thursday, February 22 


> UNIVERSITY OF LONDON (in the Anatomy Theatre, University College 
“London, Gower Street, London, WCL), at 1.20 p.m.—Mr N. J. B. Plomley: 
“The Tasmanians—~The Extinction of a Race”.* 
= 0 SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY Grorr (joint meeting 
with the Food and Nutrition Subjects Group of the Royal Society of Health, 
“at the Royal Society of Medicine, 1 Wimpole Street, London, W1), at 2.15 
‘—p.m,—Meeting on “Water Pollution and Food Production”. 


_ Royan Sociery (at 6 Carlton House Terrace, London, SW1), at 4.30 p.m.— 

: pkereet A. Neuberger, CBE, FRS, Mr A. Gorchein and Mr G. H. Tait: 

BGs Formation of Chromatophores in Rhodopseudomonas spheroides; an 
` Example of Cellular Differentiation”. 


: onion, Gower Street, London, WC1), at 5 p.m.—Professor J. Baddiley: 
"Factorial Cell Walls” (further lecture on February 29).* 


-| O CINSIITUTE OF PETROLEUM, EXPLORATION AND PRODUCTION Group (at 61 
New Cavendish Street, Londen, W1), at 5.30 p.m.—Mr W. H. Berry: “Con- 
“> gtraetion of the Shell-Esso 30/4” Twin Submarine Pipeline from North Sea 
“Block 49/26 to the Norfolk Coast”. 
i UNIVERSITY OF LONDON (at. the Institute of Child Health, Guilford Street, 
‘London, WC1), at 5.30 p.am.—Dr R. C. Valentine: “Virus Structure”. 
=). (Thirteenth of fifteen lectures on “The Scientific Basis of Medicine” organized 
“yy the British Postgraduate Medical Federation.)* 


| UNIYERSITY of Lonpon (at the School of Pharmacy, Brunswick Square, 
gondon, WEL, at 5.30 pm. —Dr G. J. Popjak: “Biosynthesis of Sterols and 








UNIVERSITY OF Lonpon (in the Physiology Theatre, University College - 
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Polyisoptenolds: I. Biochemical Aspects” (further lecture on February 

INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULIC PLANT AND 
MACHINERY GROUP (Fluid Machinery Section) (at 1 Birdcage Walk, West- 
minster, London, SW1), at 6 p.m.—Discussion Meeting on “Hydraulic 
Stability of Pump Operations”. 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP, CARBON 
AND GRAPHITE GROUP, and the LONDON SECTION Goint meeting with the 
London Section of the Plastics Institute, at the Institution of Electrical 
Engineers, Savoy Place, London, WC2), at 6 p.m—-Dr L. N. Phillips: Oar- 
bon Fibre Reinforced Plastics”. 


Friday, February 23 


ROYAL INSTITUTION, PHOTOCHEMISTRY Discussion GROUP (joint meeting 
with the University of Sussex, at the Royal Institution, 21 Albemarle Street, 
Fondon, Wi), at 10.30 a.m.—Meetiag on “Spectroscopy and Photo- 
chemistry”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Discussion Meeting on “Operational and Economie Implications 
of Generating Plant Mix on Future Powe Stations”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p-m- 
Professor J. W. Boag: “Pulse Radiolysis’’. 


Saturday, February 24 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, S#23), at 3.30 p.m.—-Mr William C. 
Sturtevant (Smithsonian Institution, Washington): “Indians of Eastern 
North America—Their History and Present State’.* 


Monday, February 26 


UNIVERSITY OF Lonpon (in the Anatomy Theatre, University College 
London, Gower Street, London, WC, at 5.30 p.m.—-Professor A. W, 
Merrison: “The Science and Engineering of Elementary Particle Physica” 
(further lectures on March 4 and 41).* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

JUNIOR RESEARCH ASSOCIATE or RESEARCH ASSOCIATE (honours graduate 
in physics and/or geology) in the ScHoon OF Prysics for geophysical studies 
of the East African Rift System under the direction of Dr R, W. Girdler— 
The Registrar, The U niversity, Neweasile upon Tyne 2 (February 26). 

LECTURER and a DEMONSTRATOR (preferably applicants working in the 
fields of cellular and chemical biology, embryology and animal be aviour) 
in the DEPARTMENT OF ZooLoay—The Secretary, University. of Edinburgh, 
Old College, South Bridge, Edinburgh, Scotland (February 28). 

LECTURER (physicist or electrical engineer with a Ph.D. degree or similar 
research experience) in the SCHOOL OF ELECTRICAL ENGINEERING, Univer- 
sity of New South Wales, ‘Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(Australia and London, February 29). E 

SENIOR LECTURER/ LECTURER (with a good honours degree in ps ehology 
and research interests in the areas of social psychology and/or language 
development) in Epvcation-——The Secretary, Phe University, Stirling, 
Seotland (February 29). y . 

HEAD (with high academic qualifications, several years’ research experience, 
and preferably some knowledge of computing and programming languages) 
of the STATISTICS SEcTION—The Secretary, National Vegetable Research 
Station, Wellesbourne, Warwick (March: 2). 

Lecturer (with previous research experience in aeronomy, preferably 
ionospheric physics) in UPPER ATMOSPHERIC, PHYSICS in the DEPARTMENT 
OF ENVIRONMENTAL Scrpnces—The Secretary, University of Lancaster, 
University House, Bailriga, ‘Lancaster, quoting Ref. L 993/A (March 2). 

ASSISTANT LECTURER or LECTURER IN ŠTATISTIOS or OPERATIONAL 
RESEARCH in the DEPARTMENT OF THEORETICAL Macnanics—-The Registrar, 
The University, Nottingham (March 4). . 7 i 

FELLOW IN SOUTH-EAST ASIAN STUWES, with specific reference to the 
regional geography of South-East Asia, in the DEPARTMENT OF GEOGRAPHY- 
The Registrar, The University, Hull (March 4). 

LECTURERS (2) IN PATHOLOGY at the ROYAL INFIRMARY, Giascow-—The 
Secretary of the University Court, The University, Glasgow (March 8). 

ASSISTANT LECTURER in SOCIOLOGICAL Srvpigs—~The Registrar, The 
University, Sheffield (March 9). ae 

ASSISTANT LECTURER (with special qualifications in cellular, neuro-museular 
or general physiology) in the DEPARTMENT OF ZooLoey——The Registrar, 
University College, Cathays Park, Cardiff (March 9). 

SENTOR LECTURER in the DEPARTMENT OF PROBABILITY AND STATISTICS 
The Registrar, The University, Sheffield {March 11). ey 

CHAIR OF MORBID ANATOMY at King's College Hospital Medical School —- 
The Academic Registrar (A), University of London, Senate House, London, 


CHAIR OF NUMERICAL ANALYSIS af Chelsea College of Science and Tech- 
nology—The Academic Registrar (A), University of London, Senate House, 


BIOCHEMIST to assist with investigations in children in a busy routine 
laboratory; and a CHEMIST (with experience in gas chromatography) to join 
a team working on metabolic disorders in children-—The Chemical Patholo- 


in the DEPARTMENT OF HORTICULTURE, to assist with laboratory classes and 
carry out research in plant physiology— Professor 0. V. 8. Heath, FRS, 
University of Reading Horticultural Research Laboratory, Shinfield Grange, 


Grocugmist, and an 


EXPLORATION GEOPHYSICIST (all appointments involve instruction at the 
graduate and undergraduate level, and participation in research programmes) 
2 The Chairman, Department of Geology, The University of New Brunswick, 
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SOLID STATE:Puysicists (Experimental and Theoretical) for teaching and 
research-—-Dr A. H. Morrish, Head, Department of Physics, University of 
Manitoba, Winnipeg 19, Manitoba, Canada, 

TEMPORARY LECTURER (with a good ‘honours degree in psychology, some 
experience in teaching and research, and capable of taking charge of intro- 
ductory courses in experimental psychology) in PsycHoLoey—The Regis- 
trar, University of Strathclyde, George Street, Glasgow, quoting Ref, 1/68. 

TEMPORARY LECTURERS (2) {pure or applied mathematicians) in the 
DEPARTMENT OF MATHEMATICS—The Secretary, University College London, 
Gower Street, London, WCL 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and ireland 


Potato Marketing Board, Sutton Bridge Experimental Station, Report 
No. 1: Investigations on Different Methods of Storing Potatoes. Pp. ii +12. 
Report No. 2: Investigations on the Effects of Varying Degrees of Environ- 
montal Control on the Storage of Potatoes—Interim Report. Pp. ii+18. 
Report No, 8: Studies on the Relative Efficiency of Different Systems of 
Harvesting and Handling Potatoes into Store—1965/66 and 1966/67. 
Pp, ii+6. (London: Potato Marketing Board. 1967.) Gratis, {612 

Ministry of Transport; Road Research Laboratory. RRL Report 95: 
‘fhe Glasgow Experiment-—-Schemes and Equipment, By J. A. Hillier. 
Pp. 15+3 plates, (Crowthorne, Berkshire: Road Research Laboratory, 
1967.) Gratis, {612 

Natural Environment Research Council, Report of the Council for the 
yout 1 April 1966—31 March 1967, Pp. vii+994+8 plates. (London: H.M. 


tationery Office, 1967.) lis. net. (712 
The Commonwealth Foundation. First Progress Report. Pp. 24. 
(London: The Commonwealth Foundation, 1967.) [712 


Building Research Station. Digest 88 (Second Series): Electrical Supplies 
for Construction Sites—2, Pp. 8. (London: H.M. Stationery Office, 1987.) 
i 


2 812 
The BRC's Foreign Relations. By Donald Stephenson. (BBC Lunch-time 
Lectures Sixth Series —2,) Pp. 15. (London: British Broadcasting Corpora- 
tion, 1967.) 1112 
Royal Observatory Bulletins. No. 130: Orbital Elements of Nine Spectro- 
scopie Binaries, By Edwin 8, Barker, David S. Evans and J. D. Laing. 
Pp, £355-E367, (London: H.M. Stationery Office, 1967.) 2s. 6d. net. [1112 
The Schools Council. Humanities for ‘the Young School Leaver: An 
A prone ch Through Classics, Pp, ix+30, (London: H.M. Stationery ones 
: net, 2 

National Foundation for Educational Research in England and Wales. 
Twenty-first Annual Report, 1966-1967. Pp. 68. (Slough, Bucks: National 
Foundation for Educational Research in England and Wales. 1967.) [1212 
Natural Environment Research Council. Annual Report of the Institute 
of Geological Sciences for 1968, Pp. viii+197+48 plates. (London: H.M. 
Stationery Office, 1967.) 20s, (1312 
Sulphur: The Essential Plant Food Element, Pp. 29. (London: The 
Sulphur Institute, 1967.) 1512 
nistry of Agriculture, Fisheries and Food, Fisheries Radiobiological 
Laboratory, Technical Report, FRL 1: Radioactivity in Surface and Coastal 
Waters of the British Isles. Pp. 45. (Lowestoft: Fisheries Radiobiological 
Laboratory, 1967.) [1512 


; Other Countries 
Institut Royal Météorologique de Belgique. Bwletin Mensuel. Observa- 


tions Tonosphériques, Septembre 1967. Pp. 26, (Ucce-Bruxelles: Institut 
Royal Météorologique de Belgique, 1967.) {412 
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United States Department of the Interior: Geological Survey. Bulletin 
1242-E: Coal Resources of the Cape Lisburne-Colville River Region, Alaska, 
By Farrell F. Barnes. Pp, iii+37 +plate 1. (Washington, D.C.: Govern- 
ment Printing Office, 1967.) (512 

United States National Museum Bulletin 260: Bathyl and Abyssal Gam- 
maridean Amphipoda of Cedros Trench. Baja California. By J. Laurens 
Barnard, Pp, vi+205. (Washington, D.C.: Government Printing Office, 
1967.) $L (512 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Physics 1966-67, Pp. 39. (Sydney: 
Commonwealth Scientific and Industrial Research Organization, 1967.) [512 

Directory of Physics and Astronomy Faculties 1967-1968~-United States/ 
Canada/Mexico. Pp. 201, (New York: American Institute of Physics, 
1967.) $3. [512 

Commonwealth of Australia: Department of National Development. 
Bureau_of Mineral Resources, Geology and Geophysies. Bulletin No. 58: 
Upper Cretaceous Ammonites from the Carnarvon Basin of Western Australia, 
1: The Heteromorph Lytoceratina, By R. O. Brannschweiler, Pp. 584+8 
plates, Bulletin 75: Mesozoic Mollusca from Australia and New Guinea. 
By 5. K. Skwarko. Pp, 100412 plates, Bulletin 83: Morphology and 
Sediments of the Timor Sea, By Tjeerd H., van Andel and J. J, Veevers. 
Pp. x+173+5 plates. Bulletin No. 93: Geology of Bougainville and Buka 
Islands, New Guinea. By D. H, Blake and Y. Miezitis, Pp. vii+56+15 
plates. (Parkes, A.C.T.: Bureau of Mineral Resources, Geology and 
Geophysics, 1966 and 1967.) [612 

International Atomic Energy Agency. Safety Series No, 6: Regulations 
for the Safe Transport of Radioactive Materials—1967 Edition. Pp. 117. 
65 schillings; 178. Sd.; $2,50. Safety Series No, 22: Respirators and 
Protective Clothing. Pp. 82. 52 schillings; 14s. 2d.; $2. Research Appli- 
cations of Nuclear Pulsed Systems, (Proceedings of a Panel on Research 
Applications of Repetitively Pulsed Reactors and Boosters, held in Dubna, 
USSR, 18-22 July 1966. Panel Proceedings Series.) Pp. 234, 130 schil- 
lings; 3583. 4d.; 85. Recovery of Fission Products, (Bib iographical Series, 
No. 25.) Pp. 240. 130 schillings; 35s. 4d.: $5. (Vienna: Tnternational 
Atomic Energy Agency; London: H.M. Stationery Office, 1967.) (612 

Proceedings of the Sixth Annual Tall Timhers Fire Ecology Conference, 
March 6-7, 1967, Tallahassee, Florida. Pp. v+212, (Tallahassee, Florida: 
Tall Timbers Research Station, 1967.) [612 

Geological Survey of Western Australia, Bulletin No, 118: Devonian 
Reef Complexes of the Canning Basin, Western Australia. By Dr Phillip 
5. Playford and David C. Lowry. Pp. 15047 plates, (Perth: Geological 
Survey of Western Australia, 1966.) {612 

Theoretical Foundations of Chemical Engineering, Vol. 1, No. 1 (Sanuary— 
February, 1967). Translated from the Russian. Pp. 1-104. Subscription 
ene $100. Single issue $30, 

ae 





(New York: Consultants Bureau, 
(612 


High Energy Chemistry, Vol. 1, No. 1 (January-February, 1967). Trans- 
lated from the Russian. Pp, 1-75, Subscription (6 issues) $100. Single 
issue $30. (New York: Consultants Bureau, 1967.) {612 

Yearbook of the Association of Pacific Coast Geographers, Vol, 28, 1966. 
Pp. 192. (Corvallis, Oregon: Oregon State University Press, 1967.) (712 

U.S. Department of Agriculture. Agriculture Information Bulletin No. 
237: Controlling Insects on Flowers, By Floyd F. Smith. Pp. ii+81. 
(Washington, D.C.: Government Printing Office, 1967,) $0.45, (712 

Wattle Research Institute (South African Wattle Growers’ Union-— 
University of Natal—Government Department of Forestry)—Report for 
1966-1967 (Twentieth Year). Pp. 55. (Pietermaritzburg: Wattle 
Institute, University of Natal, 1967.) 

Science Policy Bulletin, No. 1 (October 1967). Pp. 1+32, (Columbus, 
Ohio: Battelle Memorial Institute, Columbus Labora ries, 1967.) {812 

Serial Publications, Monographs, and Pamphlets issued by CSIRO. Pp. 63. 


(East Melbourne: Commonwealth Scientific and Industrial Research O > 
ization, 1967.) ar) 
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Kent instruments for 





Kent process chromatography instrumentation meets every 
‘requirement in trend recording, ratio control of two chromato- 
graphy peaks and direct process control, The equipment is 
‘versatile and is compatible with any proprietary analyzer. Kent 

Mark 3(10 in. chart) and Record Graphic (4 in. chart) recorders 

provide a choice of single and multipoint recording. The range also 
includes ratio process controllers, two-stage peak store and servo- 
_ followers with alarms. 

Kent specialist engineers are ready to advise on peripheral equip- 


““oment for any process chromatography system, with electric or 


= pneumatic control, in any industry, anywhere in the world. 


rocess Chromatograph 


Test our service — telephone Mr. G. H. Sharp Luton 21151 
or write for details by return. 
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APPOINTMENTS VACANT 


MEDICAL RESEARCH COUNCIL 
CLINICAL AND POPULATION 
CYTOGENETICS RESEARCH UNIT 
DEVELOPMENTAL BIOLOGIST or 
BIOCHEMIST 
There is a vacaney for a biologist or bio- 
chemist to join a smal! team working on patiern 
formation in cell culrures with particular refer- 
ence to the behaviour of connective tissue cells 
and the morphogenetic role of the extra-ceflular 
matrix. It is intended to direct this work towards 
the study of developmental disorders and tumours 
in man. The appointment is suitable ei 
British scientist, on a three year appoi 
the first place, or for an overseas scientist who 
could join as a vishing worker. Applicants should 
have a Ph.D. or equivalent in biology or bio- 
chemistry and preferably some post-doctoral ex- 
perience of developmental studies. Remuneration 
in accord with age and experience on the Coun- 

cif’s scales for their scientific staff. 

Applications together with details of experi- 
ence and the names of two referees should be 
sent to the Administrative Officer, Clinical and 
Population Cytogenetics Research Unit, Western 
General Hospital. Crewe Road, Edinburgh, 4. 

(540) 





UNIVERSITY STAFF 
CALGARY, ALBERTA 

The Geology Department expecis to make 
appointments of one of the following specialists : 

GEOPHYSICIST : Person expected to develop 
research and courses wih emphasis on explora- 
tion for metallic mineral deposits. 

ENGINEERING: GEOLOGIST : Person expec- 
ted to develop research: and courses in engineer- 
ing geology. Experience in ground water hydro- 
logy and surficial geology an asset. 

Level of appointment: for above positions would 
be commensurate with abillty and experience. 
Applicamis with Ph.D, degrees will receive pre- 
ference, Presently the Department has 11 staff 
members and modern facilities. Calgary is 40 
miles east of the Rocky Mountains, has a popu- 
lation of 360,000 and is the centre of the oil 
industry in Canada. 

Submit applications, with résumé and names 
of three referees, to Dr. P. S. Simony, Geology 
Department, The University of Calgary, Calgary, 
Alberta, Canada. £603) 





UNIVERSITY OF ALBERTA 
FACULTY OF AGRICULTURE 
VACANCY 


Assistant Professor of Animal Physiology, De- 
partment of Animal Science. PHD. with 
emphasis on environmental physiology and energy 
metabolism, Teaching and research; unique 
facilities for cold environment studies. Starting 
salary approximately $10,500; appointment efec- 
tive preferably by July 1, 1968. 

Forward applications, including curriculum 
vitae, transcripts and names of three referees, be- 
fore April 15 to Head, Department of Animal! 
Science, University of Albera, Edmonton, 
Alberta. 1471) 


GRADUATE ASSISTANTSHIPS IN 
BIOCHEMISTRY AND 
MOLECULAR BIOLOGY 


Teaching and research assistantships leading to 
M.Sc. and Ph.D. degrees available for academic 
year 1968-69. Modern laboratories with excelient 
facilities. Wide variety of research projects, 
Stipend for teaching assistantships, $3,700 plus 
travel allowance and remission of fees. Supend 
for research assistantships from $3,000 for 12 
months, 

Apply Head, Department of Biochemistry, Uni- 
versity of Alberta, Edmonton, Alberta, Canada. 

(573) 


















PHARMACEUTICALS DIVISION 






ALDERLEY PARK 
RESEARCH LABORATORIES 













Physiologists/ 
Pharmacologists 


Applications are invited for the following posts from 
graduate physiologists or pharmacologists with post- 
graduate research experience at least to Ph.D level 








1. For work with a team engaged in exploring in 
depth the action of drugs on the heart and 
circulation generally. Recent developments are 
most interesting and the work should have 
great appeal to a good research person. 








2. For work designed to lead to the discovery of 
better drugs for the treatment of mental illness 
and of drugs to improve mental functioning. 
Work of considerable interest is already in 
progress. 









3. For reproductive studies designed to lead to 
better control of fertility in animals and man. 







4, For studies on gastric secretion to extend and 
develop work of promise and considerable 
interest already proceeding. 








The facilities and the environment provided at Alderley 
Park are recognised as excellent by all who know them. 
The research staff covers a wide cross-section of the 
Life Sciences; many of them have international reputa- 
tions in their fields. Team work is encouraged. 












The attractive conditions of service would be 
discussed at interview. The successful candidate, if 
married, may receive a reasonable refund of removal 
and travel expenses and, if necessary, assistance in 
house purchase. 









Applications, giving brief details of age, qualifications 
and experience should be addressed to :— 






p P J. Leak, Senior Personnel Officer, 
i ay Imperial Chemical Industries Ltd., 


K Pharmaceuticals Division, 
Alderley Park, Macclesfield, 


1966 1967 Cheshire. 
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= What Price Roads? 


Romantic attitudes towards highways must now be 
-almost extinguished in industrial societies, what with 
traffic accidents, air pollution and the like. Any 
- doubts that may remain will, however, be dispelled by 
the appearance in the past week of a series of economic 


-calculations by the Ministry of Transport which is 


intended as a basis for future attempts to apportion 
the costs of operating the highways system between 
the different classes of road users (Road-Track Costs, 
HMSO, lls.). In practice, the study is an attempt 
- to apply in British conditions some of the methods 
= which have been developed elsewhere in the past 
decade or so, particularly in the United States 
and Canada. The British document is more than 
a mere academic study, however, for it is plainly 
intended as a theoretical justification of the decision 
by the Ministry of Transport to levy higher charges on 
heavy goods vehicles using British roads—one of the 
several controversial aspects of the traffic legislation 
with which the British Parliament is at present exer- 
cised. Indeed, there is some internal evidence that the 
economic argument, which is intricate enough to satisfy 
any taste, would have been more valuable if its authors 
-had had more time to think about it. 
` The essence of the difficulty is that a road system is 
an integrated whole which is used as a whole by all 
kinds of users. The authors even use, as support for 
their argument, the old textbook example of how a 
sheep farmer cannot choose to produce wool alone, or 
mutton alone, but only some combination of these, but 
there are some readers who will ask whether there may 
nevertheless be a case for a less cursory examination 
of the economic advantages of traffic segregation. Most 
of the argument of the report is, however, taken up with 
a consideration of the various systems upon which the 
costs of operating roadway systems should be appor- 
tioned, and there is an air of didactic certainty about 
the way in which the report comes round, after much 
judicious consideration of other possibilities, to the 
view of what is called “long-run marginal cost 
pricing”—the impeccable principle that road users of 
different kinds should be saddled with that proportion 
of the total cost of building and maintaining the 
road system which is attributable to the use they 
make of it. 
“The trouble, as the report repeatedly acknowledges, 
“is that there is an enormous gap between principle and 
practice. Thus in estimating the proportion of the 
capital expenditure on roads to be attributed to dif- 
ferent kinds of vehicles, the ministry’s argument has 
to rely on the rule of thumb that a heavy goods vehicle 
should bear twice as high a cost as a private car. 
Readers will be tempted to ask why this number is a 
“better guide to good practice than the number three 
which the Ministry of Transport used in its evidence 
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to the Geddes committee some years ago. Owners of 
heavy goods vehicles will more pertinently want to 
know how a calculation which involves such a large 
uncertainty can be used to justify an increase of about 
5 per cent (£30 million a year) of the taxes levied on 
road users both directly and by means of fuel, especially 
when this increase falls exclusively on heavy goods 
vehicles. In the same way, there is more than a trace 
of arbitrariness in the way in which the ministry 
argues that if heavier vehicles tend to travel greater 
distances, there is a case for increasing the annual 
tax which they must pay. Is there not at least an 
equal case for putting up the fuel tax ? 

These, however, are comparatively minor reasons 
for believing that the ministry has set out to design a 
basis for costing which is much more refined than 
circumstances will at present allow. The practical con- 
clusion which is likely to be made much use of in the 
House of Commons in the weeks ahead is that the goods 
vehicles are responsible for 28-9 per cent of the cost of 
operating the British road system, but that they 
contribute only 24-8 per cent of the revenue raised from 
all road users. Its particular weakness is that the 
uncertainties of the calculation may be much greater 
than the difference between the two percentages. A 
more serious difficulty, however, is that the amount of 
revenue raised by taxation is roughly twice the cost of 
operating the road system in Britain. In circumstances 
like these, there is, of course, no point in seeking deli- 
cately to balance costs and receipts—and there is no 
serious hope of attempting to explain away the 
difference by vague talk about the “community cost” 
of air pollution and the like. The real truth is that 
British governments have decided to tax road transport 
of all kinds more heavily than costs alone would 
justify, and within this framework it is—and should be 
—a political matter to decide which kinds of road 
users should be let off most lightly. This, for example, 
is the spirit in which public service vehicles are under- 
taxed—and will continue to be. At a time at which 
the health of British industry is in everybody's mind, 
it would have been understandable if the Ministry of 
Transport bad sought to reduce the costs of industrial 
transport. But it is, of course, well known that the 
ministry would like to divert some heavy road traffic 
to the railways (which at present cost a subsidy of 
nearly half the cost of running the British roads) and 
that is a legitimate intention if the object is really to 
make better use of under-used resources. And that, as 
it happens, would be a calculation of the kind to which 
the ministry’s marginal costings could be much more 
accurately applied. In the homely language of the 
economists, this would not be a matter of asking sheep 
farmers to produce mutton and no wool, but of asking 
them whether they would like to produce cattle instead. 


ini 
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Making ESRO Ship-shape 


Tue European Space Research Organization is putting 
its house in order in preparation for the Third European 
Space Conference, which will take place in Bonn in 
June. The European Space Conference deals with the 
political aspects of a co-ordinated European space 
policy, and meets at least once a year at ministerial 
level. The previous meeting, at which Mr John Stone- 
house, Minister of State for Technology, was Britain’s 
principal representative, was held in Rome in July 
last year. 

One of the outcomes of the Rome conference was that 
no new projects could be initiated by ESRO before the 
Bonn meeting, a decision expressing some dissatisfac- 
tion with the administrative and economic structure 
of ESRO. The new director-general of ESRO, Professor 
Hermann Bondi, who succeeded Professor Pierre 
Auger in November last year, sees as his main task the 
problem of getting ESRO into trim ready for the Bonn 
meeting. This involves the implementation of the 
findings of a report on the organization’s structure, 
internal procedures and methods of work, prepared by a 
group of experts under the chairmanship of Mr. J. H. 
Bannier, a former chairman of the Council of CERN, the 
European nuclear research organization. The conclu- 
sions of the Bannier report included some reorganiza- 
tion of the managerial structure of ESRO, and the 
recommendation that the Council of ESRO should 
devote a greater proportion of its time to defining the 
policy and objectives of the organization. Professor 
Bondi is hoping that the reorganization at present 
under way will persuade the Bonn conference to lift 
the ban imposed last year. 

Projects already in progress are not affected by the 
standstill. Three ESRO satellites are expected to be 
launched during 1968, and there is an extensive 
programme of small rocket launchings planned. A 
second attempt to launch the satellite ESRO-2 will 
be made in April—the first attempt failed because the 
third and fourth stages of the Scout launching rocket, 
fired from Vandenburg range in California, did not 
function. Although ESRO-2 was not placed in orbit, 
it transmitted signals up to eight minutes after the 
launch, an encouraging sign that the satellite itself 
was working correctly. 

ESRO.-1 will also be launched by a Scout rocket, 
probably in early October, followed in November 
by the launching of HEOS-A by a Delta rocket. 
HEOS.A will be ESRO’s first satellite to be placed in a 
highly eccentric orbit, its purpose being the investiga- 
tion of atomic particles and magnetic fields outside the 
magnetosphere. 

_ Sounding rocket firings in 1968 will be based on 
ESRO’s range at Kiruna, in northern Sweden. Most 
of the launchings will be from Kiruna, except four 
payloads which for scientific reasons cannot be launched 
at high latitudes. These experiments involve astro- 
nomical investigations which may be affected by 
auroras and studies of geophysical phenomena only 
observed at middle latitudes, and will be flown from a 
range in Sardinia. 

The diverse experiments planned for the Kiruna 
flights include studies of auroral disturbances in the 
ionosphere, investigations of micrometeorites, and 
measurements of galactic X-rays. Perhaps the most 
interesting launching from the range in Sardinia will be 
an experiment to study the X-ray spectrum of the Sun, 
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using a Skylark rocket fitted with a device that keeps 
the rocket pointing at the Sun. 

Although the Rome conference recognized that a 
merger of the three European space organizations— 
ESRO, ELDO and CETS (the European Conference 
for Telecommunications by Satellites)—was not yet 
possible, æ unified European space organization is 
likely to emerge in the future. This problem will also 
be receiving much of Professor Bondi’s attention in 
1968. 





Threat to French High Energy Physics 
from our Paris Correspondent 


THERE are unaccustomed signs of discontent at present 
among the 600 French physicists who are specialists 
in high energy physics and who are preoccupied by 
the uncertainty hanging over the future of their 
subject. There are petitions circulating and collecting 
signatures, animated meetings in laboratories and 
a good deal of lobbying along the corridors of power. 
The publication next month of the report of the 
Consultative Committee for Research can doubtless 
only aggravate this state of affairs. 

The twelve “wise men” (two doctors, two economists, 
a mathematician, a chemist, three physicists, a scientific 
agriculturist, a business man and a sociologist) who 
make up this committee responsible for advising the 
government departments on scientific policy were asked 
a year ago to furnish recommendations on the future 
of high energy physics. One of the important issues 
in this study was obviously the decision relating to 
the plan for a 45 GeV proton accelerator. The com- 
mittee has just presented to the government a document 
of some 30 pages summarizing the results of its work. 
This report analyses the present situation and is 
most complimentary about the excellence of the 
French teams, which have, in the committee’s view, 
assured for themselves an enviable position, particu- 
larly in CERN. 

This expression of satisfaction for the men them- 
selves is accompanied by rather more stringent com- 
ments on material resources. “French physicists, who 
for some time have been at an advantage by comparison 
with their European colleagues, now find themselves 
making use of more old-fashioned and generally less 
powerful machines.” After such a preamble, the 
report’s conclusions are extremely surprising. The 
committee judges, in effect, that high energy physics 
has for a long time benefited from a priority which, if 
continued, would compromise the progress of other 
subjects, and therefore urges that the increases of 
expenditure and in the number of research workers 
between now and 1980 should be curbed. The spending 
on fundamental research should be generally cut from 
17:3 per cent to 15 per cent—indeed, even to 13 per 
cent of the research and development budget during 
this period—and the ceiling for expenditure on particle 
physies should be pegged at 5,400 million francs 
instead of the 6,645 million francs which was thought 
to be the necessary minimum sum by the working 
party on large accelerators. The rate of growth in 
the number of physicists would be limited to 3 per cent 
(those most concerned with the matter were asking for 
5 per cent). 

On the question of the 45 GeV machine, the wise 
men did not make any categorical statements: they 
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in favour of building it if it does not imperil the 





_ budgetary restrictions outlined here, which makes it 


something of a problem. On the other hand, the 


< committee does emphasize the urgent need for drastic 
reorganization, bringing together again all the activity 
_ at present dispersed and, above all, recovering the 
_ work now under the wing of the Atomic Energy Com- 


Mission. 
_. The physicists are not unanimous in their reaction 
_ to these points, which cannot in any case be examined 
- seriously from the point of view of France alone. 
-o The uncertainty hanging over the 300 GeV of CERN, 
the ambiguous attitude of Germany which had envis- 
aged a Franeco-German 45 GeV and which, tired of 
Paris beating about the bush, is now talking of building 
such an accelerator itself, has decidedly complicated 
the issue. However, whatever the position of the 
_ French particle physicists on the opportunity for 
_ building the 45 GeV machine and on the choice of 
> technical solutions, they would, at all events, like the 
- government to make a quick and clear decision. They 
are also surprised, and apparently justifiably so, that 
the question of priority from which their subject has 


_ benefited is being called into question at this point, 


particularly so because the committee of wise men 
states that the effort has been a “paying one”. A 
change in policy will surely compromise the results so 
far achieved—these have already for some time been 
a bit precarious because of the antiquated equipment 
' —without necessarily making certain of marked 
progress in other fields of research. However, “a fine 
sprinkling of funds” has so often been a characteristic 
of French research and development programmes. 


-= Machine Minding 


Next month the British Computer Society will have 
to decide whether to go ahead with the plan to turn 
itself into a professional body. The plan, put forward 
_in June 1967, proposes that the society should become 
the learned institution for computer scientists, estab- 
lishing four grades of membership—student, associate, 
member and fellow. Ultimately, admission to the 
society will be controlled by examination, and the 
.. Society aims to do for the computer scientists what the 
engineering institutions have done for the engineers, 
Not all the present membersof the society are enthusi- 
astie about the plan. Some say that computer science 
_is still too young and diffuse a discipline to be easily 
-examinable, others that experience will always be 
- worth much more than paper qualifications. Many 
of the existing members of the society are computer 
users rather than scientists, and one member of the 
society compared the present efforts with a hypothetical 
situation in which all those who used television sets 
had to become qualified as electronie engineers. For 
-all this, the plan is almost certain to be approved at 
the extraordinary general meeting at the end of 
March. 
The simple reason for this is the remarkable way in 
which the membership of the society has increased 
_ since the plan was announced. Although the reference 
books list the membership of the society as 3,000, 
“dt has now reached a figure of 18,000, 10,000 of whom 
_ have joined since the new plans for the society became 
-public knowledge. Although the secretary of the 
society, Mr J. G. Mackarness, sees this as evidence of 
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general approval for the society's plans, others see it 
as a rush to get into the society before the examinations 
are established. Existing associate or ordinary members 
will be exempt from the examinations if they have 
more than seven years experience—if not, they will 
have to serve an apprenticeship as subscribing members 
until the seven years are up, when they will become 
members without examination. Existing student 
members will only have to take examinations if they 
are under twenty-one on May 1 this year. 

In fact, the society had a problem in pitching the 
terms at exactly the right level. Ifall existing members 
had to take examinations—as properly they should if 
the society is to become as respectable as the engineering 
institutions—then new applicants would have been 
discouraged. The society admits that its reserves are 
“tiny”, and hence needed to increase its subscription 
income substantially. This has been done most suc- 
cessfully, but possibly at the cost of losing credibility 
as a learned society. Moreover, subscription income 
will increase substantially again soon, for the rate for 
subscription is to double from £5 a year to £10 for 
members—a figure “very much in line with other 
professional bodies” according to Mr Mackarness, 
particularly as publications of the society are sent. free 
to members. When the decision is taken at the end 
of March, only a fraction of the membership will be 
able to be present, but the rest—including those who 
have joined in the last year—will be able to vote by 


proxy. 


Too Many Institutions 


UNDETERRED by the refusal of the Institution of 
Heating and Ventilating Engineers to contemplate a 
merger with his institution, Mr H. G. Conway, president 
of the Institution of Mechanical Engineers, had another 
try on February 16. He was invited to speak at the 
annual dinner of another engineering institution, the 
Institution of Plant Engineers, and made use of the 
occasion to offer the plant engineers a merger with his 
own institution. Mr Conway was anxious not to be 
cast in the role of an empire builder—“My own 
institution has no territorial ambitions or illusions of 
grandeur. We presidents come and go. ... We 
speak of our profession as our conscience may dictate. 
Some of us feel that if a few of our institutions could 
get together we would have benefited the engineering 
profession as a whole”. 

The terms offered for the merger are generous, and 
very similar to those turned down by the Institution 
of Heating and Ventilating Engineers (see Nature, 
217, 498; 1968). The plant engineers would form 
a divisional section with a good deal of autonomy. 
They could elect their own president and council, 
hold their own meetings and publish a journal. The 
alternatives, Mr Conway suggested, were either to 
apply for status as a chartered engineering body— 
which he thought unlikely to succeed, as there was a 
general view that the present proliferation of institu- 
tions is wrong—or become a technician body and 
aspire to chartered technician status. 

The Institution of Plant Engineers is taking the offer 
quietly. It says only that it has “taken note” of 
Mr Conway’s suggestion, which will be “carefully 
considered by the council of the institution”, and a 
further statement will be made in due course. The 











698 


mechanical engineers will be heping that this time 
their efforts to act as a reorganization corporation 
for the engineering industry come off. Others, scanning 
the list of engineering institutions, can easily see some 
candidates for mergers. The Institution of Railway 
Signal Engineers and the Institution of Locomotive 
Engineers look obvious bedfellows. And it is hard to 
see why the Institution of Mining Engineers, which 
looks after coal and iron ore mining, should be a separ- 
ate body from the Institution of Mining and Metallurgy, 
which covers mining other than coal, and metallurgy 
other than iron. The most improbable institution 
of all is the Institution of Polish Engineers in Great 
Britain, established in 1940. Surprisingly, it still has 
500 members. 


Long Short Story 


THE appointment at last of a new chairman to Short 
Brothers and Harland, the Belfast aircraft company, 
marks the end of an episode which has won few friends 
for the Ministry of Technology. Some two-thirds of 
the company is owned by the British Government, 
which therefore has an important say in its eperation. 
In June last year, readers of the Daily Express and 
the then chairman, Mr C. E. Wrangham, in that order, 
discovered that Mr Wrangham was to be asked to 
resign his job. It seems possible that the Minister, 
Mr Benn, had not even met Mr Wrangham. 





Air Vice-Marshal E. M. F. Grundy. 


Mr Benn has not yet given the board of Short 
Brothers or the House of Commons a reason for his 
decision. In reply to six questions tabled on the 
matter on July 11, 1967, Mr Benn referred in the House 
of Commons to the substantial loss incurred by Shorts 
on the Belfast air freighter before Mr Wrangham’s 
chairmanship, and the need for a reorganization to 
regain profitability. “This reorganization, which has 
already begun, can, I believe, best be carried through 
under the leadership of a new chairman.” The ground 
for Mr Benn’s belief, it has been suggested, was the 
Government’s desire to see the company diversify itself 
out of the aircraft industry. Was it Mr Wrangham’s 
fault that he was too successful in keeping Shorts in 
it? The company’s troubles began in 1960 when it 
accepted a government order for ten Belfast aircraft 
in the belief that further orders would follow. None 
did, and the consequent loss of some £15 million made 
the company heavily dependent on government funds. 
Since that time Shorts has developed the Skyvan, a 
small two-engined freighter, and has built up a thriving 
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export market for its Seacat guided missile. Substantial 
hopes are also placed on Blowpipe, a radar controlled 
guided weapon against low-flying aircraft which can be 
carried and operated by one man. In addition, the 
company has contracts for the wings of the Fokker 28 
and 228 jet airliners, the engine pods for the Rolls- 
Royce RB 203 engines and the wing tips of the Phan- 
tom. In 1967 the company won the Queen’s Award 
to industry. 

It may be a measure of disenchantment in British 
industry with the Ministry’s handling of the matter 
that it has taken until now to find a new chairman for 
the company. He is Air Marshal Sir Edouard Grundy, 
who has been managing director of Royston Instru- 
ments since 1966. Royston Instruments, which manu- 
factured the Midas flight recorder, was a member of 
the Royston Group of Companies, now in liquidation. 
Sir Edouard has had a distinguished career in the Royal 
Air Force and was Controller of Guided Weapons 
and Electronics in the Ministry of Aviation from 1962 
to 1966. His experience of the RAF, government 
and industry should stand him in good stead if he is to 
keep Shorts in business and retain Mr Benn’s favour. 


Beyond the Classroom 


How can any institution in America now be in education 
and not in polities? The answer of the Dean of 
Harvard’s Graduate School of Education is that it 
cannot. His report for the academic year of 1966-67 
is a chilling document. The American faith in the 
public—that is, tax-supported and tuitionless—school 
is no longer justified. Urban schools are failing the 
“deprived” today, as suburban schools failed the 
“academically talented” fifteen years ago. And the 
Federal Government’s entrance into educational 
reform—marked by an initial infusion of $1-2 billion 
in 1966—has not justified the hopes held out for 
it. The critics—-white and Negro—-are right to be 
disillusioned. 

Even the enthusiasm which greeted the entrance of 
large corporations such as IBM and Time Inc. into the 
business of selling textbooks and making teaching 
machines seems to have been misplaced, according to 
Dr Theodore Sizer, dean of the school. Dr Sizer 
maintains that many of these companies have been 
rudely shocked. The school market is scattered and 
requires a large sales force; local school boards have 
little money for experimentation and teachers prefer 
to buy what is familiar. And “the gadgetry of com- 
puters and teaching machines and the rest has yielded 
interesting, but financially intolerable, results”. Malaise 
has hit the education profession itself. State commis- 
sioners of education seem ready to wrest control 
away from the Office of Education in Washington; 
the private philanthropic foundations and the National 
Science Foundation give hints of stopping their out- 
pourings of money into educational reforms. And the 
teachers themselves, underpaid—their average salary 
in 1966-67 was $6,820—are not only having success 
at becoming trade unionists but are being truculent as 
well. The state of American education is uneasy 
indeed. 

Dr Sizer could almost be accused of exaggerating the 
darkness to accentuate the light of his own school at 
Harvard. It has faced the challenge pretty squarely, 
by accepting as a fact the proposition that much of 
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education, and perhaps the best of it, takes place 
outside the classroom. The candidate for the doctorate 

in education can no longer expect to be trained to be a 
_ polished performer behind the desk; he must learn to 
be something of the street-corner social worker. 

This change of direction emerged from a project 
called the Center for Research and Development on 
Educational Differences. Sustained by federal research 
money, various inquiries “of a scientific nature” were 
made into what influences determine a child’s capacity 
to learn from formal education. One study looked 


into the mental abilities of six-year-olds and into the 


contrasting patterns possessed by children from 
different social classes and ethnic groups around 
Boston. In another project, researchers worked with 
Negro boys from ten to fourteen years old in one of 
‘Boston’s most solidly black slums. For slightly older 
students, courses were offered in a variety of settings 
. for real or potential school drop-outs, and were success- 
¿ful in making the boys more interested in academic 
achievement. The result of these and a number of 
other experiments was the abandonment by Harvard’s 
Graduate School of Education of the traditional idea 
of its purpose—the study and improvement of instruc- 
tion in the classroom—for the radical belief that 
education’s educators must be expressly concerned 
with what children do and can learn outside school. 

Although the interests of the school range widely— 
from improving the design of Boston’s school buildings 
to improving the teaching of physics, from Boston to 
Minnesota and Nigeria—its primary concern has been 
what it offers to the postgraduate students who come 
to Cambridge, Massachusetts, to take higher degrees 
in education. The new philosophy affects them directly. 
One of their programmes, instead of concentrating on 
teaching academic subjects in classrooms, has turned 
training teachers into tutors, asking them to spend 
time with children as individuals and to follow no set 
curriculum. Another, the training of primary school 
teachers, has asked them to study a few subjects well, 
rather than the usual small helping of everything; 
. this, it is hoped, will encourage more men to become 
teachers of the younger age group. 

These steps toward revolution will be intensified 
in the present academic year (although the Educational 
‘Differences Center has had to be reorganized because 
of educational differences with the Federal Office of 
Education). But the aim in the future will be the same 
as Dean Sizer described it for the year just concluded: 
“to prevent the national spirit of malaise from turning 
in our particular community to one of negative 
eynicism. Schools are failing, yes; but this does not 
mean that they will or should always fail”. 


Student Participation 


Tue bold recommendations that students at the Lon- 
don School of Economics should be granted member- 
ship of its three main governing bodies create a 
situation unparalleled in any university or institution 
in Britain or, indeed, in the world. These recom- 
mendations appear in the first report on the machinery 
of government of the school, signed by eighteen 
“members of a committee chaired by Lord Bridges. 
The need for changes in the way in which LSE is 
-poverned has become increasingly obvious over the 
< past few years, as a result of the growth of the school 
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and the complexity of its activities. This need was first 
seen in August 1966 when Sir Sydney Caine presented 
specific proposals in a paper circulated to the Court of 
Governors and to the academic bodies in the school. 
On February 2, 1967, the Court of Governors agreed to 
establish a joint committee consisting of members of 
court and the academic body, and five student members 
were added to this committee. 

The main object of student participation, the report 
says, is to secure student co-operation, thereby 
strengthening the unity of the school. It may also 
help to make accurate information on the school’s 
activities available to all students. There are two ways 
in which students’ participation could be achieved: 
by “consultation” which would need to be official, 
involving the establishment of joint student—staff con- 
sultative committees which would meet regularly to 
consider in advance matters on the agenda; the 
alternative scheme would involve the election or 
nomination of appropriately qualified students to serve 
as members of committees or other bodies. Of these 
two, the committee decided that “membership” would 
be most advantageous. 

Many of the recommendations follow the general 
proposals of Sir Sydney Caine’s memorandum. The 
report recommends that there should be about sixty 
members of court, including twelve members of 
academic staff and four to eight student members. A 
council should be established to replace the existing 
Standing Committee as the central budgetary authority 
of the school, and it is proposed that three members of 
the council should be students. The committee recom- 
mends that a senate be established to have executive 
powers in academic matters, and that it should include 
five student members. Students will not be allowed, 
however, to become members of the Academic Board—- 
the forum through which all teachers would discuss 
and be asked to endorse important issues of policy. 
In addition, students would be members of some 
fourteen sub-committees of the senate and council, but 
staff appointments and promotions would be made by 
committees other than those on which students are 
members. 

A minority report presented by two student members, 
Mr Dick Atkinson and Mr David Adelstein, lists a 
number of criticisms of the majority report. In the 
introductory comment, it is suggested that this report 
has limited itself to “managerially specified problems” 
and ignored “contemporary educational matters”. In 
addition to challenging the assumptions and limita- 
tions of the report, Mr Atkinson and Mr Adelstein 
suggest a number of alternative proposals. For 
example, they consider that the court should comprise 
forty representatives of “society”, including persons 
in trade unions, the theatre, the professions, peers of 
the realm and others. Furthermore, they suggest 
that the court should be assisted in its functions by 
electing a committee consisting of three governors, 
three staff and three students, all of whom should be 
members of court. 


Academic Awards 


ConTINuIne success is reported by the Council for 
National Academie Awards (CNAA) in its third annual 
report covering the period up to September 1967. 
Initial misgivings about the success of the council are 
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not confirmed by figures of the student enrolments for 
1966 to 1967—26 per cent more students enrolled for 
courses leading to the council’s first degrees in Septem- 
ber 1967, compared with the number in 1966. The 
1967 figure is 167 per cent more than that for 1965. 
The total number of students attending CNAA courses 
this session is 10,687, compared with 7,109 at the same 
time last year. 

During 1966-67 the council approved fifty-four 
courses out of 136 proposed by colleges. Of the courses 
approved, forty-seven were in science and technology 
(50 per cent of the number considered) and seven in 
arts and social studies (17 per cent of the number 
considered). There are now 173 courses recognized by 
the council (as at September 1967) covering subjects 
ranging from aeronautical engineering, agricultural 
engineering, to textile technology and urban and 
regional planning. Most are sandwich courses—77 
per cent of the courses in science and technology are 
of this type. One new course, of particular interest to 
some, is a part-time day and evening course in mathe- 
matics at Hatfield College of Technology which is 
designed especially for mature students. 

A useful feature of the CNAA courses is that some 
are in fields where there are few or no courses in 
universities; degrees can now be obtained, for example, 
in building economics, estate management, food 
science, and photographic technology. The council 
also reports that it is considering librarianship and 
architecture as suitable fields for CNAA degrees. Since 
the report was written it is understood that a degree in 
information science has been approved by the council. 
It is to be offered by the Department of Librarianship 
at Newcastle College of Commerce as from September 
1968. This course is designed primarily to prepare 
students to work in governmental and industrial 
information departments. 

It is easy to forget that the council also has the 
‘power to award higher degrees. During 1966-67, five 
courses leading to the council’s M.Sc. degree were 
approved, bringing the total number of CNAA post- 
graduate courses to seven—fifty-three students are 
enrolled on these. Two of the courses offered are in 
corrosion science and engineering and in experimental 
nuclear physics. 

There is a growing number of registrations for the 
` council’s research degrees, particularly from candidates 
in research organizations. The flexibility of the coun- 
cil’s arrangements, and the absence of a residential 
requirement, seen to be proving attractive to many 
candidates not eligible for higher degrees awarded by 
universities. The council’s Ph.D. degree or M.C.T. 
(Membership of the College of Technologists) was 
awarded to twelve students during 1966-67. There are 
now 317 candidates registered for research degrees. 

The council reports continuing good relations with 
the universities. Many organizations and professional 
bodies now give CNAA degrees the same recognition 
as they give to university degrees; for example, the 
Civil Service in its recruitment policies, and the 
Burnham committees in their acceptance of graduate 
qualifications for salary purposes. 

It is inevitable that the council’s activities are in- 
separable from the development of the polytechnics. 
In this connexion the council is continuing its efforts 
for new types of course, and broader courses combining 
more than one discipline—courses covering science and 
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technology and social studies, which might be attractive 
to students who have read arts subjects in the sixth 
form at school. 


Visiting Fellows 


Tue Senior Visiting Fellowship scheme of the Science 
Research Council is undergoing spring cleaning, and 
the revised regulations are likely to be published in 
the near future. As it stands at the moment, ‘the 
council will make grants to applicants of acknowledged 
standing to invite senior scientists of distinction in 
other research schools in this country or abroad to 
the investigator’s institution as senior visiting fellows 
for a period not exceeding one year to give full-time 
advice and assistance to the investigator in the field 
in which the visitors are eminent”. The fellowships 
were designed to bring expert outsiders into individual 
research projects when specific advice was required, 
and are therefore included in the research grant scheme. 
Despite criticism on this score, and suggestions that 
the visiting fellows should be treated in the same way 
as research fellows, it is unlikely that the new regula- 
tions will alter the grouping of the schemes. 

People like Dr N. Kurti of Oxford are enthusiastic 
about the possibilities of such a scheme, but regret 
that it has not received more publicity. Another 
criticism has been raised over the question of pay, 
because, as the regulations state, “if contributions 
to salary or expenses are being made by a senior 
visiting fellow’s parent organization or other body, 
the charges to the grant will be reduced accordingly”. 
This is thought to be an unfortunate arrangement. 
particularly for American visitors whose salary is paid 
on a nine-monthly basis but is considered to cover 
a year. 

Until now, applications for senior visiting fellow- 
ships have had to be made on the same complicated 
forms as those for research grants. But here the 
criticism seems to have had some effect and the tidying 
up of the scheme will probably result in a shorter form 
being produced. It is thought unlikely that the im- 
proved scheme will be put before the council itself, 
which indicates that there is little hope for major 
changes. Mr L. 8. Smith of the SRC has already stated 
that there will be no increase in the daily allowance 
for senior visiting fellows. During the year 1965-66, 
the last year for which figures are available, the council 
spent £42,645 on fifty senior visiting fellowships—a 
reduction of more than £13,000 compared with the year 
before. 


Changes at Cold Spring Harbor 


Tue Cold Spring Harbor Laboratory for Quantitative 
Biology, famous for its annual symposia, its summer 
courses and for its year-round research in genetics, 
has recently been strengthened by the appointment 
of Dr J. D. Watson as director from February 1 of this 
year. Dr Watson seems to have been persuaded to 
take on the job, while 1emaining as Professor of Bio- 
chemistry and Molecular Biology at Harvard, by his 
wish to see that the laboratory’s dramatic improvement 
from a state of financial and physical bankruptcy would 
not come to a halt now that Dr John Cairns, the 
current director, had chosen to concentrate once again 
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on research. Dr Cairns, who before his appointment 

to Cold Spring Harbor had made some elegant auto- 
< radiographical studies of DNA duplication, found on 

his arrival in Cold Spring Harbor an institution entirely 
_ without money, some $80,000 in debt and with physical 
-plant requiring at least $1,000,000 for restoration to a 
°. first-class condition. Over the past five years, Cairns 
has worked heroically; now much of the laboratory 
‘has a strikingly pleasant appearance, and the cash 
reserves are up to $125,000. But after five years of 
this, Cairns naturally wishes to return to his scientific 
career. 





Dr J. D. Watson 


The appointment of Dr Watson, already closely 
connected with the laboratory as a member of the 
Board of Trustees, and a frequent summer visitor 
since 1948, should allow a smooth administrative 
transition. He and Dr Cairns have worked closely 
together over the past few years, and one of Dr Watson’s 
first aims as director will be to find an endowment 
for the secure backing of Dr Cairns’s position as a 
staff member. Other immediate objectives will be 
to find capital funds for a new library to house Cold 
Spring Harbor’s extensive collection of genetic litera- 
ture, additional summer housing for an enlarged 
summer course programme and a new laboratory 
building for expansion of research into the area 
of molecular biology of higher cells, in particular 
the multiplication of viruses capable of causing 
tumours. 


Another Hovercraft 


HOVERMARINE, a small firm based in Southampton, 
has now produced its first hovercraft, the HM 2, on 
licence from Hovercraft Development, Ltd., which 
handles the patents for the National Research Develop- 
ment Corporation. The design is particularly interest- 
ing; the hovercraft has submerged sidewalls, so that in 
motion it looks much like a conventional boat (see 
picture). 

The makers suggest that this sort of craft will be 
best suited to use in estuaries or rivers, where very 
large seas are not often experienced. At a speed of 
28 knots, the craft will comfortably accommodate seas 
of up to 3 ft. in height; in more severe conditions, the 
company says, the maximum speed attainable will 
depend on the state of the sea and the amount of dis- 
comfort which the passengers are prepared to accept. 
When hovering, as in the picture, the sidewalls of the 
craft act as twin keels, giving the craft good directional 
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stability. Shrewdly, Hovermarine says that this will 
make it possible for operators to pay realistie wage 
rates to the helmsmen, instead of having to employ 
skilled pilots. The craft will carry sixty passengers, or 
sixty-five at full stretch, and costs about £70,000. 





The Hovermarine HM 2 on trials. 


In contrast with other hovercraft designs, the Hover- 
marine HM 2 should be reasonably quiet in operation. 
It is driven by twin submerged marine screws and not 
by aircraft-type propellers. Motive power is supplied 
by two Cummins lightweight diesel engines, and the 
hover power is supplied by another Cummins engine. 
The hull is made of glass fibre-reinforced plastics, and the 
craft can be used from conventional jetties and quays. 
Hovermarine’s own calculations, unsupported as yet by 
any statistics from operators, show that, at a load factor 
of 50 per cent and an average speed of 30 knots, 
operators could make a profit if fares were charged at 
the rate of 6d. a mile. Fares of 9d. a mile would 
produce an annual profit of £25,000 on the same 
assumptions, if the craft were depreciated to 10 per 
cent residual value in 10 years. 


Research on Foreign Languages 


In spite of two British applications to join the European 
Economic Community, British people remain con- 
spicuously slow at learning foreign languages. There 
are, however, some signs of impending change, accord- 
ing to the first report of the Committee on Research and 
Development in Foreign Languages (HMSO, 5s.), which 
was set up in 1964 under the sponsorship of the Nuffield 
Foundation, the University Grants Committee, the 
British Council and what is now the Confederation of 
British Industry to co-ordinate research and develop- 
ment and to spend a little money—mostly other 
people’s. The chairman is Dr L. Farrer-Brown, a 
former director of the Nuffield Foundation. 

The committee’s first experiment was with the 
teaching of French in primary schools. It has been 
helped particularly by a pilot scheme begun by the 
Nuffield Foundation in 1963 which is intended to dis- 
cover whether a modern language can become a normal 
part of the primary school curriculum. The report 
says quite frankly that there are many questions yet 
to be answered—what is the best starting age? How 
much time should be devoted to foreign languages at 
these tender ages? Are specialists necessary or can 
ordinary class teachers manage? What is the effect 
of teaching French on the general performance of the 
pupils in primary schools? The answers to some of 
these questions may emerge when the National 
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Foundation for Educational Research has finished its 
programme of evaluation. 

Teaching languages at ordinary level (up to 16) has 
risen considerably during the past twenty years: the 
number of pupils offering Russian, for example, has 
increased nearly 600-fold. If the first modern language 
can be started in primary schools, it is hoped that more 
pupils will take a second modern language in secondary 
schools. Emphasis is now being laid on teaching the 
spoken language. 

The growth of French teaching in primary schools 
has also led to a conspicuous growth of courses in 
colleges of education, and a handbook prepared in 
1966 showed that French could be studied in 81 
colleges. In recent years, language courses have also 
increased in further education, and it seems that 
some of the most successful courses have been those 
provided in direct response to an approach from a firm 
or firms in the area. Several universities now provide 
for the study and teaching of languages in new ways: 
for example, the report points out that in some univer- 
sities the study and teaching of languages are linked 
with the study of linguistics, either within a unified 
centre or in a separate department. 


New IBP Chairman 


Dr W. Franxuiw BLAIR, professor of zoology at the 
University of Texas, has been appointed chairman of 
the United States National Committee for the Inter. 
national Biological Programme (IBP). He succeeds 
Dr Roger Revelle, director of the Center for Population 
Studies at Harvard University. Dr Revelle was 
appointed chairman at the beginning of the three-year 
planning period for the IBP in 1964. Now that the 
IBP has moved into its five-year operational stage, 
Dr Revelle will act in an advisory capacity only, 
because of his commitments at Harvard and the 
National Academy of Sciences. Dr Revelle was recently 
appointed chairman of the academy's Science Organiza- 
tion Development Board and now acts, in effect, as 
Deputy Foreign Secretary of the Academy. 

Dr Blair has been associated with the United States 
IBP programme from its beginning. One of his posi- 
tions has been as co-chairman of the Subcommittee on 
Environmental Physiology. He has also organized 
the IBP integrated research programme on Convergent 
and Divergent Evolution. His main interest is verte- 
brate biology, particularly population genetics and the 
ecology and speciation of mammals, reptiles and 
amphibians. 


Drugs in School 


Drue dependence in young people under eighteen 
years of age in the City of Westminster has recently 
been investigated by a social worker under Dr J. H. 
Briseoe-Smith, medical officer of health for the area. 
The investigation, started in February 1966, was 
prompted because it was felt that the Health Depart- 
ment should have as much information as possible on 
the extent of the problem in the Westminster area, 
particularly as Soho lies within the city’s bounds. 
Much of the report seems to state the obvious, but it 
does at least prepare the ground for more extensive 
research. The aims of the survey were to estimate the 
size of the problem, whether gaps exist in the pro- 
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vision at present made and to see how local authorities 
might help. Of the fifteen head teachers of secondary 
schools interviewed, nine had experienced problems 
with pill taking by children in their schools. While 
about half the teachers felt that many of the young 
people in the fourth and fifth forms experimented with 
pills at some time, the others considered that this was 
a pattern pursued by only a small minority. It does 
seem, however, that the problem is more serious in 
schools in the “old” City of Westminster. It is also 
known that there are a number of young heroin addicts 
around Victoria Station and a number of boys who were 
known to be taking pills at school in the Westminster 
area are now heroin addicts. 

Of nine youth clubs investigated, six of the larger 
ones reported a drug problem although it was only a 
slight one in three of them. Between April 1965 and 
April 1967, 74 young people were convicted at the 
Westminster Juvenile Court on charges of possessing 
drugs, but of these only eight were residents in the 
area. As the report emphasizes, this is complicated by 
young people passing in and out of the area, which is 
in the centre of London. 

On the whole, head teachers were against lectures on 
prevention because they felt that this might draw 
attention to drug taking and thereby create a challenge 
for young people. Instead, they thought that lectures 
for parents might be a better idea. Most schools felt 
that teachers would welcome more practical informa- 
tion on the matter and a book is to þe published later 
this year containing coloured photographs of pills to 
enable teachers to recognize them. Four Rotary clubs 
in the Westminster area are hoping to set up an advice 
centre for drug addicts, and the Men’s Social Services 
Branch of the Salvation Army is providing a hostel for 
young boys on probation for drug charges. By setting 
up an information service, it is suggested in the report 
that this might assist other workers in the field such as 
general practitioners and probation officers. A social 
work service offered by the Health Department to help 
people with problems of drug dependency is also sug- 
gested. 


On the Nature Trail 


Owners of land in Britain with areas of natural history 
interest should read Nature Trails, a handbook pro- 
duced by the Nature Conservancy (distributed by 
Frederick Warne, Ltd., 5s.). This gives advice on the 
setting up of nature trails—the routes along which 
visitors can walk, with information provided by signs, 
posters, pamphlets and sometimes guides. 

The first nature trail was set up in 1961, many more 
were instituted at the time of National Nature Week 
in 1963, and there are now about ninety of them. 
Some have been set up on national nature reserves 
by the Nature Conservancy; the Forestry Commission 
has some and others have been opened by county 
naturalist trusts and by private organizations and 
individuals. (A list of more than eighty nature trails 
can be obtained for 2s. from the Council for Nature.) 

Where a good guide is available—and the handbook 
points out that a bad guide is worse than no guide at 
all—the tour can be varied according to ecological 
changes or the interests of the visitors. On the whole, 
a shortage of manpower makes guided trails rare; more 
common are the trails for which a pamphlet describes 
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pomts which refer to numbered stakes found at mter- 
vals along the route, which 1s marked out by arrows 
and signs There may be displays givmg further 
information about the important features of the en- 
vironment At Gibraltar Pomt Local Nature Reserve, 
m Lincolnshire, there 1s an mformation centre where 
voluntary wardens answer questions at the weekends 

At Alvecote Pools the National Coal Board has 
leased a disused Methodist chapel to the West Midlands 
Trust for Nature, and this has been equipped as a day 
centre, supervised by a committee of local teachers 
It 1s used regularly by about twenty-five schools m 
the area Nature trails are clearly very valuable as a 
supplement to biology lessons The handbook pomts 
out that, although the trails are chiefly a teachmg aid 
for younger children, they can help to illustrate and 
clarify exammation syllabuses such as advanced level 
botany Plant identification and taxonomy can cer- 
tamly be made more real, but whether they can be 
taught pamlessly, as the handbook claims, ıs less 
certain 


A Catalogue of Earthquakes 


Tux International Seismological Centre m Edmburgh 
is begmning to fulfil what 1t sees as 1ts main function, 
the publication of a regional catalogue of earthquakes 
The centre, formed m 1963, last year issued its first 
regional catalogue, which hsted earthquakes for the 
first sıx months of 1964 The catalogue 1s based on 
readings from a global network of 612 stations, and lists 
nearly 5,000 events thought to be earthquakes, 
arranged according to the geographical region in 
which they occurred. In addition, the catalogue 
contains details of 186 known or probable explosions, 
data which can be useful for the calibration of seismo- 
graphs 

Computer processing of the raw data 1s essential for 
catalogumg work of this kind, but computer pro- 
grammes are remarkably prone to teéthmg troubles, 
and these seem to be the main reason for the 34 year 
delay m publication Some time lag is mevitable, 1b 
seems, because of the maccessibility of many earth- 
quake recording stations, and the time the data take 
to reach Edinburgh Because the catalogue 1s mtended 
to be a final record, replacmg prelmmary results 
published only months after the events, data from 
remote stations, some ın the Antarctic, are mcluded 

The director of the centre, Dr P. L Willmore, 1s 
hoping to cut down the delay m publication to two 
years or eighteen months, now that the initial drfficul- 
ties have been ironed out Once the mflux of data 
1s under control and the catalogue brought up to date, 
the ISC expects to find time to analyse records from 
before 1964 and to produce catalogues of earthquakes 
occurring m the 1950s 

The most rapid publication of prelummary seismic 
observations and determmations of the epicentre of 
earthquakes 1s the province of the United States Coast 
and Geodetic Survey These reports are especially 
useful to relief expeditions dispatched to assist at 
earthquake disasters where local lies of communica- 
tion have been destroyed In such cases, the tumes and 
locations at which shocks occurred can be mvalu- 
able 

On the other hand, catalogues hke that produced 
by the International Seismological Centre find their 
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main application im long-term statistical mvestigations 
of earthquakes Designers of large-scale structures 
which are especially prone to earthquakes—dams and 
tall office blocks, for example—hke to know how 
susceptible the area they are building im ıs to earth- 
quakes Here the regional catalogue of earthquakes 
will help. 


Skopje Earthquake 


Arter the earthquake m Skopje on July 26, 1963, the 
government of Yugoslavia decided to mvestigate the 
causes and effects of the earthquake damage, so that 
the city could be rebuilt with better resistance to the 
stresses of any future earthquake As well as calling 
m Yugoslavian scientists and engmeers, the govern- 
ment sent a request to UNESCO for experts to advise 
them The findings of these four mvestigators have 
now been published (UNESCO, 51s ) 





Distribution of observed intensities for earthquake on July 
26, 1963 (compiled by D Hadzievskt and A Zátopek) 


Mr J Despeyroux, chief engmeer of SOCOTEC in 
Paris, reported on buildmg problems and Dr N N 
Ambrayseys of Imperial College produced an engineer- 
ing seismology study of the earthquake It was con- 
cluded that there would be no pomt ın moving the city 
completely, but 1f new building developments are 
spread out around the city the risk will be mimimized 
In replanning the old city wide streets can be wncluded 
to give good access to the centre Special buildmg 
codes for earthquake resistant structures are advisable, 
and controlled quahty of structural materials, about 
which builders should be formed, would merease the 
safety of permanent buildings Thirty per cent of the 
most umportant buildings ın the city were left ntact 
or were not irreparably damaged, those which were 
properly designed and constructed bemg the best 
survivors Regulation of the River Vardar 1s important 
because it affects the seismic quality of the ground 
Earthquake engmeermg and seismology are different, 
although related, subjects, and the former 1s neglected 
Dr Ambrayseys suggests that a school should be set 
up in Skopje to tram engineers and architects to post- 
graduate level ın earthquake engmeermg, geotectonics 
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and seismology It would be the first of 1ts kmd in 
Europe 

Dr A Zátopek from Czechoslovakia, an expert in 
seismology, assembled and analysed macro- and micro- 
seismic data with the conclusion that the epicentral 
intensity was IX MCS and the focal depth 5 km at 
Skopje, the epicentre In all, the shaken area covered 
105 km? The earthquake was described m general 
terms as a superficial or shallow tectonic, composed 
of several shocks, with typical small block structure 
mechanism within the epicentral area Dr Zatopek 
recommended that there should be detailed studies 
of the seismology of Yugoslavia 

The final part of the report was produced by Dr 
A A Sorsky of the University of Moscow, who studied 
the geological and tectonic factors of the 1963 earth- 
quake His conclusions include the fact that Skopje 
1s on a seismologically dangerous area, and earthquakes 
are liable to occur there again Seismological and geo- 
logical data are being collected by Yugoslav scientists 
so that a microregionalization map can be compiled, 
from which can be worked out the areas of most move- 
ment and consequently most seismological danger 
Provided building sıtes are chosen according to this 
map, Dr Sorsky believes that building should continue 
on the present site of the city 


Keeping Physicists Aware 


COMPARATIVELY recently there has emerged a new type 
of mdexing journal, aimed at alerting readers quickly 
to titles of papers written m their respective fields 
In ther simplest form, current awareness journals, as 
they are called, consist of a collection of facsimile 
reproductions of contents tables of mdividual journals 
The weekly list, Current Contents, published by the 
Institute for Scientific Information, Philadelphia, since 
1958, 1s a well known example of a journal of this type 
The Pohsh Academy of Sciences produces a similar 
key to the Polish hterature A more sophisticated 
example of a current title mdex 1s provided by the 
semi-monthly Chemical Titles, a product of the Chemi- 
cal Abstracts service, which 1s a computer produced 
keyword mdex 

In January 1966, the Institution of Electrical 
Engineers (IEE), ın association with the American 
Institute of Physics (AIP), maugurated a new current 
awareness journal called Current Papers in Physics 
to be used m conjunction with Physics Abstracts 
produced by the same institutions The IEE also pub- 
lishes two other current awareness journals, Current 
Papers on Control and Current Papers wm Electro- 
technology, and two other abstract journals, Control 
Abstracts and Electrical and Electromes Absiracis— 
together the journals are known as INSPEC (Informa- 
tion Service m Physies, Electrotechnology and Control) 

It was decided, before Current Papers in Physics 
(CPP) began publication, that 1t would be sensible to 
assess the need for this new journal and its usefulness 
Durmg its first year of publication (1966) a jomt 
study was therefore undertaken m Britam by the 
Ashb Research Department for the TEE and m the 
United States by the then Documentation Research 
Project staff of AIP The first report of this study 
has recently been published (Results of Questsonnacre 
on Current Awareness Methods used by Physicists prior 
to Publication of “Current Papers ın Physics”) 
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Panels of physicists were set up m Britain (268 physi- 
cists) and the Umited States (682 physicists) Before 
CPP appeared, the panel members received the 
first of a series of three tests This initial question- 
naire covered panel composition, methods used by 
physicists to keep up to date before CPP, and expecta- 
tions of a current awareness journal in the field of 
physics Results of this questionnaire are given in 
this report Two later questionnaires covered physi- 
cists’ comments on CPP and suggested improvements, 
and a record of the actual use made of the publication 
and the order m which sections were scanned Reports 
of these studies are to be published later 

The results of the first survey show that current 
awareness journals were not much used by panel 
members before CPP appeared In general, the use 
tended to follow the pattern of the country of publica- 
tion The journals published m the UK—Britosh 
Technology Index and Current Papers for the Professional 
Elecirvcal and Electronics Engineer (now Current 
Papers wn Electrotechnology) were more used in the 
UK than m the US, and the reverse was true for the 
US physicists m terms of Chemical Titles, Current 
Contents © Physical Scrences, for example. Physicists 
co-operating m the study seemed to rely mainly on 
scanning current issues of journals as a means of 
keepmg up to date beforeCPP It was thought to be 
the best method by 36 per cent of the British physicists, 
while 37 per cent of United States physicists ranked 
this method in first place The physicists mdicated, 
however, that they would welcome a publication that 
would relieve them of the chore of actually scanning 
journals, provided that “nothing relevant” was missed 
There were various constructive suggestions about the 
requirements of a current awareness journal, and also 
comments about available abstract journals The IEE 
must be satisfied with the discovery that Physics 
Abstracts was the most widely used publication in the 
field, in both Britam and the United States. As the 
report puts it, “the heavy usage of this existing 
IEE publication in physics augurs well for the success 
of a complementary current awareness journal from 
the same publishers’ The next two reports may 
well show if this 1s mdeed the case. At the moment 
the IEE appears to be satisfied with the sale of CPP 
in Britam and in the United States 


Fish Farming 


Fisu farming has been shown to be practicable, but the 
“rate at which the prospects are converted into reality 
will depend critically on the research effort we are 
able to mount” This was the conclusion of Dr H A 
Cole, Director of Fishery Research at Lowestoft, who 
addressed the Royal Society of Arts last week on the 
artificial cultivation of sea and shell fish and described 
the research which must be done before a successful 
intensive rearing system can be built There must be 
“systematic optimization of the environmental factors 
present in the system followed by scientific breeding 
to provide animals highly adapted to culture condi- 
tions” 

The depletion of fish supplies accessible to British 
fishermen has led to the mvestigation of alternative 
sources, and to the reahzation that artificial cultivation 
can lead to advantages ın processmg and marketing, 
with possibilities for export Plaice was one of the 
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first fish to be mvestigated, 15 years ago, and much 
has been learned from rearmg young plaice in tanks 
and ponds from eggs collected at sea The best con- 
ditions of temperature, salmity, hght, water exchange 
and quantity of food have been vestigated for plaice 
As a result 400,000 were produced in 1965 until they 
were large enough to take to the bottom of the sea as 
adult flat-fish In the future, however, 1t 1s hkely that 
sole will be cultrvated more widely than plaice, as 16 18 
more valuable, the young grow readily and the adults 
adapt to tank hfe and can be induced to spawn This 
fish favours a warm temperature and 1s therefore 
suitable for cultivation m the heated sea water which 
1s put out by power stations Dr Cole suggested that 
within ten years sole production at these power station 
sites will be ım full swing, and turbot and brill are hkely 
candidates for the same treatment Some shellfish 
also need warm water and can be grown ın these warm 
water wastes 

Oysters of the Ostrea edulis variety were once 
common m estuames around Britain, but successive 
pests and floods have reduced the breeding stock to 
such an extent that any recovery of the oyster industry 
will depend on successful artificial rearmg Fifty years 
of slow but steady progress in artificial breeding at 
Conway led to commercial scale techniques bemg used 
four years ago and a commercial hatchery now bemg 
built in South Devon 1s likely to produce a steady 
supply of young oysters New Zealand and Japanese 
oysters are bemg investigated, as are American clams 
The latter can be planted on the shore at the age of 
1-1} years, but must be protected from crabs by plastic 
mesh until they grow to an inch m diameter. After 
four years they are large enough to be marketable 

The Enghsh prawn 1s another suitable species for 
artificial cultivation, despite 1ts cannibalistic tendencies, 
and a habit for producing eggs rather than getting fat 
As with all other artzficially reared fish, the feeding 
problem for shrimps has yet to be completely solved 
The brine shrimp Artemia is a useful food source for 
many kinds of fish, but attempts are bemg made to 
produce a protem based artificial food Waste fish 
flesh and poultry offal may provide the basis of the 
substance, which must be soft Attempts are also being 
made to find a palatable fish which is herbivorous 
Grey mullets and the freshwater Tilapia are two 
possibilities, but as yet there 1s httle demand for these 
varieties 


Parliament in Britain 


Nationalized Industry Research 

THE programmes of the National Coal Board provide 
for estimated expenditure on research and development 
m the current financial year of £5 million The Gas 
Council and Boards will spend £5,650,000, and the 
Electricity Council and Boards £10,650,000 The 
National Coal Board in 1966 employed 356 qualified 
staff on research and development, and the Gas Council 
and Boards 340, m the current year the Electricity 
Couneil and Boards employed about 900 The figures 
were given by Lord Winterbottom concluding a debate 
for the Government on February 14 


Atomic Energy Authority 

Dr J Bray, Jomt Parliamentary Secretary, Ministry 
of Technology, stated that the Atomic Energy Author- 
ity aimed to achieve cuts of £35 milhon m 1968-69 
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m the cost of their civil research and development 
programme principally by some reduction in capital 
expenditure and by some run down of manpower 
The balance of the cut would be met by hmitmg 
extramural research and development contracts The 
effect of the cut of £6 million m 1969-70 was still bemg 
studied by the authority (Written answer, February 
12) 


Scientific Officers 

THE Minister of Technology, Mr A Wedgwood Benn, 
gave the average age on January 1, 1968, of officers m 
each grade of the scientific officer class employed in 
the Ministry’s Research and Development Establish- 


ments as chef scientific officer, 52, deputy chief 
scientific officer, 50, semor prmmerpal scientific 
officer, 47, prmeipal scientific officer, 45, semior 


scientific officer, 33, and scientific officer, 26 The 
Minster of Defence for Admimustration, Mr G W 
Reynolds, gave the corresponding figures for scientific 
officers in the Ministry of Defence’s establishments 54, 
45, 48, 46, 36, 26 (Written answers, February 12 ) 


Chemical Defence 

THE Mimister of Defence for Equipment, Mr R Mason, 
stated that the work of the Chemical Defence Experi- 
mental Eistabhshment was directed towards research 
on defence against chemical warfare, but some of the 
work of the establishment had found applications in 
medical science Such benefits mcluded the mvestiga- 
tion of the mode of action of several toxic compounds 
leading to the development of measures for treating 
intoxication, the development of an antidote to 
poisoning by organophosphorus insecticides (a service 
providing advice and first-aid treatment had been 
maintamed since 1960), the development of aids to 
therapy, such as an automatic myection device and a 
portable resuscitator which 1s used by fire brigades 
and other rescue services, the imvestigation of the 
structure of the skm and the processes of skin penetra- 
tion, and the investigation of the nature of the alveolar 
lining of the lang Mr Mason later gave the number of 
qualified engmeers and scientists working in defence 
research and development establishments on Decem- 
ber 31, 1967, as 2,838 compared with 2,612 on December 
31, 1964 (Written answers, February 13 and 14 } 


Protein from Leaves 

Mrs SaRLEY Wurms, Minister of State at the De- 
partment of Education and Science, stated that the 
Rothamsted Experimental Station 1s carrymg out re- 
search on the extraction of protem from the leaves of 
crop plants Figures for the extractability of leaf (m- 
cluding tree-leaf) protem from many parts of the world 
were now being published These were not strictly com- 
parable because of differences in the techniques of 
grinding and pressmg Measurements of the extract- 
ability of protem from local crops were an essential 
prelude to any attempt to make leaf protem for use as 
a food m regions of protein deficiency Unexpected 
differences had been found in the nutritional value of 
protem preparations The effects of variations m the 
technique of precipitation, filtermg and processing or 
drymg the protem would be studied and the National 
Institute for Research m Dairying and the Rowett 
Research Institute would co-operate ın measurmg the 
nutritional value of some of these products (Witten 
answer, February 13 ) 


706 


NEWS AND VIEWS 


NATURE, VOL 217, FEBRUARY 24, 1968 


Accelerators for the Seventies ? 


HigH-ENERGY physicists are almost as dismayed as 
the governments which support them by the high costs 
of making particle accelerators, which 1s a part of the 
reason why there 1s at present great mterest m the 
kinds of accelerators called collective 10n accelerators 
On the face of things there ıs at least a possibility that 
this new technique may eventually lead to the design 
of simpler and even cheaper particle accelerators To 
be sure, there 1s not the shghtest prospect that col- 
lective 10n accelerators will allow European govern- 
ments to shelve the awkward question of whether or 
not to contribute towards the 300 GeV accelerator 
that Cern ıs anxious to build At this stage, mdeed, 
nobody can be sure that schemes hke these can ever 
justify the enthusiasm which they have stimulated m 
many places By all accounts, however, the symposium 
on the subject at Berkeley the week before last showed 
that these developments are too valuable to be ignored 

The new proposals turn on the way m which, in the 
presence of a sufficiently strong magnetic field, it 18 
possible to embed large numbers of protons in an 
organized cloud which consists of a still larger number 
of electrons Doing this 1s simple enough, given the 
availability of some of the techniques which have come 
into fashion m plasma physics A toroidal ring of 
10% elections with lmear dimensions of the order of 
metre can be loaded with protons simply by the 
intervention of hydrogen gas It seems usually to be 
assumed that there will be one proton for every 
hundred electrons or so The large rmg can then be 
contracted mto a more manageable one a few centi- 
metres across, and the result 1s an electrified object, 
a charge to mass ratio which 1s for practical purposes 
the same as that of an electron—with the understand- 
ing that the mass 1s the relativistic mass of the electrons 
moving within the torus, possibly with an energy of 
20 MeV or so The result 1s that, when an electron 
lump like this 1s stripped of its electrons—which 18, 
by all accounts, all too easy to accomplish—the protons 
which are left have mdividual energies which are greater 
than those which would have been acquired by elec- 
trons m the same circumstances 1m the ratio of the mass 
of the proton to that of the relativistic electrons within 
the lump—a factor of forty or thereabouts 

The first practical suggestion for using these electri- 
fied objects as fodder for a hnear accelerator seems 
to have been made by the Russian group at Dubna, 
which described some of 1ts ideas at a conference of 
techniques for particle accelerators at the Massa- 
chusetts Institute of Technology last September The 
notion seems to have been taken up with great en- 
thusiasm, particularly at Berkeley, still then mourning 
the loss of 1ts scheme for a 200 GeV proton synchrotron 
to Weston m Illinois The recent symposium there 
was preceded by a workmg party which spent two 
weeks on detailed discussion of possible realizations 


of the prmeiple, and which seems to have confirmed 
the mood of watchful optimism which prevailed before 
Thus ıt does appear that ıt should be possible to 
accelerate electron lumps along the axis of a linear 
accelerator in such a way as to give the protons which 
they contam about 1 MeV of energy for each centimetre 
length, which ıs a handsome promise On the other 
side of the balance sheet, however, are several snags 
The meeting at Berkeley has, for example, drawn 
attention to the very large amounts of power that would 
be needed to keep an accelerating machme i operation 
There are also potential problems in the mamtenance 
of a magnetic field along the axis of the accelerator 
And potential users of machmes hke this are quick 
to point out that pulses of fast particles which last for 
a nanosecond or thereabouts would not brmg much 
joy to those among the conventional machine builders 
who spend much of their time seeking ways of flatten- 
ing the much longer pulses of particles which are now 
available from accelerating machines so as to make 
more efficient use of them Clearly there 1s a great deal 
to be done before anybody will be able to face any 
government with a request for money 


How Immortal are Amoebae? 
from our Microbiology Correspondent 


Oxz of the most intriguing questions posed to biologists 
concerns the life span of cells and how this defined 
period of viabihty 1s controlled Data are accumulating 
on the differential hfe spans of cells m anımal bodies 
and, m a few mstances, this conclusion 1s being cor- 
roborated by studies of animal cell cultures Hayflick 
(Exp Cell Res , 37, 614, 1965), for example, showed 
that human foetal lung cells had a life span equivalent 
to a doubhng potential of 50+10, whereas cell Imes 
derived from adult lung had a significantly lower 
doublmg potential The presence of a latent virus, 
mycoplasma or the nature of the growth medium did 
not account for this finite life-time 

For a number of years, Danielli has been mvestigat- 
ing the life span phenomenon in Amoeba Clones of 
A proteus and A discordes were reported to have 
apparent immortality when cultured with an unlimited 
supply of Tetrahymena as food organism, but after a 
period of culture on maitenance diet a defined hfe 
span was induced Further analysis of the “:mmortal”’ 
and “‘spanned” states n A proteus has been directed 
towards elucidating the control of this switch pheno- 
menon (Muggleton and Damelli, Exp Cell Res, 49, 
116, 1968) and transplantation experiments have 
allowed some assessment of the roles of the nucleus and 
cytoplasm Muggleton and Daniell: found earlier that 
spanned amoebae exhibited two behavioural patterns 
followimg division In the first, type A, stemline growth 
occurred ın which one product of binary fission showed 
early mortality while the second daughter cell under- 
went disparate division again This sequence con- 
tinued for a finite period and was followed by death of 
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both daughter cells In contrast, division of type B 
cells produced two viable daughters which resulted mm 
exponential growth until such time as all cells of the 
clone died When an immortal or normal nucleus was 
implanted mto spanned cytoplasm, all the amoebae 
were spanned and, moreover, all were converted to 
type B behaviour regardless of whether the recipient 
cytoplasm was type 4 or B Transfer of a spanned 
nucleus to a normal cytoplasm, however, produced 
type A spanned amoebae One conclusion here 1s that 
a spanned nucleus normally confers stemline behaviour 
on its descendants, while a spanned cytoplasm normally 
induces an exponential growth pattern Small injec- 
tions of spanned cytoplasm mto normal amoebae also 
induced a finite life span in the recipient and a sumilar 
effect followed injections of cytoplasmic supernatant 
from spanned amoebae So far, conversions have been 
in one direction only, and Muggleton and Damelli have 
been unable to convert amoebae from the spanned 
state to the immortal state Finer analysis of this 
system 18 an exciting prospect In particular, the 
bimodal behaviour of spanned clones 1s indicative of a 
complex “spanning” phenomenon Cell life span itself 
may be under the control of a higher order mechanism, 
with which we are not yet familiar, or may be the 
resultant of an accumulation of errors in DNA replica- 
tion which mactivates part of the genome This latter 
may be analogous to the “fault-load” hypothesis of 
Salard or Hayflick’s proposed “multi-bit, multi- 
target” phenomenon 


Flow of Blood 


from a Correspondent 


A symposium on Haemorheology and the Micro- 
circulation was held at the Royal College of Surgeons 
on February 10, under the joint sponsorship of the 
British Society of Rheology and the British Micro- 
circulation Society 

Undoubtedly the main contribution was in the field 
of the biophysics of blood flow in the smallest vessels 
The mathematics mvolved was usually simplified 
for the benefit of the members of the audience who 
were principally concerned with practical applications 
to clinical diseases, but the solution of the equations 
involved often required the use of a computer M J 
Lighthill provided an analysis of the behaviour of a 
deformable pellet, such as a blood cell, which has a 
resting maximum diameter just too large for it to 
pass through a small tube, such as a capillary, without 
deformation He predicted the existence of a thick 
film m which there must be a substantial leak-back 
from one “bolus” to another If the velocity 1s 
reduced, such a film becomes very thin so that the red 
cells motion temporarily “sticks” or “seizes up”. 
This type of behaviour may often be observed in the 
smallest capillaries m the hving circulation, but ıt 
does not account for the deformations of the cells that 
are recorded by high speed photography S R 
Montgomery described the behaviour of large simple 
rigid models of the shape of resting red cells and showed 
that their motion 1s essentially unstable unless “pores” 
are made m their centre corresponding to about one- 
tenth of their leadmg surface area A mathematical 
analysis of pulsating flow was provided by J H 
Gerrard m the case of flow driven by simple pistons 
In these circumstances the axial velocity is less than 
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that nearer the wall of the tube E W J Mardles 
examined the behaviour of simple liquids contaming a 
meniscus, flowmg at very low shear rates in narrow 
channels, and showed that the resistance of this meniscus 
must be very great if the channel is less than 10 
microns in diameter Although this 1s the mean 
diameter of the larger capillaries, 1t 1s not yet certam 
how these conclusions, which might apply to the 
plasma, would also apply to the blood cells It has 
been suggested that fibrmogen in the plasma 1s respon- 
sible for grvmg whole blood its non-Newtonian charac- 
teristics, but D N Walder, J P A Weaver and A 
Evans, usmg a cone-and-plate viscometer, showed that 
the wide range of variations in fibrinogen level that 
normally occurs m patients with different diseases 
does not seem to have any physiological effect except 
perhaps at very low shear rates, discussion on this was 
controversial The effect of cryoglobulins m human 
plasma was discussed by R B Whittmgton and J 
Harkness, and R Pringle showed the results of inter- 
esting observations ın patients with Raynaud’s disease 
who had abnormal blood viscosities and flow cessation 
pressures The latter phenomenon was treated in a 
different manner by © G Caro, T H Foley and M F. 
Sudlow, who provided interestmg data on the effect 
of altermg the transmural pressure m normal human 
subjects The elastic behaviour of the wall of “living”’ 
blood vessels was considered by D J Patel and D L 
Fry J L Corbett and S H Milton showed that dye 
studies on the vasculanty of experimental skin flaps m 
animals demonstrated considerable species variability, 
and B A Warren and M C Davey illustrated the 
ultrastructure of platelets and fibrin by means of elec- 
tron photomicrographs 

The symposium as a whole served to bring together 
workers m previously unrelated disciplmes and it is 
hoped that the resultmg imtroductions will foster 
closer relationships between these people Physicists, 
hydraulic engineers and rheologists would learn much 
of the problems of microcirculation if they were 
able to see living tissues and high speed photographs of 
blood cells in motion, and the more clinical research 
workers have much to learn of the methods and para- 
meters needed before the solution of those problems 
is hkely to yield to mathematical analysis 


Pituitary Hormone Actions 
from our Medical Biochemistry Correspondent 


ALTHOUGH the pituitary gland ıs often described as 
the “conductor of the endocrine orchestra” because 
of the way m which pituitary hormones have stimu- 
latory effects on many other endocrine glands, the way 
in which pituitary hormones act on their target tissues 18 
not completely clear Three recent papers have shown 
that some pituitary hormones seem to have direct effects 
on some enzymes concerned with carbohydrate and 
fatty acid metabolism These effects might be respons- 
ible for their action on the metabolism of distant tissues 

Bornstem and co-workers (Biochim Biophys Acta, 
156, 31, 1968) have isolated from anterior pituitary 
extracts two polypeptide fractions which they have 
named Ac-P and In-P Ac-P accelerates fatty acid 
synthesis from acetate ın liver slices In-P mbhuibits 
fatty acid synthesis ın liver shces and homogenates 
and the soluble fraction after separation of the homo- 
genate particles In-P has also a strong mbibitory 
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effect on glyceraldehyde 3-phosphate dehydrogenase 
and «-glycerophosphate dehydrogenase, but does not 
affect hexokinase, phosphofructokinase, aldolase, lac- 
tate dehydrogenase, glucose 6-phosphate dehydrogen- 
ase, alcohol dehydrogenase, malate dehydrogenase, 
isocitrate dehydrogenase, malic enzyme or aspartate 
aminotransferase 

The same group has also shown that preparations of 
growth hormone will also mhibit glyceraldehyde 3- 
phosphate dehydrogenase, but only xf the hormone 
has been treated with acid and then returned to neutral 
solution (Biochim Biophys Acta, 156, 38, 1968) 
They were able to separate two polypeptide fractions 
trom this acid-treated growth hormone The fraction 
called In-G inhibited glyceraldehyde 3-phosphate 
dehydrogenase and also decreased the incorporation of 
acetate mto fatty acids m hver shces The other 
fraction, Ac-G, was able to prevent the inhibition caused 
by In-G without itself having any effect on the enzyme 
activity The two polypeptides appeared to be similar 
to, 1f not identical with, the two polypeptides extracted. 
from the anterior pituitary Ac-G seems to reverse the 
dehydrogenase inhibition produced by In-P Because 
the action of these two peptides 1s m many ways 
antagonistic, growth hormone may have different 
effects on the metabolism of different tissues, depending 
on the tissue pH and possibly other factors 

In the same journal, Butcher and Serif (Biochim 
Biophys Acta, 156, 59, 1968) present evidence that 
another pituitary hormone, thyroid stimulating hor- 
mone (TSH), affects the carbohydrate-degrading 
enzyme phosphorylase Other workers have not been 
able to find phosphorylase m thyroid, but Butcher and 
Serif, usmg a new sensitive assay, have shown that 
thyroid does contam phosphorylase and that TSH 
changes the ratio of inactive phosphorylase B to the 
active phosphorylated form—phosphorylase A Within 
one minute after the addition of TSH, the proportion 
of phosphorylase A had increased substantially 
Since compounds related to cyclic adenosine 3’ ,5’-mono- 
phosphate produced the same effect, TSH may increase 
the cyche adenosine 3’,5'-monophosphate and merease 
phosphorylase A mdirectly. Phosphorylase is regarded 
as a key enzyme in the control of carbohydrate meta- 
bolism m other tissues, so that this effect of TSH may 
be important in thyroid stimulation Pituitary 
hormones may alter the metabolism of target tissues 
by these effects of key enzymes 


Exchange of Ribosomal Sub-units 


from our Cell Biology Correspondent 


ARE the 30S and 508 sub-units of Escherichia cols 
ribosomes permanently associated n vwo m a 70S 
ribosome, or do they undergo exchange ? The elegant 
experiments which Kaempfer, Meselson and Raskas 
have just reported (J Mol Bul, 31, 277, 1968) 
firmly establish that there 1s sub-unit exchange in 
E cols during protem synthesis Last year (see Nature, 
216, 853, 1967) Mangiarott: and Schlessmger reached 
the same conclusion from somewhat less compelling 
evidence 

Kaempfer e al have analysed, on sucrose and 
caesium chloride density gradients, the density distri- 
bution of ribosomes extracted from Æ colt cells which 
had been uniformly labelled with heavy isotopes 
(deuterium and N) and then transferred to a medrum 
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contammg only hght isotopes Followmg the classic 
Meselson and Stahl expermment, they argued that if 
sub-unit exchange occurs, then, on transfer to a light 
medium, heavy ribosomes should be progressively 
replaced by two species of ribosomes with hybrid 
densities One species of hybrid would have a heavy 
508 sub-unit and a newly synthesized light 308 sub- 
unt and the other hybrid a hight 50S and heavy 30S 
sub-unit This mterptetation is only valid, of course, 
if the ribosomal sub-units labelled with heavy isotopes 
are stable and remam heavy when the cells are grown 
m a hight medium 

In fact, as predicted, both hybrid species are formed. 
durmg growth m the hght medium Furthermore, 
virtually all the ribosomes undergo at least one cycle 
of sub-unit exchange durmg a cell generation 
Kaempfer et al have found no evidence for ribosomes 
which were incapable of dissociation nor for the accumu- 
lation of sub-units that were unable to cycle through 
ribosomes Their experiments also show that mbosomal 
sub-units are stable, heavy 509 sub-units mamtam 
their origmal density durmg growth m the hght 
medium Less than 3 per cent of their protem 1s 
exchanged ın 1 3 generations (about 1 h) 

Ribosomal protems are apparently themselves also 
stable during cell growth Schhef has recently reported 
(Mol Gen Genetics, 100, 252, 1967) that the rate of 
degradation of ribosomal protem to free amino-acid 
cannot be greater than 07 per cent per hour 

The simplest explanation of sub-unit exchange in 
growing cells 1s that ıt 1s a necessary step ın protem 
synthesis The current interpretation 1s that a round of 
translation 308 and 50S sub-units from an mtracellular 
pool jom to form a ribosome and at the end of trans- 
lation they dissociate and return to the pools (see 
Nature, 216, 638, 1967, and 217, 508, 1968) A search 
for evidence of sub-unit exchange m eucells 1s needed 
now 


Carboxy peptidase 
from our Molecular Biology Correspondent 


THE successful determination of a protem structure at 
high resolution is still an event to be celebrated The 
structure of the proteolytic enzyme, carboxypeptidase 
A, at a resolution of 2 0 A has been described by Laps- 
comb and his associates (Reeke et al, Proc US Nat 
Acad Sct , 58, 2220, 1967) In the absence of extensive 
data on the sequence, many of the side chains cannot 
be uniquely identified, but the course of the backbone 
18 unambiguous 

The essential structural features include four a-helical 
regions making up some 30 per cent of the cham m all, 
and two sections of the distorted a-helx also seen m 
lysozyme are present The model bears out once more 
the ubiquity of the 8-structure, for 20 per cent of the 
backbone has the form of a pleated sheet contaimng 
four pairs of parallel and three of antiparallel chams 
The active site, as elsewhere, 1s located m a cavity, 
and includes the zine atom, which 1s present ım the 
native enzyme and 1s required for activity Three 
side chains are thought to function as hgands for the 
zinc, but only one—a histidme residue—has been 
identified 

The most mteresting feature of this work concerns 
the introduction of a substrate, glycyltyrosme The 
electron density map`of the complex at 28 A reveals 
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a number of aspects of the mteraction, and m particu- 
lar—by marked contrast, for example, with ribo- 
nuclease—shows that the entry of the substrate pro- 
vokes appreciable local changes in disposition of side 
chains There is no evidence of specific mteractions 
between any groups m the enzyme and the C-terminal 
side chain of the substrate, which fits easily mto the 
cavity However, the terminal carboxylate group 
is brought mto contact with an argmine side cham, 
which moves 2 A m the process It 1s tentatively 
suggested, moreover, that the oxygen atom of the 
substrate peptide bond may become a ligand for the 
zinc atom It was previously observed by Vallee and 
co-workers that certam tyrosine residues seem to be 
involved ın enzymatic activity, and mdeed it 1s found 
that one tyrosine moves a distance of no less than 14 A 
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when the substrate 1s introduced so as to bring up the 
phenolic hydroxy] group close to the substrate peptide 
bond The motion occurs m a non-helical part of 
the cham, and evidently involves a considerable 
disturbance of the backbone conformation as well 
as rotation about side cham carbon-carbon bonds 
A carboxylate group also seems to form part of the 
active site 

The details so far available are consistent with 
chemical data: whether a more precise delineation of 
the interaction between the active centre and the sub- 
strate will immediately suggest a catalytic mechanism 
remains to be seen There are grounds for optimism, 
despite the remarkable failure of known protem 
structures so far to reveal the mechanism of their 
function unequivocably 


Observation of a Rapidly Pulsating Radio Source 


by 
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Mullard Radio Astronomy Observatory, 
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In July 1967, a large radio telescope operatmg at a fre- 
quency of 81 5 MHz was brought into use at the Mullard 
Radio Astronomy Observatory This mstrument was 
designed to vestigate the angular structure of compact 
radio sources by observing the scintillation caused by 
the irregular structure of the mterplanetary medium! 
The initial survey includes the whole sky in the declmation 
range —08°<3<44° and this area ıs scanned once a 
week A large fraction of the sky 1s thus under regular 
surveillance Soon after the instrument was brought mto 
operation ıt was noticed that signals which appeared at 
first to be weak sporadic interference were repeatedly 
observed at a fixed declination and right ascension; this 
result showed that the source could not be terrestrial in 
origin 

Systematic mvestigations were started ın November 
and high speed records showed that the signals, when 
present, consisted of a series of pulses each lasting ~0 3 s 
and with a repetition period of about 1 337 s which was 
soon found to be maintained with extreme accuracy 
Further observations have shown that the true period 1s 
constant to better than 1 part m 107 although there 1s a 
systematic variation which can be ascribed to the orbital 
motion of the Earth The smpulsive nature of the recorded 
signals 1s caused by the periodic passage of a signal of 
descending frequency through the 1 MHz pass band of 
the receiver 

The remarkable nature of these signals at first suggested 
an origin m terms of man-made transmissions which might 
arise from deep space probes, planetary radar or the 
reflexion of terrestrial signals from the Moon None of 
these mterpretations can, however, be accepted because 
the absence of any parallax shows that the source les 
far outside the solar system A prelimmary search for 
further pulsating sources has already revealed the presence 


Unusual signals from pulsating radio sources have been recorded at 
the Mullard Radio Astronomy Observatory. The radiation seems to 
come from local objects w.thin the galacy, and may be associated 
with oscillations of white dwarf or neutron stars 


of three others havmg remarkably similar properties 
which suggests that this type of source may be relatively 
common at a low flux density A tentative explanation 
of these unusual sources ın terms of the stable oscillations 
of white dwarf or neutron stars 1s proposed 


Position and Flux Density 


The aerial consists of a rectangular array contaming 
2,048 full-wave dipoles arranged ın sixteen rows of 128 
elements Hach row is 470 m long in an E-W direction 
and the N -§ extent of the array ıs 45m Phase-scanning 
is employed to direct the reception pattern in dechnation 
and four receivers are used so that four different declina- 
tions may be observed simultaneously Phase-switchmg 
receivers are employed and the two halves of the aenal 
are combmed as an E-W interferometer Each row of 
dipole elements 1s backed by a tilted reflecting screen so 
that maximum sensitivity 1s obtained at a declination of 
approximately + 30°, the overall sensitivity beng reduced 
by more than one-half when the beam 1s scanned to 
declinations above + 90° and below —5° The beamwidth 
of the array to half mtensity 1s about + 4° ım right ascen- 
sion and +3° m declination, the phasmg arrangement 1s 
designed to produce beams at roughly 3° mtervals in 
declination The receivers have a bandwidth of 1 MHz 
centred at a frequency of 81 5 MHz and routine recordings 
are made with a time constant of 0 1 s, the rms noise 
fluctuations correspond to a flux density of 05x 10-28 
W m- Hz-. For detailed studies of the pulsating source 
a time constant of 0 05 s was usually employed and thr 
signals were displayed on a multi-channel ‘Rapidgrap’ 
pen recorder with a time constant of 003 s Accur 
taming of the pulses was achieved by recording ser 
pips derived from the MSF Rugby tıme transmissic 

A record obtamed when the pulsating source w 
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Fig 1 a, A record of the pulsating radio source in strong signal con- 
ditions (receiver time constant 018) Full scale deflexton corresponds to 
20x10! W m- Hz b, Upper trace records obtained with additional 
paths (240 m and 450 m) in one side of the interferometer Lower trace 

normal interferometer records (The pulses are small for 12=240 m 
because they occurred near a null in the interference pattern, this modi- 
fles the phase but not the amplitude of the oscillatory response on the 
upper trace ) c, Simulated puses obtained using a signal generator 
d, Simultaneous reception of pulses using identical receivers tuned to 
different frequencies Pulses = a jower frequency are delayed by 

abou s 


usually strong 1s shown m Fig. la Ths clearly displays 
the regular periodicity and also the characteristic irregular 
variation of pulse amplitude. On this occasion the 
largest pulses approached a peak flux density (averaged 
over the 1 MHz pass band) of 20x108 W m- Hz-1, 
although the mean flux density mtegrated over one minute 
only amounted to approximately 10x 10-8 W m- Hz} 
On a more typical occasion the mtegrated flux density 
would be several times smaller than this value It ıs 
therefore not surprising that the source has not been 
detected in the past, for the integrated flux density falls 
well below the lımıt of previous surveys at metre wave- 
lengths 

The position of the source in right ascension 1s readily 
obtamed from an accurate measurement of the “cross- 
over” points of the interference pattern on those occasions 
when the pulses were strong throughout an interval 
embracing such a pomt The collimation error of the 
instrument was determined from a similar measurement 
on the neighbouring source 3C 409 which transits about 
52 mim later On the routime recordings which first 
revealed the source the reading accuracy was only +10 s 
and the earliest record suitable for position measurement 
was obtained on August 13, 1967. This and all subsequent 
measurements agree within the error mits. The position 
in declination 1s not so well determined and relies on the 
relative amplitudes of the signals obtamed when the 
reception pattern ıs centred on declinations of 20°, 23° 
and 26°. Combınıng the measurements yields a position 


aroso = 19h 19m 38s + 3s 
S1950 = 22° 00’ + 30’ 


As discussed here, the measurement of the Doppler shift 
in the observed frequency of the pulses due to the Earth’s 
orbital motion provides an alternative estimate of the 
declnation Observations throughout one year should 
yield an accuracy of +1’ The value currently attained 
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from observations durmg December—January ıs §=21° 
58’ +30’, a figure consistent with the previous measure- 
ment 


Time Variations 


It was mentioned earher that the signals vary con- 
siderably in strength from day to day and, typically, 
they are only present for about 1 mm, which may occur 
quite randomly within the 4 min mterval permitted by 
the reception pattern In addition, as shown in Fig la, 
the pulse amplitude may vary considerably on a time-scale 
of seconds. The pulse to pulse variations may possibly 
be explained ın terms of mterplanetary scintillation’, but 
this cannot account for the minute to mmute variation of 
mean pulse amplitude Contimuous observations over 
periods of 30 mm have been made by trackmg the source 
with an E-W phased array ın a 470 mx 20 m reflector 
normally used for a lunar occultation programme The 
peak pulse amplitude averaged over ten successive pulses 
for a period of 30 min is shown m Fig 2a This plot 
suggests the possibility of periodicities of a fow mmutes 
duration, but a correlation analysis yields no significant 
result If the signals were lmearly polarized, Faraday 
rotation m the 1onosphere might cause the random vara- 
tions, but the form of the curve does not seem compatible 
with this mechanism ‘The day to day variations smce 
the source was first detected are shown in Fig. 2b. In 
this analysis the daily value plotted ıs the peak flux 
density of the greatest pulse Agaim the variation from 
day to day 1s irregular and no systematic changes are 
clearly evident, although there 1s a suggestion that the 
source was significantly weaker during October to Novem- 
ber. It therefore appears that, despite the regular 
occurrence of the pulses, the magnitude of the power 
emitted exhibits variations over long and short periods 


Instantaneous Bandwidth and Frequency Drift 


Two different experiments have shown that the pulses 
are caused by a narrow-band signal of descending fre- 
quency sweeping through the 1 MHz band of the receiver. 
In the first, two identical recervers were used, tuned to 
frequencies of 80 5 MHz and 815 MHz Fig ld, which 
illustrates a record made with this system, shows that 
the lower frequency pulses are delayed by about 02 s 
This corresponds to a frequency drift of ~ —5 MHz s~. 
In the second method a time delay was mtroduced mto 
the signals reaching the receiver from one-half of the 
aerial by mcorporatig an extra cable of known length / 
This cable mtroduces a phase shift proportional to fre- 
quency so that, for a signal the coherence length of which 
exceeds 7, the output of the receiver will oscillate with 


period 
gs ® ay 
° gdt 

where dv/dt ıs the rate of change of signal frequency 
Records obtained with 1=240 m and 450 m are shown 
m Fig 16 together with a simultaneous record of the 
pulses derived from a separate phase-switchmg receiver 
operating with equal cables m the usual fashion 
Also shown, in Fig. le, ıs a simulated record obtained 
with exactly the same arrangement but using a 
signal generator, instead of the source, to provide the 
swept frequency For observation with 1>450 m the 
periodic oscillations were slowed down to a low frequency 
by an additional phase shifting device im order to prevent 
severe attenuation of the output signal by the time 
constant of the receiver The rate of change of signal 
frequency has been deduced from the additional phase 
shift required and 1s dv/dé=—49+05 MHz s. The 
direction of the frequency drift can be obtamed from the 
phase of the oscillation on the record and 1s found to be 
ro high to low frequency m agreement with the first 
result 
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Fig 2 a, The time variation of the smoothed (over ten pulses) pulse amphtude 
W m“*Hz'x 
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The mstantaneous bandwidth of the signal may also 
be obtained from records of the type shown ın Fig. 1b 
because the oscillatory response as a function of delay 1s 
a measure of the autocorrelation function, and hence of 
the Fourier transform, of the power spectrum of the 
radiation The results of the measurements are displayed 
m Fig 3 from which the mstantaneous bandwidth of the 
signal to exp (—1), assuming a Gaussian energy spectrum, 
is estimated to be 80+ 20 kHz 


Pulse Recurrence Frequency and Doppler Shift 


By displaying the pulses and time pips from MSF 
Rugby on the same record the leading edge of a pulse of 
reasonable size may be timed to an accuracy of about 
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Fig 3 The response as a function of added path in one side of the 
interferometer 





b. Daily variation of peah pulse amplitude (Ordinates are m umts of 
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01s Observations over a period of 6 h taken with the 
tracking system mentioned earlier gave the period between 
pulses as Pobs= 1 33733+000001 s This represents a 
mean value centred on December 18, 1967, at 14 h 18 m 
ur. A study of the systematic shift m the frequency of 
the pulses was obtamed from daily measurements of the 
tame interval T between a standard time and the pulse 
munmediately following ıt as shown m Fig. 4. The standard 
tıme was chosen to be 14h 01m 00s ut on December 11 
(corresponding to the centre of the reception pattern) 
and subsequent standard times were at intervals of 
23 h 56 m 048s (approximately one sidereal day) A plot of 
the variation of T from day to day ıs shown in Fig 4 
A constant pulse recurrence frequency would show a 
lmnear merease or decrease in T if care was taken to add 
or subtract one period where necessary The observations, 
however, show a marked curvature in the sense of a 
steadily increasing frequency. If we assume a Doppler 
sluft due to the Earth alone, then the number of pulses 
received per day 1s grven by 


2rmn 
366 25, 


where NV, 1s the number of pulses emitted per day at the 
source, v the orbital velocity of the Earth, ẹ the ecliptic 
latitude of the source and n an arbitrary day number 
obtamed by puttmg n=0 on January 17, 1968, when the 
Earth has zero velocity along the lme of sight to the 
source This relation 1s approximate since it assumes a 
ewcular orbit for the Earth and the orgin n=0 1s not 
exact, but 1b serves to show that the mcrease of N observed 
can be explained by the Earth’s motion alone within the 
accuracy currently attamable. For this purpose 1b 18 
convenient to estimate the values of n for which 87'/5n=0, 
corresponding to an exactly mtegral value of N. These 
oceur at 2,=15 8+0-1 and n.=287+01, and smeo N 





N=N, G +> cos ọ sn 
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Fig 4. The day to day variation of pulse arrival time 


1s increased by exactly one pulse between these dates 
we have 





N, sın arm. “sin a 

=- eos p [am zag 25 ~*” 366 26 

This yields p=43° 36’+ 30’ which corresponds to a de- 
clnation of 21° 58’+30’, a value consistent with the 
declination obtained directly The true periodicity of 
the source, making allowance for the Doppler shift 
and using the integral condition to refine the calculation, 
19 then 

P,=1 3372795 + 0 0000020 s 


By continuing observations of the time of occurrence 
of the pulses for a year 1t should be possible to establish 
the constancy of N, to about 1 part m 3x 10°. If N, 1s 
indeed constant, then the declination of the source may be 
estimated to an accuracy of +1’, this result will not be 
affected by 1onospheric refraction. 

It 1s also mteresting to note the possibility of detecting 
a variable Doppler shift caused by the motion of the 
source itself” Such an effect might arise if the source 
formed one component of a binary system, or 1f the signals 
were associated with a planet mm orbit about some parent 
star For the present, the systematic mcrease of N is 
regular to about 1 part in 2x 107 so that there is no evid- 
ence for an additional orbital motion comparable with 
that of the Earth 


The Nature of the Radio Source 


The lack of any parallax greater than about 2’ places 
the source at a distance exceeding 103 AU The energy 
emitted by the source durmg a single pulse, tegrated 
over 1 MHz at 81 5 MHz, therefore reaches a value which 
must exceed 10!” erg if the source radiates isotropically 
It is also possible to derive an upper limit to the physical 
dimension of the source The small mstantaneous band- 
width of the signal (80 kHz) and the rate of sweep (— 4 9 
MHz s-*) show that the duration of the emission at any 
given frequency does not exceed 0016s. The source size 
therefore cannot exceed 4 8 x 10° km 
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An upper limit to the distance of the source may be 
derived from the observed rate of frequency sweep since 
impulsive radiation, whatever its ongin, will be dispersed 
during its passage through the ionized hydrogen in mter- 
stellar space For a uniform plasma the frequency drift 
caused by dispersion is given by 


where L 1s the path and vy the plasma frequency Assum- 
ing a mean density of 02 electron cm~? the observed 
frequency diift (—49 MHz s) corresponds to L~65 
parsec Some frequency dispersion may, of course, arise 
in the source itself, ın this case the dispersion in the mter- 
stellar medium must be smaller so that the value of L 
is an upper limit While the interstellar electron density 
in the viemity of the Sun 1s not well known, this result 18 
important in showing that the pulsatmg radio sources 80 
far detected must be local objects on a galactic distance 
scale 

The positional accuracy so far obtamed does not permit 
any serious attempt at optical identification The search 
area, which lies close to the galactic plane, includes two 
twelfth magnitude stars and a large number of weaker 
objects In the absence of furthe: data, only the most 
tentative suggestion to account for these remarkable 
sources can be made 

The most significant feature to be accounted for ıs the 
extreme regularity of the pulses. This suggests an 
origin m terms of the pulsation of an entire star, rather 
than some more localized disturbance m a stellar atmo- 
sphere. In this connexion ıt ıs interesting to note that 
it has already been suggested*? that the radial pulsation 
of neutron stars may play an important part in the history 
of supernovae and supernova remnants 

A discussion of the normal modes of radial pulsation of 
compact stars has recently been given by Meltzer and 
Thorne‘, who calculated the periods for stars with central 
densities in the range 10° to 10° g cm-?. Fig 4 of their 
paper indicates two possibilities which might account 
for the observed periods of the order 1 s. At a density of 
10’? g em-, corresponding to a white dwarf star, the 
fundamental mode reaches a mmimum period of about 
8 s, at a slightly higher density the period increases 
again as the system tends towards gravitational collapse 
to a neutron star. While the fundamental period ıs not 
small enough to account for the observations the higher 
order modes have periods of the correct order of magni- 
tude If this model 1s adopted ıt 1s difficult to understand 
why the fundamental period ıs not dominant, such a 
period would have readily been detected ın the present 
observations and its absence cannot be ascribed to 
observational effects. The alternative possibility occurs 
at a density of 107° g cm’, corresponding to æ neutron 
star, at this density the fundamental has a period of 
about 1 s, while for densities in excess of 10 g em- the 
period rapidly decreases to about 10-9 s 

If the radiation 1s to be associated with the radial 
pulsation of a white dwarf or neutron star there seem 
to be several mechanisms which could account for the 
radio emission It has been suggested that radial pulsa- 
tion would generate hydromagnetic shock fronts at the 
stellar surface which might be accompanied by bursts of 
X-rays and energetic electrons?* The radiation might 
then be likened to radio bursts from a solar flare occurring 
over the entire star durmg each cycle of the oscillation 
Such a model would be in fair agreement with the upper 
limit of ~5x103 km for the dimension of the source, 
which compares with the mean value of 9 x 103 km quoted 
for white dwarf stars by Greenstem> The energy require- 
ment for this model may be roughly estimated by noting 
that the total energy emitted m a 1 MHz band by a type 
III solar burst would produce a radio flux of the nght 
order uf the source were at a distance of ~10 AU If it 
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18 assumed that the radio energy may be related to the 
total flare energy (~ 105? erg) m the same manner as 
for a solar flare and supposing that each pulse corresponds 
to one flare, the required energy would be ~ 10° erg yr-?, 
at a distance of 65 pe the corresponding value would be 
~10* erg yr It has been estimated that a neutron star 
may contam ~ 10% erg ın vibrational modes so the energy 
requirement does not appear unreasonable, although 
other damping mechanisms are likely to be important 
when considering the lifetime of the source! 

The swept frequency characteristic of the radiation 18 
reminiscent of type II and type IIT solar bursts, but ıt 
seems unlikely that ıt 1s caused in the same way For a 
white dwarf or neutron star the scale height of any atmo- 
sphere ıs small and a travelling disturbance would be 
expected to produce a much faster frequency dmft than 
18 actually observed As has been mentioned, a more 
hkely possibility ıs that the umpulsive radiation suffers 
dispersion durmg its passage through the interstellar 
medium 
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More observational evidence ıs clearly needed in order 
to gam a better understanding of this strange new class of 
radio sources If the suggested origin of the radiation 18 
confirmed farther study may be expected to throw valuable 
light on the behaviour of compact stars and also on the 
properties of matter at high density 
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Action Potentials induced in Biomolecular Lipid Membranes 
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ALAMETHICIN, a cyclopeptide antibiotic from Trichoderma 
vride containing the amino-acids (GluN),, (Glu), (Pro)., 
(Gly),, (Ala),, (Methyl Ala),, (Val), and (Leu), (ref 1), 
develops a cationic conductance m experimental bilayers 
which can be controlled by a factor of 104 either chemically 
or by changing the membrane potential using applied 
voltages or 1onic gradients When ıb 1s brought together 
with an ionic gradient and a few ug/ml of protamine, 
polylysine or spermine in the aqueous phase, the mem- 
branes develop characteristics of negative slope resistance 
(Fig 1), delayed rectification (Fig 2), bistable changes of 
EMF (Fig 3A) and single or rhythme action potentials 
(Fig 3B and C) These changes resemble those occurring 
in excitable algae or those produced in bilayers by an 
unidentified protemaceous material obtained from Entero- 
bacter cloacae called excitability inducing material (EIM)?.5. 
As shown in Fig 4, alamethicin structurally resembles 
other macrocyclic compounds like the depsipeptides and 
macrolids which develop extreme K+/Na+ selective con- 
ductances of an ohmic nature ın expermental bilayers‘ 
Alamethicin, however, is a pure peptide contaiing fune- 
tional side groups 

The electrokmetic and chemical data suggest that six 
or more alamethicin molecules form either carriers or 
tubular channels through which 1ons flow across the 
membrane and that assembly and dissembly of these 
aggregates by the voltage or chemical factors regulate 
the conductance The kinetic and chemical characteristics 
of alamethicin apparently fulfil the criteria of an allosteric 
protem specifically designed to form complexes of rome 
co-ordination withm lipid membranes We discuss the 
possibility that related compounds could generate active 
1on transport and act as high energy mtermediates m 
oxidative phosphorylation F 

Bilayer membranes separating two aqueous phases were 
made by published methods?+-5 Alamethicin acts on 
membranes made from mixed brain lipids and tocopherol, 


Alamethicin, a cyclopeptide, can induce action potentials in biomole- 
cular lipid membranes. 


lecithin and decane, sphmgomyelin and tocopherol»? or 
oxidized cholesterol and octane®, although the sensitivity 
to alamethicin and to protamme varies from one lipid 
type to another Best results were obtamed with mem- 
branes made from oxidized cholesterol (1 per cent), 
dodecyl acid phosphate (0 25 per cent), cholesterol (0 42 
per cent in octane dodecane, 1 3°) and with membranes 
made from purified lecithin (10 per cent ım decane- 
squalene, 2 1) In the presence of adsorbates the hfe of 
the membrane lasts from a few mimutes to several hours 
according to the type of hpid Alamethicm can be 
introduced either by dissolving ıt m the bulk hpid 
solution or by adding it to the aqueous phase after bilayer 
formation 

Fig 1 presents three steady state current—voltage, 
I(¥), curves in the presence of 10-7 g/m] of alamethicin 
on one side of the membrane With 0 1 M sodium chloride 
on both sides, the membrane shows strong and more or 
less symmetrical rectification (Fig 14) The conductance 
decreases 10* times between zero and 100 mV and attains 
a maximum change of e-fold/5 mV An iome gradient 
generates a cationic resting potential of 10-30 mV/ 
decade w:thout imtracationic selectivity. This acts uke 
an applied potential to drive the system into its high 
conductance state although 1t does not deliver a net 
current As shown in Fig IB, the restmg potential shifts 
the I(V) curve along the voltage axis, raises the resting 
conductance and, for analytical reasons given elsewhere’, 
transforms the rectification characteristic m one quadrant 
into a characteristic of negative slope resistance If prot- 
amine ıs added to either aqueous phase under zero ion 
gradient there is a simular effect as shown in Fig 10 
The resting conductance 1s mcreased and a negative 
resistance arises in the absence of a resting potential 
This ıs the first of three distinct effects produced by 
protamine, histone or spermine acting as secondary ad- 
sorbates Because this particular effect resembles that of 
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a resting potential ıt may result from a change in the 
phase boundary potential accompanying adsorption of 
basic proteins or polyammes 

The voltage-trme phenomena generated by constant 
current pulses in the three sets of conditions just described 
are given m Fig 2 If the system rests in its low con- 
ductance state corresponding to Fig 1A, applied voltages 
raise the conductance This usually occurs slowly with 
respect to the tıme constant of the membrane so that the 
positive coupling between the conductance and the poten- 
taal produces a delayed voltage restoring effect shown m 
Fig 2A If the system rests m its high conductance state 
in the conditions of Fig 1B or C, then applied voltages of 
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that sign which drive 1t back mto the low conductance 
state develop the regenerative transition shown in Fig 2B 
because the two variables are now negatively coupled 
But voltages of opposite sign which raise the conductance 
again develop the delayed rectification process It has 
already been shown that EIM can generate these same 
phenomena and change its resting conductance state under 
the mfluence of either a resting potential or chemical 
agents’? It should be noted, however, that, m contrast 
to alamethicm, EIM remains mtrinsically m the high 
conductance state 

The second effect of protamime, histone or spermine 18 
to mtroduce an alternative resting potential level of 
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Current-voltage curves from different bimolecular lipid membranes 1m the presence of 10~? g em alamethicm in the inside 
compartment and 5 mM/! histidine Cl, pH 7 0, ın both sides tn all cases : that of 
A, 01 M sodium chloride on both sides 


Outward current is plotted as positive and the potential 1s that of 
Membrane solution 25 per cent purified 


sphingomyelin m tocopherol chloroform methanol,5 3 2 The asymmetry of the rectification characteristic 1s because alamethicin was 


added to one side only 


B, (squares) Membrane solution same as upper left but 0 05 M sodium chloride outside onl There is a resting potential 
at the pomt of zero current caused bv the ionic concentration gradient ‘The ton gradient also develops a neuatiye resistance fhe upper 


The upper 


left curve (crosses) 1s reproduced for comparison C, (circles) 0 1 M sodium chloride both sides and 10“ g cm~ protamine sulphate inside 


Membrane solution 4 per cent oxidized cholesterol in decane 


Protamine converts the rectification into a negative resistance characteristic 


The curve of Fig A (crosses) 1s reproduced on these expanded ordinates for comparison 
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Fig. 2. Recorded membrane potentials in response to applied constant rectangular 
currents in the presence of 107 g em~ alamethicin in the inside compartment and 5 mM/L. 
histidine Cl, pH 7-0, in both aides in all cases, Upward deflexions denote inside positive. 
Numbers indicate the current density in #A cm, A, O-1 M sodium chloride in both 
compartments, 10+ g cm protamine Inside, Membrane solution: 5 per cent total white 
matter lipids plus $ per cent cholesterol in 3:4 2, tocopherol : chloroform : methanol. 
If there had been no protamine, the rectification would have been more nearly instan- 
taneous and the potentiais would show less initial upward transient. B. Same as aboye 
but using 10+ g om protamine and a membrane solation of 4 per cent oxidized 
cholesterol in decane, Increasing the protamine concentration develops the regenerative 
nonlinear response to inward currents which correspond to the negative resistance 
characteristic in the I(V) curve of Fig, 10 (circles). 





Fig. 8. Conditions asin Fig. 28 but 40 mM/L potassium chloride inside and none outside. 
The lower traces show the applied currents. A, Bistability caused by a slight e of 
protamine. The system was monostable initially as seen in the response to the first pulse, 
fut then it became intrinsically bistable. Because there is no steady applied polarization 
the response results from an BMF change. The resistance is lower in the more anion 
permeable state which is the uppermost level. B, Subthreshold response and monostable 
action potential during applied depolarizing pulses. C, Rhythmic firing begins as the 
depolarizing current is increased to a critical level. Note expanded time scale on the 
right. These action potentials and those in B are largely resistive in type, the resistance 
inereasing during the spike, They occur at depolarization leveis greater than those 
initiating the BMF changes in the upper left figure and always require sustained applied. 
voltages for their development. Lecithin-decane-squalene membranes, in the same 
conditions, develop self-regenerative single or rhythmic action potentials which can be 
initiated by brief currents or appear in the absence of any applied currents. Their 
amplitude is usually 36 to 60 mV but their wave form and frequency are identical to 
those in records B and O, 
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anionic sign. H, in the presence of an ionic 
gradient, the concentration of protamine is 
carefully titrated against alamethicin, the 
rnembrane potential becomes bistable and 
switehes reversibly through zero from the 
original cationic level to the new level under 
the stimulus of brief applied pulses (Fig, 3.4). 
The anionic level is more effectively devel- 
oped by arginine-rich than lysine-rieh basic 
proteins and by membranes containing 
sphingomyelin rather than lecithin. Al- 
though any combination will work with 
alamethicin, only the first member of each 
pair is effective with ETM’. 

In membranes eomposed of oxidized 
cholesterol and dodecyl acid phosphate 
“resistive action potentials’ occur as shown 
in Fig. 3B. They resemble those oceurring 
in frog skin’ and in bilayers exposed to KIM 
in certain conditions’. They can enter the 
rhythmic state under maintained polariza- 
tion (Fig. 30) when the chemical parameters 
are properly adjusted. They are not self- 
regenerative and do not make use of the 
EMF change just described but seem to 
involve a secondary increase of the mem- 
brane resistance induced by protamine. 
This new gating characteristic constitutes 
the third effect of basie proteins. 

In membranes composed of selected types 
of commercial purified lecithin containing 
squalene and decane, it is possible to adjust 
the ionie gradient and the ratio of alamethi- 
ein to protamine, so that the bistable flip- 
flop kinetics shown in Fig. 34 become 
monostable and generate either spontaneous 
rhythmie firing in the absence of applied 
voltages, or single action potential responses 
following short shock stimulation. These 
self-regenerative action potentials have all 
the kinetie properties of cellular action 
potentials and are similar to those already 
deseribed in sphingomyelin membranes con- 
taining EIM and protamine**. Their time 
course and frequency are like those shown 
in Fig. 3B and C except that their amplitude 
is about 30-60 mV. 

Fig. 5 shows that the maximum change 
of the steady state conductance varies 
exponentially with the sixth power of the 
potential (e-fold/5 mV) for a wide range of 
alamethicin concentrations. This is the 
same value reported for the potassiun 
permeability system in nerve”. In addition, 
Fig. 64 shows that the steady state conduct- 
ance also varies as the sixth power of both 
the alamethicin concentration and the ion 
concentration, Furthermore, this relation 
has been found to be independent of the 
voltage. These findings indicate that the 
molecularity of the reaction underlying the 
development of the conductance is hexa- 
molecular with respect to both alamethicin 
and ions. It is also hexamolecular both 
in the resting state and when it is voltage 
induced. 

The apparent kinetic order of the reaction 
is also six. As in nerve’, the membrane 
current and conductance undergo a sig- 
moid rise with time following an instan- 
taneous displacement of the potential by 
voltage clamp methods. The time constant 
of the response is voltage dependent and 
larger for the conductance inerease than the 
decrease. The maximal rate of change de- 



































Fig. 4. 
A, By rotating the carboxyl and amide groups out of the plane of the 
ring, an open ring configuration is attained which might conduct by 
acting either as a carrier or as part of a channel. In addition to the 
peptide bonds, the three functional side groups could contribute to 
the formation of a hexamer of tubular or other shape via intermolecular 


Two hypothetical molecular configurations of alamethicin: 


hydrogen or ionic bonding, B, Intramolecular chelate. The carboxyl 
group of the glutamic acid side chain is arranged to form internal 
hydrogen bonds or possibly a metal ion chelate with the two glutamine 
residues, This may be the monomeric non-conducting form. The 
electrokinetic data suggest. that the field regulates the conductance by 
moving monomeric co-ordination complexes of counterion and ala- 
methicin which are positively charged into the hydrocarbon region of 
the bilayer where they form a hexameric channel unit. The ion with a 
partial hydration shell is thought to be sequestered within the ring. 


pends strongly on the lipid type, ionic strength, the temper- 
ature (Qi) 8-4), and the presence of protamine. When these 
parameters are held constant, then the maximum rate is 
found to increase with the sixth power of the alamethiein 
concentration as shown in Fig. 68. Hence the reaction is 
kinetically of the sixth order with respect to this para- 
meter, 

Voltage clamp studies have also shown that, if an 
applied voltage is instantaneously reversed in sign, the 
reversed membrane current undergoes a marked decline 


NATURE. VOL. 217, FEBRUARY 24, 1968 


before building up again to its starting level showing that 
the conducting system exists in some well defined polarized 
state across the membrane. 

We may begin the evaluation of these findings with a 
consideration of the origin of the ion selective conduct- 
ances. It has been proposed‘ that macrocyclic compounds 
develop a cationic conductance by providing a dominating 
proton acceptor function in the form of carbonyl oxygen 
atoms. These atoms project toward the centre of the ring 
to form an adjustable co-ordination complex with either 
the naked or hydrated cation by means of multiple hydro- 
gen bonds or dipole interactions. This orientation simul- 
taneously sequesters the ion while placing the hydrocarbon 
side chains along the ring exterior to permit membrane 
solubilization of the entire charges complex by van der 
Waals interaction with the lipid hydrocarbon chains. 
Similar co-ordination complexes might also be formed by 
non-covalent ring closures as in the case of the grami- 
cidins®? or perhaps even by an open helix. 

In this view, the poor intracationic selectivity of ala- 
methicin would result from a larger ring diameter (13 A 
inner diameter) compared with valinomycin (7 A), for 
example. Basic proteins and spermine may invert the 
sign of this conductance, and therefore the sign of the 
resting potential in an ionic gradient, by increasing the 
ratio of proton donors and positive charges to proton 
acceptors and negative charges in the conducting system. 
Because protamine and sphingomyelin are essentially 
chemical analogues of histones and lecithin containing two 
extra proton donor groups in each case, protamine would 
he expected to be more effective in converting the ionic 
selectivity as is observed experimentally. 

When the titration of protamine against alamethicin 
is not carried to completion, two distinct conducting 
populations with different selectivities could arise, pro- 
vided the effect involves specific chemical complex forma- 
tion and not a diffuse effect on the Donnan potential. 
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Fig. 5. The relation between membrane conductance and apphed 
potential at two different concentrations of alamethicin in the aqueous 
phase (circles 5x 10-* g/ml, squares 10-* g/ml.) membrane lipid coni- 
position asin Fig. 14. Ionic concentrations in both aqueous compari- 
ments, 0-1 M sodinm chloride. The points are experimental; the curves 
were calculated from equations (3), (4) and (8) using the following 
values for the constants which were adjusted for best fit: Gy=8 x 107 
mhos cm, Gai=10-" mhos em, Al=1 M/l. and 0-2 M/L, Mete 
21 M/L, K,.=0-1, Ey=2 kcal/mol, Ey= —2 keal/mol, Ky = 4 1044, 
#=6, The thickness of the hydrocarbon layer was assumed to be 50 A. 
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A, (Left) Relation between membrane conductance (I/V) and concentration of alamethicin in the aqueous phase at constant ion 
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This 13 the sunplest interpretation for the origin of the 


concentration (0 1 M sodium chloride) and constant voltage (60 mM) (Right) Relation between membrane conductance and concentration 
of sodium chloride in the aqueous phase, at constant alamethicin concentration (10+ g/ml ), and constant voltage (60 mV) All concentrations 
are identical in both aqueous compartments Membrane lipid composition asin Fig 14 The straight lines have slopes to the sixth power 
which are independent of membrane lipid composition and of the voltage as long as the conductances induced by alamethicin are much larger 
than the intrinsic membrane conductance These curves were each obtained from asingle membrane B, Maximum rate of change of membrane 
conductance after a sudden displacement of the membrane potential by 100 mV (voltage clamp). as a function of the concentration of ala- 
methicin Membrane in 0 1 M sodium chloride, both sides, membrane solution as in Fig 1B, temperature, 35°C The slope of the straight 
hne agam indicates a sixth power function Each point is an average of ten values obtained from ten different membranes 


The bars give 
the total scatter 


resemble allosteric proteins which 


characteuistically 


bistability, and if ıt 1s assumed that the gating mechanism 
of the pure alamethicm system remains intact within the 
alamethicm—protamine complex then all the conditions 
are fulfilled for developing action potentials within the 
framework of the Hodgkin and Huxley theory? namely, 
that two gated conducting systems with appropriate time 
constants and different 1onie selectivities act as parallel 
EMFS and variable resistive loads on each other This is 
the hkehest mterpretation for the origin of the experimental 
action potentials 

Although the nature of the underlying gating mechan- 
ism has not been resolved, some preluminary models can 
be considered A sımple monovalent carner mechamsm 
can be excluded as inconsistent with the highly non- 
linear co-operative phenomena shown by alamethicin and 
EIM, and carriers composed of sıx or more alamethicin 
molecules having molecular weights of 11,000 or larger 
would be rather bulky items in terms of membrane 
dimensions Moreover, if these aggregates form complexes 
with compounds like protamine or polylysme having mole- 
cular weights up to 50,000, 1t seems doubtful whether they 
could retain the essential mobility of a carner In addition, 
1t has been pointed out? that in certam conditions carriers 
should develop measurable currents because of therr own 
transient movements None has been found! For these 
reasons carrier mechanisms are not favoured at this time 
although their existence would not change the validity of 
the mathematical model or eritical aspects of the discus- 
sion to follow 

As an alte:native, alamethicm might cause a reversible 
micellization of the bilayer structure Co-operative inter- 
actions between micelles to form channel domains or 
clusters could account for the non-lmea effects Although 
channel domains may exist, however, 1t 1s at present 
considered more hkely that the primary gating event 
results from the self-aggregation of the cyclopeptide com- 
ponent As discussed later, the properties of alamethicin 


undergo polymerization in the presence of extraneous 
molecules and alamethicin exhibits a strong tendency to 
aggregate in both aqueous and non-aqueous solution It 
has also been found that most of the electrokmetic effects 
of alamethicm, except protamine interaction, can be 
induced in bilayers by amphophilic 10n precipitants such 
as dipicrylamme which develop strong attractive forces 
between the organic moiety?® accounting for their unique 
effects im aqueous solutions Furthermore, if the cyclic 
compounds do form tonic co-ordination complexes, we 
must assume that they and not lipid polar groups provide 
the immediate conduction sites for ions across the bilayer 
Finally, the mvariance of the principal electrokmetic 
phenomena despite wide lipid vanation gives additional 
support to this mterpretation 

We therefore tentatively suggest that through self- 
aggregation, or a change in aggregation state, alamethiein 
provides a series of sites bridging the bilayer, whatever 
lipid rearrangements may secondanly accompany such 
an effect 

The enniatins and valinomycin, which develop large 
conductances but no gating effects, lack the functional 
side groups of alamethicin and, as depsipeptides, also lack 
every other nitrogen atom of the peptidie proton donor 
The enmatins, in fact, contain none because the remaining 
nitrogen groups are blocked by N-methylation Con- 
sequently, these compounds, as compared with the homo- 
detic peptide, alamethicm, can form no more than half 
the number of peptide hydrogen bonds between rings of 
the type which stabilize the «-helx of linear proteins It 
is therefore conceivable that within the constraimts 1m- 
posed by the anisotropic hydrocarbon chams of the bilayer 
the additional mtermolecular hydrogen bonds of ala- 
methicin aid the development of aggregates of tubular 
form resembling phage tail cores 

At present the sumplest mterpretation of the fact that 
the kinetic order and moleculanty of the reaction are both 
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hexameric would be that the potential varies the con- 
centration of alamethiem monomers and metal ions in the 
hydrocarbon region to form hexameric conducting units 
Because the conductance varies as the sixth power of the 
10n1¢ strength even when extrapolated to zero voltage the 
conducting configuration 1s probably stabilized in part by 
iomie or 10n dipole mteractions as well as hydrogen 10n 
bonding. Within this formulation EIM and alamethicin 
would differ only in having free energies of opposite sign 
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a 
for [the"monomer—hexamer tiansition, the former nor- 
mally resting ın the hexameric form, the latter ın the 
monomeric form 

The oligomers may exist in several alternative bond 
states which could account for the polarized nature of the 
conducting system If the hydrogen bonds were polarized 
from donor to acceptor, as they are m «a-helices, they would 
he m a particula: direction across the membrane and a 
reversal of the field might cause a reversal of bond polar- 
ization which could explain the observed decrease in 
transient conductance This could occur with the existing 
set of channels or involve a complete dissembly of one set 
and reassembly of another set from the opposite side of 
the membrane In addition, or as an alternative, the side 
groups might be similarly polarized or exist mm a number 
of mter- or intra-molecular (chelate) bond configurations 
(see Fig 4), or the rmgs may be stacked with their peptide 
bonds lying in the same or alternatıng senses around the 
rings, or the atoms of adjacent rings could be located m 
several alternative registers 

The idea of reversible bridge formation by an aggregate 
of six 1ons under the control of the membrane potential 
has already been suggested by Hodgkin and Huxley as 
one possible basis for action potentials ın nerve? If we 
agree with them and make the following three assump- 
tions, we can account quantitatively for the chief features 
of the chemical and electrokmetic findings 

(1) In the absence of a large phase boundary, resting 
or apphed membrane potential, the alamethicin molecules 
(Al) are primarily absorbed as monomers or possibly 
aggregates of a non-conducting type to the two pola 
regions of the bilayer In addition to the counterion of 
the carboxyl group a fraction of the rmgs carry an extra 
cation (Met) sequestered by the peptide carbonyls of the 
ring giving the total co-ordmation complex a net positive 
charge. Only this fraction forms conducting oligomers 
This accounts for the fact that a positive voltage on the 
side of the membrane to which alamethicin has been 
added mduces a larger mcrease m conductance than a 
negative voltage and that the conductance is a function 
of the 1on1c concentration to the stxth power 

(2) An applied or resting potential, or an merease of 
the phase boundary potential caused by changing ab- 
sorbates, 10ns or hpid, drives the monomers [MetAl] from 
the positive side into the hydrocarbon region where they 
aggregate as hexameric tubular channels, carriers or other 
aggregate form of a conducting nature (Me+Al), Because 
of these complex dynamics the distinction between carrier 
and channel concepts becomes blurred 

(3) The mtra-oligomerie bonds are polarized in one 
direction or the other normal to the plane of the membrane 
according to the sign of the potential The polarization 
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sign, indicated by an arrow in equation (1), also dictates 
the direction of assembly and dissembly of the oligomer 
No transfer of monomers takes place from one polar region 
to the other, presumably because the oligomers are formed 
by sequential apposition of polarized monomers from only 
one side or because secondary lipid re-arrangements block 
this movement 

These assumptions can be represented by the following 
simplified reaction scheme 
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Dnne le Sa es ky 
[Me*Al]n <=> n[Me+Al] <5 n[MetAl] E n[Al] + n[Me*] 
k pY 7 ae 


The concentiation of positively charged alamethicin 
monomers located ın the polar region at zero potential 
[MetAl] ıs related to the concentration of metal ions 
[Met] in the aqueous phase and alamethicin [Al] in the 
polai region by 


Kı: [Met] + [Al] = [Me+Al] (2) 


where K,,=k,/ke 18 the dissociation constant of the metal 
ion—alamethicin complex For simplicity, equation (1) 
neglects the distribution constant for [Met] between 
aqueous and polar regions as well as the dissociation and 
polymerization side reactions which may go on 1n each of 
the three regions 

The fraction, p, of the charged monomers, [Me*Al]], 
driven from the polar region into the hydrocarbon region 
by the potential, V, 1s given by 


p = kel (ks+ ka) (3) 
m which k, k, are the rate constants for the transition 


ito and out of the hydrocarbon region and are of the 
form 
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ky, ky = A exp Esa + 2115 V/RT (4) 
where E, Æ, are the activation energies ın kcal/mol for 
the forward and backward transitions, z 1s the valence of 
the monomer, A 1s the collisional frequency constant and 
V is the membrane potential The concentration of 


oligomers, or channels, 1s then 

[MetA]] = ([MetAl]p)" K; « (5) 
where K,,=k,/k, 18 the equilibrium constant for the 
formation of channels from the monomer The membrane 
conductance, Gm, as a function of the potential, the con- 
centration of alamethicm im the aqueous phase and the 
concentration of monovalent cations in the aqueous phase 
aie then given by 


Gm = Gy + Gar Ks o ([Met] [Al] K; : p)” (6) 


where G, 1s the mtrmsie conductance of the bilayer in 
the absence of alamethicm and Ga 1s the conductance of 
the mdividual alamethicin ohgomer. 

With most hpids, kk, so that at low concentrations 
of alamethicin the resting conductance 1s equal to G, 
because there are only a few conducting oligomers. In 
this case 1t 1s sufficient to deal with one side of the reaction. 
scheme only At higher concentrations, ohgomers of both 
polarization signs appear at zero potential and those of one 
sign will be dissembled by the voltage while those of the 
opposite sign are simultaneously assembled The experi- 
ments indicate that n=6 m all conditions exammed 
so far, including variations of lipid composition, tempera- 
ture and pH, and that k,<k, so that excess Met can still 
regulate the concentration of [MetAl] 
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Some examples are calculated and compared with the 
experimental data in Fig 5 At low voltages the experi- 
mental values deviate from those predicted by equation 
(6), perhaps because the profile of the surface potential 
which determmes the resting conductance 1s different 
from the potential profile caused by the applied voltage 

The model assumes a causal relation between the high 
order of the conductance versus concentration and that 
of the conductance versus voltage functions This relation 
could be fortuitous and the channel closure could occur 
without disaggregation, for example, as a result of the 
statistical operation of six series gates formed by the 
glutamic residues blockmng the ung opening through 
chelate formation But, m this event, additional and 
tather unlikely hypotheses would have to be introduced 
to account for the fact that the rates of gate operation 
also depend on the sixth power of the concentration of 
alamethicin Moreover, the state of low conductance 
approaches the intrinsic value of the conductance of the 
bilayer itself and, while this condition is easily met by 
total channel dissembly, m its absence effective rmg 
blockage would be required 

Within the framework of this model alamethicin re- 
sembles an allosterie protem ın which the observed 
co-operative and modifier-substrate effects result from 
configurational changes which mvolved oligomeric sys- 
tems Protamine and possibly the potential may act as 
allosteric modrfiers of the 1onie (substrate) conductance 
by controlling the monomer—oligomer transition, a typical 
hgand effect in regulatory enzymes This effect of prot- 
amune represents a type of chemical control over the 1on1¢ 
gating mechanism which might be elaborated into a 
mechanism for actively pumping ions against an electro- 
chemical gradient Compounds containmg high energy 
phosphate are common ligands of allosteric systems and 
ın appropriate conditions a single phosphorylation 
reaction might induce the bond reversal or other oligo- 
meric re-arrangement discussed earher Because of the 
bond constraints in such systems perturbation of a 
terminal bond in a linear oligomer could sweep over the 
entire structure causing the vectorial ejection of 5 to 10 
ions against an 10n gradient 

In fact, three lines of experimental evidence indicate 
a close relation between 10n gates and ion pumps First, 
both are ion handling systems showing the same 10n 
discrummating capabilities! known to occur only with 
macrocyche compounds, and both seem to manipulate 
an unusually large number of 1ons (5 to 10) per elementary 
eycle!*, Second, as with alamethicin m bilayers, 10n 
pumps show homotropic ionic co-operative effects, hetero- 
tropic modifier-substrate mteractions and large entropy 
changes characteristic of allosteric systems!®14 Finally, 
prelmmary data suggest some chemical similarities Ton 
pumps, phosphorylation reactions and the membrane 
properties of alamethicm or EIM are modified by chlor- 
promazine and promethazıne® 1315, basic proteins?.?*, ata- 
brine and octyl guamidine??’, all at concentrations of a 
few ug/ml Fmally, 1on pumps may be composed of 
fivet! or six?® molecular sub-units The sub-umits of both 
may have molecular weights of a few thousand and are 
exopeptidase msensitive!*, rmplymg again that both con- 
tain rmg compounds or blocked termmal groups as m 
gramicidin 

An allosteric gate-pump mechanism for regulating 10n 
movements across bimolecular lipid membranes may pro- 
vide a system for carrymg out cellular energy trans- 
formations because 1b has been shown im cells that electron 
transport, oxidative phosphorylation and 10n movements 
are closely coupled?* Hugh energy electrons mm the redox 
system, high energy phosphate bonds ın ATP and the 
electrochemical energy of a transmembrane ion gradient 
can be taken as three equivalent energy forms which are 
mterconverted in a symmetrical manner by the gate- 
pump system Six reversible energy transformations 


719 


would then be predicted and the evidence suggests that 
all six have been observed. Thus either high energy 
electrons?! or ATP™ can generate an ion gradient, or an 
10n gradient can reduce the cytochromes”? or form ATP? 
and the cytochromes can generate ATP!’ où ATP can 
reduce the cytochromes** The energy per ion varies with 
the electrochemical gradient but is usually 2 to 10 times 
smaller than the chemical energy units, that 1s to say, 
ATP or redox step The system, however, mamtains a 
high efficiency by transporting five or more ions per unit 
of chemical energy This unusual stoichiometry requires 
a special molecular machinery to couple the disparate 
energies efficiently The 1on handling and polarization 
properties of alamethicm suggest that a cyclopeptide 
hexamer sequestermg six 1ons and capable of cychng 
between conducting and non-conducting states of polar- 
wed configuration could supply the necessary coupling 
machinery It would be necessary only for the same con- 
figurational cycle to be duced by each of the three 
energy forms Because of the mutual bond constramts ın 
the oligomer a change induced im the bond state of one 
monomer, for example, by phosphorylation or a valence 
change of Fet+ to Fet++, could drive the entire oligomer 
into an alternative configuration of higher energy through 
a series of consecutive reactions across the membrane 
Conversely, because the bond energy in each monomer 1s a 
function of all the others, such a system may provide a 
way to lead off the configurational energy of the entire 
oligomer through one of 1ts monomers to form a high 
energy phosphate bond These distributive charac- 
teristics would be particularly suitable for coupling reac- 
tions operating at different levels of unit energy as dıs- 
cussed earlier Conformational states?5 of cyclopeptide 
oligomers may therefore satisfy the requirements for 
the unknown metabolic ntermediates®* often designated 
as X, Y and ~X, ~Y Ifso, then excitability phenomena, 
active transport processes and the key steps m the 
utilization of respiratory and radiation energy, that 1s, 
oxidative and photosynthetic phosphorylation, would all 
result from related modes of operation of a common 
mechanism located ın cell membranes 

We thank Dr George B Whitfield, jun , of the Upjohn 
Company, for the alamethicin 
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THe finding that plasma cell tumours secrete a homo- 
geneous protem, thought to be identical to a normal 
immunoglobulin produced m excess, has made ıt possible 
to determine the ammo-acid sequence of the hght chain 
sub-unit of the whole molecule!-°. Sequence analysis of 
light chams isolated from mice bearmg several types of 
tumours reveals that approxumately half of the molecule 
has a constant structural identity and that there are 
variations m sequence throughout most of the other 
half At least three hypotheses have been proposed to 
explam the molecular mechanism by which immuno- 
globuhns arise ın vwo (a) Half of a smgle gene for 
antibody synthesis undergoes mutation durmg somatic 
development*~?, (b) a single species of messenger RNA 
1s misread durmg translation*, and (c) the potential to 
produce antibodies of varying specificity ıs mherited in 
multiple genes, and antigens actrvate those genes appro- 
pnate for the synthesis of specific smmunoglobulins® 

In an attempt to test these hypotheses, we first 1e- 
ported?" that new species of RNA appeared in the mouse 
spleen after moculation with sheep red blood cells (SRBC) 
The presence of this RNA was detected m vtro by 
hybridization with mouse DNA In further experiments, 
we sought to determine whether the formation of new 
species of RNA by the mouse was a non-specific response 
to ummunuization, or whether separate and distinct RNAs 
appeared after ummunization with separate and distinct 
antigens 

Peritoneal exudate cells (pe cells) were obtamed from 
B,AF, mice (Jackson Laboratories, Bar Harbor, Maine) or 
CD-1 mice (Charles River, Wilmington, Mass) Each of 
approximately 100 mice was myected intraperitoneally 
with 3-thioglycollate broth (Difco) Three days later the 
muce were killed and the peritoneal cavity of each mouse 
was rinsed with 5 ml of Eagle’s medium (Grand Island 
Biologicals, without added serum) containing 100 v of 
pemecillin, 50 pg of streptomycin and 0 5 v of heparm/ml 
The cells were centrifuged gently at 4° C and resuspended 
in fresh medium with the addition of 001 mCi/ml of 
tritiated uridine (Schwarz Bioresearch) Antigen was 
addedt, as mdicated in the legends to the figures, and the 
cells were incubated m medium for 1 h at 37° C in a water 
bath equipped with a shakmg device 

After meubation the cells were centrifuged and the 
RNA was extracted from the pellet by the warm phenol 
method! DNA was extracted!* from the spleens and 
thymus glands of B,4F, mice and after heat denatura- 
tion was immobilized on membrane filters (‘Millipore’)8 
Hybridization occurred when the labelled RNA dissolved 
in 25 ml of 2xSSC (SSC ıs 015 M sodium chloride and 
0 015 M sodium citrate) was incubated with a filter con- 
taining DNA for 20 h at 65°C After meubation the 
filters were washed by passing 50 ml of 2xSSC in 
one direction and then 50 ml of fresh 2 x SSC in the other 
direction The filters were then treated with 25 pg of 
RNase (Worthington, bowled before use) in 25 ml of 
2x SSC to remove non-specrfically bound RNA” and then 


* Permanent address Institute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy of Sciences, Prague, Czechoslovakia 

t We realize that some species of RNA may be present ın amounts too 
small to be detected by molecular hybridizations and that “new” species 
may represent an increase in such species The term “new” 18 used for 
convenience only 

{In general terms, a foreign material becomes an antigen only if rt 
stimulates the formation of antibody In these experiments, we did not 
determine whether the cells exposed to “antigen” would eventually form 
antibody, hence the term “antigen” 1s used for convenience 


The behaviour of peritoneal cells in producing different species of 
RNA after exposure to different antigens is consistent with the idea 
that the potential to produce antibodies of varying specificity ıs 


washed agam. Scintillator (PPO, POPOP, toluene) was 
added to the dried filters and the remaining radioactivity 
was determined in a Packard “T'm-Carb’ hquid scintillation 
counter Peritoneal cells were separated into two popula- 
tions—those which adhered to glass (more than 99 per 
cent macrophages) and those which did not adhere to 
glass (more than 95 per cent lymphocytes) The entire 
population was suspended ın Eagles medium and m- 
cubated ın glass bottles for 3h At the end of the meuba- 
tion period, the cells which did not adhere to the glass 
were removed by decantation The cells which adhered 
were washed gently with fresh medium. Antigen was 
incubated with the adhering population for 1 h at 87°C, 
after which RNA was extracted as described previously 

The cells which failed to adhere to glass were centrifuged 
gently and resuspended m fresh medium The population 
was then mcubated at 37° C for 1 h with antigen before 
RNA was extracted 

In studies mvolving molecular hybridization a satura- 
tion plateau results when mcreasmg amounts of labelled 
RNA are added to a fixed amount of DNA in conditions 
which allow the formation of RNA DNA hybrids. This 
plateau ıs reached when all the available sites for hybrid- 
ization m DNA are occupied with complementary species 
of RNA The number of counts which remain complexed 
with the DNA after removal of non-hybridized RNA 18 
an index of the number of different molecular species of 
RNA which are present in the preparation It ıs mde- 
pendent of the specific activity of the preparation of 
RNA used for hybridization studies (A representative 
member of each species of RNA hybridizes to 1ts comple- 
mentary site, and so other members of that species are 
washed away ‘The specific activity of each molecular 
species may differ, so that the specific activity of the 
whole preparation may vary for a wide range without 
affecting the cpm which remam with the filter after 
incubation with saturatmg amounts of labelled RNA ) 

The basis of an important control, mvolving cells 
incubated without added antigen, 1s the ability of un- 
labelled RNA to compete with labelled RNA for sites of 
hybridization This capacity for competition between 
two RNAs ıs an indication of the number of molecular 
species of RNA in common in the two preparations 
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Fig 1 Hybridization of labelled RNA from peritoneal exudate cells 
exposed to SRBC Cells were incubated for 60 min at 37° C in 25 ml 
of Eagle’s medium contaming 250 z0: of tritiated undime and 08 mi 
of a 10 per cent suspension of SRBC Control cells were incubated 
without SRBC Labelled RNA from these cells was incubated with 
membrane filters contaming 20 wg of DNA for 24 h at 65°C After 
incubation the filters were washed, treated with RNase, and washed 
again They were then dried and counted RNA from peritoneal exudate 
celis exposed to SRBC contained 3,300 cpm jag RNA from control 
cells contained 2,710 cpm/ug A, RNA from peritoneal exudate 
cells incubated with SRBC @, RNA from peritoneal exudete calls 
meubated without SRBC 
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Similarly, the relative capacity of two unlabelled RNAs 
to compete with one preparation of labelled RNA ıs an 
index of the number of molecular species m common 
between the two unlabelled preparations. 

When filters contammg mouse DNA were meubated 
with mereasmg amounts of RNA, a plateau was reached 
which was higher when the RNA was isolated from peri- 
toneal exudate cells that were exposed to SRBC (Fig 1) 
This suggested that peritoneal exudate cells mcubated 
with SRBC formed species of RNA that were not actively 
synthesized by control cells Experiments were carned 
out imvolving competition between labelled RNA from 
cells exposed to SRBC and unlabelled RNA from cells 
meubated with or without added sheep cells The results 
(Fig 2) mdicate that unlabelled RNA from stimulated 
cells was a more efficient mhibitor than was RNA from 
unstimulated control cells 

To determine whether different species of RNA formed 
afte. peritoneal exudate cells were exposed to different 
antigens, we carried out a series of reciprocal competition 
experiments between labelled and unlabelled RNAs from 
cells exposed to one antigen and labelled and unlabelled 
RNAs from cells exposed to a second antigen 
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Fig 2 Competition toi sites of hybridization by unlabelled RNA 
from either SRBC-eaposed or control peritoneal exudate cells Tritiated 
BNA (40 ug) from peritoneal exudate cells exposed to SRBC was 
incubated as described with membrane filters contaimng 20 ug of 
DNA and varying amounts of unlabelled RNA from either control 
cells or cells exposed to SRBC After incubation the filters were treated 
as described previously A, Unlabelled RNA from peritoneal exudate 
cells meubated with SRBC @, Unlabelled RNA from peritoneal 
exudate cells incubated without SRBC 
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Wig 8 Competition for sites of hybridization by unlabelled RNA 
from either SRBC or CRBC-exposed cells 4, Tritiated RNA (40 ug) 
from peritoneal exudate cells exposed to SRBC was incubated with 
filters containing 20 zg of DNA and varying amounts of unlabelled 
RNA from cells exposed to either SRBC or CRBC B, Other filters were 
incubated with 40 ug of labelled RNA from peritoneal exudate cells 
exposed to CRBC and varying amounts of unlabelled RNA from the 
same pools of either SRBC or CRBC-exposed cells A, Unlabelled 
RNA from peritoneal exudate cells incubated with CRBC @, Unlabelled 
RNA from peritoneal exudate cells incubated with SRBC 


Pools of labelled or unlabelled RNA were prepared 
from peritoneal exudate cells exposed for 1 h zn vetro to 
either SRBC or chicken red blood cells (CRBC) Filters 
contammg mouse DNA were incubated with labelled RNA 
prepared from cells exposed to SRBC and with increasing 
amounts of unlabelled RNA from cells exposed to either 
SRBC or CRBC Other filters were meubated with 
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Fig 4 Competition for sites of hybridization by unlabelled RNA from 
cells exposed to either SRBC or E coh A, Tritiated RNA (50 yg) 
from peritoneal exudate cells exposed to SRBC was incubated with 
filters contaimng 20 zg of DNA and varying amounts of unlabelled 
RNA from celis exposed to either SRBC or E coh B, Other filters were 
ıncubated with 50 ug of labelled RNA from peritoneal exudate cells 
exposed to E cols and varying amounts of unlabelled RNA from the 
same pools of cells exposed to either SRBC or E coh A, Unlabelled 
RNA trom peritoneal exudate cellsincubated withSRBC @, Unlabelled 
‘A. from peritoneal exudate cells incubated with # cols 


labelled RNA isolated from cells exposed to CRBC and 
increasing amounts of unlabelled RNA from the same 
pools obtained from cells exposed to either SRBC or 
CRBC The results (Fig 3) mndicate that unlabelled RNA 
fiom specifically stimulated cells was a more efficient 
competitor for sites of hybridization than was unlabelled 
RNA from non-specifically stimulated cells. Sımılar results 
were found with RNAs from SRBC and cells stimulated 
with E cols (Fig 4) 

An additional control experrment with cells incubated 
without antigen was performed Filters contaming mouse 
DNA were meubated with a fixed amount of unlabelled 
RNA from cells exposed to either SRBC or CRBC and 
increasing amounts of labelled RNA from cells exposed to 
SRBC. The results (Fig 5) mdicate that unlabelled RNA 
from specifically stimulated cells was a more effective 
competitor for sites of hybridization than was unlabelled 
RNA from non-specifically stimulated cells The fact 
that unlabelled RNA from cells exposed to CRBC also 
competed suggests that many of the species of RNA 
in the two preparations were the same 

These findings strongly suggest that some similar and 
some distinct species of RNA appeaied after peritoneal 
exudate cells had been exposed to different antigens 
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Hig 5 Competition for sites of hybridization by unlabelled RNA 
from cells exposed to either SRBC or CRBC Unlabelled RNA (120 ug) 
from cells exposed to either SRBC or CRBC was incubated for 24 h 
at 65°C with filters contaiing 20 xg of DNA Control filters were 
incubated without added RNA After incubation the filters were 
washed and varying amounts of labelled RNA from peritoneal exudate 
cells exposed to SRBC was added ‘The filters were then meubated 
for an additional 24 h and washed | Labelled RNA contamed 12,600 
cpm ug 
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Fig 6 Hybridization of labelled RNA from peritoneal exudate cells 


which adhered to glass Cells were exposed to SRBC for 60 min in 

the presence of tritiated uridine After incubation the cells were washed 

and RNA extracted Control cells were incubated without SRBC. 

Varying amounts of labelled RNA were added to filters contaming 

40. ug of DNA A, RNA from cells exposed to SRBC, 10,450 e p m /ug 
@, RNA from control cells, 6,300 c p m jug 


Peritoneal exudate cells were separated nto populations 
which adhered or failed to adhere to glass Labelled or 
unlabelled RNA was extracted from both kinds ur cells 
after meubation with antigen. Reciprocal competition 
experiments were performed between RNAs from cells 
exposed to either SRBC or CRBC. Similar experiments 
were performed between RNAs from cells exposed to 
SRBC or E cola 

Cells which adhered to glass as well as cells which failed 
to adhere to glass synthesized new species of RNA expo- 
sure to antigen (Figs 6 and 7) Different species of RNA, 
however, were not found when the adhering cells were 
incubated with different antigens (Table 1) Also, different 
species of RNA were not found after adhering cells had 
been exposed to either SRBC or E cola On the contrary, 
different species of RNA were detected after the non- 
adhering cells had been exposed to either SRBC or CRBC 
(Fig 8). Similar results were obtamed when non-adhering 
cells were exposed to either SRBC or F. cole 

The role of these antigen-stimulated species of RNA m 
the immune response remains to be determmed They 
were detected m cells which did not adhere to glass (con- 
sisting predominantly of lymphocytes) One of the prinei- 
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Fig 7 Hybridization of labelled RNA from peritoneal exudate cells 


which did not adhere to glass Cells were exposed to SRBC for 60 min 

in the presence of tritiated uridine After incubation RNA was ex- 

tracted, and hybridization was performed as described A, A 

from cells exposed to SRBC, 7,100 cp mize @, RNA from control 
celis, 6,100 c p m jag 
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Table 1 HYBRIDIZATION OF RNA FROM OELLS WHICH ADHERED TO GLASS 
IN THE PRESENCE OF COMPETING RNA 


Labelled RNA from Percentage hybridization with com- 
cells exposed to Experiment peting RNA from cells exposed to 
SRBC CRBC 

SRBC 1 35 36 

(4) 2 44 42 

8 32 82 

CRBC 1 26 27 

(B) 2 45 46 

3 37 36 


Each experiment was performed as a competition for sites of hybridization 
between labelled and unlabelled RNAs from the cells after incubation with 
antigen (A) Competition between labelled RNA from adhering cells exposed 
to SRBC and unlabelled RNA from adhering cells exposed to either SRBC 
or CRBC, (B) Competition between labelled RNA from adhering cells 
as 2 he and unlabelled RNA from either of the same two pools 
used in 

Peritoneal exudate cells from CD-1 mice were incubated in Bagle’s medium 
for 3 h at 37°C ın glass bottles After incubation the non-adhering cells 
were removed and the adhering cells were tncubated for an additional hour 
with either SRBC or CRBC Labelled RNA from such cells was prepared in 
a sumilar manner except that 01 mCi/ml of tritiated uridine was added to 
the incubation medium ‘The results of three separate experiments are given 
Labelled RNA (20 ug) and at least 180 ug of unlabelled RNA were used ın 
each experiment The filters contained 20 wg of DNA 


pal functions of lymphocytes ıs the synthesis and release of 
antibody. Thus the species of RNA formed ın these cells 
may play an essential part in antibody formation Cells 
which adhered to glass, consisting of more than 99 per 
cent macrophages, synthesized new but not antigen- 
specifie species of RNA. 

Gottlieb et al 14 reported that immunogenic RNA. from 
macrophages which formed a complex with phage was not 
unique for a given antigen This RNA was thought to be 
present in the cell before the addition of phage antigen Our 
findings—namely, that the adhermg population formed 
new, but not different, species of RNA—are consistent 
with this report It 1s reasonable to suppose that the new 
species we detected are devoted to other cell functions, 
such as the formation of degradative enzymes Others 
have examined the immunogenicity of RNA-antigen com- 
plexes Askonas and Rhodes! and Friedman et al? 
concluded that a trace of the origial antigen was present 
m the RNA fractions active m stimulating an ummune 
response ın vtro Youmans and Youmans" reported that 
RNA extracts of tubercle bacilli stimulated mmunity 
when administered to normal mice before challenge 
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toneal cells which did not adhere to glass Cells from the suspension 
used in the experiment reported in Fig 7 were incubated for 1 h with 
either SRBC or CRBC as desertbed 4, Labelled RNA (30 ug) from 
non-adhering cells exposed to CRBC was incubated with membrane 
filters containing 10 g of DNA from the spleens of mice and imcreasing 
amounts of unlabelled RNA from cells exposed to either SRBC or 
CRBC B Labelied RNA (30 ug) from non-adhermg cells exposed to 
SRBC was incubated with membrane filters contaming 10g of DNA 
from the same preparation used im (4) and increasing amounts of 
unlabelled RNA from the same pools used in (4) 


Reports from several laboratories dicate that RNA 
with properties of messenger converts otherwise normal 
cells to specialized function. Adler et al #* found that RNA 
from rabbit peritoneal cells of A4/A4 allotype exposed 
am viro to antigen converted non-mmmune cells from rabbits 
of 45/A5 allotype to form an antibody which was inacti- 
vated by anti-44 antiserum. Segal et al =° and Mansour 
and Niu” reported that uterme tissue from mmature rats 
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was converted to a form which looked hke tissue that was 
stimulated by oestrogen after ıt was exposed to RNA 
from mature rat uter: Fuju and Villee?* found similar 
results with RNA from androgen-stimulated tissues. In 
both laboratories the preparations were thought to be 
free of residual hormone. Cohen et al. reported that 
RNA from spleens of 1mmunized mice converted a small 
proportion of non-1mmune cells to a form producing 
antibody The actavity of the RNA extracts was un- 
affected by proteases and amylases Thus ıt may be that 
two types of intercellular strmulatory effects occur an 
effect based on RNA which 1s associated with antigen, and 
an effect based on mformation contammg RNA free of 
antigen. 

On the basis of these experrments, we can make two 
additional suggestions on the origm of antigen-stimulated 
RNAs (l) The proportion of peritoneal lymphocytes 
which responded am vtro to antigen was probably large 
It is unlikely that sufficient unique RNA to have been 
detected would have arisen from the few stem cells which 
responded to antigen (2) The mformation for the syn- 
thesis of these RNAs was present m a large proportion 
of normal mouse DNA The DNA used ın these exper- 
ments was obtained from non-mmune mice These results 
are most consistent with the hypothesis that the potential 
to produce antibodies of varying specificity 1s mherited 
and not acquired through mutational processes thought 
to occur throughout somatic development Further 
evidence for this pomt rests on the demonstration that 
these unique species of RNAs are messengers for the 
synthesis of ummunoglobulins 
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Toxicity of Pyrrolizidine Alkaloids 


by A new class of metabolite, with a pyrrole-like structure, has been 


A. R. MATTOCKS 
Toxicology Research Unit, 
MRC Laboratories, 
Woodmansterne Road, 
Carshalton, Surrey 


CERTAIN pyrrolizidine alkaloids, such as heliotrme (I), 
lasiocarpine (II) and retrorsine (IIT), have long been 
known. to cause chronic liver poisoning ın animals, and 
the pathology has been well described’? Progressive 
liver damage has been induced expermmentally in rats by 
single doses of certain alkaloids*4 

Usually the most hepatotoxic alkaloids are cyclic 
duesters, lıke retrorsine (ITI) and senecionme (IV) Higher 
doses of lasiocarpine (II) and still more of hehotrine (I) 
are needed to give simular effects, while supinme (V) ıs 
even less hepatotoxic? Some alkaloids, especially fulvine 
(VI) and monocrotalme (VII), frequently cause lung as 
well as liver lesions*-® 

In contrast to the pathological studies, very little 
progress has been made ın elucidating the mechanism by 
which these alkaloids exert their toxic effects A require- 
ment for hepatotoxicity seems, eter alia, to be the 
allylic ester function? Thus rosmarime (VIII), platy- 
phylhne (IX), and the ammo-alcohol retronecine (X), 
among other alkaloids, are not hepatotoxic Culvenor, 
Dann and Dick® have suggested that the “toxic reaction” 
with cell constituents 1s an alkylation, based on the known 
tendency of the allylic ester group to undergo alkyl- 
oxygen fission 

These alkaloids, however, are not notable as alkylating 
agents, and ther chemical reactivity 1s usually of a low 


demonstrated in the tissues of animals poisoned by pyrrolizidine 
alkaloids. There is some correlation between the degree of hepato- 
toxicity and the amount of “pyrrole” found in the liver 
has been found of the types of reactions such metabolites might 
undergo with tissue constituents. 


Evidence 


order, being limited to hydrolysis of the ester linkages 
and to readily reversible N-oxidation. The N-oxides 
display a toxicity which 1s similar to, but sometimes 
weaker than, that of the corresponding bases Neither 
the alkaloids nor their N-oxides respond ın normal condi- 
tions to tests for alkylating agents, such as those employmg 
4(p-nitrobenzyl)pyridme® or 4-picoline!® Nevertheless, 
it ıs hard to see how the alkaloids could exert their toxic 
effects without undergoing reaction with cell constituents. 
The chemically unreactive hepatocarcinogen dimethyl- 
nitrosamine (XI), the early effects of which on the liver 
are very similar to those caused by the pyrrolizidine 
allaloids1, 13 known to be metabolized to a reactive 
alkylating species which methylates proteins and nucleic 
acids wn vwo!? It ıs tempting to suppose that those 
pyrrohzidine alkaloids which damage the liver are also 
metabolized ın that organ to a highly reactive nter- 
mediate. Some of this metabolite might m certain condi- 
tions be transported to the lungs or beyond This has 
been suggested’ as an explanation for the lung lesions 
caused by fulvine 

We have found evidence of metabolites from certam 
pyrrohzidine alkaloids which can be demonstrated ın liver 
and other tissues after the alkaloids themselves have 
ceased to be detectable This evidence, and the nature 
and type of reactivity of such metabolites, is discussed here. 
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HO CHOH “chemical pyrroles” Usually, “chemical pyrioles” ae 
j only formed from alkaloids which have unsaturation m 
$ CH the basic moiety, that 193, a 3-pyrrolme rmg This struc- 
3N N—NO tural feature ıs also present m all tho markedly hepato- 
CH;~ toxic alkaloids It has now been found that similar (but 
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A procedure for the spectrophotometric determination 
of unsaturated pyrrolidine alkaloids, recently described?, 
mvolves dehydrogenation of the alkaloids—by treating 
ther N-oxides with acetic anhydride—to pyrrole-hke 
derivatives which give colours with a modified Ehriich 
reagent (4-dimethylammobenzaldehyde) An example ıs 
the conversion of retroisine N-oxide (XII) to (XUI) 
Derivatives like (XIII) will for convenience be termed 


rats dosed with pyrrolizidine alkaloids by the formation 
of mauve or magenta colours after warming with Ehriich 
reagent Such colours are not given by the alkaloids 
themselves or by thew N-oxides 


Pyrroles in Urine 


While measuring exciotion of bases and N-oxides in 
the urine of rats which had been injected intraperitoneally 
with pyrrolizidme alkaloids using the new estimation 


Me CHOH Me CHOH 
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procedure??, ıt was found that the urme gave a magenta 
colour when treated with Ebrlch reagent, and 1t was 
established that this was caused by metabolites of the 
alkaloids (my unpublished work), The alkaloids and 
ther N-oxides did not undergo chemical decomposition 
to pyrrole derivatives when incubated for several days 
with rat urme Similar pyrroles were not found im the 
urine of rats the livers of which had been damaged by single 
doses of dimethylnitrosamime (grven mtraperitoneally) or 
by mtravenous beryllium sulphate The “metabolic 
pyrroles” did not give reactions characteristic of urobilino- 
gen or porphobilinogen™* 


Table 1 RECOVERY OF ALKALOID AND METABOLITES FROM URINE OF 6 x 150 G 
MALE RATS GIVEN RETRORSINE, 60 MG/KG, INTRAPERITONEALLY 


lime atter dosing Percentage recovered 
1, 


Alkaloid N-oxide “Pytroles” 
0-35 86 108 41 
3 5-7 09 12 30 
7-24 11 13 63 
24-48 OL 02 18 
Totals 107 135 142 


Results are percentage of dose given, calculated as alkaloid 


With all the pyrrolizidine alkaloids tested, excretion of 
unchanged alkaloids and of N-oxides after mtraperitoneal 
injection was rapid and had almost fimshed withm 24 h 
Excretion of “metabole pyrroles” varied with the alkaloid, 
but they usually reached a maximum a little later than 
the alkaloids and N-oxides Typical figures for retrorsine 
are givenin Table 1 The amount of “metabolic pyrroles” 
excreted ıs of the same order as the amounts of unchanged 
alkaloids and of N-oxide ‘Metabolic pyrroles” excreted 
m the urme of animals given other alkaloids aie listed in 
Table 2 Like the “chemical pyrroles”, they formed red 
derivatives ın the presence of strong acids 

That the “metabole pyrroles” were not the same as 
the “chemical pyrroles” derived from the same alkaloids 
was evident from differences in the absorption spectra 
of the colours formed with Ehrlich reagent The curves 
were always similar, but they were displaced ın wavelength 
by a few millmuicrons (Fig 1) “Metabolic pyrroles” 
from hepatotoxic alkaloids always showed a shift to 
higher wavelength compared with the “chemical pyrroles’’, 
whereas the non-hepatotoxic rosmarmine showed a 
shght drop in wavelength Similar wavelength shifts 
were observed with “metabolic pyrroles” formed an vitro 
(below) 


Pyrroles ın Organs ın vivo 


When rats were dosed, orally or intraperitoneally, 
with retrorsine (III), then killed after various times, ıt 
was possible to detect “metabolic pyrroles” m several 
organs, but especially in the liver The simplest way was 
to chop the tissues into small pieces, rmse them ın water 
and in ethanol, homogenize them in absolute ethanol 
and centrifuge the homogenate The alcoholic liquor 
gave practically no Ehrlich reaction The residue was 
shaken with a modified Ehrlich reagent containing more 
acid than the usual reagent to overcome the buffermg 
action of the tissues, then heated for 1 or 2 min at 80°-95° 


Table 2 


“Pyrroles” in urine 
Percentage of 


Rough relative Dose of dose excreted 
Alkaloid hepatotoxicity alkaloid given as “pyrroles” 
(mg/kg) m 24h 

Retrorsine (111) t+bett 60 124 
Retrorsine N-oxide (XII) +++ 60 36 
Monocrotaline (VIT) +++ 60 67 
Senecionine (IV) +++e+ 60 71 
Tasiocarpine (IT) Fett 60 85 
Hehotrine (T) ++ 150 21 
Supine (V) + 150 12 
Rosmarimine (VIII) 0 66 83 
Retroneeme (X) 9 200 02 


This table is explained in the text 
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Fig 1 Absorption spectra of colours from Ehrlich reagent and “pyrrole” 

derivatives 4, “Metabolic pyrrole” from lasiocarpine, B, “metabohe 

pyrrole” from rosmarimine, C, “metabolic pyrrole” from retrorsine, 

D, “chemical pyrrole” from retrorsine The “metabolic pyrroles” were 
from rat urme samples 


C (The reagent contamed 3 g of 4-dimethylaminobenz- 
aldehyde ın 60 ml of absolute ethanol and 40 ml of 14 
per cent methanolic boron trifluoride ) The reagent was 
decanted and replaced with clean ethanol The presence 
of pyrroles was shown by a mauve colour m the suspended 
solids and often in the decanted reagent In these condi- 
tions, the liver of a rat given 30-100 mg/kg of retrorsine, 
and killed 0 5-12 h later, was stamed mauve, whereas a 
control liver (untreated animal) was colourless The 
colour was detectable 5 mun after dosmg, reached a 
maximum probably between 2 and 5 h, and decreased 
until ıt was barely detectable at 45 h (Fig 2). 

Another method of demonstrating the colour ın hver 
was to make thin slices, fix them m alcohol and heat them 
for a few minutes m the Ehrlich reagent, which was then 
replaced with clear alcohol This gave strongly coloured 
slices fiom retrorsine-treated animals compared with 
almost colourless controls The colour was also visible 
ın sections prepared in the freezing microtome, but the 
intensity was not sufficient for ıt to be used as a histo- 
chemical stam 

The metabohte ın liver responsible fo1 the Ehrlich 
reaction was demonstrable after the fresh tissue had been 
stored in a deep-freeze for at least 2 weeks, and also in 
ethanol-fixed slices or m ethanolic homogenates after a 
simular time That ıt was firmly bound to tissue con- 
stituents was shown by the failure either of ethanol or of 
isotonie aqueous media to extract 1+ from hver to any 
great extent 

An attempt to determme the distribution of “metabohe 
pyrroles” in subcellular liver fractions was made as 
follows A male rat was given retrorsine (140 mg/kg), 


“MFTABOLIC PYRROLES” FROM A NUMBER Ok PYRROLIZIDINE ALKALOIDS, DETECTED IN RAT URINE AND LIVER tn vivo AND IN LIVER SLICES in vitro 


100-120 g male rats used 
“Pyrroles” in liver wn vwo “Pyrroles” in liver shees a vitro 


In medium 
Dose of Mauve (based on 
alkaloid given colour In slices absorbances 
(mg/kg) {2-5 h) at 570 my) 
50 b+ + +++ + 38 
60 + ttt 21 
60 t+ + 13 
50 +t + 
100 +++ tettt 63 
250 + + 10 
250 + + 12 
200 0 +++ 17 
250 8 o 0 
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Pig 2 Build-up of Ehrheh-positive material m liver of rats injected 
with retrorsine (80 mg/kg) and killed after various times, Based on 
visual estimates of colour intensity. 


intraperitoneally, and killed 1 h later. The liver was 
homogenized and fractionated m ice cold 0 3 M sucrose" 
Each sohd fraction was treated with absolute ethanol and 
centrifuged, and the residues were heated with the modi- 
fied Ehrich reagent Mauve colours were observed ın all 
the solids and in the reagent liquors from the debris 
(including nuclei) and microsomal fractions (Amax 570 my) 
The solid debris and microsomal fractions were stained 
more strongly than the mitochondria or soluble proteins 
The ethanol supernatants gave no Ehriich reactions 

Other pyrrolizidine alkaloids also gave rise to ‘“meta- 
bole pyrroles” m the liver, as shown ın Table 2 Some 
correlation between the strengths of colour and the 
hepatotoxic potency of the alkaloids 1s apparent in most 
cases Luivers of rats treated with comparable doses of 
dimethylnitrosamine showed no colour with Ehrlich 
reagent 

“Metabolic pyrroles” were sometimes detected in other 
organs The lung was the principal organ affected The 
colour, though much weaker than that in the liver, some- 
times persisted after the liver colour was no longer 
apparent The staming of the heart, spleen and kidneys 
(but not the small mtestine), 4 h after a large dose of 
monocrotaline, showed that the metabolite could be 
retamed m these, too, m small amounts It may be 
pointed out that renal lesions have been found ın rats 
given monocrotaline®, while slight changes in the spleens 
and possibly hearts of rats were found after fulvine 
poisoning® 


Formation of “Metabolic Pyrroles” in vitro 


The stamuing of livers taken from animals dosed with 
pyrrolizdine alkaloids could be reproduced ın vitro, usmg 
liver slices from normal rats Slices (about 0 25 g) were 
shaken at 37° C in 2 ml of Krebs Ringer phosphate** con- 
taining glucose (0 3 per cent w/v), but no added co-factors, 
in an oxygen atmosphere The alkaloids (500 ug) were 
added to the medium After 3-5 h the medium was 
decanted and the shces were washed with alcohol and 
heated with the modified Ehrhch reagent ın the way 
already described, and colour changes were observed The 
aqueous media were diluted with alcohol, centrifuged, 
and the supernatants heated with Ehrlich reagent In 
most cases, colours similar to those of the slices were 
observed, and rough quantitative comparisons could be 
made (Table 2) Pyrroles were not formed by portions 
of lung tissue in similar conditions 


“Chemical Pyrrole” Derivatives 


The analytical method for determmmg unsaturated 
pyrrolizidine alkaloids! mvolves dehydrogenation of the 
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alkaloids by heating their N-oxides with acetic anhydride 
This was extended to a preparative scale with modified 
conditions. Retrorsme N-oxide was treated at 50° C 
with acetic anhydride for 1-2 min, then with excess 
methanol contaming sodium carbonate for 5 min Among 
the products was a petroleum-soluble fraction which was 
shown by chemical, chromatographic, infrared, nuclear 
magnetic resonance and mass-spectrographic evidence 
(which will be described elsewhere) to be a mixture (1) of 
(XIV), (XV) and (XVI) Aqueous alkaline hydrolysis of 
(1) converted (XIV) to (XV), leavmg a mixture (u) con- 
taming (KV) and (XVI) Both the mrxtures (1) and (1) 
gave strong Ehrlich reactions and decomposed instantly 
m acids to give red polymers 


or! CH, OR? 


N 


XIV R! = CH; ,R? = CH;CO 
or R? = CH; ,R! = CH3CO 


XV R! =CH; ,R? =H 
or R? = CH; „R! = H 


XVI Rİ = R? = CH; 


The toxicities to rats of mixtures (1) and (u) are sum- 
marized ın Table 3 Itis apparent that (1) 13 a powerful 
toxin, acting directly on the tissues with which 1t comes 
into contact Because (1) 1s less toxic than (1), 16 seems 
that the principal toxic component is (XIV) The non- 
toxicity of these mixtures when given orally 1s under- 
standable, for probably the compounds are rapidly decom- 
posed on contact with stomach acid 


Table 3 TOXIC HFFEOTS OF SINGLE DOSES OF SEMI-SYNTHETIC “PYRROLE”’ 
MIXTURES IN MALE RATS 


Route of administration and dose range 


Oral Intraperitoneal Intravenous 

Mixture 40-80 mg/kg 25-60 mg/kg 20-40 mg/kg 
(1) No action Severe localirritation, Lung damage at 4-5 weeks 
Peritonitis typical of that caused 


by monocrotaline and 
fulvine 


(a) = — No action 


The course of poisoning and the striking pleural effusions 
seen at post-mortem in rats given a single intravenous 
dose of (1) are of particular significance, because they 
closely resemble those seen im rats 4-5 weeks after a 
single dose of monocrotaline or fulvine’ The pathology 
will be deseribed m detail elsewhere (unpublished results 
of Barnes, Butler and Mattocks) 


Implications of the Results 


The results summarized in Table 2 show that certain 
metabohtes formed ın vwo from a number of pyrrolizidine 
alkaloids have the followmg properties (a) They give 
magenta colours with Ehrlich reagent (b) In ther re- 
actions with acids and ım the spectra of the Bhrheh 
derivatives they are sumilar to, but not identical with, the 
“chemical pyrroles” which can be prepared by dehydro- 
genating the same alkaloids (ce) The “metabolic pyrroles” 
are partly excreted in urme, but some are also bound 
strongly to the tissues of the liver and to a decreasing 
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extent, the lung and other organs, for 48 h or more after 
bemg formed (d) With the exception of rosmarinine 
(which ıs discussed later), there ıs a rough correlation 
between the hepatotoxicity of the alkaloids* and the 
amounts of pyrroles to which they give rise am vwo 

The followmg hypothesis 1s consistent with these 
results The alkaloids themselves are not hepatotoxic A 
proportion of the alkaloid (depending on its structure) 1s 
metabolized in the liver (by a process amounting to 
dehydrogenation) to a pyrrole-lke derivative which has 
one or more highly reactive (electrophilic) centres m 
addition to 1ts pyrrole-hke properties This metabolite 
reacts rapidly with certain nucleophile tissue con- 
stituents, both soluble and imsoluble, forming “bound 
pyrroles” ın which the high reactivity 1s lost but the 
pyrrole function remains Soluble “bound pyrroles” are 
either elimmated m urine or possibly adsorbed on local 
macromolecular sites A proportion of the reactive meta- 
bolte may be carried ın the bloodstream to the lungs or 
beyond, to react and form “bound pyrroles’? ın these 
organs 

Thus the metabolites detected in the urme and ın the 
tissues of animals poisoned with pyrrolizidime alkaloids 
are soluble and insoluble “bound pyrroles”, respectively 

That the “metabolic pyrroles” consist of covalent com- 
pounds of alkaloid metabolites with various tissue 
constituents 1s not yet proved, but there 1s good cireum- 
stantial evidence The present results can be compared 
with the early experiments of Miller and Miller!’?, who 
found that metabolites of the carcinogen p-dimethyl- 
aminoazobenzene were bound tightly to cellular con- 
stituents m the liver 

Clues to the chemical nature of the reactive metabolite, 
and of any “‘toxic reaction” which 1t might undergo with 
tissue constituents, are provided by expermments with 
“chemical pyrrole’? derivatives The cytotoxicity of 
compounds of type (XIV) has particular significance for 
the hypothesis that pyrrole-hke derivatives are respon- 
stble for pyrrolizidine alkaloid toxicity Of special ım- 
portance 1s the observation that a single dose of the 
mixture (1) (XIV+XV+XVI), administered intraven- 
ously, can cause a delayed lesion in the chest of the same 
kind as that produced by a single larger dose of fulvine 
or monocrotaline given by mouth A severe irritant effect 
1s evident after mtraperitoneal admumustration, and this 
may indicate that the pyrrole derivative does not survive 
long enough to reach the liver by the blood stream 
What might be the local effect ıf only a small amount 


* Designations of hepatotoxicitv are necessarily crude, being derived from 
results from various sources Short-term LDs, figures, where available, are 
not necessanly a reliable guide to chronic hepatotoxicity’, so designations of of 
the latter are rather based on comparisons of the doses of different alkaloids 
usually stated to be needed to produce typical long-term effects ın rats 
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of a simular compound were to be released metabolically 
within the liver cell can be appreciated 

The mode of preparation of the mixture (2) mdicates 
the ease with which methanol and acetate (CH,COO-) can 
react with (probably) (XIII), with loss of the original acid 
moiety of the alkaloid The ester groups ın retrorsine 
(IIT) are relatively resistant to hydrolysis by acyl-oxygen 
fission In contrast, the ester linkages in (XIII) can be 
broken by unimolecular alkyl-oxygen fission, and thus 
rendered highly reactive, bemg unaffected by the steric 
hmdrance associated with the Sy2 reaction It 1s empha- 
sized that both the ester groups of a diester alkaloid can 
be thus activated when the 3-pyrroline ring 1s converted 
to a pyrrole rng This is ulustrated by the reaction of 
the nucleophiles X- and Y- with the pyrrole derivative of 
a diester alkaloid (XVII) to form (XVIII) and then (XIX) 
(not necessarily ın that order) In (XIX), both X- and 
Y- have been “alkylated” by the pyrrole moiety, which 
can thus be regarded as a bidentate alkylating agent 
The special properties attributed to (XVII) are paralleled 
by the behaviour of 2-hydroxymethyl pyrroles (XX) 
Silverstein ef al1819 found it xumpossible to prepare 
derivatives of these alcohols, owing to their ability to 
form resonance-stabilized cations (XXI) (ref 20) Also 
comparable are the «-hydroxy amines (pseudo-bases)** 
(XXII), in which the hydroxy group ıs unusually labile 
for stmilar reasons, and can exchange with alkoxy groups 
m mud conditions In fact, the hydroxymethyl pyrrole 
derivatives can be regarded as conjugated pseudo-bases 
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the esters of which, as exemplified by the “chemical 
pyrroles”, are accordingly highly reactive Seen m this 
light, 1b 18 possible that, ın certain conditions, “alkyla- 
tions” caused by such pyrroles may be reversible. (This 
again might suggest possibilities for mterference with 
biochemical systems } 

Another unusual feature of this system ıs the further 
possibilty of reaction of electrophilic groups at the 
a-position of the pyrrole rng This is a normal reaction 
of pyrroles, and the Ehrlich reaction ıs an example. Thus 
(XVIII) could react with an aldehyde to give (XXTIT) 
Side effects of this would be to stabilize the alkylation 
bond to X, and also to de-activate the alkylating abihty 
of the remaining ester group, as well as to prevent the 
subsequent detection of the derivative with Ehrlich 
reagent 


x CH, O.COR? 


R 


XXIV 


There 1s direct evidence that the “chemical pyrroles” 
can act as alkylating agents The mixture (1), mentioned 
earlier, and also (XIII) and similar derivatives (but not 
the parent alkaloids or N-oxides), give positive reactions 
as alkylatmg agents usmg 4(p-nitrobenzyl)-pymdine® or 
4-picoline!*, In addition, prelummary experiments have 
shown that (XIII) reacts with bases such as cyclohexyl- 
amine, pyrrolidine and guanosine to form compounds 
which give coloured Ehrlich derivatives the absorption 
maxuna of which are higher than that of the starting 
material, and similar to the “metabolic pyrroles” Thus 
the elevated Amax of “metabolic pyrroles” compared with 
the corresponding “chemical pyrroles” could be the result 
of sunilar alkylation-type reactions im vivo 

The alkaloid rosmarmme (VIII) presents an unusual 
case Although the concentration of “metabolic pyrroles” 
found m urme is usually an mdication of the amount 
of reactive metabolite mitially formed in the hver, ıb 18 
the “bound pyrroles” m liver and other tissues which are 
more likely to be of importance ın accounting for the 
toxicity of the alkaloids Thus, although rosmarmine 
gives rise to large amounts of urmary “pyrroles”, no 
“bound pyrroles” are found in the liver ın vwo, and this 
could account for the lack of hepatotoxicity of this 
alkaloid (The “bound pyrroles” found ın liver slices 
treated with rosmarmine wm vitro (Table 2) may result 
from differences m metabolism between the two systems, 
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or to the lack of a flushing blood flow in the slices.) 
Furthermore, the pyrroles from rosmarmine differ from 
those from other alkaloids, such as the related senecionine 
(IV), as shown by the differences m the absorption 
maxima of ther Ehrlich derivatives This might be due 
to the retention of the §-hydroxy group im the pyrrole 
ring, giving rise to tautomeric forms (XXIV) and thus 
considerably reducing the alkylatmg power of the ester 
groups 

The gradual disappearance of “bound pyrroles” from 
tissues may be accounted for in several ways Adsorbed 
pyrroles might be slowly eluted Covalently bound py:- 
roles might be removed, either by a reversal of the 
alkylation reaction or through breakdown of the tissue 
constituent Alternatively, the pyrrole function might 
be metabolically removed, leaving a smaller fragment 
attached to the tissue constituent, or 1t may react with 
an electrophilic group, as mentioned earlier Thus, 
because no colour reaction can be obtamed ın liver 
tissue after, say, 48 h, this does not necessarily mean that 
no fragment of the alkaloid molecule remains The 
Ehrhch reaction 18 an msensitive test for trace amounts, 
and final residues may m any case be Ehrhch-negative 

Emphasis has been placed on pyrroles, because these 
can be detected easily Evidence connecting these with 
alkaloid hepatotoxicity, though strong, 1s, however, cır- 
cumstantial the phenomena occur at the same time 
More work will be needed to further establish the con- 
nexion The possibility of other, undetected metabolites 
must not be overlooked 

I thank Dr J. M Barnes for valuable discussions, Dr 
W H Butler for help with the pathology, Dr Francesco 
De Matters for carrying out tests for naturally occurring 
pyrroles, Dr L Keefer, Mr James Loo and Dr W. Liyinsky 


(Chicago) for help with NMR and mass spectra, B A J 
Alexander and C R Kennedy for technical assistance, 
and B W Street for the hver fractionation 


Received January 8, 1968 


1Davidson, J , J Pathol Bact , 40, 285 (1935) 

*Bull,L B ‚and Dick, A I,J Pathol Bact , 78, 483 (1959) 

3 Schoental, R ,and Magee, P N,J Pathol Bact ,'74, 305 (1957) 
“Schoental, R ,and Magee, P N,J Pathol Bact , 78, 471 (1959) 


2 Bey M , Magee, P N, and Schoental, R, J Pathol Bact , 88, 521 
s Hayashi, Y, and Lalich, J J, Proc Soc Exp Brol and Med , 124, 392 
7 Schoental, R , Nature, 179, 361 (1957) 
®Culvenor,.C C J, Dann, A T,and Dick, A T , Nature, 195, 570 (1962) 
° Epstein, J , Rosenthal, R W , and Ess, R J, Anal Chem , 27, 1435 (1955) 
1° Bender, D F , Sawicki, E ‚and Wilson, R N , Analyst, 90, 630 (1965), 
11 Magee, P N , Proc Roy Soe Med ,§9, 751 (1966) 
12 Magee, P N ,and Farber, E , Brochem J ,83, 114 (1962) 
13 Mattocks, A R , Anal Chem , 39, 443 (1967) 


4 Schwartz, S , Berg, M H , Bossenmaier, I , and Dinsmore, H , Methods of 
Buochemical Analysis, 8, 221 (Interscience, New York, 1960) 


18 Witschi, H P „and Aldridge, W N , Biochem J (in the press) 


36 Umbreit, W W_, Burris, R H , and Stauffer, J F , Manometrie Techniques, 
149 (Burgess Pubi Co , Minneapolis, 1957} 


17 Miller, E C ‚and Miller, J A , Cancer Res ,7, 468 (1947) 


18 Silverstern, R M , Ryskiewicz, E E,and Chakin,S W,J Amer Chem 
Soc , 76, 4485 (1954) 

19 Ryskiemez, E E, and Silverstein, R M, J Amer Chem Soc , 76, 5802 
fel 


20 Baltazzi, E ,and Krimen, L I, Chem Revs , 63, 525 (1963) 
2. Robinson, G M ,and Robinson, R , J Chem Soc , 532 (1923) 


NATURE VOL 217, FEBRUARY 24, 1968 729 


diffraction pattern gave only limited information about 
the unit cell parameters and space group of any individual 
unknown mineral The possibility of using such restricted 
L ETTE RS TO TH E E D ITO R data to identify mimeral species rests on the fact that 
many mmerals develop pronounced and specific faces, 
either by growth or cleavage, so that different fragments of 


the same mineral tend to he m a common orientation, 
and thus to exhibit the same type of single crystal diffrac- 


PLANETARY SCIENCE tion pattern in the electron microscope The match 
between patterns from terrestrial olvme samples and 
Occurrence of Olivine in a Type l those from olivine ın Orgueil was good, but ıt was clearly 


: desirable to put the identification on a firmer basis, 1f 
Carbonaceous Meteorite possible, by obtaining for a single mineral particle the 
A REPORT of the discovery of olivine ın the Orgueil full complement of unit cell parameters and the space 
carbonaceous meteorite! aroused considerable scepticism?4 group 

The identification was based on selected area electron A Phihps #M-300 electron microscope equipped with 
diffraction patterns obtamed from two mineral fragments a goniometer stage made it possible to take diffraction 
observed during an electron microscope exammation of a patterns over a wide range of crystal orientations and thus 
powdered meteorite specimen Because, with the electron to re-create virtually the entire reciprocal lattice of an 
microscope in use at that time, ıt was only possible to unknown mineral The Philips goniometer stage permits 
examine particles ın the orientation which they had tilt through +60° and rotation through 360° The 
arbitrarily taken up on the specimen support film, each rotation axis comeices with the centre of the specimen 


' ° 
> 








ʻ d 


Fig 1 Selected area electron diffraction patterns taken at different orentations of an olivine crystal from the Orgueil meteorite The tilt 
4X18 common to all four patterns coincides with the a* axis of the reciprocal lattice Angles of tilt relatrve to the normal specimen plane are 
a, ~25°, b, 0°, c, $12°, and d, +23° The mnermost powder ring is the 2 338 A reflexion of the alamimum standard 
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grd, but an important advantage of this goniometer 
stage 1s that the tilt axis can be adjusted to mtercept the 
electron optic axis for any position on the grid Thus the 
crystal remains stationary m the field of view durmg 
changes in tilt orientation, so that 1b 1s possible to observe 
the diffraction pattern directly m the microscope while 
the orientation 1s changing Both tlt and rotation are 
motor-driven. For this study, the anti-contammation 
device was in operation, for photographmg patterns over 
a full range of orientations can result m the crystal bemg 
wradiated for up to 1 h durmg which considerable con- 
tamination, with consequent deterioration of the df- 
fraction pattern, would occur The blades of the anti- 
contamination device restricted the range of tilt angles 
from +60° to +45° This was not, however, a real 
disadvantage, for, at the extreme angles of tilt, the path 
length for electrons through a crystal, which 1s commonly 
flattened in the direction perpendicular to the microscope 
grid, became so great that the beam was almost entirely 
absorbed 

During a recent examination of a sample of the Orgueil 
meteorite a series of patterns was obtamed from an 
irregularly shaped fragment approximately 2u m diameter 
Four of these patterns are shown in Fig 1 The single 
crystal reflexions are produced by the unknown mmeral 
and are superimposed on a powder pattern caused by the 
alumimium film used both to support the specymen and 
as a, built-in diffraction standard for determmuing the scale 
of the unknown patterns By measuring the patterns 16 
was possible to construct reciprocal lattice sections 
parallel to the electron beam All reflexions can be fitted 
to an orthorhombic network corresponding to a unit cell 
with parameters of 469+010 A, 6 04+0 01 A and 1033 
+008 A. Followmg the conventions of Donnay* these 
are designated as the c, a and b axes, respectively. 

The next stage in the identification is the elucidation 
of space group data from systematic absences among the 
reflexions These are listed in Table 1 


Table 1 CONDITIONS FOR APPEARANCE OF REFLEXIONS 


Reflexion Condition Conclusion 
Akl No conditions Primitive cell 
hkO k=2n b, Ghde plane parallel to (001) 
hol Not observed 
Okl No conditions 
00 h=2n* Two-fold screw axis along <100> 


* Reflexions, visible on some patterns, with 4542n are caused by double 
diffraction brought about by dynamical interactions 


The possibility must be considered that the condition 
observed for 00 reflexions 1s a special manifestation of 


a more general condition and two such conditions are 
given in Table 2 


Table 2 MORE GENERAL CONDITIONS WHICH COULD LEAD TO OBSERVED 
200 CONDITION 


Reflexion Condition Conclusion 
hol h=2n a, Ghide plane parallel to (010) 
hol A+1=2n n, Glide plane parallel to (010) 


Space groups which fulfil these observational require- 
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group of olivine ıs Pmnb The values of the unit cell 
parameters correspond to an olivine with 40-45 per cent 
fayalite which falls near the top of the olrvine compositions 
observed in type II carbonaceous meteorites! It should 
be poimted out that olivine has never been observed as a 
contamunant m this laboratory 

The significance of olivme m a type I carbonaceous 
meteorite 1s that ıt 1s necessary to postulate a high 
temperature (that 1s above about 500° C) stage for at least 
a small fraction of the meteorite and this seems to be 
mecompatible with suggestions that such a meteorite 1s 
identical to primitive, unaltered cosmic material’-> It 1s 
concluded that type I meteorites resemble those of type 
IT m that they are largely mechanical mixtures of minerals 
with different thermal histories®:§1¢, This mixing must 
have occurred after the aqueous reaction stage necessary 
to explam certam other mmeralogical features of the 
carbonaceous meteorites!-3.11 

I thank Professor J D Bernal for advice and encourage- 
ment and Dr G F Clarmgbull for the specimen of Orgueil 
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Composition of the Optically Active 
Fraction of a Texas Petroleum 


Hills and Whitehead have mvestigated the optically active 
components of Nigerian, Libyan, Kuwaitian and Iranian 
crude oils? ~The enriched optically active fractions from 
these sources have been found to contain pentacyclic 
triterpanes and, furthermore, they seem to be made up 
essentially of the same components, although m varying 
proportions We have found that these generalizations 
also seem to be true for the optically actave material 
from a Texas petroleum 

Louis?‘ has isolated an optically active saturated solid 


ments are P2,ab, P2,nb, Pmab and Pmnb The space hydrocarbon mixture (purest sample «p= +36°) from a 
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Fig 1 Part of a chromatogram of the optically active fraction isolated from the Mirando crude o1l with added n-CssHess 148 ft glass capillary 
of 6 Olin mner diameter, coated with SE 52silicongum Carrier gas hydrogen at 250°C Flameionization detector Solvent peak (cyclohexane, 
not shown) appears at 2 min 11 8 after imection 
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fraction (bollmg range 162°-191° C at 001 mm) of the 
crude oil from Mirando A sample of this maternal was 
chromatographed on a capillary column in the same 
conditions as the optically active fraction origmating 
from the Nigerian ol (Fig 1, and ref 1, Fig 5), the 
stationary phase used was, however, SH 52 instead of SH 
30 sihcon gum 

By co-mjection of a mixture of the two optically active 
materials (on a glass column 148 ft x001 m mternal 
diameter, coated with SE 52, t, 250° C) ıt was shown that 
the Nigerian fraction caused peak enhancement of the 
chief components marked! H, B, D (and/or E, and pos- 
sibly I), J (and/or F), G, M, N and O (Fig 1) 

The mass spectra of the material, using 1omzation 
potentials of 15 and 70 eV, are given im Fig 2 Comparison 
of the peak intensities ın the two conditions showed, 
notably, that the two most prominent ion masses, that 
is, 398 and 412 m/e, are molecular ions These peaks 
correspond to pentacyclic hydrocarbons of the formula 
Carso and CsoHes respectively It ıs further seen that 
the fragment at 191 m/e 1s of relatively nigh mtensity 
particularly at 70 oV This fragment is considered to be 
characteristic of triterpanes®’ and ıs found, for example, 
m the followmg components of the Nigerian fraction! 
E and F (promment masses at 413 and 191 m/e), and D 
(promiment masses at 398 and 191 m/e) 
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Fig 2 Mass spectra of the optically active fraction isolated from the 
Mirando crude oil, measured with an ionization potential of 15 and 70 eV, 
respectively 


The large degree of comcidence of the gas chromato- 
graphic and mass-spectral data 1s also exhibited by the 
nuclear magnetic resonance spectra, The ratio of the 
methme plus methylene protons to the methyl protons 
has been found to be equal to about one for the Mirando 
sample 

This evidence suggests that the optically active fractions 
from the Texas petroleum, and those from the African 
and Middle Eastern crude oils exammed previously, 
may have, qualitatively, a largely sımılar composition 
The proportion of the various components seems, however, 
to vary In particular, J and F are found only m small 
amounts m the Mirando sample mvestigated Similar 
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observations were made for the fractions originating from 
Libya and the Middle East, as compared with the Nigerian 
petroleum! It should, however, be remembered that the 
method of isolation used by Louis?4 differed from that 
of Hills and Whitehead!. Further work ıs needed to 
determine the extent to which the quantitative differ- 
ences observed are analytically significant. 

We thank E V Whitehead for carrymg out the gas- 
liquid chromatographic analysis of our samples and for 
comparing the results with those reported in ref 1. 
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Composite Minor Intrusions in 
South Eastern Snowdonia 


ComMPosITE minor mtrusions were first recognized in 
North Wales by Beavon1, who described a series of sills 
between 5 and 300 ft thck which are ccncordantly 
emplaced among lower Caradocian Glanrafon Slates 
outcropping on the eastern limb of the Arddu syncline 
(Fig 1) The sills have features which characterize them 
as composite minor intrusions as defined by Bailey and 
McCallien?. 

Mapping m the area to the north west of Blaenau 
Ffestiniog (Fig 1) has shown that the mtrusions Beavon 
described are part of a more extensive suite which outcrop 
from the Glaslyn estuary to the neighbourhood of the 
Crimea Pass, between Blaenau Ffestiniog and Dolwyd- 
delan They are emplaced among a great plexus of 
dolerite sheets which surround the mud-Caradocian 
voleanie ring structure of south-central Snowdonia?4 

The composite mtrusions of the north eastern part 
of the area differ substantially from those described by 
Beavon and from most composite sheets of the Bntish 
Tertiary province and elsewhere First, the basic margins 
of the sills vary in thickness between 0 and 150 ft even 
within a single mtrusion, whereas the basic margins of 
the Tertiary composite intrusions are usually thin (2-6 
ft) and remarkably constant even where there are local 
irregularities m the form of the intrusion’ 

Second, the acid components of the two largest sills 
leave thew basic envelopes, by lateral failure of the 
basic margins in the case of the Allt Fawr sill and by 
transgression of the acid core of the Llyn Coch sill to 
form a dyke m the overlying rocks (Fig 1) 

These intrusions afford a unique opportunity to examme 
the behaviour of the acid magma both withm and 
outside its envelope of basic rocks Their basic margins 
are usually identical to the augite dolentes which 
are well documented throughout North Wales*-* The 
acid cores are made up from fine grammed, equigranular 
granodiorite, or flow banded and spherulitic quartz 
latite which are both chemically and muneralogically 
similar to massive quartz latite mtrusions which 
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mvade the Moelwyn Volcame Series, about 1,000 ft 
stratigraphically below the composite sills? The acid 
member ıs not chilled agamst the dolente, although 
the acid rocks contain sporadic xenocrysts of plagioclase 
like the feldspar in the basic margins The dolerite, how- 
ever, often possesses a fine grained margm where ıb is m 
contact with the acid rock This margmal rock is riddled 
with secondary quartz, feldspars are nghly decomposed 
and origmal pyroxene ıs converted to chlorite and acicular 
amphibole Its appearance suggests metamorphism 
by the acid member rather than chillng m the manner 
envisaged by Walker and Skelhorn’! Lower contacts 
between the acid member and the dolerite are straight 
but thm and regularly spaced acid vems with matching 
contacts which penetrate downwards into the basic rock 
along me:pient jomts Small, subangular xenoliths of 
dolerite are aligned parallel with the contacts m the lower 
few fect of the acid member of the sills At upper internal 
contacts, the dolerite frequently lobes downwards into the 
acid core Sometimes the lobes are completely detached 
and form xenoliths with crenulate margins In the Llyn 
Coch sill flow, banding in the acid core sweeps upwards 
towards the dolerite roof from opposite directions, 
diverges and then runs parallel with the contact Where 
the flow, bands sweep upwards and bifurcate, the dolerite 
sags into the negative area between them At the pomt 
of bifurcation the’number of vesicles m the acid rock 
rapidly dimmushes, suggesting that the discharge of 
volatiles at such pomts may have contributed to the 
upward flow of heat energy responsible for the local 
reomorphism of the overlymg dolerite 

Where the acid cores of the large Allt Fawr and Llyn 
Coch sills leave their basic envelopes, there are rapid 
changes ın texture, grain size and in the style of contact 
metamorphism adjacent to the mtrusions Where the 
core of the Allt Fawr sill lies within its dolerite envelope, 
it 1s made up from fine gramed, equigranular grano- 
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Simplified geological map to show the location of composite mnor intrusions in south eastern Snowdonia 
dolerite, black, quartz latite, dots Cambrian, uncrnamented, Lower Ordovician, broken lines, 
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diorite As the envelope thins, and finally disappears out, 
the acid core becomes finer grained and passes mto flow 
banded and spherulitic quartz latite The Llyn Coch 
sul, emplaced at a higher stratigraphical level, has a 
core of flow banded quartz latite Where the acid member 
leaves 1ts envelope and transgresses into the overlying 
sediments the rock becomes nodular The size and fre- 
quency of the nodules increase rapidly away from the 
dolerite envelope Blake et alë have suggested that m 
mixed acid/basic intrusions the presence of the basic 
magma increases the mobility of the acid magma They 
infer that the mereased mobility is brought about by 
heat exchange between the hotter basic and the cooler acid 
magma ‘The behaviour of the acid components in these 
composite sills supports this suggestion in that there was 
a marked increase ın the viscosity of the acid magma 
where ıb left its warm dolerite envelope and where 
crystallization of the acid component was apparently 
more rapid A consideration of metamorphism adjacent 
to the composite intrusions suggests that the retention of 
volatiles also played an important part in mcreasmg the 
mobility of the magma withm the basic envelope Adja- 
cent to the dolerite envelopes of the composite mtrusions, 
metamorphism of the country rocks ıs sımılar to that 
associated with ordmary dolerite mtrusions m the same 
area The shaly sediments are baked and have resisted 
cleavage Minutely spotted adimole ıs developed around 
the thick basic margins of the Llyn Coch sill and above 
the upper dolerite of the Allt Fawr sill Where the acid 
components of the sills leave their basic envelopes the 
style and extent of metamorphism change rapidly 
The sediments above the acid member of the Allt Fawı 
sill are heavily spotted with chloritic pseudomorphs 
after cordierite for 150 ft above the mtrusion ‘The style 
of metamorphism reflects only that component of the 
sills which 1s ın contact with the country rocks The more 
extensive metamorphic aureole above the cooler acd 
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member of the Allt Fawr sill suggests that volatile stream- 
ing into the surrounding sediments played an important 
part ın metamorphism and that even a thm basic envelope 
prevented volatiles escapmg from the acid member 
It seems likely that the retention of volatiles was important 
im maintainmg higher mobility of the acid magma within 
its basic envelope 

Blake et al® have suggested that in the formation of 
mixed acid/basic intrusions, acid magma mobilized at 
depth by rising basic magma rapidly prevents the con- 
tinued rise of basic material Thus the basic margins 
of composite intrusions tend to be uniformally thin 
The unusual thickness of the basic margins of these 
intrusions can be explained by assuming that mobilization 
of the acid member took place more slowly so that corre- 
spondingly more basic material rose to a high level. There 
18 some indication of a time lag between the arrival of 
basic and acid components m that merpient jomts formed 
m the lower basic margins before the acid magma was 
emplaced The crenulate basic xenoliths in the upper 
parts of the acid cores of the sills can be shown to have 
been derrved from the upper dolerite margins The 
occurrence of such xenoliths has been cited as evidence 
of the simultaneous liquidity of acid and basic magma’! 
The contrasting behaviour of the dolerite at the upper 
and lower internal contacts in the Snowdonian imtrusions 
suggests that the basic magma had become sufficiently 
viscous to fracture before the acid magma arrived 
Upward flow of heat energy and probably discharge of 
volatiles at the acid/basic mterface caused partial reo- 
morphism of the dolerite, giving mse to lobe structures 
and in extreme cases to detached xenoliths within the 
acid hosts 

The composite sills of south eastern Snowdoma demon- 
strate conclusively that acid and basic magmas existed 
simultaneously ın the Caradocian volcanic province of 
North Wales The basic component of the sills 1s 1dentical 
m every way to the dolerites with which they are spatially 
associated This suite of dolerites has been mterpreted 
as belonging to the mid-Caradocian (Snowdon Volcanic 
Series) igneous cycle?*, and 1t seems likely that the com- 
posite minor intrusions belong to the same phase of 
activity The acid cores of the intrusions, however, 
have much closer affinities with the sodic quartz latite 
intrusions associated with the lower Caradocian Moelwyn 
Volcanic Series than with the dommantly potassic rocks 
of the Snowdon Volcanic Serres What 1s more significant 
1s that the composite intrusions have much the same lateral 
extent as the quartz latites which outcrop about 1,000 
ft below them It ıs possible that basic magma, rising 
through the already emplaced quartz latite sills, remelted 
portions of them and that the reconstituted acid magma 
rose to higher levels and was emplaced among the dolerites 
Elsewhere, away from the quartz latite sills, the basic 
magma was emplaced as a suite of simple dolerites 
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Radial Distribution Functions from 
Small Packings of Spheres 


Scorr! has derived a radial distribution function from a 
packing of about 1,000 spheres by measurmg the Cartesian 
co-ordinates of each sphere and calculating the mdrvidual 
distribution functions of each of a group of 25 spheres 
known to be ın the centre of the packmg These 25 
separate distribution functions were averaged to give the 
final result Clearly the edge of the packmg imterferes and 
limits both the maximum radial distance to which the 
distribution function can be determmed and the number 
of centres that can be found sufficiently far from this 
edge An improvement would be to use all the spheres in 
the packing as centres and to correct the distribution 
function obtained for the effect of the edge A maximum 
separation equal to the diameter of the packing would be 
obtainable together with better statistics in the histogram 
Alternatively, results sumilar to those of Scott! could be 
obtamed from packings of half the lmear size containing 
only about 125 spheres. 

If ıt 1s assumed that the packing 1s spherical in shape, 
with radius Rmax, that 1b 1s homogeneous and of density 
Po centres per unit volume, and if the radial distance of 
the distribution function 1s 7, then all spheres withm a 
distance of (Rmax —1) from the centre of the packing will 
have complete shells of neighbours within the radius r and 
so no correction need be applied. The spheres between 
(Emax —r) and Rmax are the ones that do not have com- 
plete shells of radius r and a correction factor (F') has to be 
applied for these This factor will be the ratio of the 
number of pairs that should be observed to the number 
that actually are observed and will be a function of 
(r/R max) given values of r and Rmax 

For an infinite packing the number of sphere centres in 
an elemental shell between r and (r+ 8r) from a central 
sphere 18 


4rr* p(r) dr 


where o(7) 18 the radial distribution function For a centre 
at a distance R from the centre of a packing of limited 
size the apparent value of p(r) will be less than the true 


Pertmeter 
o 


packing 





Fig 1 A section through a spherical packing of radius Rmaz The centre 
at a distance R from the packing centre only has a partial shell of neigh- 
bours at a distance r 
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value because part of the shell will le outside the packmg and 
(Fig 1) The fraction will be the ratio of the area of the R: 
cap of the sphere, radius r, mside sphere radius Rmax, to f= ——- 
the total area of the sphere radius r Thus the apparent 2R 
density from the centre at Fis 

Integration gives the same correction factor as before 





ba (r+2) 
patr) = plr) =o m 16 
where ee (y—2)?(y + 4) 
g 2R When y=0 there 1s no edge effect and F=1 When y=1, 


F=32 When y=2 the pair separation equals the 
diameter of the packing and F=. 

The co-ordinates of Scott!, corrected by Bernal and 
with a few additional mmor corrections, were analysed in 


The number of centres ın an elemental shell, thickness 
SE and at a distance R from the centre of the packing to 
which pa,x(7) pertains, 18 





4nR* ÈR po this way The packmg density was calculated for spherical 
Thus the apparent density pa(r) taken over the whole samples of increasing radius cut from the packing (Fig. 2) 
packing will be The actual volume of solids withm this radius was deter- 
mined by calculating the volume of the spheres totally 
eater) = i (number of centres) p.4,R(r) withm the radms and adding the nner sphere segments of 
0 total number of centres those spheres intersecting the radius The edge of the 
j packing was determined by the radial dıs- 
(Rmax—r) Remax r+a tance at which this packing densit: an 
Ic SRT parkad a 4nR* poplr) = AR to decrease rapidly S ie 
= A spherical sample, radius 15 0 mm and 
| m: aR? pa AR containing 536 spheres, was taken from the 
packmg and the separation of every pau 


of spheres determıned The uncorrected 

Because pa(r) 1s the apparent density observed for the radial distribution function was determmed for intervals 
packing of limited size, the correction factor (F) by which of 0 05 sphere diameters. The correction factor was then 
tho experimental density has to be multiplied to give the evaluated and applied for each of these intervals and the 





true distribution function 18 result reduced to the average value for one sphere by 
division by 268 and normalized by division by 4nr%8r 
Z e(r) where r was the radial distance and dr the ınterval width 
pa(r) in diameters (0 05 in this case). 
7 The results are shown ın Fig 3 and they remforce the 
I z ( ) ves observations of Scott!. The structure of the peaks can, 
n tng pale) and substring y Rmax 8: however, be more clearly seen. The peak at 1 0 diameters 
1s very sharp as would be expected for hard spheres but 
Pe 16 the peak between 1 7 and 2 018 curiously square The other 
(y— 2)*(y + 4) peaks slowly merge into the contmuum at about 5 5 
diameters 
When r>Rmax, there can be no core of centres ın the Fig. 4 shows the structure in the important region 
packing with a complete shell of neighbours Consequently between 1 and 15 diameters The number of neighbours 
a term 18 lost in pa(r) which becomes within a radial distance is plotted agamst distance At 1'1 
ae (+z) diameters this ıs m agreement with Scott!, who found 
f 4rR? popl?) dR 93408 neighbours There are, however, only about 5 
palt) = (r — Rinas) 2r actual contacts but the gradient 1s very steep im this 
R ax 
f == 4rR? py dR 
0 939 
30 F Fogg 
25 25 
0-66 & 
l 220 20 8 
2? = s 
2 A ey 2 
a 215 58 
kzi r f 
3 080 A an) 8 
10 
£ l 10 
05 i 5 
0-55 
0 
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Sample radius (mm) Radial distance r ın diameters 
Fig 2 The packing density of spherical samples of creasing radius cut Fig 3 The radial distribution function, ofr), showing also the values of 
from the packing the correction function (F) 
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15 
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No of neighbours within the radial distance 


0 
10 11 12 13 14 15 


Radial distance ın diameters 


Hig 4 The cumulative near neighbour distribution function The 
average number of neighbours within a radial distance (r) of the central 
sphere 1s shown 


region and there are nearly 7 neighbours within 1 02 
diameters 

I thank Mr and Mrs A C Wright for ther helpful 
discussions. I also thank Professor G D Scott for a copy 
of the original co-ordinates of his packing and Professoi 
J D Bernal for the few corrections to these co-ordinates 
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Rational Geometry for measuring 
Elastic and Viscoelastic Parameters 


ReEoEntT developments ın rubber elasticity theory have 
led to the recognition that measurements of elastic 
properties of gels and rubbers near the gel pomt are of 
special value!-? The need to develop new methods of 
measurement has been foreshadowed*, We describe here 
a method under trial for materials in the range 103-105 
dyne cm-* (but which could be extended well beyond this 
range), the umportance of which stems from its rational 
basis 

Elasticity investigations depend on measuring deforma- 
tion m response to an applied force The geometry of 
the area over which the force 1s applied to the specimen 
1s important, for 1t will enter the interpretation of experi- 
mental data through the boundary conditions for the 
differential equations which are relevant. Even in the 
domain of routine uniaxial tensile modulus measurements, 
international committees have given much thought to 
the best geometry of the clamps which transmit the 
force (see ref 4) 

From both the expermmental and theoretical viewpomts, 
perhaps the simplest testing geometry 1s that of a ngid 
sphere embedded ın a largé reservoir of the material under 
examination For materials which adhere to the spherical 
surface, 1t 1s possible to obtaın complete theoretical solu- 
tions for the relation between the displacement of the 
sphere — and the externally applied force F. Under 
static conditions the relation for an icompressible 


material 1s 
F=6nuak (1) 


where p18 the shear modulus and a the radius of the sphere. 
Thus for materials which exhibit the appropriate tactile 
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properties, measurement of F and & leads directly to {a 
value of p 

Preliminary results for a nickel sphere (radius a = 0 0080 
em) embedded ın a gelatine gel are shown in Fig. 1 
The sphere was at distance > 50a from the surface of the 
gel An electromagnet capable of generatmg up to 
1,000 gauss at the sphere was used to exert forces of order 
I dyne on the sphere These forces were calibrated in 
terms of the “pick-up distance” of the free nickel sphere 
versus its distance from the tip of the electromagnet 
(At the pick-up distance the magnetic force just exceeds 
the known weight of the sphere) Displacements of the 
embedded sphere were measured with a mucroscope 
(magnification x400), they were reproducible for 
several hours and reversible withm experimental error 
Fig 1 shows lnear elastic behaviour up to the maximum 
displacement of about 07a ‘Young’s modulus calculated 
from the slope ıs 1 30 x 10t dyne/em? (using equation (1) 
and assuming Poisson’s ratio to be 1/2) As a check, a 
value of 2 1x 104 was obtained on a sample of the same 
gel by the surface mdentation method’ The agreement 
18 thought to be satisfactory because the surface method 
1s much less accurate and hable to give high values of 
‘Young’s modulus owing to loss of plasticizing action by 
evaporation of water 


Force (dynes) 





1 2 3 4 5 6 
Displacement units of 10 cm 
Fig i 


One of us® has generalized the result (1) to the case of 
tame dependent displacement &(t) The principal result 
1s that for an elastic solid, (1) 1s replaced by 


F=6npat + 6na?(p 9)! 2 — AME (2) 


where p ıs the density and M = 4na? p/3 1s the mass of 
material displaced by the sphere. In turn, equation (2) 
1s readily generalized to the viscoelastic case®, thus permit- 
ting analysis of dynamic experiments m terms of visco- 
elastic parameters 
One of us (J A L) thanks the Plastics Institute 

education fund for a grant 

M Gorpon* 

S ©. Hunterf 

J A. Love 

T. © Warp* 
University of Strathclyde, 
Glasgow Cl 


Received January 28, 1968 
* Presont address University of Essex, Wivenhoe Park, Colchester, sses 
+ Present address University of Sheffield, Sheffield 10. 

1 Dobson, G R ,and Gordon, M ,J Chem Phys , 48, 705 (1965). 

2 Gordon, M , Plaste und Kautschuk,12, 103 (1965) 

3 Strella,S ,and Bibeau, A A , J Makromol Chem ,1, 417 (1966). 

4 Tension Testing of Vulcanized Rubber, ASTM, D 412-62T, 

3 Waters, N E,Brit J Appl Phys ,16, 557 (1965) 

€ Hunter, S C, J Edin Math Soc (ın the press) 


736 


Tensile Strength of Granular Materials 


In several communications!-* on the tensile strength of 
granular materials bound by lhquids, authors have tried 
to confirm or improve the equation of Rumpf”. At the 
Institute of Mechanical Process Engineering of the 
University of Karlsruhe, where the first measurements 
of the tensile strength of moist agglomerates started in 
1957, investigations have recently led to a complete 
theoretical and experimental description of the tensile 
strength relationship in the whole moisture range 

Considering previous communications, 1t should first 
be pointed out that the liqud m moist or “green” 
agglomerates can be distributed ın three characteristic 
ways, which depend on the amount of hquid present and 
the porosity of the agglomerate These are (a) the 
“pendular state” with only liquid bridges between the 
individual particles which make up the agglomerate; 
(b) the “capillary state” in which all pores within the 
pellet are filled completely with the liquid which forms 
concave menisci at the pore ends, and (c) a transition 
range where both hquid bridges and capillaries filled with 
liquid are present The bimding mechanisms are different 
for all three ranges 


AA 


Wy yyy 


LA 
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Fig 1 Liqud bridge between two spherical particles of equal sizo 
(model) 


Theoretically, equations for the cases (a) and (b) can 
be derved Equation (1) ıs the relationsmp derived 
statistically by Rumpf’ 


(1a) 


where otg 1s the tensile strength of granular matenals 
which 1s produced by binding forces, H(«), of any physical 
nature at the co-ordination pomts between the mdividual 
particles within the agglomerates, € 1s the porosity of the 
pellet and 2 ıs the mean size of the particles forming the 
agglomerate For a liqmd bridge between two special 
particles of equal size 2 with a distance a at the co- 
ordination pomt (Fig 1), the bmding force 1s® 


H(z)=a « FH 


where « 1s the surface tension and FH = FH(, ò, a/x) 1s 
the complicated function of the half centriangle 8, the 
contact angle 8 and the dimensionless length ratio aje 
Thus ct, the tensile strength of agglomerates in the 
bridge or “‘pendular”’ state, 1s 


l—c « 
e g 


FH (18) 


wj 2 


Stn = 
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Fig 2 Dimensionless adhesion force, FH, as a function of the per- 
centage Hquid saturation, S Parameters are the length ratio, ajz, 
and the porosity, s 


Fig 2 shows the dimensionless adhesion force, FH, 
plotted against the percentage saturation, S, the relation 
between the pore volume occupied by the liquid and the 
total pore volume of the pellet® Different porosities, s, 
and distances, a, give different curves. Because in practice 
no absolutely smooth particles are found, the case a=0 
seldom occurs in a real agglomerate In most cases, the 
situation at the co-ordination points 1s very probably 
similar to that shown in Fig 3 This explains the dıs- 
crepancy between the Haines—Fisher equation, which was 
derived assuming a= 0 and experimental results‘ Recent 
measurements of tensile strengths of granular materials 
in the “pendular state” are in good agreement with the 
theoretical curves shown in Fig 2, 1f an experimentally 
estimated length ratio, ajs, 1s mtroduced (result to be 
published) 





x? 


\ 


Fig.3 Schematic representation of a liquid bridge at the co-ordination 
point of two real particles 
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Equation (2) 1s the relationship for the capillary pres- 
sure in granular materials, because the tensile strength of 
agglomerates in. the “capillary state”, otc, 18 approximately 
equal to the capillary pressure’ According to Rumpf? a 
conventional equation for the capillary pressure, Po, M 
granular materials 1s 


J= 
Ste ~ Pe = const = — F(8) (2a) 


where f(3) 18 a contact angle function which 1s, by definit- 
tion, unty for lhquds wetting the sold completely 
(8=0°) The constant has values between 6 and 8. 

Using certain assumptions, the capillary pressure m a 
hquid bridge between two spherical particles of equal size 
can also be used to characterize the capillary pressure in 
granular materials (result to be published) This equation 
reads 


FPO (2b) 


SIR 


Ste ~ Peb = 


where FPO = FPO, 8, ajx) 1s a complicated function of 
the half centriangle, B, the contact angle, 8, and the 
dimensionless length ratio, a/x (ref 6). 

The tensile strength of moist granular materials can be 
described in the complete moisture range by assuming 
that the relationship between the tensile strength, ot, and 
the percentage liquid saturation, S, in the transition range 
(e) increases linearly from a pomt S*—the critical per- 
centage quid saturation where liquid bridges in the 
aggregate begin to touch each other—to S=100 per cent 
Below S* the tensile strength 1s described by equation 
(la) 

Defining a tensile strength characteristic, FZ, 


x 


FZ=o — (3) 
a 
and a capillary pressure characteristic, FPK, 
FPK = p = (4) 


the set of equations for the tensile strength of moist 
granular materials gives 


FZ=? as FH = FZ, for0<8<S* (5a) 
S—sS* . 
FZ = FZ; + ~~ (PPK — PZ) for S* <S < 100 (5b) 
with 
FZ =; = FH (gt, ) = FPZ? for S=S* (5c) 
and 
FZ = FPK for S=100 (5d) 


Equations (5) represent, under the assumptions made 
previously, the most general solution of the problem The 
characteristics, FZ and FPK, can meorporate any 
equation for the tensile strength, ot, and the capillary 
pressure, Pe Fig 4 shows, for example, some tensile 
strength curves which were calculated using equations 
(1b), (2a) and (2b) and plotted ın a dimensionless form 
over the percentage hquid saturation, S While below 
the critical percentage liquid saturation, S*, the curves 
are unequivocal for a given set of s and ajs values, they 
differ considerably in the transition range The dashed 
lines in Fig 4 represent the curves calculated according 
to equation (2a), where 


l-e 


FPK = const + f(8), const = 6 and f(8) = 1 





€ 


and the full lines have been calculated using equation (26), 
with 
FPK = FPC,8 = 28° and 8 = 0° 
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Fig 4 Theoretical tensile strength curves of moist granular materials 


Parameters are the length ratio, ajz, and the porosity, « Both equation 
(2a) (~-——) and equation (25) Cae been used for the calculation 
o 


The critical percentage liquid saturation has been estim- 
ated using the rules of spherical trigonometry 

Expermmental results confirmed the trend of the curves 
in Fig 4 Above the critical percentage liquid saturation 
a better approximation could be obtained by using 
equation (26) (solid lines in Fig 4) 

This research was made possible through the Deutsche 
Forschungsgemeinschaft, Bad Godesberg, West Germany 
The measurements of tensile strength were carried out in 
the Institute of Mechanical Process Engineering of the 
University of Karlsruhe by Mr E Hoffmann 
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THE SOLID STATE 


Crystal Structures of some 
Protactinium Bromides 


THERE has recently been considerable mterest in the 
crystal chemistry of the f-electron transition elements 
The often unusual co-ordination arrangements found 
around these rather large metal atoms may ın some cases 
be connected with f-orbital participation m the bonding 
Protactinium is of particular mterest because of the 
proximity of the 5f and 6d energy levels, but few detailed 
structural studies of protactimum compounds have yet 
been reported 

We briefly report here the results of three crystal struc- 
ture determmations m which protactinmium has been 
found to show co-ordination numbers of six, seven and 
exght Co-ordination numbers nme! and ten? for this 
element are also known 

Protactinum pentabromide has been found to be 
dimorphic, and the crystal structure of one form— 
designated B—has been determined Work 1s proceeding 
on the «-form £8-PaBr,, obtamed by sublimation at 
400°-410°C wm vacuo, crystallizes m the monoclinic 
system (umt cell a=8 385 A, b=11-205 A, c=8 950 A, 
B=91'1°; space group P2,/n) and 1s virtually isostructural 
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Fig 1 The dimeric Pa,Bryo unit 


with uranium pentachloride*. The bromine bridge is 
symmetrical, however, whereas UC], has an asymmetric 
chlorme bridge. The 62s-octahedral molecular unit (Fig 1) 
is obviously closely related to that of niobium (and tan- 
talum) pentachlomde* The structure has been refined 
by three-dimensional least-squares methods to a final 
residual of 9 05 per cent for 281 visually estimated single 
crystal reflexions The single-bond covalent radius of 
protactimium (V) derived from this six co-ordinate 8-PaBr, 
structure ıs 1 44 + 0 02 A, which can be compared with the 
mean single bond values of 1-45 + 0 02 and 152 + 002A 
for the seven co-ordinate pentachloride, PaCl,, and nine 
co-ordinate heptafluorocomplex, K,PaF,, respectively 
Protactinium (V) oxytribromide also crystallizes ım 
the monoclinic system (umb cell a@=16 911, b=3 871, 
c=9 334 A, 8=113 67°, space group C2) The presence 
of static disorder in the best crystal available has compli- 
cated the structure determmation, but due allowance 
for 22 per cent disorder in a full-matrix least squares 
refinement scheme has enabled us to attain a final residual 
of 118 per cent for 259 observed reflexions. PaOBr, 
has a double cham structure (Fig 2) m which each prot- 
actinum atom 1s seven co-ordinate The chains are bound 
together by oxygen and bromme bridging, each oxygen 
beg co-ordinated to three protactintum atoms. The 
protactinium co-ordination sphere 1s a distorted penta- 





Fig.2 A perspective view of the double chain in PaOBr, 
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gonal bipyramid and tends towards the C, arrangement 
of Claxton and Benson’? A similar chain structure has 
been reported? for the non-stoichiometric uranyl complex 
Cs, sFUO,;Cl,, The PaOBr, structure is markedly different 
from that of NbOCI, (ref. 9) m which Nb—O-—Nb-—O 
chains are cross-hnked by bridging chlorme atoms Full 
structural information 1s not avaiable for either NbOBr; 
or TaOBr, but recent! infrared results suggest that the 
former has a similar type of oxygen bridge to that found 
for NbOCI,, this mobrum-oxygen stretchmg vibration 
occurs at 775 cm- m NbOBr, compared with 770 cm~ 
for NbOCl, The protactimium-—oxygen stretching vibra- 
tions, on the other hand, are observed at 515m, 476w, 
364s and 303w cm-!, and these lower values are presum- 
ably a consequence of the increased co-ordination number 
of the oxygen atoms 





Fig 3 Co ordination about Pa in PaBr, 


Protactinium tetrabiomide has been shown to be 
isostructural with thorium tetrachloride!! It crystallizes 
in the tetragonal system (unit cell a=8 824 A, c= 7 957 
A, space group I4,/amd). Intensity data were collected 
by the powder diffraction method, but because of diffi 
culties of absorption correction, refinement has so far 
proceeded only to R= 20 per cent for forty-four observed 
reflexions The structure (Fig 3) 18, however, confirmed 
and positional parameters are adequately determmed 
The protactinium (IV) 1s co-ordinated by eight bromines 
m the form of a dodecahedron 

Full expermmental details of all three analyses will 
be submitted for publication in due course. 
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Contact Angles for Thin Lipid Films 
and the Determination of London-van 
der Waals Forces 


From the theory of thin liquid films ıt 1s evident that the 
tension of the two-sided film should be less than twice 
the tension of the bulk liquid surfaces with which the 
film 1s m equilibrium One would therefore expect there 
to be a contact angle between the thm film and the 
surfaces of the adjacent bulk liquid This was recently 
pointed out by Mysels, Huisman and Razouk, who have 
also confirmed the existence and measured the magmtude 
of this contaet angle for “black” aqueous soap films in 
aur? 

We now report some measurements of the contact 
angle between optically black hydrocarbon films in 
aqueous solution and the equilibrium bulk hydrocarbon 
hquid The formation of films of this type has already 
been deseribed?»3, as have been the measurement of the 
film thickness and composition‘-* The contact angle ın 
hydrocarbon/water systems 1s not readily measurable by 
the method of Mysels et al., and we have used an mter- 
ference method mstead. The films were formed in a 
l mm hole ın a horizontal block of ‘Fluon’ by an 1nJec- 
tion method sumilar to that of Vreeman (personal com- 
munication). When the formation of the black film was 
complete, vertical Ulummation by monochromatic hght 
produced Newton’s rings in the meniscus mmmediately 
adjacent to the edges of the black film It 1s possible, in 
principle, to deduce the contact angle from measurements 
of the spacing of these rmgs Indeed, Sheludko’ has 
recently mentioned this approach and has referred to some 
unpublished results This procedure, however, mvolves 
a difficult extrapolation and the following procedure was 
found to be an improvement 

The thinning of the film was controlled in such a way 
that when the formation of the black film was complete, 
a lens of bulk quid remained as an island in the black 
film Under monochromatic hght, such a lens appears as 
shown m Fig 1. This particular lens was 83u ın diameter 
but a wide range of sizes may be obtamed The lenses are 
evidently m equilibrium with the surroundmg black film 
and remam constant m size and appearance for at least 
30 min, by which time they have usually drifted to the 
edge and coalesced with the meniscus Apart from the 





Fig 1 A lens of diameter 83x im an optically black lipid film as seen 
under vertically reflected monochromatic light 
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very small influence of gravity, we should expect the 
lenses to be symmetrical about a horizontal plane through 
the centre of the film and to consist of two spherical 
segments Calculations from the orders and radu of the 
interference rings show that this ıs very accurately so. 
From the radius of the lens one can calculate the contact 
angle From measurements of a number of lenses, no 
significant dependence of contact angle on the size of the 
lens was found 

For films formed from a solution of pure glycerol 
mono-oleate in n-decane, the contact angle m an aqueous 
phase of distilled water for several lenses was calculated 
to be 1° 52’. The interfacial tension of the bulk media at 
20° C was 372 dyne/em so that the difference (Ay) 
between this and one half of the film tension was 0 00197 
dyne/em. 

A knowledge of this mterfacial tension difference 1s 
unportant for at least two reasons First, 1b enables the 
film tension to be determimed from the bulk interface 
tension without having to bulge the film—a procedure 
which ıs often impossible owing to the breakage of the 
film®11 Knowing the film tension, we can then apply the 
Gibbs equation to the determination of adsorption in the 
thin film®2 Second, the interfacial tension difference for 
hydrocarbon films has an especially close relationship to 
the London—van der Waals forces for hydrocarbon/wate1 
systems To a very close approxumation, the free energy 
change on formation of 1 cm? of equltbrium thin film 
from thick film ıs, m the present systems, numerically 
equal to twice the difference in mterfacial tension between 
the thin and thick film—in other words, to 2{—0 00197) 
or —0 00394 ergs/em? This free energy change is made 
up of terms arising from the London-van der Waals, 
electrostatic (double layer), and steric forces acting in the 
film The electrostatic term can be calculated to an order 
of magnitude from conductivity data together with an 
assumption of the value of the double layer potential and 
seems to be neghgible The steric forces are responsible 
for stabilizing the films, and the available evidence sug- 
gests that these arise from the steric interference of the 
alkyl chains of the surface active molecules (the glycerol 
mono-cleate m this case)? These forces are evidently 
neghgible until the opposing chains of the two monolayers 
meet each other, and then merease very rapidly with 
further decrease m film thickness. This pomt can be 
argued from theoretical considerations and from the fact 
that the thickness of the hydrocarbon part of the equi- 
librium film is very close to twice the length of the 
extended oleate chains* By contrast, the London—van 
der Waals potential energy is, in the present systems, 
believed to be a much weaker function of the film thick- 
ness. The depth of the free energy mmimum (AF) for 
1 em? of thin film (relative to that for a film of large 
thickness) should consequently be determmed almost. 
entirely by the London—van der Waals forces We may 
therefore write!’ 


AF ~ 2Ay ~ x retardation correction 


T [ond 


where A 1s the Hamaker—London—van der Waals constant 
and è ıs the film thickness. For the present films, the 
thickness of the hydrocarbon core has been given as 
47 A (ref 6) and the combmed thickness of the polar 
group layers 1s estumated from models as approximately 
8-10 A If we take 3 as 56 A and estimate the retardation 
correction from the data of Overbeek!*, we find that 
A=56x 104 erg 

From the nature of the assumptions involved, this 
value should be considerably more precise than pre- 
viously published values for liquids A more thorough 
appreciation of the validity of the assumptions is, how- 
ever, needed, and this should be gained by the exammation 
of further systems It is mteresting to compare this value 
with those obtamed from flocculation data for lipid/water 
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systems which depend on the validity of an electrical 
double layer model Thus for the arachidic acid sols 
Ottewill and Wilkins!® found a value of the order of 
10-44 erg and for aqueous suspensions of solid and hquid 
paraffinic hydrocarbon Srivastava and Haydon?’ found 
approximately 10-15 erg 
D A HAYDON 
J L TAYLOR 
Department of Colloid Science, 
University of Cambridge, 
Cambridge. 
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CHEMISTRY 


Ligands containing Fluoroaromatic 
Groups 


Tue relatively high electronegativity of the pentafluoro- 
phenyl group, C,F',, 1s expected to alter the donor charac- 
teristics of ligand molecules We wish to report initial 
results of studies with three types of fluoroaromatic 
ligands 

Pentafluorophenyl cyanide, C,F;CN, reacts partially 
with tungsten hexacarbonyl ın petrol ether solvent, when 
the mixture ıs irradiated with ultraviolet hght Two 
yellow compounds were separated by column chromato- 
graphy under a nitrogen atmosphere, but in neither case 
could analytical samples be obtained, because all attempts 
at crystallization (under nitrogen) failed because of a 
facie decomposition The infrared spectra (in the region 
close to 2,000 cm-") of the solutions from the column were 
almost identical to those of RCNW(CO), and 
(RCN),W(CO), (R, alkyl) Clearly the pentafluorophenyl 
group 1s strongly affecting the stability of these complexes 
bes(Pentafluorophenyl)sulphide and -selenide do not 
react with either chromium hexacarbonyl or truron 
dodecacarbonyl when heated under reflux ın 80/100 
petrol ether, and palladium dichloride forms no complex 
with pentafluorophenyl cyanide after 5 days at 110° C 
in a sealed tube 

Iron pentacarbonyl and truron dodecacarbonyl react 
with 8,(C,F,)., Se.(C.F,), (ref 1), Te,(C.F;).* and C.F SH 


* Synthesized by TeCl,+0,F,;HgCl ——> Ol,TeC,F, 
m p. 128~130° 


Zn 
x 


Tee(Cols)s 
mp 42-43° 
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to give air-stable compounds of the type 


R (I) M, M=S, R, R’=0,H, 
u (II) M, M'=S, R=G F, R’=C,H; 
"e Ga Sig eo. (III) M, M’=8, R, R’=C,F, (ref 2) 
Sy (IV) M, M’=Se, R, B’=0,F; 
M (V) M=S, M’=Se, R, B’=C,F, 
$ (VI) M, M'=Te, R, B’=C,F, 


F and ‘H nuclear magnetic resonance spectra of these 
dimers indicate the presence of isomers, but we have, so 
far, been unable to separate them by chromatographie 
techniques A comparison of the stabilities of I and IIT 
indicated little difference between them A competitive 
reaction carried out using truron dodecacarbony] (1 mole) 
and a mixture of §,(C,H,), and §S,(C,F,), (1 mole 
each) gave the expected three products (I, IL and IIl) 
which were readily separated by preparative scale thm- 
layer chromatography on kieselguhr using petrol ether 
as eluent The yields of products were very close to the 
ratio 1 2 1(I IL II) expected if the bridging hgands 
were little influenced by the group R, a ready mterchange 
of lhgands was also observed if either I or III was treated 
with S.R, It is interesting to note that the melting- 
decomposition points of 1, II and ITI were all 140°-143° C, 
mixed melting points of any two were some 20°-30° C 
lower. 

The thermal decomposition of TII ın a sealed tube at 
160° C gave carbon monoxide and decafluorobiphenyl as 
the only isolable products Attempts to remove the 
sulphur ligand from the iron by heating ITI with mercury 
failed, decafluorobiphenyl agam bemg formed, this is m 
contrast to the free hgand S,(C,F;). [and Se2(C,.Fs).] 
which reacts with both mercury and germanium on heating 














8,(C.F;),+Hg Ss Hg(SC,F's). = c Hg(CoFs)s 
mp 188°-190° © 
Se,(0sFs) + Hg ———> Hg(Se0, Fs), > He (C.F) 
mp 171°-173° C 
8.(C.F,),+ Ge —+ Ge(SC.Fs). 


mp 143°-145° C 


Mixed aromatic/fluoroaromatic acetylenes, pyC=Co, 
react with cobalt carbonyl in a manner simular to diphenyl 
acetylene’, the fluoroaromatic group having little mfiuence 
on the reaction Typical compounds synthesized are 


(4-C,F,C,F,C=CC,H;)Co,(CO),, mp 140° C (decomp ) 
(4-ClC, FC =CC,H,;)(Co.(CO),, dark red oil 
(4-C,H,C=CC,F,C=CC,H,)Co,(CO),, dark red oil 


In the latter case, where two acetylene groups are present, 
1t 1s possible to isolate a rather unstable solid (decomposes 
without melting at 156° C) which has two cobalt atoms 
attached to each acetylenic bond 
M L N REDDY 
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RADIOBIOLOGY 


Failure of Chinese Hamster Cells to 
repair Sub-lethal Damage when 
X-irradiated in the Plateau 

Phase of Growth 


Tae abihty of exponentially growing Chinese hamster 
cells to repair sub-lethal damage induced by X-irradiation 
was shown by Elkind and Sutton! These workers showed 
that a dose of X-rays killed cells more effiaently when 
admmustered ın one acute irradiation than when given in 
two fractions separated by a time interval The survival 
curve for the latter (with time between the two doses as 
variable) showed an early rise which was interpreted by 
Elkind as repair, the cyclic fluctuations followmg repair 
beng a result of cell-cycle associated kinetics? 

Repair of sub-lethal damage has since been observed 
m many cell systems and under a vanety of experimental 
conditions In fact, one of the interestmg features of 
this phenomenon ıs that ıt can take place m situations 
m which many other cell processes are mhibited low 
temperatures’, m conditions where the cells are hypoxic‘, 
and ın the presence of agents mhibiting DNA and protein 
synthesis (although RNA synthesis may be required) 
All these experrments were performed with cells which 
had been actively growing It now seems, however, that 
cells m crowded culture conditions progressively lose their 
repair capacity even im the absence of specific inhibitors 

Chmese hamster cells (stram HA-2) were plated on 
plastic Petri dishes The medium (Eagles mimumal 
essential medium, supplemented with 15 per cent foetal 
calf serum) was changed daily In such conditions, the 
cultures formed dense monolayers with about 107 cells 
on a 60 mm dish Ths cell number did not increase if 
the medium was exchanged more frequently Many 
properties of these cultures as well as detailed experimental 
procedures are reported elsewhere>:® 

Fig 1 shows survival curves of X-iradiated cells 
(technical factors 120 kV, 9 mA, 67 rads/min, 1 mm Al 
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Fig 1 X-ray survival curves of Chinese hamster cells (HA-2) O, Cells 
from cultures irradiated in exponential period, D)»=1423+443 rads, 
nA=28+02 @, Cells from cultures irradiated in pisau period, D= 
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Fig 2 Repar ability ın various growth phases Replicate dishes were 
seeded with equal number of cells on day 0 Medium was changed daily 
beginning with day 3 Cells were irradiated daily on and after day 3 
Fractionated doses (O - - - O) were separated by 3h In parallel, a 
growth curve was constructed to determine growth periods of the 
cultures ‘The periods sre defined operationally with respect to cell 
doubling time exponential (doubling time constant), transition 
(doubling tıme increased with increasing age of culture), plateau (doub- 
ling time long, not measurable) Vertical bars +1 SE 


filtration) The ability to form colonies was used as the 
criterion of survival The slopes of the lnear portions of 
the two curves do not differ significantly, but the extra- 
polation number (7) of the survival curves obtained from 
cells irradiated ın plateau phase ıs significantly lower 

The magnitude of the extrapolation number has been 
related to the amount of sub-lethal damage a cell can 
repair’, the reduction m ñ% during the plateau phase 
should therefore be accompanied by a loss of ability to 
repair damage This 1s indeed the case and the progressive 
reduction of repair with age of the culture is mdicated m 
Fig 2 The lower curve represents survival of cells from 
replicate cultures irradiated with 600 rads at different 
stages of growth of the cultures Survival values were 
normalized to unity during exponential growth The 
reduction m level of absolute survival with culture age 
1s a reflexion of the reduction m ”% The upper curve 
was obtained from cultures sumilarly treated but irradiated 
with a split dose (2 x 300 rads) separated by 3 hours Dur- 
ing exponential growth, fractionation resulted in a three- 
fold mcrease in survival The effect of fractionation 
decreased with culture age until the two curves became 
indistinguishable 

In order to rule out the possibility that repair occurred 
more slowly m plateau phase cells, or that the repair 
effects were counteracted by kinetic factors pecuhar to 
the 3 h interval, a split dose-response curve was obtained 
from cells which had been in plateau phase for 4 days 
(Fig 3) The lower curve m Fig 3 does not show the 
early repair-associated rise, and the cyclic fluctuations 
seen in the split dose response from exponentially growing 
cells (upper curve) are absent As has been said earlier, 
these survival fluctuations are associated with cell cycle 
progression Most of the plateau phase cells are m a G-1 
part of the cell cycle’ and therefore no cell cycle progres- 
sion effects are observed 

At the present tıme no explanation can be offered as 
to why this progressive loss of reparr ability occurs when 
these cells are in plateau phase The phenomenon does 
not correlate with changes m DNA, RNA or protein 
synthesis The only other quantity that we have 
measured which does change progressively 1s viability 
For example, in one experiment, plating efficiency dropped 
almost linearly from 80 per cent to 40 per cent durmg 
4 days of plateau phase If the cells were sub-cultured 
and re-seeded ın less crowded surroundings, both repan 
capability of the surviving cells and their plating efficiency 
were restored within 12 hours 
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Fig 3 Two-fraction response of Chinese hamster cells ©, Cells in 

exponential period (day 5 of Fig 2) @, Collis in plateau period (day 10 

of Fig 2) All colls were irradiated at time O with 300 rads without sub- 

culturing and dishes were returned to mcubator An additional 300 rads 

was then given at various times from Oh to8h Sub-culturing to test for 

survival was done approximately 30 min following second irradiation 
Vertical bars +15 2, 
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Radial Diffusion and Power Function 
Retention of Alkaline Earth Radio- 
isotopes in Adult Bone 


THE retention of alkaline earth radioisotopes ın skeletal 
systems can be approximated by the power function? 


R = æ {t + e) (1) 


where b 1s a fraction between 00 and 05, ¢ 1s the time 
after mtravenous myjection and e is a short tame which 
for adult dog and man ıs the order of 1l day A physio- 
logical explanation for this form of retention function 1s now 
presented which may be applicable to normal adult bone 

Suppose that at times which are long compared with s 
the principal effect on tracer retention 1s the transfer of 
tracer ions between the blood and existing volumes of 
bone, the diffuse component®, rather than the formation 
or resorption of bone This supposition seems to hold for 
adult dogs** and rabbits’ The diffuse component has 
also been observed in man, but whether 1b has a dominant 
effect on retention has not been established 

To reach the volume of existing bone the tracer must 
pass through canaliculi, longitudinal flow of tracer along 
canalieul: occurs in the hquid phase and so ıs relatively 
rapid. According to this new explanation, there 1s, then, 
a diffusion radially outwards from each canaliculus, this 
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18 very slow because 16 takes place in the essentially solid 
calcified matrix Retention of tracer in this process 16 
long because there is a large mass of mineral with which 
to exchange Furthermore, retention 1s enhanced by the 
geometry of the cylinder, because once an 10n has left the 
cylinder axis ıt 18 umprobable that ıt will return by a 
random path The retention problem 1s therefore simula; 
to that for the diffusion of an mstantaneous source of 
tracer from the axis of a cylinder 

Consider a long cylinder with a very small canal 
running along the cylinder ams If a diffusible tracer is 
distributed uniformly along the canal at time zero, the 
amount of tracer remaining in the canal as a function of 
time can be calculated by solving the diffusion equation 
m cylindrical co-ordinates 


ac rae 1 ae 
at Lye +H (2) 


where C is the concentration of tracer as a function of 
time ¢ at any radius r and D 1s the coefficient of diffusion® 
For the mitial conditions given here, the solution of 
equation (2) for the concentration of tracer at r= 0 18 


t 


_ q4 
~ 4cDt (3) 


where q’ 18 the initial quantity of tracer per unit length 
deposited along the axis at ¢=0 (ref 6) The quantity of 
activity remaining m the canal depends exactly on the 
power function ¢-! If the canal 1s assumed to have a non- 
zero diameter, O remains finite at time zero The difference 
between ¿> and the functions t-!* to ¢-* observed for 
blood specific activities! at times that are long compared 
with e can be explained as the effect of excretion 

The effect of excretion on equation (2) can be taken 
into account by introducmg a small dram on the amal 
canal after instantaneous labelling This analysis was 
performed on the ‘PACE’ analogue computer using an 
eighteen compartment series model The differential 
equations for the model reduced to equation (2) as the 
number of compartments was made large Furthermore, 
when the dram was set equal to zero, the analogue com- 
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of beagles injected at 13 years of age?’ ‘The curves (——-) show the 
corresponding analogue computer results for the speciflc activity of 
canaheular fluid and of the body as a whole, considered as a large 
number of canalicul together with their surrounding territories 


C = 135 g calaum, 10 mg/100 mi 
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puter yielded a é+ dependence for axial activity as in 
expression (3) This provided a check on the model. 
When the drain was increased, a series of curves for axial 
activity against tıme was produced which could be well 
approximated by a set of power function expressions 
varying continuously from é-! ° to ¢-2+5. We assume that 
the specific actrvities of blood and canalicular fluid are 
equal at times which are long compared with e Because 
the specific activity of blood 1s proportional to the time 
derivative of retention}, the corresponding retention curve 
can be approximated by ¢ with b between 00 and 05 
When the drain was adjusted to a value consistent with 
the endogenous excretion rate for radium-226 ın dogs, 
the model gave a good fit to the data of Van Dilla et al.’ 
over three decades of time as shown ın Fig 1 
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Fig 2 Radial diffusion of an atom of calcium or other alkaline earth 

trom a canaliculus into the surrounding termtory of calcified matnx 

The dimensions are from Baud’s® electron microscope measurements 
of mouse bone 


We picture this radial diffusion as involving a penetra- 
tion of alkaline earth ions through a complex material 
consisting of collagen, ground substance, amorphous com- 
ponent and embedded bone crystals (Fig 2) We have 
taken the diameter (0 15u) and average spacing (1 Tu) of 
canaliculi from electron microscope measurements of 
mouse bone! The data for calcrum-45, strontium-90 and 
radium-226 in adult dogs? can be fitted with an effective 
coefficient of diffusion of the order of 10-* em?/s At this 
rate, 1t would take almost a year for an 10n to diffuse from 
a canaliculus to the limit of canalicular territory The 
theory therefore represents a marked departure from the 
common hypothesis that the typical bone crystal 1s bathed. 
by extracellular fluid which 1s in fairly rapid exchange 
with the blood 

It may be possible to test this theory of slow radial 
diffusion by carefully timed electron microscope autc- 
radiography 

This work was carried out under the auspices of the 
US Atomic Energy Commussion 
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Effect of Ecdysone on the Puparium 
Formation in Irradiated Ephestia 
kihniella Z. 


COMPLETE inhibition of metamorphosis and pupa formu- 
tion 1s observed ın some msect species when they are 
nradiated with 20 kr. and more of y and X-rays. Puparium 
formation is delayed m Ephestia kuhmella by doses ot 
20-30 kr 2-4 

The absence of pupation might be explained by radia- 
tion damage to the hypodermis nuclei and by the inability 
of DNA to give any new genetic information (under the 
influence of the pupation hormone ecdysone)‘ It may 
also be caused by a disturbance of neurosecretory cell 
activity and the absence of ecdysone ın the body of the 
caterpillar To find the true reason for the absence of 
pupation we have studied puparrum formation in irradi- 
ated larvae after the injection of ecdysone. 

Larvae of Ephestia kuhmella Z, 7 and 2 days before 
pupation, were given 30 kr. of gammarays. Another group 
was radiated with 150 kr 2 days before they were due to 
pupate Ecdysone, isolated by the method of Butenandt 
and Karlson from pupae of Bombyx mori’, was injected 
into the irradiated larvae just at the time of puparrum 
formation. High concentrations of ecdysone were used 
because of the low sensitivity of Ephestia to this hormone, 
0 5-1 0 mg (in 0 005-0 01 ml ) was injected. The activity 
of the preparation of ecdysone was determined by the 
method of Karlson’; 48 h after injection fourteen abdo- 
mens showed 64 per cent pupation After bemg tested 
in this way ecdysone was mjected mto irradiated larvae 
Water was injected into controls 

Features of pupation were shortemmng of the body into 
a triangular shape, induration and the appearance of 
dark-brown pigment in the cuticle. 


Table 1. [EFFECT OF EODYSONE ON PUPARIUM FORMATION IN IRRADIATED 
Ephestia kithneella Z. 


Pupation 
Total Pupa- 
Preparation Dose afte No. No of tion 
injected, weight (kr) iradi of Shght Active None pupated (per 
ation larvae animals cent) 


ree 


Water 
0 005 mi 30 48h 10 0 0 10 0 0 
0 01 ml 30 48h 10 0 0 10 0 0 
Ecdysone prepara- 
tion 
05mg 30 48h 10 2 2 6 4 40 
1mg 30 48h 9 5 1 3 6 66 
05mg 30 7 days 4 0 2 2 2 50 
1mg 30 7days 4 1 1 2 2 50 
1 mg 150 48h 29 4 0 25 4 13 


The results in Table 1 show that the injection of an 
ecdysone preparation mduced the formation of the 
puparium m irradiated msects. Injection of water had no 
effect, and so the activation of genes by ecdysone and the 
specific synthesis of mRNA and pupation enzymes take 
place after the mjection of an ecdysone preparation to 
wradiated larvae, as observed ın normal conditions under 
the effect of endogenic ecdysone? 

Thus the absence of puparium formation in the irradi- 
ated larvae (given 20-30 kr ) results not from a disturb- 
ance of the DNA of the hypodermis but from the absence 
of ecdysone Absence of ecdysone, in its turn, 1s evidently 
the result of irradiation damage to neurosecretory cells 
The macromolecular system necessary for puparium 
enzyme synthesis was 1ather radioresistant The dis- 
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turbances were observed only under the effect of 100-150 
kr of irradiation 
A M Kozin 
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MICROBIOLOGY 


High Titre T Antigen with Minimal 
Amounts of Structural Antigen in 
Adenovirus-infected Cells treated with 
Hydroxyurea 


VIRUS-SPECIFIC non-structural antigens (T antigens) are 
produced early in the lytic cycle of adenovirus infection 
and are also found ın cells transformed by adenovirus!-* 
Synthesis of T antigen, unlike that of the structural 
antigen, 1s not dependent on DNA synthesis, for example, 
fluorodeoxyuridine (FUdR) effectively mhibits the syn- 
thesis of viral antigen (V) without markedly suppressing 
the production of T antigen‘5 Our studies have been 
designed to produce large quantities of T antigen ‘‘free”’ 
from viral structural antigen by manrpulation of the lytic 
interaction of adenoviruses ın KB cells 

In the KB line at present used in this laboratory 
{origmally obtamed from Dr H S Gmsburg), FUdR 
markedly reduces V titres, but the residual V titres are 
still too high for a serologically useful T antigen prepara- 
tion, similarly, cytosine arabinoside at 100 ug/ml of 
medium, even freshly added at 12 h intervals, does not 
alter the production of V antigen Other approaches such 
as the use of virus particles partially inactivated by 
ultraviolet light and the incubation of infected cultures 
at sub-optimal temperatures? have also been found 
effective in separating the synthesis of T and V antigens 
These procedures however, require careful control of a 
variety of experimental vanables and for this reason a 
more reliable method 1s desirable 

Hydroxyurea, an inhibitor of DNA synthesis, interferes 
with duplication of some DNA viruses’? Its present use 
seems to provide an effective method of fulfillmg the 
objective stated here 

Washed KB monolayers (approximately 4x 10° cells) 
in milk dilution bottles were exposed for 1 h at 37° C to 
various multiplicities of adenovirus type 7 (10%? TCLDs9! 
ml in human embryonic kidney cells) A range of con- 
centrations of hydroxyurea (Nutritional Biochemicals 
Corporation, Cleveland, Ohio) was prepared in Eagle’s 
basal medium supplemented with 5 per cent foetal bovine 
serum, 2 per cent glutamine and antibiotics Following 
removal of unabsorbed virus, 20 ml of medium containing 
hydroxyurea was added to the experimental cultures which 
were subsequently incubated at 37° C 

After 24-72 h, the cells were scraped into the medium 
with a rubber policeman and were centrifuged at 2,000 
rpm for 10 min at 4° © After decanting the super- 
natant fluid, the cells were washed in balanced salt 
solution and re-pelleted The last traces of fluid were 
removed and the cell packs frozen at — 70° C until tested 
by the microtitre complement-fixation technique??° 


NATURE, VOL 217, FEBRUARY 24, 1968 


Table 1 EFFECT OF HYDROXYUREA ON FORMATION OF T AND VIRAL STRUC- 
TURAL ANTIGEN (Y) IN KB OCELLS INFECTED WITH ADENOVIRUS 7 


Input 
mult ohonty mM 


Time (h) 
(TCID 59) HU 24 48 72 

adenovirus 7 T V T y T v 
125 5 4 <2 16 <2 ND ND 
4 4 <2 16 <2 ND ND 
0 16 16 216 216 ND ND 
50 5 8 <2 4 <2 16 4. 
4 8 <2 8 <2 32 4 
3 8 <2 8 <2 16 4 
0 16 16 32 2128 64 2128 
25 5 8 <2 8 <2 16 2 
4 4 <2 8 <2 32 <2 

3 4 <2 8 <2 32 

0 8 8 64 21,024 256 >4,096 
50 5 2 <2 2 <2 8 <2 
4 <2 <2 2 <2 8 <2 
3 <2 <2 2 <2 8 <2 
2 <2 <2 4 <2 32 <2 
0 <2 8 16 232 32 4,006 

05 4 <2 <2 <2 <2 4 < 
3 <2 <2 <2 <2 8 <2 

2 <2 <2 <2 <2 16 

tt) <2 4 216 16 21,024 

o 5 <2 <2 <2 <2 <2 < 
0 4 <2 <2 <2 <2 <2 <2 
0 3 <2 <2 <2 <2 <2 <2 
0 0 <2 <2 <2 <2 <2 <2 


An example of the results of several experiments (Table 
1) shows that a high put of virus ım the presence of 
appropriate concentrations of hydroxyurea will result m 
high titres of T antigen with minimal or no formation of 
detectable adenovirus group-specific (hexon, V) antigen 
Haemagglutination studies indicate that type-specific 
(penton) synthesis 1s also effectively suppressed by 
hydroxyurea At lower virus inputs, similar results are 
obtamed particularly with lower concentrations of 
hydroxyurea and later times of cell collection Note the 
high titre of T antigen ın the absence of detectable V 
antigen obtained at 3 days with a viral input of 0 5 and 
2 mM hydroxyurea (Table 1) The icduced titre of T 
antigen produced with some concentrations of hydroxy- 
urea probably reflects the suppressive effects of this drug. 
at those concentrations, on RNA and protein synthesis? 

Preluminary experiments with adenovirus types 2 
(Table 2) and 12 ın KB cells suggest that smmlar results 
may be expected for all human adenoviruses and perhaps 
even infra-human types The use of hydroxyurea provides 
a relatively simple method for the production of large 
amounts of T antigen (free of significant viral structural 
antigen) for purification and functional studies In a recent 
experiment, a 40 per cent suspension of pooled cell pack 
from multiple cultures (25 ml ) gave a complement fixation 


Table 2 EFFECT OF HYDROXYUREA ON T AND VIRAL STRUCTURAL ANTIGEN 
(Y) FORMATION IN KB CELLS INFECTED WITH ADENOVIRUS 2 


Input 
multipheity mM Time (h) 


(LOID 50) HU 24 48 72 
adenovirus 2 Tt v T v T v 
50 5 ND ND 16 <2 32 2 
4 ND ND 32 2 ND ND 
3 ND ND 32 2 ND ND 
0 ND ND = 64 216 ND ND 
25 5 16 <2 32 2 32 2 
4 32 <2 32 2 82 2 
3 <2 16 2 64 
0 256 22,048 128 24,096 128 >4,096 
50 5 16 < 32 < 32 < 
4 16 <2 64 <2 64 2 
3 1 <2 32 6 
0 128 1,024 128 424,096 128 24,096 
05 5 8 <2 8 <2 < 
4 8 <2 16 <2 16 <2 
3 16 <2 8 <2 16 
0 16 64 64 >4,096 64 2,048 
0 5 <2 <2 <2 <2 <2 <2 
0 0 <2 <2 <2 <2 <2 <2 


Washed KB monolavers were exposed to varying multiplicities of adeno- 
virus types 7 and 2 for 1 h at 37°C After washing, various concentrations 
of hydroxyurea dissolved in 5 per cent BME medium were added Cell 
packs were collected after 24-72 h and tested for complement fixation 
antigen using four units of homologous antiserum ‘Titres are expressed as 
complement fixation reciprocals 

mM/HU, Millimoles of hydroxyurea 

ND, Not done 

*T ‘antigen with type 2 was measured using serum from hamsters hyper- 
immunized with adenovirus-SV40 hybrid tumour extracts In these experi- 
ments with Ad 2, $V40, T and V antigen controls were negative 
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titre for adenovirus type 7 T antigen of 1: 128 with a V 
titre of <1:2; a similar experiment with adenovirus 
type 2 yielded a T antigen titre of >1: 128 with a V titre 
of 1: 4. 

Such preparations will be useful in sero-epidemiological 
studies evaluating the role of adenoviruses in human 
cancer. 
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In vitro Characteristics of a Poxvirus 
isolated from Rhesus Monkeys 


PRIMATES are susceptible to poxviruses of the variola- 
vaccinia~monkeypox group and to Yaba poxvirus. 
When an epidemic of skin lesions with the clinical charac- 
teristies of vaccinia appeared in rhesus monkeys (Macaca 
mulatta), Japanese macaques (Macaca fuscata) and animal 
personnel in our colony, monkeypox was suspected. 
Electron micrographs of biopsied skin lesions showed 
particles resembling poxvirus’’. The agent, subsequently 
isolated in tissue cultures, is, however, morphologically 
and serologically distinct from the vaccinia group, and 





Fig. 1. ‘1211’ virus in human amnion cell culture 7 days after infection, 
(x e, 485.) 
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Fig. 2. Uninfected human amnion cell culture after 7 days, (* ¢. 485.) 


the histopathology is totally different from that of Yaba 
virus. We therefore think that this agent, temporarily 
called ‘1211’, is a new unclassified poxvirus which is 
infectious for primates and may be the same as that 
recently reported from Texas’. 

An extract of a homogenized skin lesion did not produce 
pocks on chick chorioallantoic membrane and no cyto- 
pathic effects were observed in HeLa cells, chick embryo 
cells or rabbit kidney cells. Cytopathic changes were 
produced in cultures of BS-C-1 (ref. 3), human amnion, 
rhesus amnion and rhesus epidermal cells after incubation 
for more than 10 days. The time of appearance of these 
changes shortened to 4-5 days after repeated passage. 
After eight passages, sonicated cells and culture medium 
were scarificd into rhesus monkey skin and caused lesions 
clinically and histologically identical with the original 
disease. 

The BS-C-1 cells are suitable for plaque assay under 
agar, although plaques cannot be seen for 4-6 days, are 
counted after 8-10 days and remain less than 1-0 mm 
in diameter. Cells and medium sonicated at the time of 
maximum cytopathic change yield 10°-10° plaque forming 
units (PFU)/ml.; the virus can be concentrated and 


purified in sucrose density gradients* and thus produce a 


titre of 107-108 pru/ml. 

Primary human amnion cells stained with Giemsa 
show numerous cytoplasmie inclusions 5 days after 
infection with ‘1211’ virus and nuclear vacuoles after 
6 days (Figs. 1 and 2). The cytoplasmic inclusions 
probably contain virus; in electron micrographs of 
biopsied skin lesions, similar inclusions are seen to contain 
virus particles and these are found only in the cytoplasm. 
The significance of the nuclear vacuoles is unknown; 
they have been noted in cell cultures infeeted with sheep- 
pox®, myxoma® and swinepox’, but not with Yaba 
or monkeypox’®. 

Results of preliminary serological comparisons by 
neutralization and complement fixation are shown in 
Tables l and 2. Hyperimmune rabbit sera were collected 
after serial injection with virus that had been grown in 
cell culture, purified by gradient centrifugation and 
inoculated at 10? pru per injection for ‘1211? virus and 
10° pru for vaccinia and monkeypox. Sufficient quanti- 


Table 1. SEROLOGICAL COMPARISON BY NEUTRALIZATION 
Serum titres* . 
Virus Monkeypox Vaccinia 1211" Yabat 
Monkeypox 6,400 3,200 <10 ND 
Vaccinia 1,600 3,200 ND ND 
iriki <10 <10 800 100 


ND, Not done. 
* Titres are expressed as the reciprocal of the serum dilntion/O-2 mi, 
showing 50 per cent plaque reduction of 100-200 pFU/0-2 ml, 


+ Yaba serum, supplied by Dr D., S. Yohn, is monkey convalescent serum. 
AN others are rabbit hyperimmune sera. 
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Table. 2. ‘SEROLOGICAL COMPARISON BY COMPLEMENT FIXATION 
Serum titres* 


Antigen Monkeypox Vaccinia 1211" Yaba 
Monkeypox 128 32 <2t <4 
Vaccinia 128 128 <4 <4 

Way’ <2 <2 64 8 


* Titres are expressed as the reciprocal of the serum dilution showing 4+ 
fixation of complement with 4-8 v of antigen using the microtitre technique. 
t <2or <4: lowest dilution tested, 


ties of other poxviruses are not yet available for prepara- 
tion of sera. 

The morphological differences in cell cultures and lack 
of serological cross-reaction clearly set ‘1211’ apart from 
the variola-vaccina~monkeypox sub-group of poxviruses. 
Cross-reactivity with Yaba virus is apparent, but quantita- 
tion of this relationship awaits volume growth and 
reliable plaque assay of this virus in our laboratory. 

This work was supported by a grant from the US 
Public Health Service. 
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Combined Letha! Effect of Zinc Chloride 
and Gamma Irradiation on 
Bacillus megaterium 


Ir has been known for several years that zinc chloride, 
like the salts of other heavy metals, has a lethal effect 
on bacteria’-*. Inactivation of micro-organisms by 
irradiation has also been extensively studied*-'°, and 
yet the effect of the combination of these two inactivating 
agents has received little attention. 

The addition of radioactive zinc-65 to cultures of B. 
megaterium in the exponential phase of growth has been 
shown to be inhibitory, while non-radioactive zine, in the 
same concentration, had little or no effect}. In the 
experiments described here, zine, combined with gamma 
irradiation, had a synergistic inhibitory effect on the 
ability of B. megaterium to form colonies, 

Cultures of B. megaterium (strain Elstre) were main- 
tained in the logarithmic phase of growth for 18 h at 
37° C in nutrient broth (Difco), until the optical density 
of the cultures was about 0-150. From this culture, 0-5 
ml. of bacterial suspension was taken and diluted in 
9-5 ml. of nutrient broth, and irradiated at room tempera- 
ture with gamma rays from a 500 Ci cobalt-60 source. 
The tubes containing culture were randomly placed in a 
circular device which rotated around the souree. The 
dose rate was approximately 400 rads/min given for 5, 
15 or 60 min, corresponding to 2,000, 6,000 and 24,000 
rads, respectively. 

Zine chloride was added to bacterial suspensions, 
prepared and diluted in the same way, to give concentra- 
tions of 6 x 10-* or 12x 10-* M in the medium. Bacteria 
were left in the samples containing zine chloride for 45, 
60 or 120 min. 
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Fig. 1. Inactivation of Bacillus megaterium after exposure to two 
different concentrations of zinc chloride, for various times, and subse- 


quent irradiation. ©, 6x 10-* M zinc chloride; @, with irradiation ; 
0, 12x 10-* M zine chloride; W, with irradiation. 


Another series of tubes, with exposures similar to those 
of zine chloride, were also irradiated as described. Surface 
plate counts were made on Difco nutrient agar before 
and after irradiation and the colonies were counted after 
incubation at 35° C for 48 h. 

Survival curves of samples containing various concentra - 
tions of zine chloride, of samples irradiated at different. 
doses, and of samples containing zine which were then 
irradiated, are shown in Figs. 1 and 2. The effect. of 
zine chloride and gamma irradiation on the survival of 
the micro-organisms is also shown in Table 1. 

The chemical agent remained in contact with the cells 
for quite a long time and was moderately toxic to them. 
By increasing the time of exposure, as well as the con- 
centration of the chemical, the toxicity was increased. 
Thus exposure to zine chloride alone for 45, 60 or 120 min 
at a concentration of 6 x 10-* M decreases the percentage 
of survivals to 70, 66 or 34 per cent, respectively. At a 
stronger concentration (12x 10-*) and with the same 
exposures, the percentage survivals decreased to 45, 40 or 
20 per cent, respectively. Gamma irradiation alone causes 
a significant decrease of survivals and here also the 
reduction is directly related to the dose. Approximately 
28, 45 and 85 per cent of the bacilli lost the ability to 
form new colonies when irradiated with 2,000, 6,000 and 
24,000 rads, respectively. For comparison, the percent- 
ages of survivals here are 72, 55 and 15 per cent, respec- 
tively. 


Table 1, SURVIVAL PERCENTAGE OF Bacillus megatlerium AFTER ZINC TRHAT- 
MENT, GAMMA IRRADIATION AND COMBINATION OF EXPOSURES TO ZINC 
AND GAMMA RAYS 


Gamma 
Time Zine chloride Zine chloride + irradiation Dose 
(min) gamma irradiation 400 rads; (rada) 
6x10" M 12x10“M 6x10°M¥ 12x104 M min 

0 100 100 100 100 0 
45 7O+O1 545-8 8044-9 1142-8 72436 2,006. 
60 6645-9 4045-7 17421 6415 6543-2 6,000 
120 3443-6 2043-6 3740-9 05416 1541-8 24,000 


When zine treatment and gamma irradiation are eom- 
bined, the decrease of survivals is more important. With 
zine chloride at a weak concentration and after irradiation 
with 2,000, 6,000 and 24,000 rads, the percentage survivals 
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Pig. 2. Effect of gamma irradiation at various doses alone or with two 

different concentrations of zinc chloride, on survival of B. megaterium. 

A, Irradiation (400 rads/min); @, irradiation and zinc chloride (6 x 10-* 
M); W, irradiation and zinc chloride (12 x 10-* M). 


are 30, 17 or 3-7, respectively. With the stronger concen- 
tration of zinc and the same irradiation doses the percent- 
age of survivals diminishes to 11, 6 or 0-5, respectively. 
This clearly demonstrates a synergistic effect of the metal 
ions and the radiation. Even by supposing that the two 
agents reach different targets in the cells, the expected 
total decrease of survivals after the combined action is 
much lower than the observed one. 

Metal salts, in concentrations which are not toxic, 
are known to increase the resistance to ionizing radiations. 
Tt has been suggested and partly supported by experi- 
mental evidence that ions of those metals as well as more 
complex redox systems increase the radioresistance by 
donating or receiving electrons. They thus facilitate the 
neutralization of active molecules which have gained or 
lost electrons during the ionization process. Heavy 
metals in appropriate concentration, however, exert a 
deleterious effect on bacteria by combining with sul- 
phydryl groups which are essential for the metabolism 
of the cell!-*. Reagents that combine with sulphydryls 
have been shown to increase radiation sensitivity, at 
least in some micro-organisms'**™, 

The synergistic effect of radiation and zine shown by 
the experiments reported here could be attributed to 
similar phenomena. In other experiments, to be published 
later, the same synergistic effect was observed on the 
growth rate curve of bacteria. Thus the combination of 
the two inactivating agents seems to affect both cell 
growth and cell multiplication. 

The mechanism of the synergistic phenomena cannot yet 
be explained, but zine probably sensitizes the bacteria 
to the lethal action of the gamma rays. This apparent 
sensitization might also be caused by a combination of 
toxic injuries, induced by the salt and by the irradiation. 

M. Kiorrsis 
Greek Atomic Energy Commission, 
Nuclear Research Centre ‘‘Democritus’’, 
Athens. 
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IMMUNOLOGY 


DNA Synthesis in the Development 
of Antibody-forming Cells during 
the Early Stages of the 

Immune Response 


Tuerx is considerable evidence that antibody-forming 
cells arise by mitotic division after injection of antigen, 
and that they continue to divide and produce antibody 
while differentiating (refs. 1-3 and unpublished work of 
N. K. Jerne, A. Nordin, ©. Henry, H. Funi and A. Koros). 
According to this view, the many antibody-forming cells 
present at the peak of an immune response are derived 
by extensive proliferation from a relatively small number 
of precursors. It has been suggested, however, that 
plaque-forming cells which release 19S haemolytic anti- 
body may develop from precursors without division*-*, 
Tf this is true it follows that lymphoid tissue must contain 
a large number of cells capable of being directly “switched 
on” for synthesis of a specific antibody. Experiments 
designed to test this point are described here. 

CBA mice, 8-14 weeks old and of either sex, were 
injected intravenously with 2x 10* sheep red cells. At the 
same time, they received an intraperitoneal injection of 
°H-thymidine (Radiochemical Centre, Amersham), 2 uCi/g 
of body weight, specific activity 5,000 mCi/mmole. In- 
jections of *H-thymidine were given at 12 h intervals 
(Table 1) until the mice were killed, 2-4 h after the last. 
injection. Four non-immunized mice received five similar 
doses of *H-thymidine for a period of 2 days before 
killing. 


Table 1. PROPORTION OF LABELLED PLAQUE-FORMING CELLS IN THM SPLEBN 


OF MICE AT DIFFERENT TIMES AFTER IMMUNIZATION 
No. of PFC examined 


Time after injec- No, of mice Mean PFC/10* 


tion of antigen (h} used spleen cells Labelled Total 
0 4 2 1 12 
26-28 5 8 7 18 
40 2 R4 13 13 
52 1 60 16 16 
76 1 200 16 10 
98-100 2 4,470 34 84 


PFC, plaque-forming cells. 


Single cell suspensions were made from the spleens of 
killed mice, and cells producing haemolytic plaques were 
identified, picked out and smeared individually using 
techniques described fully elsewhere’*. Briefly, mono- 
layers of spleen cells and target sheep erythrocytes were 
incubated in droplets of Eisen’s medium? (with 10 per 
cent of foetal calf serum and 5 per cent guinea-pig com- 
plement) under paraffin oil. After incubation for 15-30 
min, plaques developed in the monolayers; a single 
antibody-forming cell could be picked out from the 
centre of many of these with a micropipette. Where anti- 
body-forming cells were rare, as in non-immunized 
animals, a two step procedure was necessary*: lymphoid 
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cells were first incubated at relatively high concentration 
in the droplets, then all the cells from the centre of the 
plaque were removed, diluted and reincubated with more 
erythrocytes and complement in a second monolayer. 
The active cell could usually be identified after this second 
incubation. Plaque-forming cells were smeared in a very 
thin stream of serum blown from the micropipette and 
their position on the slide was marked by ringing with a 
diamond objective. Slides were then coated with Kodak 
NTB-2 emulsion and exposed for 19-22 days, after which 
the emulsion was developed and the cells were lightly 
stained with Giemsa. 

Table 1 records that from 40-160 h after injection of 
antigen all plaque-forming cells were labelled (usually 
with more than thirty grains). These cells were mostly 
basophilic mononuclears of various sizes, with a few 
plasma cells’. By contrast, in the small sample of ‘‘back- 
ground” plaque-formers from non-immunized mice, all 
but one were unlabelled, indicating that these cells or 
their precursors divide infrequently. The one labelled 
cell was a typical small lymphocyte. The others were 
also small cells (all of average diameter < llu), although 
usually more basophilic than typical small lymphocytes, 
with a nucleus occupying most of the apparent area of 
the smeared cells*. One was a plasma cell. At 26-28 h 
after antigen had been injected, the population was mixed 
by both morphological and labelling criteria. All eleven 
unlabelled cells were less than 12u in average diameter, 
while the seven labelled cells were mostly larger (dia- 
meters were 10, 12, 12, 13, 17, 19, 212). The emergence 
of these labelled cells was presumably provoked by anti- 
gen. The unlabelled cells at this time may well have 
been background plaque-formers present before antigenic 
stimulation, although the data do not exclude the 
possibility that some of these may have begun to produce 
antibody only after antigenic stimulation and without 
dividing. 

These results show clearly that after a mouse is im- 
munized with sheep erythrocytes the great majority of 
IgM-producing cells synthesize DNA before releasing 
antibody. Sterzl has reported experiments very similar 
in design to ours, except that MC-thymidine was used 
instead of *H-thymidine. In his mice, only 50 per cent 
of plaque-forming cells were labelled at 4 days after 
antigen. This low figure may be a result of differences in 
the technique used to detect labelled cells. Eidinger and 
Pross* have concluded that the very rapid increase in 
number of 19S plaque-forming cells which occurs in some 
tissues during a primary immune response can be ex- 
plained only by recruitment of new cells into antibody 
production. This may well be partly true; many antigen- 
responsive cells are probably derived from a circulating 
pool in the blood™®. Nevertheless, our observation that 
all plaque-forming cells were lahelled at days 2. 3 or 4 
after antigen shows that some DNA synthesis, and almost 
certainly at least one division, occurs between recruitment 
of a cell and antibody production. Tannenberg’ concluded 
that the plaque-forming cells in his experiments did not 
undergo enough mitotic divisions to account for the 
observed increase in the number of antibody-forming 
cells. His assumption that cells which have been sup- 
plied constantly with *H-thymidine should incorporate 
much more label after several mitotie cycles than after 
only one or two, is difficult to accept on theoretical 
grounds. If a cell incorporates an amount æ of tritiated 
thymidine into its DNA during one period of synthesis, 
it then loses 2/2 at the subsequent mitotic division. 
After the next S phase, the total label in the cell becomes 
2+2/2, of which half is again lost in mitosis, and so on. 
The maximum amount incorporated cannot exceed 2x. 
This means that the difference in grain count between cells 
after 2 and 10 mitotic cycles could be. at most, 25 per 
cent. (This calculation assumes even distribution of the 
labelled material throughout the pool of thymidine in the 
animal, which Tannenberg probably achieved by taking 
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the precaution of continuously infusing his animals.) His 
results did show that most plaque-forming cells 4 days 
after antigen do contain label, although grain counts 
tended to be lower than ours. The lower counts may 
have been caused by the presence of a thin layer of agar 
over the cells which would have absorbed some of the 
emitted ß-rays. 

In conclusion, while we cannot exclude the possibility 
that a very small proportion of cells produce antibody 
without first synthesizing DNA, our results support the 
view that most IgM-plaque-forming cells arise by mitotic 
division. 
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CYTOLOGY 


Sensitivity of Micrurgically Removed 
Chromosomal Spindle Fibres to 
Enzyme Disruption 


THE physio-chemical nature of chromosomes and 
chromosomal spindle fibres isolated by mierurgy is being 
studied by enzyme disruption of these structures, recorded 
by phase contrast cinematography. 

Using a modification of the technique of McClendon’, 
chromosomes and chromosomal spindle fibres can be 
removed micrurgically from human cells in vitro by an 
incision in the cytoplasmic membrane*. Groups of 
chromosomes along lengths of chromosomal spindle 
fibres can then be separated by teasing them with miero- 
needles. Alternatively, one microneedle can be used to 
stabilize a mitotie cell while the other microneedle is 
inserted to pull out lengths of spindle with attached 
chromosomes? (Fig. 1). 

With either approach, the isolated chromosomal spindle 
fibres show considerable elasticity when the surrounding 
solution is Hanks’ BSS, Earle’s BSS or Eagle’s basic 
medium with or without the addition of serum. In 
Hanks’ BSS, the spindle can be stretched over distances 
greater than 3004 before breakage occurs (Fig. 2a). 
Spindle fibres stretched up to 300p may remain taut. 
when relaxed to distances of about 100u, showing their 
great elasticity (Fig. 2b). 

When the surrounding Hanks’ solution contains RNase 
5x crystallized or pepsin 3x crystallized (Nutritional 
Biochemical Company) in concentrations of 25 mg/ml. 
the spindle can be stretched over 300p (Fig. 2c), but on 
relaxation it does not return to less than 100p. Instead, 
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the relaxing spindle fibres form coiled configurations 
(Fig. 2d) indicating loss of elasticity and suggesting 
deformation of structure at the macromolecular level. 





Fig. 1. Microneedle 1 (N-1) pulls chromosomal spindle fibres (C8) 
with attached chromosomes (CR) from cell (C) which is stabilized by 
microneedle 2 (N-2). 


Prrrit titted 


sonrwbendecnberen 


Fig. 2. A schematic representation of the studies described in the text. y 
a distance of 3004 from the cell (C) which is stabilized by microneedle 2 (N-2). 
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Spindle fibres isolated into surrounding Hanks’ BSS 
and attached to the coverslip while stretched can be 
followed by cinematography, while the surrounding 
solution is changed to Hanks’ BSS with 0-5 mg/ml. of 
DNase added. Within a few seconds of the change of 
solutions, the spindle fibres are seen to break and to 
become slightly less dense under phase contrast micro- 
scopy. Teasing with a microneedle shows that all stretch- 
ability is lost and no elastic recoil remains. When 
spindles are pulled out of cells into the DNase, they 
rarely survive long enough to stretch more than 50-100u. 
before breaking (Fig. 2e). (The fact that the spindle fibres 
do survive the first few seconds of isolation indicates that 
the cytoplasmic membrane is not significantly permeable 
to DNase during the 1-2 h periods of observation.) 
When the entire mitotic apparatus is isolated into this 
DNase solution, efforts to tease the chromosomes apart 
give the impression that the chromosomes are no longer 
connected by spindle fibres. 

These studies indicate that the principal sources of 
strength and stretchability of chromosomal spindle 
fibres are susceptible to destruction by DNase but survive 
treatment with RNase and pepsin. Elastic recoil of these 
spindle fibres, however, seems to be reduced by the 
action of RNase and by pepsin. 

Electron micrographic studies have shown mitotic 
spindle fibres (isolated by the method described here) as 
four groups of fibres attached to the kinomere in both 
mouse and human metaphase chromosomes‘. These four 
groups of fibres appear to be each about 600 A thick and 
each seems to be made up of smaller fibres which are 
bound into a fascicle by a yet smaller very dense spiralling 
fibre less than 100 A thick® (Fig. 3). Of the fibres seen, 
only the dense spiralling fibre seems to be small enough 
to be a DNA strand. The larger fibres would then pre- 
sumably be protein. 

In electron micrographic studies, small dense fibres 
less than 100 A thick, in sectioned chromosomes, were 
found to be sensitive to DNase’. In light microscopic 
studies of well stained Feulgen preparations such as those 
by Lima-de-Faria’ (especially Figs. 40 and 41) some 
Feulgen positive material seems to taper off from the 
chromosome as if it were following the spindle. The 
studies described here suggest that not only does DNA 
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(a) Microneedle 1 (N-1) stretches chromosomal spindle fibres (CS) 
(b) When microneedie 1 (N~1) returns to within 1004 of 


microneedie 2 (N-2) the chromosomal spindle fibres remain taut as is characteristic for such fibres isolated into Hanks’ BSS, Earle's BSS or 


Eagle's basic media. 
(2:5 mg/ml). 


relaxed to 1004. Instead they remain somewhat stretched and tend to coil as if macromolecular structures had been deformed. 
mg/ml, of DNase fail because the fibres become disrupted and break 
the cell and exposure to the enzyme. 


to stretch chromosomal spindle fibres 


(e) Chromosomal spindle fibres (CS) can be stre 


(CS) in solutions containing 0-5 
within a few seconds of removal from 


tehed for a distance of 300% in solutions containing RNase or pepsin 
(d) Chromosomal spindle fibres which have been stretched to 3004 in solutions of RNase or pepsin fail to remain taut when 
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Fig. 3. A schematic representation of chromosomal spindle fibres as 

fascicles about 600 A thick composed of fibrils about 200 Å thick 

surrounded by one or more dense spiralling fibre(s) less than 100 A 

thick as they near the kinomere. The dense spiralling fibres are small 

enough to be DNA, and such fibres may be responsible for the struc- 

tural integrity of the aaah ae fascicles. (This drawing is 
not to scale. 


accompany the chromosomal spindle fascicles, but that 
DNA provides the chief source of structural integrity for 
these fascicles. 
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Apparent HeLa Cell Contamination 
of Human Heteroploid Cell Lines 


Inrersprciric cell culture contamination has been de- 
tected several times by karyotypic and immunological 
procedures!~®, These same measurements are of little 
value as detectors of intraspecific contamination, but 
polymorphic variants detectable at the cell culture level 
can be very useful for this purpose. A survey of twenty 
heteroploid human cell lines for glucose-6-phosphate de- 
hydrogenase (G6PD) and phosphoglucomutase (PGM) 
electrophoretie polymorphisms revealed that all had the 
same G6PD and PGM phenotypes. These results were 
interpreted as reflecting widespread contamination of 
cultures by the first established human cell line HeLa. 
These findings were presented at the Second Decennial 
Review Conference on Cell Tissue and Organ Culture‘ 
and have since been extended to include other American 
Type Culture Collection lines. Further evidence on the 
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Table 1. ESTABLISRED HETEROPLOID HUMAN CELL LINES ANALYSED IW 
THIS STUDY 
Original ATCC No. Supply for 
designation (if listed) this study 
HeLa CCL 2 ATCO. RL 
6 lines assayed) 
Detroit 6 COL 3 avec. C ee 
Minnesota EE CCL 4 ATCC, BL 
Embryonic lung CCL & ATCO 
Intestine 407 CCL 6 ATCC, C 
Chang liver CCL 13 ATCC, RI 
KB CCL 17 ATCC, C 
Detroit 98 CCL 18 ATCC 
NCTC 2544 CCL 19 ATCC 
AF: CCL 21 ATCC 
He p-2 CCL 23 ATCC, RL 
J-111 CCL 24 ATCC, © 
WISH CCL 25 ATCC, RI 
Giradi heart COL 27 cc 
Heart -= RL 
Leucocytes = RE 
Leucocytes oe RL 
Embryonic oe RL 
Prostate = RL 
OMP _ RL 


RL, Research laboratory; 
Culture Collection. 


C, commercial source; ATCC, American Type 
stability of these markers in various conditions has been 
obtained, and in view of the widespread use of cell lines 
in a variety of investigations it seems important to make 
these findings readily accessible to other workers. 

There are two principal G6PD (sex linked) electro- 
phoretic variants, the A (fast) and B (slow) types. The 
A type has been found only in Negroes, its frequency in 
the American Negro male population being about 30 per 
cent. There are three common PGM (autosomal) electro- 
phoretie variants, 1, 1-2 and 2, with frequencies of 
approximately 65, 20 and 15 per cent in both Negro and 
Caucasian population. All the human heteroploid cell 
lines so far examined (Table 1) were found to have the 
G6PD A band and were PGM type 1. I have not ascer- 
tained the racial origin of all the lines examined; it is 
known, however, that at least some were thought to have 
been derived from Caucasians (KB, WISH, Prostate, 
CMP) and at least one (HeLa) is from a Negro. The 
absence of the A band in Caucasians excludes a statistic- 
ally based sampling explanation of these results; however, 
even if all the lines are assumed to be of Negro origin the 
probability of all being G6PD A and PGM 1 by chance 
sampling is absurdly low (with values of 0-3 for A and 
0-65 for PGM 1, the probability is 6 x 10-45), 

Two explanations for these observations may be con- 
sidered: (1) G6PD or PGM expression or both are modified 
in established cell lines such that only the G6PD A and 
PGM 1 types are found; or (2) these lines are all or nearly 
all HeLa cell contaminants (HeLa being the first estab- 
lished cell line and derived from a Negro). To explore the 
first argument, a number of experiments were carried out 
to see if modification of G6PD and/or PGM expression was 
possible. Because heteroploid established cell lines are 
often associated with tumorous tissues, a number of 
tumours were studied to see whether the G6PD or PGM 
types of the tumour or both deviated from that of normal 
tissue in the same person. Tumours from more than 100 
individuals have now been surveyed (leukaemias, fibromas, 
carcinomas of various tissues, trichoepithelioma and sar- 
comas); and in all cases the tumour phenotype was 
identical to the normal tissue phenotype. In the case of 
individuals heterozygous for G6PD (AB), tumours may 
show only the A or B phenotype; however, this is beeause 
of the cell mosaic nature of such heterozygotes and the 
possibility of single phenotype tumours developing through 
single cell origin or selection’. The tumour cases studied 
included all PGM types but only hemizygous and homo- 
zygous G6PD individuals. Several normal cell strains have 
been initiated from individuals of known G6PD and PGM 
genotypes and in all cases the phenotype of the culture 
throughout its life history in vitro has remained identical 
to that of the donor. G6PD and PGM phenotypes of 
normal cultures have been examined in a variety of culture 
conditions ineluding PPLO contamination, SV40 infec- 
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tion, X-irradiation, 5-bromo-deoxyuridine incorporation 
and treatment with corticosteroids; in no case was the 
G6PD or PGM phenotype modified. Finally, two long 
term near diploid cell lines derived from tumours and 
= maiütained in culture for more than 3 years were both 

-G6PD B. All evidence seems to point to the stability of 
the G6PD and PGM phenotypes both in vivo and in vitro. 

The simplest and most likely explanation of these find- 
ings remains contamination from HeLa cells. Compatible 
with this argument is the derivation of the HeLa line 
from a Negro patient and the fact that it was the first 
established human cell line. If we assume that most, if 
not all, the heteroploid human cell lines are HeLa cell 
derivatives, then some important questions are raised 
regarding investigations with these cells. In cases where 
the investigator’s requirement was for any human cell 
line, the problem of whether the line was HeLa, KB or 
Detroit does not seem important. In fact, differences 
between such lines for certain characters—virus sen- 
sitivity, for example—are perfectly compatible with a 
common origin of the lines, because in vitro developed 
variations within clones are well known in these systems. 
In those cases where the investigator has assumed a 
specific tissue origin of the cell line (liver or lymphocytes, 
for example), however, the work is of dubious value. 

With the continued expansion of cell culture technology, 
it is almost certain that both interspecific and intraspecific 
contamination will continue to occur. The electrophoretic 
variants mentioned here are not only useful as intra- 
specific tags, but are even more powerful in species 
identification. The PGM pattern alone is specific for every 
species we have examined (man, hamster, rat, mouse, 
rabbit and cow). The use of stable genetic markers is 
routine practice in all genetically oriented stock keeping: 
now that such markers are available for cell culture work. 
their incorporation into the material to be cultured is the 
best. guarantee against contamination. 
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PATHOLOGY 


Anti-tumour Activity of $-Carbamyl- 
-cysteine 


L-ASPARAGINASE has been shown to inhibit the growth of 
various tumours in the mouse, rat and dog and is currently 
being used in clinical trials‘. Unlike normal cells, the 
cells of tumours that respond to this enzyme have a 
requirement for the nutritionally non-essential amino-acid, 
L-asparagine. 
-C Treatment of tumours with L-asparaginase is tempered, 
however, by the possibilities of reaction to foreign protein 
and of endotoxin contamination of the enzyme isolated 
from E. colt. 

Several compounds structurally related to L-asparagine 
were therefore investigated in the hope that these 
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analogues might interfere with the uptake and/or utiliza- 
tion of L-asparagine. S-Carbamy]-.-cysteine (SCC, Fig. 1), 
structurally related to L-asparagine and L-cysteine, was 
tested for anti-tumour activity in vitro and in vivo 
against tumours which were sensitive and non-sensitive 
to L-asparaginase. SCC has previously shown anti- 
tumour activity against a transplanted mouse adeno- 
carcinoma®. 


o 
il 
a a 
NH, 


L-Asparagine 


HS—CH,—-CH—COOH 
| 
NH, 


i-Cysteine 
o 


i 
H,N—C_-S—-CH,—CH—COOH 


2 
S-Carbamyl-L-cysteine 
Fig. 1. 


S-Carbamyl-i-cysteine was tested in vitro against 
L5178¥ and £1210 cells in statie culture as previously 
reported’. Cell counts were taken at 24 and 48 h using a 
Coulter counter. The effects of SCC at various concentra- 
tions are reported in Table 1. SCC seemed to be equally 
cytotoxic against the L5178Y 1-asparaginase sensitive 
and the £1210 non-sensitive cells. 


Table 1. CYTOTOXIC EFFECT OF S-CARBAMYL-L-CYSTRINE AGAINST ORLLS IN 
TISSUE CULTURE 
sce 
concentration Percentage inhibition of growth of controls 
Cell line (ug/ml.) at 24h at 48h 
L5178¥ 50 97 99 
25 94 98 
10 35 40 
5 0 9 
£1210 50 68 97 
25 61 88 
10 26 40 
5 0 


Table 2. ACTIVITY OF S-CARBAMYI-L-CYSTEINE AGAINST VARIOUS TRANS- 
PLANTE. 


D TUMOURS 
Percentage Percentage 
Range of Optimal increase in inhibition of 
Tumour doses used dose median survival average contro! 
(mg/kg) (mg/kg) over control tumour weight 
L5178Y 50-400 d* 400 eod 30 — 
00 eod t 
£1210 250-300 d 400 eod 40 — 
400 eod 
P388 300 d 400 eod 87 _ 
300-400 eod 
P1798 200-300 d 300 dł _ 70 
+d, Daily. 


t eod, Every other day. 
+ Five injections (day 1-5), mice killed on day 10 and tumours excised aud 
weighed. s 


S-Carbamyl-L-cysteine was also effective against several 
tumours in vivo (Table 2). SCC seemed more effective in 
inhibiting the growth of the P1798, L-asparaginase sensi- 
tive lymphosarcoma than in increasing the median survival 
of mice bearing leukaemias sensitive (L5178Y) or non- 
sensitive to L-asparaginase. The mechanism of the anti- 
tumour effect of SCC is unknown, but it, or one of its 
metabolic products, may interfere with the oxidative 
energy supply supporting protein synthesis’. The equiva- 
lent activity of SCC against £5178Y and 11210 in vitro 
does not lend support to the hypothesis that SCC is an 
antimetabolite of L-asparagine. 
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Further studies on the mechanism of action of SCC 
and studies of the anti-tumour activity of other analogues 
of L-asparagine are in progress. 
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Reduced Binding of Carcinogenic 
Hydrocarbons to DNA of Mouse Skin 
during Inhibition of DNA Synthesis 


CARCINOGENIC polycyclic hydrocarbons have been shown 
to bind to DNA in mouse skint’, but no details are known 
of the conditions in which this binding occurs in vivo, for 
example the phase of the cell cycle, the functional status 
of DNA or whether the DNA is replicating or resting. 
Data are only available for in vitro binding to denatured 
and native DNA*4, It could be assumed that replicating, 
histone-free DNA is a better target for hydrocarbons than 
resting DNA, in which case binding should be reduced if 
DNA synthesis is blocked. To test this idea we used 
hydroxyurea in different organisms**; this is a potent 
and rather specific inhibitor of DNA synthesis, and 
inhibits more than 90 per cent of DNA synthesis in mouse 
skin. 

To measure DNA synthesis, 7 week old male NMRI mice 
were given *H-methyl-thymidine (1 uCi/g mouse intra- 
peritoneally) and were killed 50 min later. The back skins 
(~7-7 em?) of these mice that had been previously shaved 
were scraped under liquid nitrogen, incubated in 3 per 
cent acetic acid overnight, homogenized and precipitated 
by 10 per cent trichloroacetic acid (TCA)’. After several 
washings with TCA, ethanol and ether, the residue was 
dried, weighed and burnt to give tritiated water which 
was counted in a liquid scintillation counter. The dose-res- 
ponse curve (thymidine incorporation against hydroxyurea) 
is shown in Fig. 1. All animals survived with a single dose 
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Fig. 1. Effect of different doses of hydroxyurea on DNA synthesis in 
mouse skin 70 min after intraperitoneal injection. Standard errors of 
the mean are indicated (four experiments). 
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Fig. 2, Effect of hydroxyurea on DNA synthesis in mouse skin at 
different times after intraperitoneal injection (05 mg/g of mouse), 
Standard errors of the mean are indicated (four experiments), 


of hydroxyurea of up to 0-66 mg/g body weight. Synthesis 
of DNA is effectively inhibited very quickly and remains so 
for 3-4 h (Fig. 2). When the effect of hydroxyurea wore 
off, DNA synthesis increased to more than the normal 
rate: if DNA synthesis has been blocked for 9 h the rate 
of DNA synthesis more than doubled after 24 h. 

A concomitant inhibition of RNA synthesis was not 
observed. This was followed by measuring the incorpora- 
tion of *H-5-uridine (2 uCi/g intraperitoneally) according 
to essentially the same procedure as that described for 
thymidine. Thus hydroxyurea seemed to be a specific in- 
hibitor of DNA synthesis in mouse skin as well as in other 
organisms’. To test whether DNA synthesis is essential 
for the binding reaction, five male mice were injected with 
hydroxyurea and incubated with tritiated 3,4-benz- 
pyrene (BP) or 7,12-dimethylbenzanthracene (DMBA), 
dissolved in tricaprylin (0-3 ml./30 g of mouse). Un- 
labelled BP and DMBA were added to give a final con- 
centration of hydrocarbon of 0-66 uM and 5 uCi/g of body 
weight, a dose known to produce tumours if later developed 
with croton oil. We preferred the oral route to local 
painting for two reasons: if hydrocarbons are locally 
applied, it is rather hard to eliminate residual hydrocar- 
bons which might interact in vitro during the DNA 
isolation procedure. Furthermore, slight variations in the 
size of the painted area change the specific activities 
of labelled DNA considerably: the more untreated 
areas are included, the lower the specific activities will 
be. On the other hand, oral application ensures a rather 
more homogeneous distribution of hydrocarbons to 
mouse skin. 

DNA was isolated after 4 or 12 h, a time which has been 
found to be long enough to allow maximum binding of 
BP or DMBA to mouse skin (unpublished results). The 
isolation procedure used was essentially that of Colburn 
and Boutwell. RNA and proteins were removed by 
digestion with pancreatic RNase and pronase/trypsin. 
DNA preparations were characterized by the ratio of 
their wavelengths (260/280 usually > 1-83; 260/230 > 
1-91), by their buoyant densities at equilibrium in solu- 
tions of caesium chloride (one peak only at 1-702), by 
their RNA contents (usually < 1-5 per cent) and by their 
protein contents (<2 per cent). The specific activity of 
the DNA was measured by combusting the weighed TCA 
precipitate as before. 

The experiments show that (1) carcinogenic hydrocar- 
bons bind to mouse skin DNA even after oral administra- 
tion, and (2) the binding can be reduced by pretreatment 
with hydroxyurea. At a first glance the reduction does 
not seem to be too overwhelming. Considering the fact 
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that only 1-2 per cent of the total population of skin 
cells are engaged in active DNA synthesis’:'°, however 
it can. be anticipated that only this small number of cells 
would respond to the inhibitory action of hydroxyurea. 
On this basis, the relative binding of carcinogenic hydro- 
carbons both to replicating and resting DNA can be 
determined. Assuming a tritium index of 1-5 per cent and 
6 h for the S-phase, it can be calculated that during the 
4 h of the BP experiment approximately 1 per cent 
(1:5 x 0-66) of the epidermal DNA had been replicated. 
Because 57 per cent of BP-binding is sensitive to hydroxy- 
urea or dependent on DNA-synthesis, the ratio of 
hydroxyurea-sensitive to hydroxyurea-insensitive bind- 
ings per cell amounts to (57/1: 43/99=) 131. This ratio 
means that BP selectively binds to replicating DNA of 
mouse skin with an error of less than 1 per cent. Similarly, 
for DMBA we found a ratio of 45. 


Table 1, EFFECT OF HYDROXYUREA (0-5 MG/G MOUSE) ON THE BINDING OF 
CARCINOGENIC POLYCYCLIC HYDROCARBONS TO MOUSE SKIN DNA 
i Hydroxy- D.p.m./mg Percentage 
Hydrocarbon urea of DNA inhibition 
$,4-Benzpyrene"H + 489+11 57-4 
- 852 +38 
7,12-Dimethylbenz(a)anthracene?H + 256+ 8 31:0 
_ 371 +56 


Standard errors of the mean are indicated (four experiments). 


It is not certain, of course, whether replicating DNA is 
itself a preferential target for carcinogenic hydrocarbons, 
or whether these hydrocarbons first bind to DNA pre- 
cursors which fail to be incorporated into DNA under the 
influence of hydroxyurea. Whatever the reason for the 
reduced binding of BP or DMBA to DNA, this manipula- 
tion of binding may provide a tool for deciding whether 
the complex of DNA and hydrocarbon, as Brookes" post- 
ulates, or protein binding, as Heidelberger" claims, is essen- 
tial for tumour induction. If the tumour yield is unaffected 
by blocking DNA synthesis (simultaneously reducing 
binding to DNA), it might be safe to conclude that this 
binding reaction is not necessary for the initiation process. 
If, however, the contrary were true, this would support the 
idea that the initiation process is somehow correlated 
with DNA synthesis, as suggested by other results**:*. 
Similar ideas are now being tested for rat hepatoma 
induced by diethylnitrosamine (personal communication 
from M. F. Rajewsky,) 

Mice and materials were supplied by Professor E. 
Hecker. 
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Association of Acid Mucopolysaccharides 
with Isolated Amyloid Fibrils 


Ix a review of amyloidosis, Cohen! concludes that “muco- 
polysaccharide does not constitute a significant portion of 
the material. Several reports in the literature indicate 
that an unusual mucopolysaccharide containing heparitin 
sulphate may be present in amyloid. To date these 
studies have been on whole amyloid tissues, not on isolated 
fibrils”. Experiments now in progress on the nature of 
acid mucopolysaccharides associated with isolated amyloid 
fibrils are reported here. 

Samples of liver and spleen obtained at autopsy from. 
six cases of secondary amyloidosis (confirmed by thio- 
flavine T staining at pH 1-0) (ref. 2) and twenty normal 
controls were stored at —20° C until required. Fibrile 
were isolated using the method of Cohen and Calkins* 
and the final top layer further purified by centrifugation 
at 18,000g for 1 h in 60 per cent sucrose, the deposit 
being retained and the process repeated three times. The 
final deposit was resuspended in 0:9 per cent saline, 
dialysed against distilled water for 48 h and lyophilized. 
All these procedures were carried out at 4° C. A further 
sample of fibrils isolated by the same method was kindly 
provided by R. B. Nichols of the University of Bristol 
(sample A2—Nichols and Clamp‘). The fibrillar nature 
of the isolated material was confirmed by electron micro- 
scopy. 

Mucopolysaccharides were isolated from whole tissues 
and fibrils after digestion with papain, separated by 
electrophoresis on cellulose acetate membrane and identi- 
fied by methods described by Manley. Samples of chon- 
droitin sulphate and hyaluronic acid and mucopoly- 
saccharides isolated from human aorta were used as 
markers. 

The sialic acid content of papain digests of a known 
weight of isolated fibrils was determined by the method 
of Warren® after hydrolysis in 0-1 N sulphuric acid for 
1 hat 80° C. Uronie acid was determined by the modified 
carbazole method of Bitter and Muir? before and after 
dialysis in heated viscose tubing. The optical density of 
the reaction mixture without addition of carbazole was 
used as a blank. There was no significant difference 
between results before and after dialysis. These estima- 
tions were also made on the supernatants of control 
samples of amyloid fibrils incubated in the digestion 
mixture without the addition of the enzyme. 

Non-amyloid control tissues contained a large chon- 
droitin sulphate fraction—less than 5 per cent of which 
was resistant to hyaluronidase—and a small amount of 
hyaluronic acid. Amyloid tissues showed three fractions: 
a small hyaluronic acid fraction; a chondroitin sulphate 
fraction, a variable portion of which was resistant to 
hyaluronidase; and a prominent heparan sulphate fraction 
representing 22-73 per cent of the total material. Tissues 
without histological evidence of amyloid but taken from 
patients with positive histology in other organs had the 
same pattern as normal controls. These results are shown 
in Table 1. 

Results of analyses of isolated fibrils are shown in 
Table 2. All the fibrils examined contained a small 
amount of uronic and sialie acids. No uronic or sialic 
acid was found in the supernatants of non-papain-digested 
control fibrils and hyaluronic acid was not found in any 
of the samples tested. A chondroitin sulphate fraction 
was present in all the samples but showed marked 
variation in sensitivity to hyaluronidase. There was a 
prominent heparan sulphate band in five of the seven 
samples examined, and it was the predominant fraction 
in four of them. Although the pattern varied, it is im- 
portant that it is essentially the same in fibrils isolated 
from different tissues in the same patient (case 4). 
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Heparan sulphate has been isolated from whole amyloid 
tissues in increased amounts*~” and recent histochemical 
studies? suggest that it is the principal acid mucopoly- 
saccharide present in amyloid deposits, associated with 
ir paroan sulphate and some material containing sialic 
acid, 

The results presented here confirm the increase in 
heparan sulphate in whole tissues and demonstrate its 
association with some isolated fibrils. Hyaluronidase 
digestion alone must be regarded as unsatisfactory for 
examining the chondroitin sulphate fraction, so the possi- 
bility that this fraction may include the second type of 
heparan sulphate found in whole amyloid tissues*® must 
be considered. Further chemical characterization of the 
fractions isolated is in progress. 


Table 1. RESULTS ON WHOLE TISSUES 


Percentage 
Case Histology Percentage of total of C.S. 
Tissue number for mucopolysaccharide resistant to 
amyloid CS. H H.A. hyaluronidase 
Liver 1 + 62 38 T <5 
Spleen 1 Negative 100 0 T <5 
ver 2 + 39 53 & <5 
Liver 3 + 24 73 3 87 
Liver 4 + 48 46 6 38 
Spleen 4 + 58 40 2 28 
Liver 5 + 82 18 T <5 
Spleen 5 + 52 35 13 <5 
ver 6 Negative 100 0 T 12 
Spleen 6 + 78 22 T <5 
Liver 20 Negative 85-100 0 0-15 <5 
controls 
Spleen 20 Negative 89-100 0 O-11 <5 
controls 


Percentage given to nearest whole number. 
T, Trace (less than 2 per cent); C.S., chondroitin sulphate; H.S., heparan 
sulphate; H.A., hyaluronic acid, 


Table 2. RESULTS ON ISOLATED FIBRILS 
Percentage of Percentage 
Case dry weight Percentage of of C.S, 
Tissue number Uronie Sialic mucopolysaccharide resistant to 
acid acid C.S. HS. H.A. hyaluronidase 
Liver 2 0-302 0-625 35 65 — <5 
Liver 3 0-318 0:487 66 34 _ 100 
Liver 4 0-246 0-597 23 77 — 17 
Spleen 4 0-293 0-634 35 65 — 28 
Spleen 5 0-154 0-476 100 — — <5 
Spleen 6 0-217 0-964 100 — — <5 
Liver A2 0:388 0-505 19 81 — <5 


t uronic acid, 0-275 per cent +0-075; mean sialic acid = 0-613 per cent 
+0168. 


Two glycoproteins with carbohydrate—predominantly 
neutral hexose in one and sialic acid in the other—have 
been isolated from fibrils (case 4 liver and A2) examined 
in this study‘. Thus although the sialic acid content of 
isolated fibrils is low, it reflects the presence of an impor- 
tant moiety. The mean sialic and uronic acid contents 
of the fibrils examined here are similar to the figures of 
0-56 and 0-34 per cent, respectively, given by Cohen™ and 
it would not be surprising if the low uronic acid content 
algo reflects the presence of an important moiety in the 
amyloid fibrils. 

It is difficult to assess the extent to which isolated 
fibrils may be contaminated by loosely bound ground 
substance materials, but attempts to purify them further 
result in a higher, rather than lower, uronic acid content}, 
The present work shows that the uronic acid reflects the 
presence of material which must be very firmly bound to 
the isolated fibril to survive repeated washings in the 
extraction procedures used, a conclusion supported by 
the fact that none of this material could be isolated 
without enzymatic digestion. Acid mucopolysaccharides 
thus constitute a small but significant and integral part 
of the amyloid fibril. 

I thank Dr A. H. T. Robb-Smith, Radcliffe Infirmary, 
Oxford, in whose department this work was initiated, and 
Dr G. K. McGowan, in whose department it is being 
continued, for their interest and encouragement. R. B. 
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Biliprotein from the Ova 
of a Key-hole Limpet 


THE mature ova of some limpets and key-hole limpeta are 
green in colour, In an attempt to identify the pigment 
responsible for the green colour of the ripe ova of the key- 
hole limpet Diodora graeca we have isolated from the ova 
a blue chromoprotein, which has a bile pigment as pros- 
thetic group. 

The key-hole limpets were collected in Malta from 
October to December, and ripe ovaries were dissected 
and weighed: 150-200 animals were found to give about 
5 g of tissue. The material was homogenized with distilled 
water (250 ml.) and crushed ice (250 g) in a Waring blender. 
Octyl phenoxy polyethoxyethanol (‘Triton X-100’) (1 ml.) 
was added and the homogenate was stirred for 1 h and 
left at 4° C for 18h. The homogenate was then centrifuged 
at 5,000g at 4°C for 1 h. The green precipitate was 
washed once in the centrifuge with distilled water (100 
ml.). It was then dispersed in distilled water (100 ml.), 
tricalcium phosphate gel? (25 g) was added, and the mix- 
ture was stirred and centrifuged. The calcium phosphate 
was then washed with 0-1 M phosphate buffer, pH 7-0 
(100 ml.), and subsequently with 0-1 M phosphate buffer, 
pH 7-0, containing 1 M sodium chloride (2x 100 ml.), 
which gave a blue eluate. This eluate was half-saturated 
with ammonium sulphate, and the blue precipitate was 
collected by centrifuging at 5,000g at 4°C for 1 h. The 
precipitate was then dissolved in the desired buffer and 
dialysed against the same buffer at 4°C. Some protein 
which precipitated during dialysis was removed by 
centrifuging. 

The blue protein solution showed a single component 
which migrated towards the cathode on cellulose acetate 
membrane electrophoresis with 0-1 M phosphate buffer, 
pH 7-0. Gel-filtration through a 50x 2-5 em column of 
‘Sephadex G-200’ equilibrated with 0-05 M tris hydro- 
chlorie acid, pH 7-5, containing 0-1 M potassium chloride? 
indicated a molecular weight of 300,000 for the protein. 

The prosthetic group was isolated as follows. A blue 
precipitate was obtained on dialysis of a solution of the 
protein in 0-1 M phosphate buffer, pH 7-0, against distilled 
water. The precipitate was collected by centrifuging and 
extracted with methanol at room temperature. The 
extract was evaporated to dryness in a current of air. 
The blue residue was soluble in chloroform as well as 
methanol. Thin-layer chromatography on silica gel G 
showed a single component with an average Rr of 0-6 in 
each of the following solvent systems: iso-propanol—con- 
centrated ammonia—water (10: 0-5:1, v/v); n-butanol- 
acetic acid-water (12:3:5, v/v); and chloroform- 
methanol-acetic acid (15:4: 1, v/v). 
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The prosthetic group was identified as a bile pigment 
because it gave a positive Gmelin reaction; a solution 
of the pigment in aqueous methanol turned violet, then 
red, and finally colourless after the addition of con- 
eentrated nitric acid. 
The absorption spectrum of the pigment in 5 per cent 
(w/v) methanolic hydrochloric acid showed maxima at 
615, 396 and 325 my and inflexions at 420, 365 and 270 mu. 
The zinc complex salt of the pigment showed maxima at 
610 and 405 my in chloroform solution, and exhibited 
weak green fluorescence in ultraviolet light. On oxidation 
with iodine in the presence of ammonia, it showed maxima 
at 610, 515 and 365 my and an inflexion at 405 mu. 
The pigment seems to be a bilidiene in view of its blue 
colour, absorption spectrum, reaction with nitric acid, and 
formation of a zine complex with fluorescence in ultra- 
violet light. 
W. H. BANNISTER 
J. V. BANNISTER 
H. MICALLEF 
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Effect of Orotic Acid on Activity of 
Nuclear DNA-dependent RNA 
Polymerase and Polyribosomal Profiles 
in Deficient Chick Liver lacking 
Vitamin Bi 


Orotic acid, like vitamin Ba, increases the RNA! and 
free nucleotides? in the liver of chicks deficient in vitamin 
B,, and stimulates the incorporation of phosphate labelled 
with phosphorus-32 into these structures’. More recently, 
a significant increase in the incorporation of *H-formate 
into RNA of subcellular fractions of liver and into acid- 
soluble free nucleotides has been found in chicks treated 
with orotic acid’. 

This communication concerns a comparison of the effect 
of orotic acid and vitamin B,, on the activity of nuclear 
DNA-dependent RNA polymerase and on polyribosomal 
profiles in chick livers deficient in vitamin Bie. 

We have investigated the part played by orotic acid in 
the metabolism of nucleic acid. Orotic acid is a growth 
factor for chicks and rats which are fed on a diet deficient 
in vitamin B,,5-°. 

One day old New Hampshire x White Leghorn chicks 
were divided into three groups. One group received a diet 
deficient in vitamin B,,’, the other two groups received 
the same diet supplemented with either 10 ug of vitamin 
B,, or 10 mg of orotic acid in every 100 g of diet. After 
5 weeks, six chicks from each group were injected with 
sodium *H-formate in a sterile solution (50 uCi/100 g body 
weight). The chicks were killed 2h later and the livers 
were quickly removed. Ribosomes were obtained from 
the mitochondria-free supernatant of a whole liver homo- 
genate treated with bentonite’, and were treated with 
sodium deoxycholate (final concentration 1:3 per cent 
w/v). Ribosomes suspended in a medium according to 
Tata and Widnell® were layered over a 15-30 per cent 
w/v linear sucrose density gradient. After centrifuging 
for 3 h at 63,0009, 0-5 ml. fractions were collected; extine- 
tion was measured at 260 my and radioactivity was 
determined by adding scintillator fluid!® in a Nuclear 
Chicago automatic spectrometer. Sedimentation co- 
efficients were calculated’ t, 
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Table 1. EFFECT OF GROTIC ACID AND VITAMIN By ON DNA-DEPENDRNT 
RNA POLYMERASE ACTIVITY IN VITAMIN B,,-DEFICIENT CHICK LIVER 


RNA polymerase activity 
(percentage of control) 


Group Animals in experiment Activated by Activated by 
Mg* Mnt AN Hh SOs 
1 Vitamin B,,-deficient (control) 100 100 
2 Orotic acid-treated 131 261 
8 Vitamin B,,-treated 107 271 


Results are the averages of three determinations of pooled livers (three 
livers per pool), Duplicate experiments agreed within +10 per cent. Mag- 
nesium-activated RNA polymerase activity in the control was 148 gumoles 
of #C-AMP incorporated/15 min/mg of DNA. Manganese-activated RNA 
polymerase activity in the control was 98 zamoles of 4C-AMP incorporated’ 
45 min/mg of DNA. 


RNA polymerase activity, dependent on nuclear DNA, 
was assayed in liver of other animals from the same 
experimental groups. Both the reactions which are 
dependent on magnesium and those dependent of man- 
ganese and ammonium sulphate were assayed by measur- 
ing the incorporation of 4C-AMP into the acid-insoluble 
RNA”. The radioactivity of samples labelled with carbon- 
14 dissolved in formic acid was measured by adding 
ethyleneglycol monomethylether and the liquid scintil- 
lator’. 

Profiles of the sedimentation of polyribosomes from 
chicks treated with orotic acid (Fig. 1, graph 2) as well as 
from those treated with vitamin B, (Fig. 1, graph 3) 
show higher radioactivities in the peaks d, e and f, which 
correspond to 206 S, 259 S, and 280 S polyribosomal 
aggregates, respectively, when compared with the profile 
of chicks deficient in vitamin B,, (Fig. 1, graph 1). 

The results for the activity of DNA-dependent RNA 
polymerase show that the reaction activated by mangan- 
ese and ammonium sulphate is significantly increased in 
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Fig.1. Effect of orotic acid and vitamin B, on profiles of polyribosomal 
sedimentation chick liver deficient in vitamin B,.; Graph 1, vitamin B,- 
deficient: graph 2, treated with orotic acid; graph 3, treated with 
vitamin B; (peak a=73 S; b=113 S; ¢=147 S; d=206 8; e=259 S; 
f= 280 8), , Optical density at 260 mu; - - - - , radioactivity, 
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the liver of chicks treated with orotic acid or vitamin Bys 
while no changes are found in the reaction activated by 
magnesium. The higher optical density and radioactivity 
of the regions corresponding to the polyribosomal aggre- 
gates of 5, 7 and 8 repeating units indicate a positive 
effect of orotic acid not only on the ability of ribosomes 
to be aggregated, but also on the levels of rapidly labelled 
cytoplasmic RNA. This is in agreement with the increased 
manganese/ammonium sulphate-activated RNA poly- 
merase activity, observed in the orotic acid-treated chicks. 
According to Widnell and Tata, the product of the 
reaction activated by manganese and ammonium sulphate 
represents (in terms of base composition and nearest- 
neighbour frequency) a more DNA-like RNA, whereas that 
of the reaction activated by magnesium is a ribosomal 
type of RNA. 
These results lead us to suggest that orotic acid has a 
positive effect on the biosynthesis of mRNA. 
This work was supported by a grant from the Consiglio 
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Polyoma Virus-induced Release of 
Inhibition of Cellular DNA Synthesis 
caused by lododeoxyuridine 


Tue halogenated pyrimidine nucleosides, 5-iodo-2’-deoxy- 
uridine ([UdR) and 5-bromo-2’-deoxyuridine (BUR), are 
incorporated instead of thymidine into the DNA of 
mammalian cells for one division cycle. The synthesis of 
DNA is then delayed and takes place only in a small 
fraction of the cells}. At high concentrations of these 
compounds (or at low concentrations when 5-fluoro-2’- 
deoxyuridine (FUdR) or amethopterin is present and 
inhibits endogenous synthesis of thymidine) the DNA 
doubles ence; no further increase in the DNA content 
of the cultures is observed, even after the analogues have 
been removed?', 

The mechanism of inhibition of DNA synthesis by the 
halogenated pyrimidine nucleosides has been attributed 
to either (1) a malfunction of the TUdR-containing genes 
involved in the regulation of DNA synthesis, or (2) the 
presence of IUdR at special sites in the DNA which results 
in steric hindrance and prevents the replication of DNA!-5, 
The experiments described here were an attempt to 
differentiate between these possibilities. 

Infection with polyoma virus of cells in stationary 
phase, or of X-irradiated cells that have lost their ability 
to synthesize DNA, results in the resumption of cellular 
DNA synthesis**. Cells that have been treated with 
TUAR before infection can support the growth of polyoma 
virus’, and so it was interesting to determine whether 
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such cells would also regain their ability to synthesize 
cellular DNA. 

Primary mouse embryo (ME) cells grown in Eagle’s 
medium? containing 3 per cent dialysed serum (EDS) 
were infected with the small plaque variant of polyoma 
virus" (multiplicity of infection, approximately 20 pru/ 
cell), The determination of the incorporation of “C- or 
’H-adenine, *H-deoxyeytidine, and “C-thymidine or 
3H-thymidine into DNA, as well as the extraction and 
isopycnic centrifugation in caesium chloride of DNA, 
have been described before!*. Cellular DNA was separated 
from viral DNA on methylated—albuminin—kieselguhr 
columns (MAK), also as described before*, 

We determined first the degree of incorporation of 
ITUdR into the DNA of mouse embryo cultures and 
whether these cultures are able to resume DNA synthesis 
after removal of the analogue. One day after seeding, 
the cultures (containing approximately 1-5 x 10° cells/ 
90 mm Petri dish) were incubated in EDS with FUdR 
(2 ug/ml.) and IUdR (20 ug/ml.) for 3 days with daily 
changes of medium. Cultures treated identically but 
which were supplied with thymidine (20 pg/ml.) instead 
of TUdR served as controls. The degree of replacement 
of IUdR for thymidine in the DNA of the IUdR- 
treated cultures was ascertained from the buoyant density 
of the DNA in caesium chloride in the Spinco Model # 
analytical centrifuge, as described before’. Two peaks 
of DNA appeared: one of these peaks, containing approx- 
imately one third of the DNA in the sample, consisted of 
normal thymidine-containing DNA (e=1-701 g/em’); 
the second peak had a buoyant density of 1-757 g/em® 
and consisted of hybrid DNA composed of one strand of 
normal, thymidine-DNA and one in which about 95 per 
cent of the thymidine has been replaced by IUdR. The 
presence of normal thymidine-containing DNA in the 
sample indicates that not all the DNA of the cells in the 
culture replicated during the period of incubation with 
IUdR. 


Yable 1, EFFECT OF TREATMENT WITH LUCK BEFORE INFECTION ON DNA 
SYNTHESIS IN POLYOMA VIRUS-INFECTED AND UNINFECTED OBLAS 
IUdR Thymidine 
(¢.p.m./sample) 
Uninfected 1,520 7,100 
Infected 10,900 14,291 


Cultures treated with IUdR, as described before, were 
washed extensively and were infected with polyoma virus. 
Twenty-four hours later, *H-thymidine (0:5 pCi/ml; 
specific activity, 416 mCi/mM) was added for 1 h. The 
cultures were collected and the amount of the label in the 
DNA was determined. Table 1 shows that incorporation 
of thymidine into DNA was reduced in non-infeeted 
cultures by about 80 per cent after treatment with FUdR. 
The infected TUdR-treated cultures synthesized, however, 
only 23 per cent less DNA than the infected cultures 
treated with thymidine. Similar results were obtained when 
the incorporation of *H-adenine into DNA was tested. 
The type of DNA (viral or cellular) synthesized by the 
infected IUdR-treated and thymidine-treated cultures 
was determined. In both cases, approximately 85 per cent 
of the label was found in cellular DNA as indicated by 
its elution pattern from MAK columns. Thus cultures 
which have incorporated IUdR into DNA regain the abil- 
ity to synthesize cellular DNA after infection with polyoma 
virus. The cultures treated with TUdR, however, contained 
cells that had not replicated in the presence of TUAR, 
shown by the fact that a fraction of the DNA of these 
cultures consisted of normal DNA containing thymidine, 
and it was therefore necessary to determine whether DNA 
molecules containing IUdR had actually replicated after 
infection. One day after seeding, mouse embryo cultures 
were incubated for 8 h with “C-thymidine (0-06 pCi/ml., 
specific activity, 31 mCi/mM). The label was removed 
and the cultures were incubated for 3 days with TUdR 
and FUdR, as already described. (At the end of this 
incubation period, DNA labelled with carbon-14 and with 
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two different bvoyant densities was present in the cul- 
tures. Of the radioactivity, 34 per cent was associated 
with normal thymidine-DNA and the rest with hybrid 
TUdR-DNA.) The cultures were washed extensively to 
remove IUdR, infected with polyoma viras, and incubated 
with unlabelled thymidine and *H-adenine for 48 h. TUdR 
had been removed from the medium before the addition of 
8H-adenine, and so this label would become associated 
with [UdR-hybrid DNA only if the molecules of hybrid 
IUdR-DNA present in the cultures at the time of infection 
were to replicate. 


Table 2. REPLICATION OF TUGR-HYBRID DNA IN POLYOMA VIRUS-INFECTED 


AND UNINFECTED CELLS 


, Tritium label in DNA 
Infected Uninfected 


e.pm./ Percentage c.p.m./ Percentage 
sample of total sample of total 
Thymidine DNA 28,354 9,365 
TUdB-hybrid DNA 15,943 37-6 1,136 10-7 
Tnoorporation resulting from 
WdR-hybrid DNA repli- 
eation 31,886 75-2 2,272 215 


Infected and uninfected cultures treated with TUAR before infection were 
incubated for 48 h in EDS containing thymidine (10 ug/ml.) and *H-adenine 
(i sCijml.; specific activity, 7 mCijmM). The DNA extracted from the 
cultures was subjected to equilibrium sedimentation in caesium chloride and 
the amount of tritium associated with the peaks of DNA was determined. 
Of the total *H-adenine in the DNA of the infected cells 5 per cent was in 
viral DNA (as determined by its ability to renature after heat denaturation). 
Viral DNA will consist of thymidine DNA, and so 5 per cent of the total 
aig in the sample was subtracted from the thymidine DNA before tabu- 

‘ion. 


Table 2 shows the distribution of tritium in the peaks 
of bybrid-TUdR and normal thymidine DNA obtained 
from infected and uninfected cultures. In the uninfected 
cella, approximately 11 per cent of the label was associated 
with TUdR-hybrid DNA, and because the replication of 
& hybrid DNA molecule in the conditions described will 
give rise to one *‘H-thymidine-IUdR molecule and one 
%H-thymidine-thymidine molecule, 22 per cent of the 
total radioactivity incorporated into DNA was due to 
the replication of hybrid TUdR-DNA. The relative fre- 
quency at which the [TUdR-hybrid DNA molecules 
replicated was thus considerably reduced as compared with 
the molecules containing thymidine, for 66 per cent of 
the DNA in the cultures was TUdR-hybrid DNA and only 
22 per cent of the incorporation of label into DNA in the 
cultures resulted from the replication of this DNA. 
These results differ somewhat from those of Morris and 
Cramer!® 18, who found that half of the [UdR-containing 
molecules can replicate after removal of IUdR from the 
cultures. 

The proportion of TUdR-hybrid DNA molecules that 
replicated was increased after infection of the cultures 
with polyoma virus (Table 2). Approximately 75 per 
cent of the incorporation into DNA was caleulated to be 
caused by the replication of hybrid TUdR-DNA;_ this 
DNA comprised 66 per cent of the DNA in the culture, 
and infection with polyoma virus thus seems to have 
resulted in the complete resumption of the ability of 
IUdR-hybrid molecules to replicate. 

We next tested whether hybrid TUdR-containing mole- 
cules would also replicate after infection when TUdR was 
not removed from the cultures, and whether DNA with 
TUAR in both strands would thus be synthesized. An 
experiment essentially analogous to the one already 
described was performed. Mouse embryo cells were 
incubated with FUdR (2 ug/ml.), TUdR (20 ug/ml.) and 
3H -deoxycytidine (2 pCi/ml. ; specific activity, 1-25 Ci/mM) 

for 3 days. At the end of this incubation period, only 
“DNA with a density corresponding to hybrid [UdR- 

-CDNA had become labelled. The cultures were washed, 

oo infected with polyoma virus, and incubated with FUdR 
- (2 pg/ml.) TOdR (20 ug/ml.), deoxyeytidine (10 ug/ml.) 
“and 4C-adenine (0-04 uCi/ml.; specific activity, 55 mCi/ 

mM} for 48 h. The cells were collected and DNA was 

extracted and subjected. to isopyenic centrifugation in 
caesium chloride. Fig. 1 shows that all the “C-adenine 
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incorporated into the DNA of uninfected cultures banded 
in a position characteristic of hybrid TUdR-DNA, and 
that no DNA molecules with IUdR in both strands were 
formed. In the infected cultures, however, about 30 per 
cent of the carbon-14 was present in DNA that banded 
in a position characteristic of double-stranded IUdR- 
DNA. This DNA consisted, at least partially, of cellular 
DNA, for tritiated DNA that had been present in the 
cells at the time of infection shifted to the position of 
double-stranded IUdR-DNA. (Cellular DNA is not 
degraded into an acid-soluble form after infection.) These 
experiments show clearly that whereas in uninfected 
cultures DNA synthesis is inhibited in most of the cells 
that have incorporated IUdR into one strand of this 
DNA, this inhibition is reversed after infection with 
polyoma virus. 

Cellular DNA synthesis is renewed after infection of 
cells in which IUdR has been substituted for thymidine 
in one strand of DNA, and so the inhibitory effect of 
IUdR is probably not a result of its presence per se in 
the DNA and a consequent physical hindrance of replica- 
tion. This renewal, however, may be caused by the 
synthesis in the infected cells of a DNA polymerase 
which, in contrast to the polymerase present in uninfected 
cells, is able to use IUdR-hybrid DNA as a template. 
The renewal of DNA synthesis may reflect also the fact 
that the incoming viral genome carries the information 
for the formation of proteins (enzymes or regulatory 
proteins) necessary for the replication of cellular DNA, 
these proteins not being functional when coded by DNA 
which contains IUdR. On the other hand, the regulatory 
mechanisms normally controlling cellular DNA synthesis 
may not be operative in cells infected with polyoma virus. 
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Fig. 1. Formation in cells infected with polyoma virus of cellular DNA 
containing FUAR in both strands. See text for experimental details, 
TdR, thymidine. 
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L-Asparaginase Activity in Human 
and Animal Sera 


Ax outstanding characteristic of the amino-acid enzyme 
L-asparaginase is its ability to inhibit the growth of 
certain rodent leukaemias'*. This was established by 
Broome', who followed up the observation by Kidd that 
administration of guinea-pig serum inhibited the growth 
of the Gardner lymphosarcoma (tumour 6C3HED) in 
C3H mice. .-Asparaginase can be extracted not only 
from guinea-pig serum but also from certain types of 
Escherichia coli’. 

Administration of preparations of Escherichia coli aspar- 
aginase to three dogs with lymphosarcoma produced 
remission in each’:*, A child with lymphoblastic leukaemia, 
resistant to conventional therapies, was given an extract 
of asparaginase from guinea-pig serum!*; this caused 
amelioration of the leukaemic process, but it also caused 
severe side-effects. Three patients with acute leukaemia 
treated by Hill et al.4 with an Escherichia coli asparaginase 
showed no immediate toxic effects, however, and there 
were definite signs of a favourable response. Further 
therapeutic evaluation of this material is limited by the 
difficulty in obtaining sufficient quantities of it. 

Asparaginase activity can be determined by measuring 
the ammonia liberated in the transamination and hydro- 
lysis of asparagine’, Precipitation by ammonium sulphate 
increases the specific activity of asparaginase from guinea- 
pig serum, but the more purified preparations have shown 
a decrease in biological activity. ~-Asparaginase from 
E. coli exists in two forms™ with widely differing biological 
activities®.16, 

We have measured asparaginase activity by the method 
of Meister”, the liberated ammonia being determined by 
treatment of the protein-free supernatant with Nessler’s 
reagent. The units of asparaginase activity are defined 
as the number of moles of ammonia liberated at the 
maximum rate from 1 ml. of test solution in 1 h in the 
conditions of the reaction. 

L-Asparaginase activity was not detected in any of 
twenty-five human sera from control subjects. Similarly, 
sera from a variety of animal species (horse, cow, pig, 
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Table 1, UNITS OF ASPARAGINASE ASSAYED IN GUINEA-PIG SERA IN BUFFER 
(2) AND AFTER THE ADDITION OF HUMAN SERUM (z) 


Units assayed Units assayed 


after addition of after addition Iza (per cent) 
borate buffer of serum + 

(2’) (2) 

80-2 96-5 20-2 
63-1 77-8 53-5 
98-4 104-6 83 
92-1 97-5 59 
50:5 54-9 87 
23-0 27-8 20-8 
58-7 64-5 9-9 
37-9 43-1 138 
40-5 45-2 124 

Table 2. UNITS OF ASPARAGINASE ASSAYED IN GUINEA-PIG SERA IN BUFFER 


(1°) AND AFTER THE ADDITION OF HUMAN SERUM (x) 
Units assayed Units assayed 


r 


Species Animal after addition after addition 722 
No. of borate buffer of serum v 
(z’) (2) (per cent) 
Horse la 1511 155-0 2-6 
; 1b 65-8 61-1 — 
Cow la 134-5 135-6 07 
1b 126-5 127-0 D4 
E 128-0 1382-0 3-2 
4 126-5 128-5 16 
Dog _ 1 99-7 109-9 12 
Rabbit 1 84-9 861 14 
Monkey 1 171-3 178-3 35 
Hen 1 126-8 126-0 —_ 
Sheep la 124-1 141-8 14:3 
i 1b 90-2 105-5 17-0 
Pig la 126-5 138-2 0-3 
ib 117-3 126-3 76 
le 96-0 107-5 12-0 
2 128-0 125-0 “~ 
3 128-0 128-0 — 
4 126-0 127-6 16 
Table 3. UNITS OF ASPARAGINASE ASSAYED IN COLIFORM EXTRACT IN BUFFER 


(£) AND AFTER THE ADDITION OF HUMAN SERUM (x) 





Units assayed Units assayed a—a 
after addition after addition co (per vent) 
of borate buffer of serum a 
(z’) (x) 
64:4 78:7 21-8 
55-4 731 41-0 
62-4 71-1 14-0 
88-0 107:7 224 
124-0 144-4 16-4 
116-3 139-0 195 
105-4 140-8 32-8 
112-8 1381 22-6 
95-6 122-4 27-8 
80:5 108-3 346 


Table 4. UNITS OF ASPARAGINASE ASSAYED IN THE COLIFORM EXTRACT 
IN BUFFER (2’) AND AFTER THE ADDITION OF ANIMAL SERUM (2) 


Units assayed Units assayed 


r 


L 


Species Animal after addition after addition i 
No, of borate buffer of serum a 
(2°) (2) (per cent) 

Horse 1 126-4 1555 23-0 

1 112-9 188-3 20-0 

Cow af 111-3 139-0 25-7 

2 116-2 180-7 21-0 

Dog i 113-4 143-6 265 

Rabbit 2 125-0 136-3 9-0 

Monkey L 1143 138-6 21-0 

Hen 1 114-4 134-4 17-5 

Sheep 1 113-3 143-0 26-0 
Pig 1 113-7 132-1 i? 


sheep, dog, monkey, rabbit and hen) were also assayed 
and in none of these was any activity found. Holmquist** 
found similar results with four human sera. We further 
tested the effect of the addition of various sera on the 
asparaginase activity of guinea-pig sera and coliform 
extracts (Worthington Biochemicals), having established 
that dilution of these with borate buffer did not influence 
the recovery of the enzyme. The test system consisted, 
of two aliquots of solution containing asparaginasee 
diluted with either borate buffer (x) or the serum to be 
tested (x). After thorough mixing, samples were taken into 
the buffered incubation medium for asparaginase assay. 
All human sera which were tested enhanced the 
asparaginase activity of the guinea-pig sera by 6 per cent 
to 23 per cent and the degree of enhancement did not 
correspond to the initial asparaginase content (Table 1). 
Of the animal sera tested, all except the sheep and pig 
gave clearly negative results (Table 2). Sera from four 
pigs were assayed and only one, tested on three occasions, 
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showed any enhancement; sheep serum con- 
sistently enhanced the asparaginase activity 
of guinea-pig serum. 

With the coliform extract the pattern of 
results is different, in that the addition of 
all human and animal sera gave enhanced 
activity (Tables 3 and 4). 

We concentrated the protein fraction 
from haman serum by ultrafiltration through 
a collodion membrane over an ice bath 
and tested both the protein concentrate and 
the filtrate containing the soluble salts and 
amino-acids, for their effect on the assay of 
asparaginase from guinea-pig serum. The 
asparaginase enhancing effect was con- 
tained in the protein moiety, the protein- 
free fraction having no such effect. 

Experiments are to be undertaken to 
define further the serum factors responsible 
for the enhancement of asparaginase activity 
and to attempt to determine whether this 1 2 
has any biological counterpart. 

This work was supported by the Northern 
Ireland Leukaemia Research Fund. We 
thank Dr M. G. Nelson and Mr D. W. 
Neill for their interest and advice, and Miss 
©. D. Bolger and Miss R. M. Niblock for 
technical assistance. 
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GENETICS 


-Albumin Maku: a New Variant of 
Human Serum Albumin 


Art least six different electrophoretic variants of human 
serum albumin have been found in man; three migrate 
more rapidly than normal and three less rapidly’?. One 
of these, a rapidly migrating variant, occurs at a frequency 
of 5-30 per cent in several tribes of North American 
Indians’. As one aspect of a multidisciplinary study of 
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3 4 5 8 T 8 9 10 
Gel A Gel B 


Albumin M4ku. Comparative vertical starch gel electrophoresis using the three 
types of rapidly migrating albumin variants and slight modifications of the electrophoretic 
conditions detailed in Weitkamp et al.1. Gel A: Electrophoresis for 5 h in the fris-EDTA- 
borate system, pH 6-9 (star@h hydrolysed, Lot 245-1, Connaught Laboratories, Toronto) 
Gel B:. Electrophoresis for 19 h in the acetate-EDTA system, pH 5-0 (Lot 174, Electro- 
starchiCo., Madison, Wisconsin), Positions 1, 4, 6,8: Albumin Maku; 2, 9: “very fast’; 


3: “fast”; 5, 7: “faster”. 


the Yanomama Indians of southern Venezuela and 
adjacent parts of Brazil’, sera from 1,111 individuals 
residing in twenty-five villages were examined for albumin 
type. Although no example of the rapidly migrating 
variant which is common in North American Indians was 
observed, we did note, when testing 75 of 108 persons 
residing at the village of Borabuk (2° 45’ N. and 62° 05’ 
W.), four individuals who possess a variant which also 
migrates more rapidly towards the anode in starch gel 
electrophoresis than does normal albumin. 

The fact that this variant is different from the three 
previously described types of rapidly migrating albumin 
variants! can be seen in the photograph of two starch gel 
electropherograms in Fig. 1. The new variant clearly 
migrates more rapidly than the “fast” type in Gel A 
and more slowly than the “very fast” type in Gel B. 
The “faster” type of variant, which is polymorphic in 
North American Indians, migrates less rapidly compared 
with the new variant in Gel A and more rapidly compared 
with the new variant. in Gel B. 

The four individuals who are heterozygous for normal 
and variant albumin are related as indicated in the pedi- 
gree in Fig. 2. Three of five possible mates of I-l and 





l 2 3 


[J NORMAL AND VARIANT ALBUMIN 
[] NORMAL ALBUMIN 
NJ Not TESTED 


Fig. 2. Pedigree of the family from Borabuk showing albumin pheno- 

types. Three of five possible spouses for I-1 and one of two possible 

spouses for 11-3 were tested and demonstrated normal albumin only. 
(Squares designate males, circles females.) 
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one of two possible mates of IL-3 were tested and showed 
normal albumin only. Although the albumin types for 
the other possible mates are not known, this variant, 
because it is uncommon in the village, is probably in- 
herited through the individuals identified in the pedigree. 
All of the individuals heterozygous at the albumin locus 
are homozygous at the Gc locus; consequently, the 
family does not provide an opportunity to test the 
possibility of close autosomal linkage between loci for 
serum albumin and Ge protein which has been described 
in families segregating for other albumin variants?*.5, 

The new albumin variant was introduced into the 
Yanomama village of Borabuk by individual I-1 (Fig. 2), 
a woman captured from the Maku tribe’ in a raid some 
time during the early 1930s. In 1925 the Maku were still 
a viable cultural entity, maintaining settlements of their 
own on the Rio Uraricoera’. During an eastward expan- 
sion by the Yanomama, however, the Maku were reduced 
to virtual extinction: by 1964 only three individuals 
were known to be able to speak the Maku language’. 
Although a number of Maku may have been incorporated 
into a second Yanomama group on the Rio Uraricaá’, 
there seem to be few individuals who have survived to 
reproduce within Yanomama, society. The woman who 
did survive, however, was not subjected to the traditional 
Yanomama customs relating to marriage and reproduction 
because she was an outsider. She provided several 
men in the village with an opportunity to reproduce earlier 
in their lives—men who might otherwise not have obtained 
a spouse until later, or perhaps not at all. She was, in 
turn, provided with reproductive opportunity which was 
somewhat better than usual, as witnessed by the fact 
that she has five surviving children (compared with an 
average of 3-2 for post-menopausal Yanomama women)". 
The probability of retention of the new gene which this 
woman. introduced into the village may therefore have 
been partly determined by cultural factors affecting her 
reproductive behaviour. 

The new albumin variant, apparently foreign to the 
Yanomama population, was introduced by a captive 
member from the nearly extinct Maku tribe. In considera- 
tion of this once numerous and culturally significant 
but now dying people, we propose to name the new 
variant Albumin Maku, at least until a proper name which 
identifies the structural alteration in the variant can be 
assigned. 

We thank Professor James V. Neel for his criticism of 
the manuscript and help in the project, and Mrs K. Ryan 
for technical assistance. This work was supported by a 
US Atomic Energy Commission contract. 


L. R. WEITKAMP 
N. A. CHAGNON 


Department of Human Genetics, 
University of Michigan Medical School, 
Ann Arbor, Michigan. 


Received January 22, 1968, 


1! Weitkamp, L. R., Shreffier, D, C., Robbins, J. L., Drachmann, O.. Adner, 
P. L., Wieme, R. J., Simon, N. M., Cooke, K. B., Sandor, G., Wahrmann, 
F., Braend, M., and Tárnoky, A. L., Acta Genet, Stat, Med., 17, 399 (1967). 

2? Weitkamp, L, R., Robson, E. B., and Shrefiler, D, ©., Abst. Amer. Soc. Hum, 
Genet., Toronto, No. 44, 42 (1967). 

* Melartin, L., and Blumberg, B. 5., Science, 153, 1664 (1966). 

« Arends, T., Brewer, G., Chagnon, N., Gallango, M. L., Gershowitz, H., 
Layrisse, M., Neel, J. V., Shreffler, D., Tashion, R., and Weitkamp, L., 
Proc, US Nat. Acad. Set., 57, 1252 (1967). 

š Weitkamp, L. R., Rucknagel, D. L., and Gershowitz, H., Amer. J. Hum. 
Genet., 18, 559 (1966). 

t Kaarsalo, E., Melartin, L., and Blumberg, B. S., Science, 158, 123 (1967). 

? Koch-Griinberg, T., in Festschrift Eduard Seler (Strecker und Schröder, 
Stuttgart, 1922); Fom Roroima Zum Orinoco, 1 (Dietrieh Reimer, 
Berlin, 1917) and 3 (Strecker und Schröder, Stuttgart, 1923). 

® Rice, A. H., Geograph. J., 71, 113, 209, 345 (1928). 

* Migliazza, E., Boletim do Museu Paraense Emilio Goeldi, 22, 1 (1964); 
25, 1 (1965). 

1t Chagnon, N. A., dissert., Univ. Michigan (1968). 
4 Neel, J. V., and Chagnon, N. A., Pree. US Nat. Acad. Sei. (in the press). 





NATURE, VOL. 217, FEBRUARY 24, 1968 


BIOLOGY 


Discrimination between Heavy Water 
and Water by the Mouse 


THE experiment described here indicates that mice are 
able to discriminate between D,O and H,O. Two male 
litter mates of Mus musculus domesticus (strain T-O) were 
kept in separate Harwell type cages, each fitted with 
two water bottles. In the experimental cage, one bottle 
contained D,O and the other glass-distilled H,O, and in 
the control cage each bottle contained glass-distilled H,O. 
The bottles were refilled every 24 h and the quantity 
taken from each during the previous day was determined. 
The bottles were replaced in the cages in a random 
manner, following Fisher and Yates’s table of random 
numbers. The experiment was continued for 14 days 
and Table 1 shows the quantities of liquid taken during 
that period by the two mice. 


Table 1 


Experimental cage Control cage 


H0 (mi) D.O (ml,) H,0 (ml,) #0 (mal) 
12-8 2: 72 10-2 
13-2 3-2 15-2 13-4 
152 21 10-0 12-0 
14:2 2-1 9-5 12-0 
12-2 3-6 14-4 50 
14-0 3-6 12-0 15-0 
15-2 4-2 146 17-4 
10-8 2-0 44 11-0 

9-6 2-4 5-0 12:2 
114 1-0 8-0 4-0 
12-0 1-2 7-2 32 
12-6 3-4 8-0 10-2 
10-2 1-8 10-0 5-2 

95 14 52 T4 


lt is clear from the results in Table 1 that Mus musculus 
can distinguish (P<0-001) between H,O and D,O. There 
was no significant difference between the amounts taken 
from the two bottles in the control cage (P >07). 

This result is of interest in two different contexts. 
First, it has been proposed that the decreased fluid intake 
of rodents presented with D,O or deuterated water is the 
result of a decrease in excretion!. My results suggest that 
distaste for D,O may also contribute to the observed 
diminution in excretion. Second, Shallenberger* has sug- 
gested that the formation of hydrogen bonds between a 
molecule and a gustatory receptor site plays an important 
part in stimulating the receptor cell. It is known? that 
the bonds attaching deuterium to oxygen are considerably 
more stable than those attaching hydrogen to oxygen. 
The ability of D,O and H,O to form hydrogen bonds is 
thus significantly different. It is possible that the mouse 
uses this difference as the discriminandem between D,O 
and H,0. 
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Phylogenetic Relationships among 
Venomous Snakes of the Genus 
Agkistrodon from Asia and the 

North American Continent 

AMONG a great number of venomous snakes, Agkistrodon 
is the only genus which is found in both Asia and the 
North American continent. The Asiatic members of 
Agkistrodon consist of seven species and range from Japan, 
Formosa, China, south-east Asia (excluding Celebes and 
Philippines), India, Central Asia and southern Siberia, 
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to the borders of the Caspian Sea and the Ural River. 
Three species of Agkistrodon are distributed on the North 
and central American continents, and are found in the 
south-eastern portion of the United States, all of Mexico 
and most of Central America. The Agkistrodon of Asia 
and America are morphologically similar. 

It has been shown by a number of investigators that 
the ehemical properties of venoms can be used as an index 
for taxonomy and phylogenetic relationships'*. It is 
therefore of interest to investigate and compare the 
immunological properties of venoms of morphologically 
similar snakes which are geographically widely separated. 

For this study, venoms of A. contortrix laticinctus 
(broadbanded copperhead), A. contortrix contortrix 
(southern copperhead) and A. piscivorus piscivorus 
{eastern cottonmouth) were selected from the United 
States. <A. bilineatus (tropical moccasin) from Central 
America, A. halys (mamushi) from Japan and two venoms 
of A, rhodostoma (Malayan pit viper) from Asia were also 
selected. Venom was extracted from <A. rhodostoma 
captured in the vicinity of Bangkok, Thailand. Another 
sample of venom was milked from snakes captured in 
the northern part of Malaya. 

Antibodies to A. rhodostoma were obtained from horses 
immunized with snake venoms of Thailand origin. Anti- 
bodies to A. contortrix laticinctus were prepared from 
rabbits (New Zealand White) following immunization. 

Immunodiffusion was carried out at 3° © for 24 h in 
l per cent ‘Difco’ agar made 0-85 per cent in sodium 
chloride and 3-75 per cent in glycine. Immunoelectro- 
phoresis was carried out in 1 per cent agar, in 0-0275 M 
barbital at pH 7-00. Electrophoresis was run for 3 h 
using 260 V and 13 A at room temperature. Diffusion 
was carried out for 24 h at 28° C. 

Venoms were used at a concentration of 10 mg/ml. for 
species other than A. rhodostoma tested against its own 
antibody, in which eases 20 mg/ml. was used. 

Tt can be seen from Fig. 1 that precipitin lines obtained 
from Ouchterlony double diffusion for A. rhodostoma of 
Thailand and Malayan origins fused together. Immuno- 
electrophoretic patterns of these two snakes were also 
very similar. This evidence indicates that A. rhodostoma 
of Thailand and Malayan origins are identical. Consider- 
ably different precipitin lines were observed, however, 
with other venoms. Venom of A. halys from Japan gave 
two lines which were considerably darker than those for 
venoms of North and Central American origin. The 
immunoelectrophoretic pattern (Fig. 2) also indicated 





Fig. 1. Ouchterlony reaction of horse anti-A. rhodostoma venom of 

Thailand origin (centre well) against: (4) A. rhodostoma venom from 

‘Thailand; (B) A. rhodostoma venom from Malaya; (C) A. contortrix 

econtortriz venom from North America; (D) A. piscivorus piscivorus 

venom from North America; (E) A. halys venom from Japan; (F) A. 
contortrix laticinctus venom from North America, 


761 





Fig. 2, Immunoelectrophoretic patterns of horse anti-A. rhodostoma 

of Thailand origin (in trough) against: (4) A. halys venom from Japan; 

(B) A. rhodostoma venom from Thailand; (C) A. rhodostoma venom from 

Malaya; (D) A. contortrix laticinctus venom from North America: 

(E) A. contortrix contortrix venom from North America; (F) A. 

bilineatus venom from Central America; (G) A, piscivorus piscivorus 
venom from North America. 


that A. halys is more similar to A. rhodostoma than North 
and Central American species. The pattern of A. bilineatus 
of Central America had the least similarity to that of 
A. rhodostoma. 

It is of interest to note that a degree of similarity is 
related to geographical distance. Degree of kinship 
estimated from Fig. 1 and Fig. 2 is in the order A. rhodo- 
stoma (Thailand and Malaya), A. halys (Japan), three 
snakes from North America (A. contortrix laticinctus, A. 
contortrix contortrix, A. piscivorus piscivorus) and A. 
bilineatus (Central America). 

When antibodies to A. contortrix laticinctus were used, 
immunoelectrophoretic patterns of the North American 
snake venoms became very similar (Fig. 3). Venom from 
A. halys of Japanese origin responded to antibodies to 
A. contortrix laticinctus more positively than venom of A. 
rhodostoma from either Thailand or Malaya. Venom from 
A. bilineatus of Central America gave sharp lines, but these 
were quite distinct from those of North American origin. 

From these investigations, it can be concluded that in the 
order of the genetic kinship, A. halys from Japan lies be- 
tween A. rhodostoma from south-east Asia and North Ameri- 
ean members of Agkistrodon. Phylogenetically, however, 
A. halys from Japan is somewhat closer to North American 
Agkistrodon than to south-east Asian Agkistrodon. 

It is generally believed by zoologists that Agkistrodon 
of the North and Central American continent migrated 
from Asia when the American continent was connected 
to the Asiastic mainland, at the present Bering Strait area. 
This is also the case for many animals in North America. 
The Bering land bridge has been exposed or submerged 
to only shallow seas several times during prehistoric 
years; the most recent land bridge was about 12,000 
yr agot. Between 12,000 and 22,000 yr ago any migration 
of mammals was impossible because of the blockage bv 
the western edge of the Cordilleran ice sheet’. Reptiles 
are more sensitive to cold climate than mammals. The 
migration of snakes to America must therefore have 
occurred earlier than 22,000 vr ago. Our immunological 
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Fig. 3. Immunoelectrophoretic patterns of rabbit anti-A. contortriz 
laticinctus venom of North American origin (in trough) against: 
A) A, rhodostoma venom from Thailand; (B) A. rhodostoma venom from 
falaya; (C) A. halys venom from Japan; (D) A. contortrix laticinctus 
venom from North America; (E) A. contortrix contortrix venom from 
North America; (F) A. piscivorus piscivorus venom from North 
America; (G) A. bilineatus venom from Central America, 


study indicated that differences between Asian and 
American snakes are considerable and it is very doubtful 
that such a large genetic difference could evolve in a time 
span of a mere 22,000 yr. It is known among geologists 
that Formosa was part of the Asiatic mainland some 
geological aeons ago; when we investigated the immuno- 
logical difference of the Thailand cobra (Naja naja 
siamensis) and the Formosan cobra (N. naja atra), we 
found that the difference was very small’, 

We believe therefore that migration of snakes to America 
from Asia occurred much earlier than 22,000 yr ago. 

This investigation was supported by US Public Health 
Service research grants. 
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Adoptive Suckling in the Grey Seal 


ALMOST all accounts of the natural history of the grey 
seal Halichoerus grypus give the impression that a cow 
invariably seeks and feeds only her own pup among the 
dozens or hundreds in a breeding colony which may be at 
an equivalent stage of development as her pup. Normal 
feeding fidelity may be represented thus 
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Although there is no doubt that this is frequently the 
case, several patterns of adoptive feeding can and do 
oceur both spontaneously and as a result of disturbance. 
Hewer and Backhouse! and others have reported a cow 
seen attending two pups, often of dissimilar size. Twins 
have not been recorded with certainty for this species, 
and so it can be assumed that one of these pups had been 
deserted by its mother. This can be called “foster 
feeding”, for it replaces the normal pattern when one 
adult is absent temporarily or permanently, and can be 
represented as 


ene, P, 


A marked feature of most grey seal breeding colonies 
around Great Britain is a high pup mortality which 
Coulson and Hickling? have correlated with population 
density according to the amount of accessible shoreline. 
When a proportion of the pups die within a few days of 
birth (lactation lasts about 18 days) some cows are left 
with milk, and observations have shown that the following 
pattern may occur 


Cy | er 


This can be called “supplementary feeding” ; “fosterage” 
is not appropriate when the mother is still available to 
the second pup which feeds from both cows. 

Observations have also shown that if the disappearance 
of a cow or a pup from the whelping ground is temporary, 
the following feeding pattern may occur 





oe. 
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Both pairs of related animals remain available, neither 
being forced to replace a missing relative, and in this case 
also “fosterage” is not an appropriate term. I prefer 
“contingent feeding”, which implies that it occurs when 
opportunities arise. 

During extensive field studies of maternal relations in 
the grey seal in the Hebrides and Orkney in 1963-66 I 
have made the following observations. (1) The reactions 
of an individual cow to pups and to human presence vary 
greatly from day to day. (2) Supplementary and con- 
tingent feeding occurs in undisturbed as well as disturbed 
colonies. (3) Suckling usually follows soliciting by the 
pup. Acceptance by the cow may or not be preceded 
by olfactory investigation of the snout of the pup. (4) 
Between prolonged periods of sleep, strong pups will 
usually solicit cows and usually locate the teats readily. 
Weaker animals, which seldom sleep, have been seen 
sucking at seaweed, bulls, the boots of an observer and 
each other. (5) The precipitate departure of a suckling 
cow when disturbed may interrupt a pup’s feeding only 
briefly because the pup may succeed in immediately 
resuming feeding from another cow. (6) A cow whose 
pup has been killed and removed may seem to search for 
it for a few days, but will accept and feed other pups 
meanwhile. (7) A cow suckling her own pup may be 
vigorously dispossessed by a strange cow which takes 
over the feeding temporarily. 
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The following provisional conclusions can be drawn. 
(1) A pup seen feeding from a cow is usually, but not 
necessarily, the offspring of that cow. (2) A pup aban- 
doned by its cow will not necessarily starve to death. 
(3) A cow deprived of her pup will still feed other pups; 
she thus remains in the breeding colony and does not 
necessarily have a reduced chance of mating. (4) There 
is considerable power of recovery from disturbance which 
is not too frequent or prolonged. 

These points are of considerable interest in relation 
to the way in which grey seal colonies, especially in the 
north-east Atlantic area, have elaborated into highly 
social groups. A puzzling feature of this development is 
that it increases pup mortality, a point which has been 
used by those who advocate the reduction of seal numbers 
on the grounds of alleviating the conditions of overcrowd- 
ing. But a comparison with some herbivore populations 
does not apply to the grey seal; the animals choose this 
mode of life even when culled or when there is an abun- 
dance of space available into which they could spread. 

Probably the grey seal was originally an ice-breeding 
species’, but where it breeds on ice today it does so in 
ones and twos*. Only in temperate and therefore second- 
ary habitats have the seals developed slum dwelling. 
More than three-quarters of the world’s stock of the species 
now breeds in such conditions and in several places it 
has been reported to be increasing remarkably*. Thus 
despite an Arctic origin and a mortality that rises with 
density there is apparently some selective advantage in 
closely crowded colonies. 

Coulson and Hickling, reviewing possible explanations 
for this", point out that pup mortality results in reduced 
recruitment to the breeding stock. Wynne-Edwards has 
suggested that social breeding is a means of preventing 
the undesirable effects of overpopulation by stabilizing 
numbers below a critical levels. Coulson and Hickling 
suggest that the self-induced pup mortality caused by 
grey seals choosing to breed in crowded conditions may 
be a means of preventing the numbers increasing beyond 
the limits of the food supply. But it is difficult to accept 
that the relatively few grey seals in the north-east Atlantic, 
whose feeding habits are catholic and opportunist, could 
be limited by the food available to the adults at sea. But 
this is a reasonable suggestion with regard to the food 
available before weaning. 

The grey seal now has a remarkably shortened period 
of lactation and a dramatic rate of post-natal growth; 
it must obtain sufficient blubber for temperature control, 
streamlining and mechanical protection, and food reserve, 
as efficiently as possible. This situation is extreme among 
mammals and it is possible that pup mortality, which 
increases the opportunities for supplementary and con- 
tingent feeding, is a means of restricting recruitment to 
those fit enough to benefit in competition for milk. In 
other words, density dependent pup mortality could be 
a means whereby the milk supply in the colony or rookery 
as a whole is diverted to the genetically or physiologically 
fitter individuals. As Wynne-Edwards has observed’, 
it is eugenically preferable to rear one or two healthy 
young than six or seven weak ones. 
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Uptake of Organic Solutes by 
Nereis virens 


WHILE investigating aspects of the trophic relationships 
of benthic animals, we have studied the uptake of amino- 
acids and other small organic molecules by the polychaete 
worm, N. virens, which lives in great numbers on the 
north side of the lower Thames Estuary’. Work on the 
isolation of possible organic solutes has already been 
reported’, and while no specific substances have yet been 
identified from surface water collected on Thames Estuary 
flats at Southend-on-Sea, other workers have reported the 
presence of quantities of organic material in sea water 
from various sources (for example, Duursma*). 

Stephens*-* has shown the uptake of nutrients by 
invertebrates. References to earlier work, which started 
with that of Pitter? and was continued by, among others, 
Krogh’, will be found in Stephens’s papers. 

The work summarized here is a laboratory study of 
some aspects of the absorption of glutamic acid by speci- 
mens of N. virens weighing between 2 and 5 g. There 
are contradictory accounts of the food and feeding of 
N. virens in the literature, for example, Verrill? and Gross”. 
Our observations indicate that except during the summer 
months, the gut appears to be empty of obvious food- 
stuffs. A more thorough study of this is, however, being 
made. 

After acclimatization in the marine aquaria of the 
laboratory, animals were weighed and placed individually 
in sterilized sea water containing glutamic acid labelled 
with carbon-14. At the end of the uptake period (usually 
1 h) the specimens were each placed in 80 per cent ethanol 
(25 ml./g of worm wet weight) for 48 h, after which samples 
of the extracts were counted in a liquid scintillation 
counter together with samples of the original nutrient 
sea water. Uptake of glutamic acid was then calculated 
and expressed as ug/g wet weight/h. Similar results were 
obtained in experiments in which the animals were 
ligatured at both ends showing that absorption is inde- 
pendent of the gut. 

Absorption from different concentrations of glutamic 
acid is shown graphically in Fig. 1, which shows that 
uptake is not directly proportional to concentration 
and thus is unlikely to be the result of simple diffusion. 
In these experiments it was also shown that glutamic acid 
was concentrated against a gradient, and further, that 
when the reciprocal of amino-acid uptake rate was 
plotted against the reciprocal of the external concentra- 
tion, the resulting graph resembled that of a typical 
enzyme-substrate reaction (Lineweaver—Burk plot). 


Uptake of glutamic acid (ug/g wet weight) 





0 2 4 6 8 10 12 
mg glutamic acid/l, medium 
Fig. 1. Graph showing the effect of concentration on the direct uptake 


of glutamic acid by Nereis virens. x, Experiment 12; O, experiment 
13. Lines represent standard deviations, 
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The active nature of the uptake process is also shown 
by experiments using amino-acids of similar configuration 
which acted as competitive inhibitors. Other unrelated 
amino-acids were shown to be absorbed independently. 

Estimations of the amounts of glutamic acid which can 
be absorbed from a solution of 2x 10-5 moles/l. could 
account for about 15 per cent of the animal’s measured 
oxygen uptake if metabolized as an aerobic respiratory 
substrate. We have shown the animal to be able to take 
up a range of organic compounds including not only a 
variety of amino-acids, but also succinic, glycollic and 
citric acids and glucose. It is likely therefore that the 
overall process is significant in the worm’s economy. 

C. CHAPMAN 
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Department of Biology, 
Queen Elizabeth College, 
University of London, 
London, W8. 


Received December 28, 1967. 


1 Brafield, A. E., and Chapman, G., J. Mar, Biol, Assor. UK, 47, 619 (1967), 

3 Chapman, G., and Rae, A. C., Nature, 214, 627 (1967). 

* }uurema, B. K., in Chemical Oceanography (edit. by Riley, J. P., 
Skirrow, G.), 1, 433 (1965). 

‘Stephens, G. C., Biol. Bull. Wood's Hole, 128, 648 (1962). 

* Stephens, G. C., Comp. Biochem. Physiol.,10, 191 (1963), 

* Stephens, G. C., Biol. Bull. Wood's Hole, 128. 150 (1964). 

* Pitter, A., Die Ernährung der Wassertiere und der Stoffaushall der Gewüsser 
(Fischer, Jena, 1909). 

* Krogh, A., Z. Vergl. Physiol.,12, 668 (1930). 

* Verrill, A. E., US Com. Fish and Fisheries, Part 1, 295 (1873). 

® Gross, A. O., J. Exp. Zool., 32, 427 (1921). 


and 


Gynodioecy in Origanum vulgare: 
Computer Simulation of a Model 


Tue population dynamics of the rare male sterility 
factors, or of gynodicecious species, which have a charac- 
teristically high proportion of female (male-sterile) and 
hermaphrodite individuals together in a population, is 
interesting to both evolutionists and plant breeders. 
Many workers have discussed the evolutionary significance 
of such a mating system, which promotes outbreeding 
with the proportion of females regulating the degree of 
outbreeding (for example, refs. 1-3). In Origanum 
vulgare (Labiateae), Lewis and Crowe* estimated that 
nearly 30 per cent, or even as many as 50 per cent. of 
females occur in various European populations. They 
showed that two loci govern the gynodioeey system; a 
dominant factor F causes anther suppression in combina- 
tion with the recessive class hh to give FFhA and Ffhh 
as females, whereas HH, Hh suppress factor F to yield 
the other seven genotypes as hermaphrodites. Further- 
more, certain segregation ratios suggested to them that 
the females are maintained through almost lethality of 
ffhh, lower viability of HH genotypes and poorer seed 
output of hermaphrodites than females. Thus if the 
fitness values are denoted by the matrix 


FR RE if 


HH fy y y 

Hhjw low 

hh \w w z 
their data suggest that z is nearly 0, y= 0-25 to 0-50 and 
o>w, 

This basic model of Lewis and Crowe* can be readily 
generalized for theoretical studies by simulation on digital 
computer. Assume that loci F and H are linked with re- 
combination value c, hermaphrodites practise mixed selfing 
(s) and random outbreeding (t= 1—s), and that Hh have 
higher self-fertility than HH, hh classes so that the relative 
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seedset from among the selfed ovules are in the ratio 
sja : sb, respectively (a, b are input constants). The value 
of æ may be taken as constant between generations (model 
A) or varied by a frequency-dependent relation, say, n+ = 
(k-on)/on (model B), where k is taken between 1 and £, 
and ọn = frequency of females in the preceding generation. 
A large number of deterministic sets were run with varying 
input values of selection and mating system parameters 
(a, b, 8, €, £, Y, W, z) of which only a few selected cases are 
reported here to illustrate briefly the interrelationships 
among these parameters in terms of the conditions allow- 
ing the maintenance of gynodioecy and, in particular, to 
diseuss the selective forces postulated’. The simulation 
procedure involved the use of recursion equations between 
genotypic frequencies in the nth and n+ Ith generations 
solved iteratively for finding equilibria, the stability of 
which is tested either by using various initial frequency 
sets or by small perturbations in equilibrium frequencies. 
In most cases, initial allelic frequencies were assumed to 
be pr =0-01 and py = 0-2 or 0-5 so that females are initially 
rare depending also on the value of px. Note that (w,x) 
are fecundity parameters and (y,2) are relative viabilities. 


Table 1, [EQUILIBRIA UNDER MODEL A WITH @=b=1 (INITIALLY p4 etd, 
pr =0-01) 
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Table 2. EQUILIBRIA UNDER MODEL A WITH we t= O75, 260 (UNATIALLY 
pr=O50, pr=0-01) 


a=5, b=] asl, hes 

t ¢ 2 pF pH 9 pP pH p pF PH 
y=025 
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O10 0 
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For both models A and B, the values of y and z 
were found to be critical in that y>0-50 and z> 0-25 
often gave equilibria with only hermaphrodites (ọ= 0), 
pxH=1, and locus F polymorphic unless heterozygote 
advantage was very strong (0-90<a2<1-0, w=1). For 
y=0-25 or 0-50 and 0<z<0-10 (compare ref. 4), on the 
other hand, the equilibrium proportion of females (pe) 
was usually in the range 0:25-0:40. Some examples of these 
equilibria are given in Table 1. Note that for y and z in 
low range, the other parameters have relatively little 
influence on the equilibrium values of 9, pr and px. 
Both loci are maintained polymorphie in this case, 
although polymorphism at H is a sufficient condition for 
maintaining gynodioecy. Both inbreeding and linkage 
tend to give higher values of ọ and W, the mean popula- 
tion fitness, as measured by the usual frequency weighted 
selective values. The effect of self-fertility parameters, 
a and b, can be seen from Table 2; the set of values 
(a=5, b=1) simply yields an effectively higher selective 
advantage favouring Hh over HH, and vice versa in the 
ease of set (a=1, b=5). As expected, the values of 
(t,c,y) become critical in certain combinations for the 
retention of gynodioecy in a population. Note that the 
critical value of ¢ becomes greater as the value of y 


dependent 
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Table 3. EQUILIBRIA UNDER MODEL B WITH z= (1-5-9)/g, @=1, b=5, 


; y=025 
Tnitial pH=O5 pH=02 pH=0 
tre 9 pF F DF e 
805, 0-01 0-344 10 0-344 1-0 0 
605, 0-50 ü 0-052 0-344 10 0 
610, 9-01 0-347 1-0 0-347 1:0 ©2786 
0-10, 0-50 0-347 10 0-347 1-0 0 
15, 0-01 0-348 1-0 0-348 1:0 6-291 
16, 0-50 0-348 16 0-348 1-0 0 
6-20, 0-01 0-344 1-0 0-344 1-0 0-300 
0-20, 0-50 0-344 1-0 0-344 1-0 6 


* Value in 500th generation; steadily approaching unity. 


increases. In some cases linkage value can also be critical 
in terms of maintaining the females in population (for 
example, y= 0-25, t=0-10, b=5). A similar pattern is 
noted for other sets of values of (w,2,t,c) with varying 
critical bounds in these situations. 

Likewise, the interactions among the various para- 
meters are rather complex for model B involving frequency 
x (Table 3) with further effects of initial 
frequencies on the equilibria. Usually, for px = 0-2 where 
initially females are more frequent, wider conditions 
allow the maintenance of gynodioecy at equilibria than 
is the case with py=0-5. The role of linkage and ¢ 
depends, as already noted, on the value of y. Most non- 
trivial equilibria here too maintain females (ge) in the 
range 0-25-0-40 with pr=1 and locus H polymorphic; 
in contrast, equilibria with ọp=0 have px=1 and a low 
value of pr at equilibrium. With model B and a=l, 
b= (that is, no self-sterility), in all cases stable equilibria 
were reached and ¢ had little effect on the equilibrium 
values of ọ and pu as long as y and z are in rather low 
range. Thus most sets seemed to involve one or two 
peaks near FFH- or FfHH, especially when y and z 
play a critical part in comparison with the other para- 
meters having little effect. 

Thus the results from computer simulation support 
Lewis and Crowe’st model of selection which they arrived 
at through disturbed segregation ratios in certain progenies 
of wild individuals and not from any direct estimates of 
the selective forces in a natural population. The theory 
further points to the relative importance of various 
selection parameters which are critical for maintaining the 
gynodioecious system in Origanum vulgare and similar 
situations. Further data are needed, of course, to test 
certain ramifications of these models by direct estimates 
of selection and mating system parameters, for example, 
the amount of selfing, self-sterility and heterozygote 
advantage based on the experimental studies over 
generations. Male-sterile factors, in general, require 
rather strong selection for maintenance in natural condi- 
tions so that opportunities exist of measuring the selective 
differences in natural populations and are likely to be of 
great importance in the evolution of genetic systems, 
especially in predominantly selfing species’ or homo- 
morphic, self-fertile species. Baker? recently discussed 
the evolution of breeding systems in Armeria and Limon- 
ium which suggest the origin of gynodioecy as a secondary 
system promoting outbreeding. An increase in the 
relative efficiency of the selfing component on hermaphro- 
dites in a self-compatible form might impose counter- 
pressure for greater outbreeding by maintaining a larger 
proportion of females and vice versa. Examples are now 
known of such a balance of various forces involved in the 
evolution of mating systems (for example, Vicia faba’). 
Ross (ref. 7 and personal communication) has recently 
described an interesting situation in Plantago lanceolata 
with a rather complex genetic system involving a combina- 
tion of self-incompatibility and gynodioecy. Thus 
Armeria, Origanum and Plantago perhaps illustrate 
various combinations of the self-sterility and gynodioecy 
systems such as to represent three different stages in the 
-evolution of self-compatibility from self-incompatibility. 
An understanding of the population dynamics of these 
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wel, z=0 
y=0°30 g= 035 
5 pa=05 pH=05 pra? 
pF P PF ka pr P pF 

0-010 0-250 0-808* 0 0-010 0 0-010 
0-014 0-252 1-0 0 0-012 0 0-012 
0-901* 0-276 0-951* 0 0-010 0 010 
0-017 0-277 1-0 0 0-014 0 0-014 
0-936* 0-291 1-0 0 0-012 0-185 1-0 
0-023 0-290 1-0 0 0-016 0-188 1-0 
0-953* 0-300 1-0 0-222 0-857* 0-222 10 
0-054 0-300 1-0 0 0-019 0-224 19 


mixed systems in terms of various selective forces and 
controlled breeding experiments would seem worthwhile. 
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Moss growing on Living 
Papuan Moss-forest Weevils 


LarGE leaf-feeding weevils of the genus Gymnopholus 
(subgenus Symbiopholus)*, and certain other weevils. 
particularly of the genus Pantorhytes** (broad-nosed 
weevils), as well as certain eryptorhynchine weevils? and 
other beetles*, all inhabiting fairly high moss forest 
ridges and summits, mostly in eastern New Guinea, have 
been reported to carry small gardens on their backs. The 
association seems to involve symbiosis, with the weevils 
providing a favourable environment for the plants, and 
the plants endowing the weevils with a protective resem- 
blance to eryptogram-covered parts of plants, or with 
chemical protection. 

Living in the plants are phytophagous oribatid mites’ of 
a family known only from this association, and also sessile 
rotifers and minute nematodes, as well as other miero- 
scopic organisms. 

The plants previously reported from the backs of the 
weevils (and sometimes on their femora) are fungi, algae. 
lichens and liverworts, as well as stray diatoms. Now the 
presence of moss can be reported. Daltonia angustifolia 
Dozy and Molk. (Figs. 1 and 2) of the Hookeriaceae has 
been determined from ten weevils of five species. 
These are Gymnopholus (Symbiopholus) acarifer Gressitt”. 
Bulldog Rd., 2,400 m, G. A. Samuelson, 1966; G. (5.) 
lichenifer Gressitt’, Bulldog Rd., 2,300 m, O. R. Wilkes, 
1966; G. (S.) fungifer Gressitt?, Saruwaged Range, 2,400 
m, Samuelson, 1966; G. (S.) reticulatus Marshall’, Daulo 
Pass, 2,500 m, Bismarck Range, L. Gressitt, 1955; and 
G. (S.) carolynae Gressitt and Sedlacek*, Kubor Range, 
2,950 m, Carolyn Gressitt, 1966. 

The weevils on which the moss was found vary from 
about 22 to 36 mmlong. Hepatics occur fairly abundantly 
on some of the weevils bearing moss, and in most cases 
fungi and algae are also present. Among the liverworts 
on these specimens are Cololejeunea, Lejeunea and Metz- 
geria. While one of us (J. L. G.) was in New Guinea in > 


1967, Dr R. Schuster visited the principal study area 
and identified Odontolejeunea, Microlejeunea and 
Metzgeria from eryptorhynchine weevils on Mount 


Kaindi. Dr Schuster also recognized a fern gametophyte 
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on Gymnopholus (S8.) lichenifer, but it was unfortunately 
lost. The moss-bearing weevils carried hardly any 
lichens. 

The following plants have been recognized from the 
various weevils (partly identified by R. K. Benjamin, 
M. Hale, J. Proskauer and R. Schuster). Fungi-Fungi 
Imperfecti: ?Leptostromataceae, ?Nectrioidaceac; Asco- 
mycetes: Helotiaceae, ?Micropeltaceae; Algae—Trente- 
pohliaceae, Chroococcaceae, Nostocaceae, Oscillatoriaceae 
{or Beytonemataceae) and other algae; Lichens— 
Physciaceae (Physcia sp., Anaptychia sp.), Parmeliaceae 
(Parmelia P. (Hypotrachyna) crenata Kurok., P. reticulata 
Tayl., ete.); Hepaticae—Metzgeriaceao (Metzgeria sp.), 
Lejeuneaceae (Cololejeunea sp., Lejeunea sp., Micro- 
lejeunea sp., Odontolejeunea sp.); Musci—Hookeriaceac 
(Daltonia angustifolia Dozy and Molk.). 

The weevils bearing the plants are mostly modified 
structurally in ways which provide niches and protection 
for the plants, particularly in their early stages. Among 
these modifications are pits, depressed areas surrounded 
by ridges and stiff setae, pubescent areas protected by 
tubercles, and others. It seems that evolution is 
progressing rapidly among these weevils. Populations 
on mountains separated by rather slight distances tend 
to be different, and several species-groups may be repre- 
sented on one mountain. Already more than fifty species 
of Gymnopholus are known®® and a similar number of 
Pantorhytes*. In spite of indications of rapid evolution, 
however, the plants and animals in this association must 
have been living together in a very humid environment 
for a considerable period of time. The weevils feed on a 
number of genera of dicotyledons®?, 

Preliminary observations seem to verify the assumption 
that most of the plants growing on the weevils are those 





Fig. 1. Gymnopholus ( Symblopholus) fungifer Gressitt, Saruwaged Range, 

Huon Peninsula, north-east New Guine Samuelson, 1966, bearing the 

moss Daltonia angustifolia Dozy and Molk., as well as partial thick mat of 
fungi and algae and numerous hepatics. 
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Fig. 2. 

Samuelson, 1966, showing Daltonia angustifolia on base of left elytron, 

and the hepaties Cololejeunea sp. and Metzgeria sp. near centre of figure 
and Lejeunea sp, near bottom of figure, 


Gymnopholus (Symbiopholus) fungifer G ressitt, Saruwaged Range, 


usually found on the surface of leaves and bark in the 
same environments. In the case of the lichens there is 
evidence of vegetative reproduction on the weevils. In 
the case of the moss, there are numerous protonemata on 
the weevils, which suggests that the origin may be from 
spores. It was earlier suggested that the fungivorous 
mites, of which up to seventy-five individuals have been 
found on one weevil, may transport propagules from one 
host to another. 

Field observations so far suggest that predation of the 
weevils is relatively uncommon. The weevils may be 
distasteful to predators, or their large, heavily sclerotized 
bodies may be a deterrent, and (or) the plants growing 
on them may offer camouflage or be distasteful to predators. 
For more than a year individuals of G. (S.) lichenifer 
have been marked and released on the summit of Mount 
Kaindi, 2,350 m. Many of the weevils were collected 
on the upper slopes of the mountain, in forest, but released 
on host-bushes planted around the periphery of the 
flattened and cleared summit, around the communications 
repeater station. Although the weevils are thus in a very 
exposed situation, maintaining their habit of climbing 
to the top shoots of the plants at night and in foggy 
weather, almost no evidence of predation has been 
observed. Recovery rates of marked individuals have 
been as high as 43 per cent for individuals released within 
a few weeks preceding*. At least one weevil has been 
seen more than a year after marking. Several weevils 
have been observed to walk av vay into the forest after 
release, and some have been observed to die apparently 
of old age, so the reduction is obviously not primarily 
from predation. Only one killed individual was found, 
and this was on a log at night, so the enemy may have 
been a mammal. The weevil was not chewed up; only 
the abdomen had been removed. 
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New Glycolipid specific to Nitrogen- 
fixing Blue-green Algae 


Tue polar lipid fractions from blue-green algae are 
usually simpler than those from higher algae and leaves, 
and normally contain only those four acyl lipids that are 
commonly associated with chloroplasts, namely, mono- 
and di-galactosyl diglyceride, sulphoquinovosyl digly- 
ceride and phosphatidyl glycerol'*. Occasionally, other 
components are reported?! *. 

Thin layer chromatography on silica gel of chloroform- 
methanol extracts from three nitrogen-fixing blue-green 
algae (Anabaena cylindrica, Anabaena flos-aquae and 
Chlorogloea fritschii) has, however, indicated the presence 
in all three of a substance which has not yet been detected 
in any other class of photosynthetic tissue. 

In the ehromatographic conditions used, this substance 
migrated a little faster than standard phosphatidyl 
ethanolamine (Fig. 1). When the chromatograms were 
reacted with sulphuric acid‘, the unknown substance gave 
a purplish-red colour commonly observed with glycosides, 
and a positive reaction with a Schiff-periodate reagent* 
was also obtained. It gave negative reactions with 
reagents specific for phosphate groups’. 

To obtain further analytical data for this material, the 
lipids of A. cylindrica were fractionated by column 
chromatography on DEAE eellulose*. The unknown 
lipid was slowly eluted from the adsorbent with 5 per 
cent methanol in chloroform, the later fractions displaced 
by this solvent containing increasing quantities of a 
compound which during thin layer chromatography 
seemed to be slightly more polar than the principal 
fraction, but which gave similar colour reactions with 
specific reagents. No clear cut separation of the two 
glycoside fractions could be achieved by column chromato- 
graphy and for the preliminary studies described here 
they were examined as a mixture. 

The crude glycoside was freed from contaminating 
pigments by crystallization from 90 per cent aqueous 
methanol to give a colourless amorphous solid, melting 
point 95°-102° C. 

The principal absorption peaks obtained by infrared 
spectroscopic analysis of the glycoside were caused by 
methylene and hydroxyl groups. No significant absorp- 
tion at wavelengths associated with ester or amide groups 
was observed, indicating the absence of acyl residues. 

The glycoside was stable to aqueous and alcoholic 
alkali, but was hydrolysed when refluxed with 2 N sul- 
phurie acid in methanol-water (95 : 5 v/v) for 28h, After 
dilation with water, the reaction mixture was extracted 
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with chloroform. The aqueous phase from this extraction 
gave a positive Molisch test and paper chromatography 
of a portion of this phase yielded two chief fractions 
which gave positive reactions with aniline phthalate’ and 
ammoniacal silver nitrate? reagents, and which had Rr 
values similar to those for galactose and glucose. 

Analysis of the chloroform layer by thin layer chromato- 
graphy on silica gel using chloroform—methanol (90 : 10 
v/v) as mobile phase gave two spots: a principal one of 
Ry 0-6 and a minor one of Rp 0-5. Thus the heterogeneity 
of the crude glycoside of A. cylindrica may be the result 
of, in part at least, the presence of two aglucone com- 
ponents of differing polarities. Infrared analysis of the 
crude aglucone showed strong adsorption at frequencies 
corresponding to methylene and hydroxyl groups. The 
aglucone fraction of the glycoside of A. cylindrica prob- 
ably consists therefore of a heterogeneous mixture of 
fatty alcohols, members of which may contain, differing 
numbers of hydroxyl groups. 

Chromatographic studies on the corresponding lipid 
fractions from the two other nitrogen-fixing blue-green 
algae suggest that these are also heterogeneous, and it 
would seem that these organisms possibly contain families 
of alcoholic glycosides in which differences in composition 
of both the aglucone and glycoside moieties oceur, 

Such glycosides seem to be specific to nitrogen-fixing 
blue-green algae and we have been unable to detect com- 
parable compounds in blue-green algae which do not fix 
nitrogen (including Anacystis nidulans, Anabaena vari- 
abilis, Spirulina platensis), yellow algae (Vaucheria 
sessilis, Monodus subterraneus), brown algae (Fucus 
serratus, Fucus vesiculosus), a red alga (Porphyridiwm 





Fig. 1. Thin layer chromatography of lipid extracts from Chlorella 
vulgaris (C), Anacystis nidulans (AN), Chlorogloea fritschii (CF), Anabaena 
cylindrica (AC) and Anabaena flos-aquae (AF). Stationary phase: silica 
gel containing 10 per cent gypsum, Mobile phase: chloroform-methanol- 
acetic acid—water (85:15:10:3-7 v/v). Visualization: 25 per cent 
sulphuric acid at 220° C (5 min). Identification of components: Mono- 
galactosyl diglyceride (MG); the unknown glycolipid (GL); phosphatidy! 
ethanolamine (PE); digalactosyl diglyceride and phosphatidyl glycerol 
(not separated) (DG, PG); phosphatidyl! choline (PC); sulpholipid (SL); 
an unidentified lipid (U); origin (O). 
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cruentum), green algae (including Chlorella vulgaris, 
Chlamydomonas fpulsatilla), a marine diatom (Phaeo- 
dactylum tricornutum), a freshwater diatom (Nitzschia 
palea) Euglena gracilis and Ochromonas danica. They were 
also absent from lipid extracts from the leaves of several 
species of higher plants. 

Present work is directed towards the preparation of 
homogeneous glycoside and aglucone fractions in order to 
determine their detailed chemical structure. 

B. W. Nicrors 
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Availability of Nitrogen to Plants 
in Acid Coal Mine Spoils 


MINING of coal by either strip (open cast) or deep-mining 
methods leaves large quantities of raw rock overburden 
and waste on the surface and revegetation of such spoils 
presents great reclamation problems. Survival and growth 
of plants are hampered by a variety of physical and 
chemical features of the spoils; in particular, poor 
growth has been attributed to lack of plant nutrients. 
especially nitrogen. Nevertheless, investigations of 
anthracite coal mine spoils in the vicinity of Tamaqua, 
Pennsylvania, showed that the nitrogen available to 
plants may be very abundant in certain spoils composed 
of black pyritiferous shales. 

Cornwell classified the spoils of the Tamaqua area into 
five lithological groups: black pyritic shales; grey cal- 
careous shales; buff sandstones; “oxidized-surface” 
spoils coloured yellow by oxidized iron compounds; and 
“surficials”——mixed deposits of subsoil and unconsolidated 
substratum. Small areas of “placeland” (remnants of 
native soil) were scattered among the spoil heaps. 

The apparent total nitrogen content of the <2mm 
fraction of these materials was determined by a standard 
Kjeldahl procedure employing overnight predigestion. 
The results reported in Table 1 show high nitrogen con- 
tents in the black shales. Two successive digestions of the 
black shales revealed that 88 per cent of the total nitrogen 
was removed in the first digestion. 

Table 1, APPARENT TOTAL NITROGEN OF LITHOLOGICAL SPOIL TYPES OF THE 
TAMAQUA ARBA 
Total nitrogen (%) 


n Mean Range 
Black acid shales 24 0-54 0-30-0-68 
Grey shales 3 0-17 0-12-0-21 
Buff sandstones 8 eid 0710-09-23 
Oxidized-surface 5 0-16 0-14-0-16 
Surficials 4 Og 0-07-0-10 
Placeland* 3 0-26 0-18-0-34 


_ Analyses were based on the ungrotmd < 2 mm fractions and single Kjeldahl 
digestions, 
* A horizon. 


Differences in availability of nitrogen among spoils 
were suggested by the appearance of gray birch, Betula 
populifolia Marsh., which was the most common tree on 
all spoils and essentially the only plant on the most acid 
ones. Birch saplings on the buff sandstone spoils had 
thin narrow crowns and small pale green leaves; those 
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on the black acid shales had dense crowns and large, 
dark green leaves. Such differences were borne out by 
analyses of foliage samples from all the spoils and place- 
land, as shown in Table 2. The nitrogen status of birch 
on the strongly acid black shales (pH in water 2-8-3-9) 
at least equals that on placeland, and is markedly higher 
than that from the other rock spoils. These results ean 
only be attributed to the release of fossil nitrogen from 
the shales. 


Table 2, NITROGEN CONTENT OF MATURE Betula populifolia FOLIAGE ON 
VARIOUS SPOIL TYPES 
Buff Grey Oxidized- , Place- Black 
sandstones shales surface Surficials land acid ahales 
1-51 1-88 188 


2-34 


2-41 247 








n= 20: older and younger leaves from ten sites on each spoil type, each 
sample from ten trees. Values not connected by a horizontal line differ at the 
5 per cent level, 

It has been known for several decades that rocks, par- 
ticularly sedimentaries, contain appreciable amounts of 
nitrogen as ‘fixed ammonium”, kerogen and possibly 
other organic forms?-*. Recently, both Stevenson? and 
Southard? have shown that fixed ammonium constitutes 
a large proportion of the nitrogen in various carbonaceous 
shales. The release of nitrogen from the Tamaqua spoils 
is suggested by conventional analyses of the <2 mm 
fraction for readily soluble nutrients*; soluble NO,-N 
and NH,-N did not exceed 10 p.p.2m. except on the 
strongly acid black shales where NH,-N ranged from 
11 to 25 p.p.2m. 

Further evidence of release was provided by analysis of 
soluble salts accumulated on spoil materials during two 
greenhouse trials. Both used spoils from two locations 
on both the black and grey shales; the bulk samples were 
passed through 0-25 or 1 in. sieves, and 350 g or 650 g of 
the sieved spoil was placed in small containers to which 
distilled water was supplied from below through nylon 
wicks. After approximately 11 months, the salt-encrusted 
upper spoil was extracted with water and the soluble con- 
stituents were determined. Selected results, expressed on 
the basis of the entire 350 or 650 g, are shown in Table 3. 
Both spoil types contained pyrite (FeS,) which oxidized 
to yield the large quantities of sulphate shown, 


Table 3. CONTENT OF WATER SOLUBLE ELEMENTS IN PYRITIC SPOILS AFTER 
11 MONTHS WEATHERING WITHOUT LEACHING, UNDER GRBEN HOUSE 
CONDITIONS 

Al NO; | N 80, 
(mequiv./kg) 
Grey shales 

Sample 1 <1” 0-8 017 0-39 p4 
< 0-25” 0-4 0-22 0-21 89 
Sample 2 <1” 16 0-06 O47 171 
< 0-25" Fi 0-06 O21 171 

Black shales 
Sample 1 <1” 104 0-32 85 226 
< 0:25" 22 0-05 37 62 
Sample 2 <1” 5a 0-16 +5 165 
< 0-25" 21 0-06 3-8 66 


In the grey shale extracts, the sulphate anion was 
largely neutralized by calcium and magnesium, possibly 
derived from authigenie and cementing carbonates, In 
strong contrast, reactions from 2-7 to 3-2 in the black 
shale extracts and the abundance of soluble aluminium 
indicated an intensely acid weathering environment in 
which some destruction of silicate lattices must have 
occurred. Such destruction would necessarily liberate 
“fixed ammonium” as well as organic compounds con- 
taining nitrogen. If the latter are resistant to microbial 
attack, as has been supposed, the nitrogen values of 
Table 3 may largely represent fixed ammonium. In any 
case, the ammonium liberated from the black shales over 
the period of 11 months is of the order of 1-2 per cent of 
the total nitrogen (assuming 0-6 per cent) and certainly 
the quantities are large enough (100-240 p.p.2m.) mater- 
ially to affect vegetation and to account for the high 
foliar contents shown in Table 2. 
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Certain inferences follow (a) The active weathering 
fraction in pyritic spoils includes fragments of any size 
which contain oxidizable sulphur, rather than being con- 
fined to the silt and clay-sized fractions, as in most souls 
Rapid weathering of the acid black shales ın the field was 
indicated by coatings of secondary iron compounds, pro- 
nounced rounding of fragments and reprecipitated gypsum 
(b) Percolates from such spoils must contribute substantial 
amounts of mtrogen, as well as other elements, to out- 
flowing ground-water and streams (e) Spoils contaimng 
httle oxidizable sulphur, or having a high ratio of calerum 
and magnesium to sulphur, do not undergo much silicate 
destruction, and may therefore release little nitrogen, 
regardless of total content or form. Although Schramm? 
found that nitrogen deficiency muted plant growth on 
black shale wastes, the pH of his study materials ranged 
from 46 to 5 2, indicating mmrmal sulphide oxidation 
and silicate destruction 

One of us (S M C ) wishes to acknowledge the generous 
assistance of a DSIR/NATO studentship for much of the 
time during which this work was carried out. 
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PSYCHOPHARMACOLOGY 


Effects of Drugs on Conditioned 
“Anxiety” 


THE behavioural phenomenon known as conditioned 
suppression was first demonstrated by Estes and Skinner? 
They maintained the bar-pressing activity of rats by a 
schedule of food remforcement and found that this 
behaviour decreased in frequency during a stimulus which 
ended with an unavoidable shock Estes and Skmner sug- 
gested that the suppression of responding was an mdirect 
measurement of “anxiety”? Subsequent workers? have 
argued that the temporal relationships between the shock 
and the stimulus which precedes 1t satisfy the require- 
ments for classical (respondent) conditioning to occu 
After a number of pairings, the conditioned stimulus 
(pre-shock stimulus) elicits the respondents which were 
formerly elicited only by the unconditioned stimulus 
(shock) 

This mterpretation has led to research programmes in 
which conditioned suppression has been used as a model of 
clmical anxiety. For example, the responding of rats 1s 
less suppressed durmg a pre-shock stimulus if they have 
recently 1eceived electro-convulsive shocks? It might 
therefore be suggested that conditioned “anxiety” 1s 
alleviated by this treatment. 

In 1956, Brady mvestigated the effects of amphetamine 
and reserpine on conditioned suppression*. The results 
are summarized by his ilustration (Fig 1). These 
cumulative records show (top) the effects of the Estes- 
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Skinner procedure m control conditions (saline) When 
amphetamine was admunistered, the baseline rate of 
responding increased, but the number of responses emitted 
during the pre-shock stimulus decreased ın comparison 
with control animals Reserpme produced opposite effects 
the baseline behaviour decreased ın frequency but moze 
responses were made durmg the pre-shock stimulus than 
had been made ın the control conditions Brady claimed 
that “the method described does provide an approach to 
the selective assessment of specific drug-behaviour rela- 
tionships ın the affective sphere while providing a control 
for the general behavioural and motor disturbances that 
frequently develop as non-specific side effects of such 
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Fig 1 ‘The effects of amphetamine and reserpine on conditioned 

suppression The pen of the cumulative recorder was deflected during 

the pre-shock stimulus (Reproduced from the article by J V Bradv, 
Science, 123, 1033, 1956 ) 
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drug administration”. Thus reserpine reduced “anxiety”, 
because more responses were emitted during the pre-shock 
stumulus although the baseline responding became less 
frequent 

A recent report® casts doubt on this claim In this 
experiment, attention was directed only to observable 
behavioural events; conditioned suppression was studied 
without regard to affective states such as “anxiety”? The 
experiment was designed to discover whether frequency 
of responding can act as a determinant of conditioned 
suppression when all other variables known to be relevant 
are controlled (for example, frequency of remforcement, 
shock intensity, deprivation, ete) This was done by 
means of paced variable interval schedules? Two rats 
were used so there was a control for possible sequence 
effects Both rats were first exposed to a condition (A) 
in which bar-presses were remforced by food at variable 
intervals which averaged 1 mm Then reinforcements 
became available just as before, but rat 1 obtamed these 
only if ıt responded at a high rate, and rat 2 only if 16 
responded at a low rate (B) Finally (C), these conditions 
were interchanged. Conditioned suppression was obtained. 
with a standard procedure in each phase of the experi- 
ment 

The results are summarized in Fig 2 They arestrikingly 
simular to those reported by Brady, although no drug 
was used The behavioural baselines were affected by the 
pacing procedures in a way similar to that caused by 
Brady’s two drugs Responding during the pre-shock 
stimulus also changed as 1t had done ın Brady’s experiment 
When the overall response rate was high, there was less 
responding during the pre-shock stimulus than there was 
ım the control conditions. Similarly, when the overall 
response rate was low, responding occurred more fre- 
quently during the pre-shock stumulus than ıt had m 
control conditions These results suggest that Brady’s 


Responses 


508 





Fig 2 The effects of response pacing on conditioned suppression 
i < (Adapted from Blackman } 
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findings do not necessarily show a specific pharmacological 
effect on “anxiety” His changes in effect were measured 
by conditioned suppression The changes ın suppression 
may have been the direct result of changes ın the behavi- 
oural baseline, rather than an effect exhibited despite con- 
trary changes in this baselme. Brady’s results alone are 
not firm evidence that amphetamme enhances “anxiety”, 
nor that reserpine attenuates it. 
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PHYSIOLOGY 


Human Power Output 


Ir has been known for a long time that power output in 
man increases rapidly with decreasing duration of exercise, 
but there have been few systematic studies of this problem 
Indeed, measurements of the power output of the body 
during a single movement lasting one-tenth of a second 
or less have not been made 

We have mvestigated the peak power output m forty- 
seven men and eight young women, whose physical details 
are given in Table 1, durmg the performance of a standing 
vertical jump off both feet from a force platform Each 
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Fig 1. Original record of the forces acting on the platform throughout 


the performance of the jump (1) Weight time, (2) the pomt of maximum 
downward velocity, (3) pomt of maximum upward velocity, (4) take- 
off, (5) time of flight. 
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subject was allowed three practice jumps and the best of 
thiee expermental yumps was recorded and later analysed 
in the followmg way 

The trace (Fig 1) was measured to an arbitrary scale 
at intervals of 0 02 s using an Oscar trace assessor (Benson— 
Lehne:, Lid) and the readmgs were compared with 
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Table 1 PHYSICAL CHARACTERISTICS OF THE FIFTY-FIVE SUBJECTS INVESTI- 
GATED 
Age Weight Height 
Subjects (yr) (kg) (cm) 
Mean SD Mean SD Mean SD 
Males (n= 47) 327 89 749 100 1729 66 
Females (n= 8) 221 39 600 75 163 6 80 


measurements of zero and known body weight to obtain 
a measure of force Acceleration (A) of the centre of 


9 81x(F —W) 
w 


gravity was found from A = M/s-*, whero 


F is force and Wis body weight, and velocity was 
obtained by mtegration of the area under the A curve 
Values for mstantaneous power were determined from the 
product of force and velocity Typical examples of such 
analysis are shown in Fig 2 


“ 


Table 2 COMPARISON OF MAXIMUM POWER OUTPUT DURING SUSTAINED 
WORK ON A BICYCLE* ERGOMETER AND A STANDING VERTICAL JUMP FYROM 
FORCE PLATFORM 


Power output (h p ) 


Subjects Bicycle ergometer Force platform 
Mean SD Mean SD 
Males (n = 47) 0 33 0 04 6 23 119 
Females (n = 8) 0 25 0 03 315 0 48 


* The power output was determined from direct measurements of oxygen 
consumption during the s1\th to eighth minute of maximal work as a separate 
experiment 


The results obtained on the fifty-five subjects expressed 
im terms of horsepower (h p ) are shown ın Table 2 The 
mean peak power output for the men was § 22+1 56 hp. 
and for the women 315+048 hp These figures are 
among the highest ever recorded—they are some fifteen. 
times greater than the corresponding values for maximum 
aerobic power achieved durmg sustamed exercise on a 
bicycle ergometer (Table 2), and extremely close to the 
theoretical maximum postulated for man 
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Promotion of 4-Hydroxy-3-methoxy- 
phenylglycol Formation in Man 
by Reserpine 


Tue ability of reserpine to bring about the depletion of 
biologically active amnes m mammalian tissues’ 1s well 
known This alkaloid also has several other biochemical 
effects which have recently been reviewed’, and we report 
a new and potentially 1mportant action of reserpine on 
catecholamine metabolism which was revealed during the 
course of another expermment* 

Six normal male volunteers, aged from 24 to 46, were 
given 125 mg of reserpine mtravenously Urine was 
collected after 1, 3, 6, 9, 12 and 24 h. One month earher, 
each subject had received an imtravenous imyection of 
placebo, and urme was collected at similar time intervals 
Samples were acidified with 6 N hydrochloric acid to pH 2, 
and stored m the cold until assayed for 4-hydroxy-3- 
methoxymandelhic acid (VMA) (ref 4) and 4-hydroxy-3- 
methoxyphenylglycol (HMPG) (ref 5) 

In agreement with the observations of other authors®:7, 
there was a significant increase in the output of VMA 
during the test compared with control periods (Fig 1) 
This reached a peak in the 3-6 h collection and fell to 
normal by 12-24 h Predictably, but apparently for the 
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first tame, we also noted that reserpme gave rise to a 
significantly mereased excretion of HMPG (Fig 2) which 
similarly reached a peak after 3-6h The output of this com- 
pound was still significantly raised ın the 12-24 h sample 

Both compounds derive from the mtermediate alde- 
hyde formed from the oxidative deamimation of nor- 
adrenaline and adrenaline (for review see ref 8) Perhaps 
the most interestmg finding m this work is that there was 
a proportionately greater crease m the output of HMPG 
in response to reserpine injection (Fig 3), pomting to some 
diversion of the mtermediate aldehyde from an oxidative 
to a reductive pathway of metabolism It may be relevant 
that Rutledge and Wemer’ have produced ın vitro data 
to suggest that noradrenaline, synthesized endogenously 
ın the rabbit atrum from labelled dopamine, ıs pre- 
dominantly mactivated to the glycol This tendency is 
exaggerated when the animal has previously been reser- 
pmuzed (although the authors do not comment on this 
finding) 

The mechanism of the reserpmne-induced shift described 
here ıs not yet understood Others have observed a 
similar change after ethanol admimistration?®.#4, both ın 
the noradrenalme pathway and m the analogous 5- 
hydroxytryptamme route of metabolism}? While a pos- 
sible merease m the concentration of NADH, has been 
invoked to explain the shunting effect provoked by 
ethanol, 1t 1s more likely that some other mechanism 1s 
cesponsible for our finding, for Tyce et al could not 
detect any alteration in “C-5-hydroxytryptamine metabol- 
ism in perfused reserpine-pretreated rat liver despite the 
predicted metabolic shift after ethanol perfusion 

Disulfiram” and calcium carbimide" will duce similar 
im vwo changes, presumably by inhibition of aldehyde 
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Fig 3 Ratios of means + JE of urinary VMA to HMPG output 
ın six subjects before and after a single intravenous injection of 1 25 mg 
of reserpine 


dehydrogenase, although 1t ıs just as likely that the 
reserpine effect 1s produced by activation of the comple- 
mentary enzyme, aldehyde reductase, whether this latter 
enzyme is a distinct entity or whether one enzyme 
catalyses both reactions 18 still unknown", 

There 1s one further possibihty which deserves con- 
sideration It may be that the enzyme which brings about 
further oxidation of the aldehyde lies within the nor- 
adrenaline storage granule to which reserpme impairs 
access, thus facilitatmg aldehyde reduction. 
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Effect of Cocaine, Desipramine 
and Angiotensin on Uptake of 
Noradrenaline in Tissues 

of Pithed Rats 


SYMPATHETIC nerves have been shown to be the site of 
uptake of circulating noradrenaline The extent of sym- 
pathetic mnervation of an organ seems to determine 
the uptake of radioactive noradrenaline after mtravenous 
mjection if allowance is made for the volume of blood 
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Table 1, EFFECT OF COCAINE, DESIPRAMINE AND ANGIOTENSIN ON NORADRENALINE UPTAKE AND ON BLOOD PRESSURE RESPONSES TO NORADRENALINE IN 


PITHED RATS 
Predrug BP Maximum ABP Total radioactivity (muC2/g) 

Treatment (mm Hg) (mm Hg) Heart Skeletal muscle Kidney Adrenal gland Aorta 
Saline 60+26 81+30 92448 354038 125 +12 4 30434 +24 
Cocaine 68 £2 8* 11841 9* 3841 9* 35402 1444130 18 +1 8* RE 0* 
Desipramine 7443 0* 11443 3* 3741 8* 40104 1504217 16+0 4* 840 9* 
Angiotensin 64415 9242 4* 94453 39+06 130+ 93 33422 14410 


Each blood pressure (BP) value or heart total radioactivity value 18 the mean + S E M of ten or eleven animals 
Each skeletal muscle, kidney, adrenal gland and aorta total radioactivity value is the mean + S E Af of five or si, animals 


* Denotes a significant difference (P <0 05) from corresponding saline control values 


flow to the organ and its endogenous noradrenaline 
content! 

Cocaine and desipramine have been shown to be potent 
inhibitors of noradrenaline uptake by the isolated perfused 
rat hew t+, and the potentiation of noradrenaline responses 
by cocaine and desipramine has been demonstrated in 
the isulated vas deferens of the rat? Angiotensin (at a 
high concentration) ıs known to cause some inhibition of 
noradienaline uptake by spleen, thoracic aorta and brain 
stem slices wn vetro4 

We have studied noradrenaline uptake in vwo utilizing 
the pithed rat preparation to determme whether the 
effects of cocaine, desipramine and angiotensin were 
similar in a variety of tissues Exactly 30 mm after 
pithing—while the blood pressure was being recorded— 
rats were injected with cocaine (10 mg/kg) or desipramine 
(1 mg/kg) or infused with angiotensin (0 03 g/kg/min) or 
saline (0004 ml/min) Fifteen minutes after injection or 
the start of an mfusion, 2 ug (10 wCi)/kg of *H-7-pL-nor- 
adrenaline was injected mtravenously After 2 min the 
anunal was killed and the total radioactivity of the heart, 
thoracic aorta, skeletal muscle, kidney and adrenal glands 
was determmed by the procedure described by Van 
Zwieten, Widhalm and Hertting’ 

The blood pressure and radioactivity results obtained 
m ths study are shown in Table 1 The variation of 
radioactivity recoverable was probably a result of the 
pressure of different numbers of sympathetic nerve 
endings m these tissues The uptake of noradienaline by 
heart, adrenal gland and thoracic aorta was significantly 
mhibited by cocaine and desipramine but not by angio- 
tensm The uptake of noradrenaline by skeletal muscle 
and kidney apparently was not affected by any of the 
agents Studies of noradrenaline uptake in intact and 
immunosympathectomized 1ats® indicate that uptake by 
skeletal muscle and kidney 1s significantly reduced in the 
presence of a subnormal population of sympathetic nerve 
endings, and therefore 1t was expected that noradrenaline 
uptake in these tissues would be reduced by treatment 
with cocaine or desipramine These experiments did not 
show whether the accumulation of noradrenaline by 
skeletal muscle and kidney fiom the circulation was 
significantly mfluenced by the relative blood flow to each 
tissue, by the ability of the tissue to extract the delivered. 
noradrenalime’ or by the more persistent noradrenaline 
blood concentrations resulting from the apparently 
defective uptake by other tissues 

The blood pressure responses to noradrenaline after 
cocaine, desipramine and angiotensin had been given 
were significantly facilitated There seems to be a cor- 
relation between facilitation of noradrenaline blood 
pressure responses and inhibition of noradrenaline uptake 
after administration of cocame and desipramme None 
of the tissues utilized seemed to give any indication of a 
defective uptake of noradrenaline in the presence of a 
physiological concentration of angiotensin sufficient to 
cause a facilitation of the noradrenaline blood pressure 
responses 

We thank Ronald J Herrett for technical assistance 
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Fixation Tremor in relation to 
Eyeball-Muscle Mechanics 


THE fixation tremor of the eyes can be recorded by using 
a small accelerometer which ıs fixed to a contact lensi, 
This technique has made it possible to determme the 
changes ın the spectral composition of the tremor m 
various circumstances In particular, we report here the 
results obtamed when weights are fixed to the lens, so 
increasing the effective moment of inertia of the eyeball. 
These results yield information about the mechanics of 
the eyeball-muscle system. 

The subject, wearing a close-fittmg contact lens, hes 
supine and fixates on a black spot 3 mm in diameter at 
a distance of 2m The accelerometer ıs plugged into a 
‘Perspex’ tube which is cemented to the lens Small 
brass weights are stuck to this tube with ‘Plasticme’ The 
output voltage from the accelerometer 1s amplified, passed 
through a band-pass filter (5-250 Hz), and then tegrated 
electrically, thus obtainmg an angular velocity-versus- 
time record of the tremor The record 1s stored on the 
screen of a storage oscilloscope, and later photographed 
on 35 mm film A specially designed digital potentio- 
meter? ıs used to sample ordinates of the traces at intervals 
of 3 ms. The ordinate values are supphed to a digital 
computer, which 1s programmed to compute the auto- 
correlation function, and, from this, the velocity spectral 
density (VSD) function m the usual way* 

Fig 1 shows a typical series of VSD graphs Each graph 
has been computed from 800 data pots When the 
eye carries only the contact Jens and accelerometer (graph 
a) there ıs a main peak in the spectrum at 40 Hz As the 
mertia is increased, this peak 1s seon to move downwards 
in frequency There 1s also a reduction in the amplitudes 
of the high frequency components of the spectrum These 
results can be interpreted in mechanical terms The tremor 
waveform can be considered to be the “output” of a 
mechanical filter, the “input” to which is the force 
developed by the active component of the muscles m 
norma] tone The characteristics of the filter are fixed by 
the moment of inertia of the eveball, the elastic stiffness 
of the muscles and the viscous damping of the system‘, 
When considering VSD graphs, the filter ıs of the band- 
pass type. A peak of transmission is expected at the 
mechanical resonance frequency of the system This 
frequency ıs lowered as the inertia of the system 1s m- 
creased The main peak in the graphs of Fig 1 1s identified 
with the mechanical resonance frequency of the eyeball- 
muscle system 
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Fig 1 Velocity spectral density graphs which have been computed 

from records of elevation—depression tremor The graphs show the 

effect of loading the eye by fixing weights to the contact lens, thus 

Increasing the moment of inertia of the eyeball The values of the 

added inertia for graphs a, b c, d, e are 5, 61, 73, 10 and 12 g cm? 
respectivels 


From experiments ın which the eye ıs vibrated by 
external forces, Thomas has formulated a model of the 
eyeball-muscle system‘, The resonance frequencies de- 
duced from the present work are 20-30 per cent lower than 
those which have been predicted from the model, but, ın 
spite of this discrepancy, the present results must be 
considered to give strong support to the general validity 
of the model, ın contrast to the model proposed by 
Robmson‘ (supported by Childress and Jones!) m which 
the system is stated to be “ . heavily overdamped, has 
no resonant frequency and ıs little affected by the mass 
of the eyeball”. 

A small peak at 70-80 Hz can be seen in the graphs of 
Fig 1 When a correction 1s made for the loading effect 
of the lens and its attachments, or when tremor 1s recorded. 
by a method which does not impose any loading of the 
eye’, this peak 1s much more pronounced Its frequency 
38 not changed by loading the eye, and so it 1s associated 
not with the mechanics of the system but with the 
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“mput” to the system—that 1s, with the fluctuations m 
musele tension, and thus with the stream of tonic impulses 
to the muscles 
The attenuation of the gh frequency components of 
the tremor which ıs caused by mertal loadmg will have 
occurred ın the experiments of previous workers who have 
used a mirror on a contact lens to record eye movements 
We thank the Science Research Council for a grant m 
support of this work 
H Bene” 
J G Taomas 
Department of Engineermg, 
University College, 
Cardiff 
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Effect of an Intra-uterine Device on 
Uterine Motility in the Rhesus Monkey 


WE recently observed’ that although an mtra-uterine 
device (IUD) did not affect ovulation and fertilization, 
1t was contraceptive in the rhesus monkey. The pattern 
of tubal transport was not markedly disturbed, but eggs 
could not be recovered from the uterus in IUD monkeys 
It was inferred that the principal contraceptive effect 
of the IUD ıs probably exerted within the uterus, to 
cause either premature expulsion and/or premature 
destruction of the fertilized egg The presence of an 
IUD may therefore disturb the pattern of uterme motility 
in the rhesus monkey 

We have attempted to explore this possibility by 
recording the pattern of uterme motility in eight IUD 
and seven control rhesus monkeys at various times during 
consecutive menstrual cycles A chronically umplanted, 
strain gauge transducer* was used and this was attached 
to the ventral serosal surface of the uterus, connected 
to a mimature plug in the vagina, and thence to a twm- 
channel recording system (‘Oscillo-riter’, Texas Instru- 
ments, Inc) An external transducer was attached to 
the monkey’s chest to monitor both respiratory activity 
and gross bodily movements Recordings were made 
over a period of 1-3 h with the conscious monkey seated 
in a restraint chair The monkey was habituated to this 
restraint and tolerated 1t without undue stress 

Some convincing records of uterme motility were 
obtained, but usually the record was distorted by respira- 
tory or gross bodily movements Thus although the 
transducers were sensitive to variations m uterine 
motility and abdominal pressure, they did not provide a 
direct and quantitative means of comparing uterme 
motility 

The possibility that eggs are prematurely expelled from 
the uterus m the presence of an IUD was then tested 
by determining the fate of artifical and natural substi- 
tutes for rhesus monkey eggs after they had been surgic- 
ally transferred to the uterus Initially, groups of three 
silver (110m)-coated resin spheres (R A eggs) were used 
as artificial substitutes These RA eggs were similar 
in size and density to natural monkey eggs, and resembled 
those used by previous workers? In subsequent experi- 
ments, fertilized rabbit eggs were transferred as natural 
substitutes together with a single R A egg, which acted 
as a marker to facilitate transfer 
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Fig. 1. Four rabbit eggs, one radioactive egg and a normai monkey morula (Jf) recovered from a control monkey on day 18. 
Fig. 2. Degenerate, unfertilized monkey egg from the uterus of an IUD monkey on day 17, 


Fig. 3. 


R.A. and rabbit eggs were transferred to twelve contro! 
and twelve IUD monkeys on menstrual day 15, and to 
two IUD monkeys on day 18. The animals had regular 
menstrual cycles and had been caged with a fertile male 
for at least 3 days before transfer. At transfer, all except 
five monkeys had ovulated (Table 1): two of these animals 
had inactive ovaries and three had ovaries in a pre- 
ovulatory condition. The eggs were transferred in 
<10 ul. of physiological saline by using a fine, nylon 
cannula attached to a micrometer syringe. At autopsy, 
the entire genital tract was removed and divided so that 
the uterus, cervix and vagina could be separately flushed 
with physiological saline. The uterus and cervix were 
then also monitored with a Geiger counter. With one 
exception, when eggs were flushed from the cervix, the 
transferred eggs were recovered only from the uterus. 

The results of these experiments are summarized in 
Table 1. There was no difference in the recovery of 
transferred eggs between the control and TUD monkeys 
examined 48 h after transfer. Most of the R.A. and 
rabbit eggs could be recovered, and there was no evidence 
to suggest that premature expulsion from the uterus had 
occurred in the IUD monkeys. 

At recovery, the appearance of the R.A. and rabbit 
eggs suggested that they were resistant to destruction 
within the monkey uterus (Fig. 1). The rabbit eggs had 
an intact and apparently normal zona pellucida, and the 
“albumen”? layer, which had coated most of the eggs 





Table 1. RADIOACTIVE AND RABBIT EGGS RECOVERED FROM THE UTERUS 
AT AUTOPSY 
Following transfer on day 15 
Total monkeys Total radio- Total 
Autopsy {yielding active eggs rabbit eggs 
ch after Group transferred (recovered/ (recovered | 
transfer) eggs/examined) transferred} transferred} 
48 Control 3/4* TA? — 
IUD ájė 10/12 
48 Control 2f2t 2/2 
IUD 4/4 4/4 
72 Control 4j4 434 
IUD Va Of4 
w Control 1/22 0/2 
Following transfer on day 18 
48 IUD 2/2* 2/2 13/18 


* One monkey had not ovulated. 
+}TPwo monkeys had not ovulated. 
į One monkey ovulated between laparotomy and autopsy. 


Degenerate monkey morula from the uterus of an IUD monkey on day 18. 


at the time of transfer, also seemed to be unchanged. The 
transferred eggs had virtually disappeared from the uteri 
of IUD monkeys examined at 72 h, and from the control 
monkeys at 96 h. Moreover, one control monkey exam- 
ined 72 h after egg transfer yielded two rabbit eggs and an 
R.A. egg in the cervical flush, but nothing in the uterine 
flush. This evidence suggests that the transferred eggs 
were eventually expelled. 

It is interesting that at 72 h after transfer (Table 1) only 
one egg could be recovered from the IUD monkeys, and 
yet all the R.A. eggs and 36 per cent of the rabbit eggs 
were found in the controls. The results might suggest 
that the transferred eggs had a somewhat shorter uterine 
life in the presence of an IUD. It is not possible, how- 
ever, to draw any precise conclusions on uterine survival 
from groups of animals which had to be examined at time 
intervals 24 h apart. 

Additional results were obtained, at autopsy, incident- 
ally to these experiments. Rhesus monkey eggs were 
recovered from two out of four control and two out of 
eight IUD monkeys, which were suitable for the recovery 
of naturally ovulated eggs and had ovulated by menstrual 
day 15. On day 18 a normal morula of forty cells (Fig. 1) 
was flushed from the uterus of one control monkey while 
an abnormal, eleven celled morula was recovered from the 
cervix of the other. In contrast to our previous observa- 
tions’, the two IUD monkey eggs were recovered from 
the uterus. One egg, recovered on day 17, was degenerate 
and unfertilized, but the other was a degenerate morula 
of more than twenty cells on day 18 (Figs. 2 and 3). 
The corpora lutea associated with the four eggs were 
similar in structure: according to Corner’s histological 
criteria’, they were approximately 6 days old. These 
naturally ovulated eggs had probably survived within 
the uterus for 2 or 3 days. 

Our results do not provide convineing evidence that 
the contraceptive action of an IUD in the rhesus monkey 
results principally from the premature expulsion of eggs 
from the uterus. By inference, the evidence favours the 
alternative explanation that in the presence of an TUD 
fertilized rhesus monkey eggs undergo premature degenera- 
tion once they have entered the uterus. 

This work was carried out with the help of a grant to 
Dr P. Eckstein of this department from the Ford Founda- 
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Activation of Malathion by the Locust 
Bodywall 


WE reported earlier! that dilution of malathion in the 
mineral oil KEB (kerosene extract bottoms) not only 
increases its toxicity to mature adults of the desert locust, 
Schistocerca gregaria, but also the speed of its action, when 
applied topically on the hind wing base. We later dis- 
covered? that the killing power of a 10 ug/g dose of 
malathion 2-5 per cent solution in KEB varies consider- 
ably with the site of application on the locust body. 
Thus it yielded a 100 per cent kill when applied topically 
to the neck membrane, no deaths at all on the hind femur 
and intermediate values for other sites of application. 
Injections into the body cavity were always less toxic 
than topical application in the same general area of the 
body. There was, however, no significant difference in 
the killing power of malaoxon (2-5 per cent solution in 
KEB) topically applicd to the neck membrane when 
compared with its injection through the same membrane’. 
This led us to believe that topically applied malathion is 
converted to its P=O analogue, malaoxon (which is 
more toxic and more rapid in action than malathion) by 
the locust bodywall and that the KEB only helps its 
penetration and conversion by spreading the insecticide 
on to a wider area of the insect bodywall. The experi- 
ments reported here were designed to show this activation 
by the bodywall as well as penetration differences and to 
explain the differences in toxicity and speed of action 
reported earlier. 

Malathion labelled with sulphur-35 (both atoms 
labelled) was mixed with tritiated malathion (the carbo- 
ethoxy part of the molecule labelled), in the ratio of 
approximately 1:5. Three solutions (w/v) were then 
prepared from this mixture using KEB as the diluent 
and mature males of Schistocerca gregaria were 
dosed at a rate of 40 yg/insect, applied on the hind 
wing base as a single drop of 0-2, 0-8 and 1-6 ul./insect 
of 20, 5 and 2-5 per cent solutions, respectively. An 
‘AGLA’ syringe driven by a micrometer was used for 
dosing in each case and the insects were kept at 31° C 
after dosing. At intervals of 0, 2, 4, 6 and 8 h after 
dosing, each insect was washed thoroughly with acetone, 
dricd and homogenized together with any excreta and 
extracted with chloroform and water‘. A portion of each 
extract and acetone wash was counted in a Packard ‘Tri- 
Carb’ liquid scintillation spectrometer to determine the 
recoveries of sulphur-35 and tritium in each phase. Cor- 
rections were made for quenching of each nuclide and 
self-decay of sulphur-35 where necessary. Tritium activity 
thus provided a measure of the unabsorbed portion of the 
dose (acetone wash), its accumulation in the insect body 
as malathion and/or malaoxon! (chloroform extract) and 
the portion hydrolysed (water extract) at different time 
intervals. The loss of activity of sulphur-35 over that of 
tritium, on the other hand, provided a measure of the 
conversion of malathion to malaoxon (a 50 per cent loss 
being equal to a 100 per cent conversion). 

The results, an average of three replications in each 
case, are presented in Table 1. The results are complicated 
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Table 1. RECOVERIES OF SULPHUR-85 AND TRITIUM FROM DIFFERBNT PHASES 
AFTER DOSING EACH INSECT WITH 40 ug OF DOUBLE LABELLED MALATHION 
IN THREE DIFFERENT SOLUTIONS OF KEB 





Percent- Radioactivity recovered (%) Lose (-) 
age of Hours —— n or gain 
malathion after Chloro- (+) of 
in KEB dosing Nuclide Un- form Water Total *S over 
(w/v) absorbed extract extract H (%) 
20 0 "ng 96-5 Bd Nii 100 Nil 
oH 97-1 29 Nil 100 s 
2 bie) 91-8 14-0 4:3 110-1 -0-3 
"H 89-6 13-0 77? 110:3 
4 “5 81-5 13-7 11-8 107-0 +08 
H 73-4 12:8 14-0 106-2 
6 ss 56-5 14-4 19-6 90:5 -12 
H 55-0 13-3 23-4 91:7 
8 a5 463 215 236 94 n37 
3H 44-7 19-8 80-6 95-1 ‘ 
5 0 mS 95-9 +i Nil 100 Nil 
3H 96-4 3-6 Nil 100 
2 =g T4 170 68 101-2 -06 
e 743 158 11-7 101-8 
4 Bg 80-8 18:3 155 94-6 +03 
H. 57-9 16-7 19-7 94-3 
6 "g 46-5 19-0 24-5 90-0 -87 
+H 448 17-9 31-0 93-7 ¢ 
8 BS 35-9 17-4 347 88-0 -83 
5H 34-3 16-4 40-6 913 
2-5 0 "g 93-3 8-7 Nil 100 Nil 
oH 93-6 6-4 Nil 100 
2 39 62-8 16-0 13-6 92-4 +06 
5H 59-9 14-9 17-0 91-8 
4 “s 46:0 19-1 20-7 85-8 ~16 
SH 43-9 17-5 26-0 87-4 
6 388 27-5 14-4 37-6 79-5 ~ 50 
5H 26:6 13-7 44-2 84-5 
8 “g 21-7 14-1 43-7 70-5 -76 
+H 20-7 12-9 58-6 871 


by two factors. One is that the sulphur-35 product of 
malathion metabolism is soluble in organie solvents and 
results in a change of the ratio of sulphur-35/tritium 
even in the acetone wash. This sulphur containing by- 
product is eventually lost, possibly in the form of a gas, 
resulting in an overall increase with time in the recoveries 
of tritium as compared with sulphur-35, thus showing 
clearly the formation of malaoxon. This increase was 
higher in the case of the 2-5 per cent solution than in the 
5 or 20 per cent solutions, where there are differences, 
although not well synchronized, showing that more 
malaoxon was formed in the case of the dilute than the 
concentrated solutions of malathion in KEB. Quanti- 
tative estimations of malaoxon formation in the three 
solutions were not possible because of the recovery of 
excess sulphur-35 activity in the organic solvents. The 
second factor which made quantitative estimations 
difficult was the decrease in total recoveries of tritium 
activity with time. This is because of the difficulty of 
homogenizing the locust wings and legs which in time 
become radioactive’, presumably as a result of the move- 
ment of hydrolysis by-products of malathion into these 
regions. The fact that water extracts always had a 
higher activity of tritium than sulphur-35 also indicates 
that hydrolysis takes place chiefly, if not entirely, from 
malaoxon rather than directly from malathion. 

In Fig. 1, the tritium activities recovered in acetone 
wash, chloroform and water extracts are plotted against 
time. It will be seen that increased rates of penetration 
in cases of dilute solutions were counterbalanced by a 
corresponding increase in the rates of hydrolysis. If 
hydrolysis represents detoxification’, and the chloroform 
extract has only malathion in it, then the differences 
exhibited here are so trivial that the significant differences 
reported earlier! in the toxicity of these three solutions can 
scarcely be explained satisfactorily. In fact, at the end 
of the experimental period the portion of the applied 
dose which could be extracted with chloroform was lowest 
in the case of more toxic 2-5 per cent solution and highest 
in the least toxic 20 per cent solution. These results can 
only be explained by assuming that in the case of dilute 
solutions more malathion is desulphurized into malaoxon, 
which is a more labile compound than malathion. This 
conversion results in corresponding increases in the rates 
of hydrolysis, and because the rates of penetration 
decrease with time more rapidly in the dilute solutions 
than the concentrated ones, whereas the rate of hydro- 
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lysis in all cases is linear, at the end of the experimental 
period the chloroform extractable portion of the dose 
applied as dilute solution goes down. 
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Part played by Ciliate Protozoa in 
Rumen Function 


N general, the population of ciliate protozoa in the 
‘men. is large with more.than 10° organisms/g of rumen 
ontents. and a mass approximately equal to that of the 
umen bacteria These protozoa are known to possess 
wetive systems for hydrolysing carbohydrates, proteins 
und lipids, but their effects on the efficiency of utilization 
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~ofnutrients are not-elear. In some experiments, removal 


of the fauna of the rumen has not influenced perform- 
ance? while in others the patterns of ramen fermentation, 
growth rate and efficiency of food utilization were 
altered’-?, Protozoa have been implicated as causal 
agents in bloat, and Clarke! has shown that the introduc- 
tion of an anti-protozoal agent to the rumen of cattle 
reduces the rate of rumen fermentation and the suscepti- 
bility to bloat. 

Considerable day-to-day variation in the pattern of 
rumen fermentation (as measured by the molar propor- 
tions of steam volatile fatty acids present in the rumen 
liquor) has been observed in this laboratory, especially 
on diets low in fibre content. It has been postulated 
that this variation can be caused by a fluctuating popula- 
tion of ciliate protozoa in the rumen. 

A short-term in vitro fermentation has been used in an 
attempt to study the effect on rumen fermentation of the 
ciliate protozoa of the rumen in mixed culture with 
rumen bacteria. In the three experiments reported, 
rumen liquor was donated by a rumen-cannulated sheep 
fed 800 g of concentrate and 92 g of hay daily. The 
ciliate protozoa were almost completely removed mechani- 
cally by centrifugation. 

Centrifuged (‘‘defaunated”) and un-centrifuged rumen 
liquor were incubated for 1 h at 39° C either alone, or 
after adding a substrate consisting of 1 g of the concen- 
trate fed to the donor sheep. Net production rates of 
total and individual steam volatile fatty acids were 
calculated by subtracting total production in the absence 
of substrate from that in the presence of substrate. The 
results are presented in Table 1. 

The fall in the rate of production of n-butyric acid when 
ciliate protozoa were excluded from rumen liquor was 
striking, particularly in the first and third experiments. 
This fall was largely compensated by an increase in the 
rate of production of propionic acid. In all three experi- 
ments, the exclusion of ciliate protozoa raised the rate of 
production of n-valeric acid and depressed that of iso- 
valeric acid. Effects on the production of acetic acid were 
variable, there being a marked decline in rate of produc- 
tion in the first experiment but only slight reductions in 
the second and third experiments. 

In the first two experiments, removal of the ciliate 
protozoa reduced the total rate of production of steam 
volatile fatty acids, a finding consistent with the removal 
of part of the biomass. In the final experiment, however, 
no such difference was observed. These variable effects 
on the rate of fermentation may be related to the initial 
size of the population of ciliates but, as yet, no attempt has 
been made to describe the population quantitatively. 


Table i. NET in vitro RATES OF PRODUCTION OF STEAM VOLATILE FATTY ACIDS 
IN RUMEN LIQUOR WITH OR WITHOUT THE PRESENCE OF CILIATE PROTOZOA 


With protozoa Without protozoa 


mequiv./100 ml. M per- mequiv./100 ml. M per- 
centage centage 
Experiment I 
Acetic 0-798 418 0-395 30-4 
Propionic 0-737 38-6 0820 82-1 
n-Butyrie 0-300 157 0-022 17 
iso-butyric 6-015 0-8 0-011 0-8 
n-Valeric 0-026 1-4 0-046 35 
Iso-valeric 0-031 1-6 0-006 0-5 
Total acids 1-907 1-300 ; 
Final pH 5-70 G16 
Experiment II 
Acetic 1-559 53-0 0-862 50 
Propionic 0-843 28:7 0-670 39 
n-Butyric 0-382 13-0 0-102 50 
Iso-butyr ¢ 0-040 14 0-031 1-8 
n-Valeric 0-040 1:4 0-049 2-9 
Iso-valeri*c 0-07 26 0-003 
Total acids 2-940 1-717 É 
Final pH 6-29 6-77 
Experiment IH 
Acetic 1-084 47-7 1-047 45-3 
Propionie 0-834 36-7 1-119 48-9 
n-Butyric 0-251 1d 0-023 1-0 
Iso-butyric 0-040 1-8 0-035 U5 
a-Valeric 0-020 0-9 0-030 13 
Iso-valeric 0-042 138 0-033 1-4 
Total acids 2-271 2-287 
Final pH 5:57 5-90 
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The final pH of the rumen liquor was consistently higher 
after fermentation in the absence of ciliate protozoa. 
Similar but less dramatic effects on the fermentation 
process were observed when rumen liquor was fermented 
in the presence of an antiprotozoal agent (dimetridazole, 
May and Baker, England). 
Changes in rumen fermentation of the magnitude 
observed in these experiments occurring in vivo could 
have important effects on the efficiency of utilization of 
energy for growth and milk production. Clearly further 
studies both in vitro and in vivo are necessary to determine 
more precisely the role of ciliate protozoa in the production 
of steam volatile fatty acids and to investigate factors, 
such as pH, which may determine the level of protozoal 
activity in the rumen. 
F. G. YOUSSEF 
D. M. ALLEN 

Department of Agriculture, 

Univeraity of Reading. 
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Extracellular Recording from Single 
Neurones in the Olfactory Centre 
of the Cockroach 


Very few reports have been published concerning the 
olfactory responses from single units in the central nervous 
system of invertebrates. This communication is con- 
cerned with the successful extracellular recording of single 
unit responses evoked by olfactory stimulation. It is 
emphasized that the response to odours can be classified 
into three categories: namely, “on” response; ‘‘on—off” 
response; and “off” response. 

We used the adult American cockroaches Periplaneta 
americana, bred in the laboratory. An unanaesthetized 
cockroach was secured with pins and tape on a cork 
plate; its respiration was unhindered. A square section 
of the dorsal exoskeleton of the frons was removed to 
expose the olfactory centre. Electrolytically tapered 
tungsten needles with the insulation removed at the tip 
were used initially as recording microelectrodes, but 
these were later replaced by glass pipettes filled with 3 M 
potassium chloride with diameters of 0-5-2-0y at the tip. 
The latter type of electrode was able to isolate single 





Fig. 1. Responses of a single olfactory neurons to odour stimuli. 

A, Propionic acid; B, acetic acid; C, acetic acid (10s after the preceding 

stimulation shown in B). In each record, the horizontal black bar below 
the record indicates the period of stimulation. 
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Fig. 2. Responses of olfactory neurones to propionic acid (A) and 
2 


methyl-ethyl ketone (B). Time: 60 H 


units more easily. The amplification and recording system 
was the same as that described earlier. The microelec- 
trode was inserted into the dorsal sensory neurone area of 
the deutocerebrum, and was advanced as far down as the 
outer margin of the ventral motor neurone area. 

Odorous air was applied to the surface of the antenna 
by squeezing a polyethylene bottle containing an odorous 
substance. During the course of penetration of the 
electrode, odour stimuli were repeatedly applied at regular 
intervals in order to ensure that the electrode did not miss 
neurones which were not spontaneously active. The 
odorous substances applied were propionic acid, acetic 
acid, acetone, methyl alcohol, hydrochloric acid and 
methyl-ethyl ketone. The experiments were performed 
at room temperature, about 20° C. 

Unitary discharges were always observed when the 
microelectrode was advanced into the antennal lobe (the 
olfactory centre). Most units fired spontaneously, but 
some showed little or no spontaneous discharge. Fig. 1 
shows the responses to odour stimuli of an olfactory 
neurone which shows no spontaneous discharge. Three 
kinds of response patterns were evoked by two types 
of odour stimuli. In Fig. 14, the neurone stimulated by 
propionic acid produced an initial burst of discharges 
which soon ceased despite continuous stimulation (“on” 
response). Fig. 1B shows a typical “on-off” response 
caused by acetic acid. Fig. 10 shows an “off” response 
to an acetic acid stimulation which was applied 10 3 
after the initial stimulation (Fig. 1B). These “off? 
responses gradually became more pronounced as the time 
interval of acetic acid stimuli was shortened. The 
neurone that responded to propionic acid and acetic acid 
also responded to hydrochloric acid, but it failed to 
respond to other types of odour stimuli which included 
methyl-ethyl ketone, acetone and methyl alcohol, regard- 
less of the concentration. 

These results suggest that the neurones in the olfactory 
centre have a certain specific sensitivity to odour stimuli. 
An example of another type of sensitivity is shown in 
Fig. 2: the recording was made from a deeper region ; 
than that in Fig. 1, and spontaneous discharges were 
observed. The spontaneous activity permitted observa- 
tion of the inhibitory as well as the excitatory effects of 
odour stimulation. Judging from the irregular spike 
heights, the responses may have been derived from 
more than one neurone. 

Two types of odour, propionic acid and methyl-ethy! 
ketone, had different effects: propionic acid excited the 
neurones to produce a burst of discharges during the 
period of stimulation (Fig. 2A). The background impulses © 
were temporarily inhibited immediately after the begin- 
ning of the stimulation. This is a kind of the “on” 
response shown in Fig. 14. On the other hand, methyl- 
ethyl ketone inhibited the spontaneous discharges 
(Fig. 2B). The neurones that were inhibited by odour 
stimulation usually showed an increased activity immedi- 
ately after the cessation of the stimulation. This resembles `: 
the “off” response shown in Fig. 1C. 

In primary olfactory receptors of insect antennae, 
excitation (‘‘on” response) and inhibition (“off response) 
are known to be components of the odour response pattern 
of a receptor. The “on-off” response pattern has not, 
however, been recorded from the periphery?-4, 
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It 1s interestimg to note that the three patterns of 
responses observed ın the olfactory centre of the cockroach 
are quite similar to those m the optic lobe of msects§ 
and of the ganglion cells of the mammalian retina‘. 

I thank Drs T Tamura, K lyatom: and T. Saito of 
Nagoya Universiny, and Dr T. Narahashi of Duke Unrver- 
sity, for their encouragement and valuable advice 
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Conductance or Resistance? 


In circulatory physiology, there may be difficulty in 
expressing quantitatively the response of a vascular bed 
in which blood fow has altered If change of flow 18 
used to express the response, then a large change in 
arterial pressure may be overlooked For this reason it has 
been customary to express responses as changes of resist- 
ance, vascular rasistance being the pressure difference 
across the vascular bed divided by the flow through ıt 
One disadvantage of this method can be appreciated 
when two simple examples are considered First, of flow 
changes from 50 ml /min to 2 ml /min, while the pressure 
difference remains constant at 100 mm of mercury, then 
the resistance changes from 2 to 50 units Second, if 
flow changes from 50 mi /min to 1 ml/min, while the 
pressure again remains constant at 100 mm of mercury, 
then resistance has changed from 2 to 100 units. In these 
examples the flow changes—48 ml /min and 49 ml /mm— 
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Fig 1 Capacitance, flow, resistance and conductance responses during 
splenic nerve stimulation These responses are measured as the differen- 
ces between the pre-stimulation values of splenic weight, splenic artery 
flow, resistance and conductance and the respective values at the end 
of the second minute of nerve stimulation The differences are expressed 
as percentages of the maximum changes ın each parameter (ordinates) 
and are plotted against the frequency of nerve stimulation (abscissae) 
Splenic weight change ts a measure of capacitance change For details 
of the methods see ref 1 
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are similar and many flow meters would fail to register 
the difference between the two responses, but the resist- 
ance changes are 48 and 98 units, the difference between 
the two being large 

Vascular resistance 1s a derrved term and 1s mversely 
related to blood flow. When vascular smooth muscle 
contracts, flow decreases and capacitance decreases but 
resistance increases Is 1t not then misleading to compare 
capacitance with resistance ın conditions of nerve stumula- 
tion or drug infusion ? 

Conductance, which 1s obtained by dividing flow by 
pressure difference, mcorporates pressure but has a 
direct relationship to smooth muscle length In electrical 
terms 1b ıs more significant to compare conductance 
(A/V) with capacitance (A xs/V), rather than resistance 
(V/A) with capacitance In circulatory research, 1b 1s 
usual to disregard the pressure denominator when evaluat- 
ing capacitance 

Fig 1 shows the responses obtained ın one cat when 
the spleme nerves were stimulated at frequencies between 
05 and 5 impulses/s The changes in splenic weight 
(capacitance), splenic artery flow, resistance (pressure/flow) 
and conductance (flow/pressure) are expressed as per- 
centages of the maximum responses in the seres and 
plotted agaimst the frequency of stimulation Smooth 
curves have been drawn Capacitance, flow and conduc- 
tance each have a simular relation to frequency, but the 
resistance curve shows a marked separation from that of 
capacitance. 

In conclusion, I feel that conductance 1s the most 
satisfactory method of expressing responses of a vascular 
bed in which blood flow or perfusing pressure changes 

R D STARR 
Department of Physiology, 
University of Aberdeen 
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Heparin and the Stabilization of Fibrin 


In experiments to compare the activity of factor XILI 
(fibrm stabihzng factor) ın serum and plasma, ıt was 
necessary to activate the factor XIT in plasma by addı- 
tion of calcium, but to prevent the plasma from clotting 
Heparin was therefore used as an anti-coagulant Addi- 
tion of heparin to the test system resulted in the factor 
XIII deficient substrate clot being rendered insoluble in 
5 M urea or 1 per cent monochloracetic acid (MCA) 
without addition of a source of factor XIII An investiga- 
tion of the effects of heparin on the solubility of fibrin 
in these reagents was therefore undertaken 

During the final stages of blood coagulation, fibrmogen 
1s converted, by the enzymatic action of thrombin, to 
fibrin monomer which will then spontaneously polymerize 
to form a fibrm clot This fibrin ıs soluble in reagents 
which will split hydrogen bonds such as 5 M urea on 
1 per cent MCA and 1s referred to as soluble or unstable 
fibrin}. 

A further enzyme, factor XIII, which 1s normally 
present in plasma reacts with this unstable fibrm in the 
presence of calc1um tons and converts ıt into a form which 
1s insoluble in 5 M urea or 1 per cent MCA bus which 1s 
soluble in 0-1 M 2-mercaptoethanol The enzyme is 
believed to be a transamidase”? which 1s actrvated from 
a precursor form by thrombin‘ The molecular weight of 
factor XIII has been estimated as 350,000 A tendency 
to dissociate into mactive sub-units of molecular weight 
110,000 has been observed’ and this dissociation was 
inhibited by cysteme 

Purified human fibrinogen (Kabı Grade L) was clotted 
with thrombin (Maws bovine 5 U/ml ) in the presence of 
05 mM calcium chlonde and 5 mM cysteme After 
meubation for 60 mm at 37° C, the clots, when mixed with 
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an equal volume of 2 pe: cent MCA and left at room 
temperature, showed no sign of dissolution within 12 h 
When similar clots were formed without calcrum or 
without cysteine they were soluble in 1 per cent MCA 
within 30 min If before the addition of MCA the clots 
were mixed with a 1/6 volume of heparin (Boots or Evans 
160-170 u/mg, 1 mg/ml) and ıncubated for a further 
60 mm, they no longer dissolved when an equal volume 
of 2 per cent MCA was added A sumular alteration of 
solubility in MCA could be produced by incubation with 
other heparmoids such as chlorazol fast pink or dextran 
sulphate (Pharmacia, molecular weight 50 x 10°) 

The imsolubility of the heparin treated clots in MCA 
could be reversed by incubation with protamune sulphate, 
polybrene or toluidine blue Unhke the clots stabilized 
through the action of factor XIII, the clots treated with 
heparin were not soluble in 0 1 M 2-mercaptoethanol 

When a human fibrinogen preparation, purified by 
DEAE chromatography (my unpublished work), or a 
fibrin monomer preparation purified by repeated clotting 
and dissolution of a fibrm clot4 was clotted m the presence 
of calcrum and cysteme, the clots were soluble in 5 M 
urea or 1 per cent MCA When treated with heparin, 
these clots were also rendered insoluble in MCA Plasma 
obtained from a case of congenital factor XIII deficiency, 
however, remained soluble in MCA despite treatment 
with heparin 

Clots made from citrated plasma by addition of thrombin 
were found to be insoluble in 1 per cent MCA, whether 
formed without added calcium or with addition of calerum 
and cysteme If 02 mg/ml (final concentration) of 
polybrene, 0 4 mg/ml of protamine sulphate or 20 mg/ml 
of toluidine blue was added to the plasma before clottmg 
the clots which formed without added calcium were then 
soluble in MCA while those with calcrum added remained 
insoluble When clots were formed from plasma anti- 
coagulated with 5 mg/ml of ethylenediamme tetraacetic 
acid—disodium salt (EDTA) they rapidly dissolved in 
MCA, but if these clots were incubated m heparin they, 
too, became insoluble m MCA. These observations are 
summarized ın Tables 1 and 2 

The effect of other thrombm mhibitors was studied, 
but neither birudin, soya bean trypsin inhibitor (SBTI) 
nor tosyl-l-arginme methyl ester (TAMe) could affect 
the solubility of the clot 

The significance of these observations ıs difficult to 


assess The fact that heparin in the absence of ionic 
Table 1 
Citrate plasma + + + + + 
Calcium + cysteine + > = T ps 
EDTA - - - + + 
Protamine - - + - = 
Thrombin + + + + + 
30 min at 37° C 
Heparin - 5 os = + 
30 min at 37° C 
06m! of 2% MCA + + + + 
30 min at room temp 
Reaction with MCA 1 al S S 1 
Table 2 
Purified fibrinogen 0 25 mg/ 

ml + + + + = = = 
Factor XIII deficient plasma — - - - + + + 
Calerum + cysteine + - + - + + = 
Thrombin + + + + + + + 

30 min at 37° C 
Heparin ~ ~ + + = + + 


30 min at 37° C 


+ + + 
30 min at room temp 


Reaction with MCA S S 1 1 8 8 S 
To 01 ml of the fibrin source were added 01 ml amounts of 25 mM 
ealerum chloride, of 25 mM /-cvateine, of 5 mg/ml of EDTA or of 2 mg/ml 
protamine sulphate The volume was made up to 04 ml with 005 M 
glyoxaline saline buffer and 0 1 ml of bovine thrombin (Maw’s topical throm- 
bin, 5 U/ml ) was added The clots were incubated at 37° C for 30 min, freed 
from the tube side by flicking and 61 ml of heparin 1 mg/ml or 01 ml of 
buffer was added The tubes were replaced at 87° C for 30 min and 06 ml 
of 2 percent MCA then added The solubility of the clots was observed after 
a further 30 min at room temperature +, —, Presence or absence of reagent 


$ soluble, } 80 mun after addition of MCA 


06m! of 2% MCA + 


+ 
+ 
+ 
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calcium renders fibrin clots soluble both ın MCA and in 
2-mercaptoethanol suggests that the mechamsm involved 
is distinct from that by which clots are stabilized through 
the action of factor XIII Similar considerations prevail 
if the stabilization of the purified fibrinogen and of the 
fibrm monomer was the result of trace contamination 
with factor XIII The possibility that the effect of 
heparin on MCA solubility was caused by the quantity 
of calerum which this reagent contamed and which would 
allow activation of traces of factor XIII within the clot 
was excluded by estimation of the calcium present This 
revealed only trace amounts and neutralization of this 
calaum with EDTA did not prevent the alteration of 
MCA solubihty by heparin 

Heparin 1s known to affect the zeta potential of fibrino- 
gen® and to precipitate fibrinogen and other plasma 
proteins in certain conditions. If heparin were to stabilize 
clots by precipitating a “skin” of fibrin around the clot 
this precipitation might later be reversed by heparin 
antagonists EDTA has been observed to have a potentiat- 
ing effect on the precipitation of fibrinogen by heparin by 
causing a reduction of pH, while serum inhibits the pre- 
cipitation, possibly because heparin co-factor in the 
serum competes with fibrinogen for the available heparin? 
It 1s, however, not possible on these grounds to explain 
the failure of heparin to alter the solubility ım MCA of 
clots prepared from the plasma congenitally deficient 
in factor XIII, nor the inhibition of stabilization of normal 
citrate plasma clots by protamine sulphate 

The interpretation of these observations within the 
confines of the current theories of fibrin stabilization 18 
difficult and their significance with regard to the physico- 
chemical changes of fibrin stabilization remains to be 
Srplaued B J Coppiean 
Department of Pathology, The Gibson Laboratories, 
Radcliffe Infirmary, Oxford 
Received December 28, 1967, revised January 16, 1968 


1 Laki, K , and Lorand, L , Serence, 108, 280 (1948) 


2 Loewy, A G, Trans Conf Intern Comm Blood Clotting Factois, Gleneagles, 
Scotland, 1963, Thromb Diath Haemorrh , Suppl 13, 109 (1964) 

3 Loewy, A G , Dahleberg, J E, Dorwart, jun, W V, Weber, M J, and 
Eisele, J , Brochem Biophys Res Commun ,15, 177 (1964) 

t Buluk, K., Januszko, T , and Olbromski, J , Nature, 191, 1093 (1961) 


5 Loewy, A G, Dahlberg, A , Dunathan, K , Krid, R , and Wolfinger, yun, 
H L,J Bol Chem , 286, 2634 (1961) 


£ Sheppard, E , and Wright, I S, Arck Biochem., Buphys., 52, 426 (1954) 
*Temperley,I J ,Zrish J. Med Ser , 448, 159 (1963) 


APPLIED SCIENCE 


Ammonia—Oxygen Fuel Cell 


EARLIER publications have shown that the ‘Teflon’- 
bonded platinum black electrodes developed by Niedrach 
and Alford? for use m fuel cells with aqueous electrolytes 
are mechanically stable over a temperature range from 
25° to 200° C and perform well with both oxygen and air 
and with a variety of fuels and electrolytes'-* This com- 
rounication presents the initial results that we have 
obtained using these electrodes ın a fuel cell operating 
with gaseous ammonia and oxygen and using 54 weight 
per cent aqueous potassium hydroxide as electrolyte 
Simular results have been obtamed with aqueous caesium 
hydroxide as electrolyte’. The cell and auxiliary electrical 
equipment were essentially the same as those used for the 
methanol—oxygen fuel cell? 

The performance curves (Fig 1) show the variation 
with current density of the resistance-free voltages 
between the ammonia anode and the oxygen cathode and 
between each electrode and a hydrogen reference electrode 
m the same electrolyte The platimum catalyst loading 
of each electrode was 51 mg/cm*, and the total cell 
resistance was about 0 030hm As expected from previous 
experience with hydrogen~oxygen cells!, the cathode 
curve showed no limiting current density up to at least 
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Fig 1 Performance of ammonia-oxygen fuel cell (No 73B) with 
54 per cent KOH at 140°C TR-losses not included 


1,000 mA/cm? The overall cell performance was limited 
by the anode, the voltage of which rose sharply at current 
densities above 700 mA/em* Another anode, with a 
thicker layer of porous ‘Teflon’ on the gas side and with 
a lower limiting current density as a result, was operated 
over the range of temperatures and electrolyte concen- 
trations shown ın Fig 2 For current densities between 
20 and 200 mA/cm? the anode performance improved by 
almost 75 mV as the temperature was mereased from 
109° to 191° C 

The performance levels achieved in these ammonia— 
oxygen cells exceed those achieved with any fuels other 
than hydrogen or hydrazme Results have been reported? 
on an ammonia-oxygen fuel cell operating at 143° C 
with a mixed alkal hydroxide electrolyte contam- 
ing only 12 per cent water and with porous nickel 
electrodes impregnated with platinum catalyst for the 
anode and silver catalyst for the cathode The Lockheed® 
cell voltage dropped to 0 5 V at a current density of only 
35 mA/cm?, even though its open cirewt potential was 
about 130 mV higher than that shown ın Fig 1 All 
other data pubhshed for ammoma-oxygen fuel cells 
were obtained with either aqueous or fused alkah 
hydroxides immobilized in a porous matrix and with 
electrodes made of porous nickel or carbon and impreg- 
nated with platinum as the anode catalyst The maximum 
current densities reported for operation below 150° C 
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Fig 2 Effect of temperature upon anode performance (Cell 74) —O—, 
109° C, 34 weight per cent potassium hydroxide, —O—, 123° C, 
84 weight per cent potassium hydroxide, —-A—, 143° C, 54 weight per 
cent potassium hvdroxide, —{}—, 163°C 54 weight per cent potassium 
hydroxide, —V— 191° C, 64 weight per cent potassium hydroxide 
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were about 40 mA/cm? at a cell voltage of about 04 V, 
current densities of 120-130 mA/cm? were achieved only 
above 200° C 
The authors appreciate the technical assistance of 
D C Bartosik and the encouragement given them by 
Dr H A Liebhafsky 
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GENERAL 
Holographic Model of Temporal Recall 


THe communication by Longuet-Higgms! has prompted 
me to suggest a different system of diffuse memory storage, 
which ıs based on holography like that described by Gabor? 
but differs from it m not 1equiring coherent repetitive 
vibrations Many systems of diffuse memory storage based 
on the mterference principle are possible, holography 
bemg one ‘The following requirements are essential 

(1) The stimulus at each input pomt should produce a 
pattern of negative and positive values of some parameter 
over all the pomts in the storage area, which need not be 
a plane. (2) This pattern should be unique for the par- 
ticular input point (3) Patterns from particular pomts 
are summated at the storage area according to the positive 
and negative values, producing a complex pattern 
(4) This complex pattern will represent uniquely a par- 
ticular pattern of put stimuli at different mput pomts, 
at various amplitudes (5) A suitable decoding system 
must be provided to convert a pattern in the storage area 
back to a corresponding pattern at the mput area 

A system of this kind can be made to have many of 
the properties found in holography The following are 
important (1) Many patterns in the storage area can be 
superumposed and decoded independently. (2) Ablation 
of large portions of the storage area will not drastically 
impair function (3) Part of the mput pattern will serve 
as the code for extracting the remainder of the mput 
pattern, for example, ın holography the ınput pattern 
may be an object A plus a reference beam a A can be 
recovered by presenting a. Srumuilarly, we can superimpose 
B with a different reference beam b and recover B mde- 
pendently We can also record object C together with a 
quite iwregular reference beam ¢ formed by the reflexion 
of hght from an wregular object It does not have to be 
a plane mirror 

We have here the elements of an associative memory 
If D plus d 1s recorded, sensory pattern D 1s recovered 
by puttmg m d, if D alone 1s recorded without d, then 
half of D will be the code for recovery of the other half 

ln the brain, the parameters which are summated at 
the storage area are excitation and inhibition The 
pattern 1s formed m the followmg way In the central 
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nervous system, pulses are of constant amplitude. The 
intensity of a stimulus ıs represented according to the 
frequency of the pulses The functional unit is a small 
group of synapses on the surface of a nerve cell, some of 
which carry excitatory and some mhibitory signals These 
produce a transmitter substance and an inhibitor sub- 
stance which enter the synaptic space and are summated 
there When a sufficient excess of transmitter substance 
1s built up, the cell fires and the substances disappear into 
the cell Signals are thus summated at the functional 
unit m a way which 1s lear withm certain limits. 

Each neurone branches many times, ending m up to 
five thousand termimals which end as synapses on the 
surface of many cells A simplified scheme showmg three 
rows of cells is shown ın Fig la Each dot represents a 
cell The branches and synapses of two cells are shown 
and the others are assumed to be the same One set of 
branches ıs shown ın Fig lb The figures represent the 
strength of the stimulus at each termmal Some are 
mbhibitory with a value of —1 and some excitatory with 
a value of +2 (In real life the mhuibitory fibres have an 
internuncial neurone) Assuming the simple additive 
relationship at the synapse, if a smgle cell m the first 
row of Fig. la is stimulated ıb is possible to deduce by 
simple arithmetic that the pattern of stimulation at the 
third row 1s as shown in Fig le The same information 18 
shown in graphic form in Fig Id The ganghon cells ın the 





e L) 
-1 ~1 -1 +2 


. 


a . . . 
+2 +2 -1 -1 ~1 


-2 ~12 ~7 3 2 a 





Fig i 


NATURE, VOL 217, FEBRUARY 24, 1968 


Receptor cell 4 
station (1)-> @ 


| Serambiing 
b network 





Cell station (3)—> 


Unscrambling 
network 





Cell station (4)—> 


ac 
— 


Fig 2 


retina are already known to respond m this way—that 
1s, with an excitatory receptive field surrounded by an 
mbhibitory one 

In the brain the picture 1s more complex, with seven 
or more rows of nerve cells between the receptor and the 
cerebral cortex and branches from one cell are not con- 
fined to the next layer The stimulation of a single 
receptor produces a complex pattern over the cortex and 
the pattern varies with each receptor 

For decoding, first consider Fig 2, which shows two 
receptors A and B handling signals a and b These pass 
to the second row of cells by one direct path carrying 
straightforward signals of value g and b and there 1s lateral 
inhibition of value, for example, of —a@/10 and —6/10 
Simple algebra shows that the decoding network 1s by a 
pair of excitatory side branches, as shown in Fig 2 

Even for the most complex network, with many cells 
using some excitatory and some mhibitory branches, a 
decoding network could be designed by a suitable com- 
plementary arrangement. When making a computer 
with diffuse storage this could be designed, but in the 
brain ıt must be a random process Cells which form the 
terminals corresponding to the decoded signal are self 
selected by a learning process These cells which again 
hold the information in discrete form are widely scattered 
and are not contiguous Most probably they are dupheated 
many times and there ıs considerable redundancy 

Information 1s stored in diffuse form m the synapses, 
which are changed by a signal passing through so that 
followmg signals are either decreased or mcreased Ether 
would serve as a basis for storage It may well be that 
short term memory depends only on partial depletion of 
transmitter substance in the boutons termmmaux Long 
term memory volves a synthetic process and this may 
depend on a small increase in synaptic effectivenoss over 
a large number of synapses in particular positions. 


T CHOPPING 
Addenbrooke’s Hospital, E SS 
Trumpington Street, Cambridge. 
Recerved January 22, 1968 


* Longuet-Higgins, H C , Nature, 217, 104 (1968) 
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BOOK REVIEWS 


BRITISH HYDROGRAPHY 


The Admiralty Hydrographic Service 1795-1919 

By Vice-Admiral Sir Archibald Day (Mmustry of 
Defence) Pp 378+13 plates (London: H M. Station- 
ery Office, 1967.) 105e 


In 1885 Commander L. S Dawson published Memoirs of 
Hydrography, a description of the growth of marme 
surveying in Britam from 1750 until the tıme when he 
was writing Concentrating mamly on work done m the 
field, he gave a detailed account of surveys undertaken 
under naval auspices at home and abroad from the 
pioneering days of the Mackenzies and Captain Cook 
until the mid-nineteenth century when British ships had 
charted about three-quarters of the world’s coastlines 

For some years after its foundation ın 1795, the Hydro- 
graphic Office had little influence over surveys and ıt was 
not until Hurd’s term of office (1808-23) that hydro- 
graphers began to have some say in choosing new projects. 
Gradually the department developed from its modest 
beginning as a clearmg house for hydrographic material 
sent to the Admiralty by officers who took an interest in 
such work to the organization principally responsible for 
all surveys carried out by HM ships and for the production 
of charts which were available not only to the navy but 
to the general public 

When this happened the history of the Hydrographic 
Department and the progress of marme surveying became 
mseparable, and Admiral Day n The Admiralty Hydro- 
graphe Service has used the original departmental papers 
to produce a book specifically designed to supplement 
and continue Dawson’s account, by describing the internal 
development of the Hydrographic Office, to which Dawson 
paid little attention, until 1884, and then carrying up to 
1919 both the department’s history and that of the 
surveys carried out under ıt In thus latter part of the 
book Admural Day follows Dawson’s original pattern, 
devoting a chapter apiece to the four hydrographers who 
held office between 1884 and 1919 

This chronological scheme precludes a sustaimed dıs- 
cussion of any single subject, but many themes run nght 
through the book, notably the development of the concept 
of the department’s role by successive hydrographers 
and their struggle to extend both its scope and its means 
Notwithstanding repeated opposition from the Treasury 
in the form of cuts, as ın 1851, and from the Navy Board, 
which was prone to object that the service “locks up” 
ships and men m its activities, 1t grew from the small 
office set up under Dalrymple in 1795 at an estimated 
cost of £470 per annum to an organization employing 350 
people (on land) and spending nearly £150,000 per annum 
by 1919 

Y Admiral Day shows how, ab the same tıme, the work of 
the surveyors changed, the broad sweeps of the early 
nineteenth century givmg way to more paimstakıng 
coverage with techniques of mereasing accuracy The 
atmosphere of the service was so altered that m 1891 
Wharton recommended mereased pay for the crews of 
survey ships because they no longer had the “glamour of 
exploration’? to compensate for their hard work In- 
creasingly their exploration was of a more scientific 
nature with contributions to many branches of science, 
especially oceanography and meteorology 

Admural Day’s book ıs much more than the story of 
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the Hydrographic Department Ibis a work of reference 
giving information both on its organization and on the 
many-sided activities which came under its control. It 
follows the progress made in produemg Admiralty charts 
at all stages from the drawmg board to their issue to the 
fleet and is illustrated with examples of the work of 
different periods, some of ıt of extreme beauty. It tells, 
with facts and figures, of what lay behind the exploits of 
the great surveyors of the nmeteenth century which 
Admural Ritchie described m The Admiralty Chart (1967), 
to which Admural Day’s book 18, as he pomts out, comple- 
mentary The Admiralty Hydrographic Service is a most 
valuable addition to the growing number of books about 
the discovery of the oceans and its value would be en- 
hanced if a reprmt of Dawson’s origmal Memoirs could 
be produced to accompany 1b MARGARET DEACON 


ASTRONOMERS OF OLD 


Their Majesties’ Astronomers 

A Survey of Astronomy m Brtam between the Two 
Elizabeths By Colin A Ronan Pp 240+20 photo- 
graphs _„ London The Bodley Head, 1967 ) 30s net 


THE title of this book might suggest that ıt chromeles the 
activities of Astronomers Royal or governmental the 
sub-title gives a better idea of its contents, though, of 
course, the survey could not possibly have been restricted 
to the work of British astronomers Actually, it will 
serve to provide the general reader with a lucid account 
of the onward sweep of the science of the heavens during 
the past four hundred years 

A brief introductory chapter covers developments up 
to the mid-sixteenth century when the new Sun-centred 
cosmology began to mspire the English Copernicans, 
Recorde, Dee, Thomas Digges and the rest. Next, the 
urgent problems of navigation, hastening the foundation 
of the Royal Observatory, introduce the reader to Flam- 
steed and his ummediate successors, to Harrison and his 
chronometer, and, through the beginnings of lunar theory, 
to Newton’s achievements ın celestial mechanics and in 
optics Advances in the technique of telescope making 
lead on to the pioneer work of the Herschels and Lord 
Rosse in stellar and nebular astronomy Followmg a 
chapter devoted to “The Neptune Scandal”, Mr Ronan 
traces parallel developments ın precise astronomy (reveal- 
ing the phenomena of aberration and parallax) and m 
spectroscopy He has been permitted to draw on the 
personal recollections and to consult the private papers 
of Mr William Christie, grandson of Sr W H M Christie, 
the eighth Astronomer Royal The concluding two chap- 
ters respectively survey the modern revival of mterest m 
cosmology (in the fullest sense of the word) and endeavour 
to chart “The Way Ahead” 

The reader of this book will encounter certain umpreci- 
sions The stars do not all exhibit their maximum aberra- 
tional displacements northward or southward at the same 
time of year (page 139) The pomt about Gill’s determina- 
tion of the solar parallax at Ascension Island was not 
that he had “ʻa base-line of some fourteen hundred mules 
to Greenwich’’, but that a calculable base-line was marked 
out by the Earth’s rotation and orbital motion between 
evening and morning observations (page 153). The stellar 
distance cited on page 151 requires three more ciphers 
There are not 86,000 but 86,400 sec in one day (page 198) 
Samuel Molyneux, Bradley’s colleague, 1s confused with 
his father Wilham (page 93), “the elder Cassi” 1s 
confused with his son Jacques (page 137) Lockyer’s 
first name was Joseph, not John (page x1 and facing page 
176) There are, indeed, besides obvious misprints, many 
mistakes ın the spelling and initiallmg of proper names 
in both text and mdex, and several wrong dates The 
book requires, and deserves, a thorough revision before 
proceeding to a second edition A ARMITAGE 
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HALLUCINOGENS 


The Hallucinogens 

With a Contribution by T Weckowitz By A Hoffer 
and H. Osmond Pp 1x+626 (New York Academic 
Press, Inc , London Academic Press, Inc (London), 
Ltd, 1967) 200s 

TE hallucmogens, almost totally unknown twenty years 
ago, currently enjoy a smister notoriety engendered by 
their social misuse This has tended to obscure the most 
valuable contribution they have made to neurological 
science <A study of their mode of action has Jed to 
advances ın biochemistry and pharmacology as well as 
throwing what httle hght there ıs on the biochemical 
basis of schizophrenia They have also been used widely 
m psychotherapy and form an interesting facet of 
pharmacoanthropology This book surveys all these 
aspects of the known hallucimogens, covermg the literature 
to 1965 The following fields are covered origms, chem- 
istry, biochemistry, pharmacology, neurophysiology, 
psychology, clinical implications and use and anthro- 
pology. Naturally some of these are dealt with more 
fully than others, particularly detailed accounts are given 
of the psychological and clinical effects of these drugs 
and mteresting details of the use of the plants from which 
they are derived by various cultures 

Some 150 pages are devoted to adrenochrome and its 
relatives The controversies which have raged over this 
compound are described by the authors, who have long 
battled m defence of the “adrenochrome theory” of 
schizophrema Some of the bitterness of this dispute 1s 
reflected in their comment “‘adrenochrome, at one time, 
became a dirty word”. 

This involves three problems: (1) whether adreno- 
chrome ıs a hallucmogen, (2) whether it occurs wn vwo, 
and, if so, (3) whether ıt plays any part in the biochemical 
lesion of schizophrenia Reports on the psychological 
effects of adrenochrome have been conflicting, but a recent 
double-blind study carried out in Czechoslovakia by Grof 
et al} supports the claim that ıt produces a psychoto- 
mimetic reaction. 

In considermg the question as to whether adreno- 
chrome actually occurs ın vwo, Hoffer quotes twenty 
authors who found ‘fluorescent derivatives of adrenaline 
m body fluids or tissues”. However, 1f one refers to these 
sources quoted, one finds that there has been some con- 
fusion for example, (1) Utevsku eż al 4 report that where- 
as brain contains ‘“‘substances which exhrbit the properties 
of mtermediate products of qumoid oxidation of catechol 
amines” they go on to state ‘“‘adrenaline, adrenochrome or 
adrenolutin was not detected? Fischer and Landtsheer’ 
injected the adrenochrome themselves to trace 1ts meta- 
bolism, and Bacq et al! and Goldenberg et al? did not 
detect any adrenochrome at all, but merely used the Von 
Euler method of estimating adrenaline by converting ıb 
themselves to adrenochrome Fischer and Lecomte! 
curiously quote Bacq et al € as stating that 10-20 per cent 
of the myected adrenaline was excreted as an mdolic 
eompound—a fact not mentioned m this paper Green 
et al? did not actually detect anythmg but merely sug- 
gested a conversion of adrenaline to adrenochrome as a 
hypothesis to expla the mhibitory action of ferritm on 
the action of adrenaline on capillaries Gershenovich 
et al'° found adrenochrome only m brains of rabbits 
dying of oxygen poisoning (exposed to 3 5-6 atmospheres 
pure oxygen) ‘Three other references were untraceable 
I did not consult the rest Moreover, Hoffer does not 
quote any of the authors who failed to find adrenochrome 
in the blood, notably Axelrod? Thus the matter remains 
quite unresolved It is still possible that adrenochrome or 
one of its relatives may be formed in the bram ım schizo- 
phrenia, although there 1s no direct evidence to support 
this The mduirect evidence presented ıs not very con- 
vineing In our present state of ignorance concerning the 
biochemistry of schizophrenia ıt would, however, be 
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unwise to be dogmatic m any direction But I would 
urge ın. general that workers in this field should recall 
Popper’s dictum that a theory should be tested with the 
direct aim of trying to refute ıt Only by surviving such 
tests can a theory become valid 

The authors include an attack on the “double-blind” 
methodology m trials of psychotropic drugs. Although 
there ıs much to be said for their criticism of much of the 
methodology ın this field, I remam convinced that the 
“double-blind” precaution remains quite essential and the 
failure to observe ıt has led many mvestigators wildly 
astray J R SMYTHIES 


} Grof, S , Voytechovsky, M , Vitek, V , and Prankova, S, J Newropsychial » 
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BIOLOGY OF THE UTERUS 


Cellular Biology of the Uterus 

Edited by Ralph M Wynn. Pp x+524 (Amsterdam 
North-Holland Publishmg Company, New York Apple- 
ton-Century-Crofts, 1967) 180s. 


RESEARCH mto the anatomy, physiology and biochemistry 
of uterme and placental function has increased very con- 
siderably durmg recent years So far, however, few 
textbooks have attempted even a limited survey of the 
progress that has been made Ralph Wynn has brought 
together fourteen other authors ın a very comprehensive 
review of what he has chosen to call uterme cellular 
biology This has enabled him to concentrate attention 
on the many different aspects of normal uterme function 

DrS R M Reynolds ın a thoughtful opening chapter 
reviews many of the mportant advances ın the field of 
reproductive physiology and morphology during the past 
40 years He sets the standard for the excellent chapters 
that are to follow He rightly claims “that so large has 
this field of study become that today a person must of 
necessity become a student in, rather than of, the subject” 

Jack Davies reviews the embryology of the uterus both 
ın the human and other animals Elhzabeth Ramsey 
describes the vascular anatomy of the uterus, while John 
Morris discusses the vascular physiology 

The genetic, biochemical and hormonal mechanisms in 
the regulation of uterine metabolism are considered in 
reasonable detail by Kenneth McKerns This chapter 
includes a consideration of hormone biosynthesis in the 
ovary and human placenta as well as the steroid relation- 
ships between the human foetal adrenal and placenta 
These, in fact, are the only aspects of placental meta- 
bolism that are discussed, but in a book devoted essen- 
tially to the uterus this 1s acceptable. 

The only Britash contributors to this symposrum are 
Dorothy Needham and Catherine Shoenberg from Cam- 
bridge They provide a very well documented account of 
the biochemistry of the myometrium listing more than 
200 references Indeed, most chapters include a very up 
to date and a very complete number of references Other 
chapters are devoted to oestrogens, nucleic acids and 
protem synthesis m uterine metabolism, decidualization, 
the ultrastructure of the myometrium, the ionic basis of 
electrical activity ım uterine smooth muscle, and hormonal 
regulation of myometrial activity and 1ts climeal appli- 
cations 

This book should prove mvaluable to all those who are 
interested m reproductive physiology and biochemistry 
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Concentrated withm its 499 pages ıs a wealth of bo- 
logical scientific detal Perhaps other writers could be 
encouraged to publish a similar synthesis of important 
biological information In particular, there 1s a con- 
siderable need for a comparable book devoted to the 
placenta Meanwhile, Ralph Wynn has set a very high 
standard for any who may care to follow his method of 
presentation. N F. Morris 


TOOTH BIOLOGY 


Structural and Chemical Organization of Teeth 

Vol 1 Edited by A.E W Miles Pp xv+525 (New 
York Academie Press, Inc , London. Academic Press, 
Inc (London), Ltd, 1967) 220s 


THERE can be little doubt that the first volume of this 
two volume treatise contains much of interest and sig- 
nificance to biologists ın general as well as to dental 
research workers The reason for this probably les in the 
fact that most of this volume deals with dental develop- 
ment which exhibits many fundamental processes of 
biology such as induction, morphogenesis and mineral- 
vation The relationship between the neural crest cells 
and dental development, not yet fully understoed but 
well reviewed in this volume, provides a good example 
of how things dental have application to the wider realms 
of biology 

It is a little more problematical to assess the value of 
this book to the dental research worker Its encyclo- 
paedic character means that those chapters dealing with 
subjects where advances have been rap.d are to some 
extent dated The mitial overtures to the contributors 
were made some five years ago and, although the editor 
has tried, by the addition of addenda, to keep abreast of 
recent developments, advances in some fields have been 
so rapid as to make this an impossible task This criticism 
must not be allowed, however, to detract from the value 
of the volume as a whole It provides an excellent source 
of reference and this alone justifies the effort that has 
gone into its production I am, however, a litle per- 
turbed by the cost of the volume Together with its 
companion this exceeds twenty pounds, which virtually 
limits its sale to libraries Whether large, expensive, 
raulti-author treatises are the best means of collecting 
and sifting information can be questioned The eleven 
chapters m this volume could equally well have been 
published in the form of separate monographs at a cost 
allowing individual purchase over a period of time 
Even so, the contents of this book needed to be pub- 
lished and the editor, together with the publishers, has 
succeeded magnificently in what must have been no mean 
feat of production A R Ten CATE 


GENES IN ACTION 


The Message of the Genes 
By Navin Sullivan Pp 198 (London Routledge and 
Kegan Paul, Ltd, 1968) 258 net 


Tue past two decades have witnessed enormous advances 
im our understanding of what genes are and how they 
function It 1s not unimportant that the layman should 
have an opportunity of learning about these develop- 
ments After all, ıt 1s he who eventually finances research, 
the discoveries made will, no doubt, have an ever in- 
creasing impact on the society m which he lives and, if 
he is able to share m some of the excitement which 
research generates, so much the better Mr Sullivan’s 
book 1s not for the specialist 

The Message of the Genes opens with a description and 
interpretation of Mendel’s expermments on the mheritance 
of certam traits in peas This 1s followed, in the second 
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chapter, by a brief account of chromosomes and the con- 
struction of genetic maps The next two chapters describe 
the chemical components of which cells are made, the 
function of proteins as enzymes and hence why nucleic 
acids, as the information carriers, are so important This 
lays the foundation for the next six chapters, which are 
concerned with modern molecular biology how genetic 
information ıs duplicated and how 1b 1s expressed Mech- 
anisms for gene expression begin the final chapter, which 
concludes with a short section on memory 

In all this Mr Sullivan presents the relevant experi- 
ments with a fresh enthusiasm far from being a text- 
book, this account is written m an engaging style which 
will draw the reader on to follow the line of thought o1 
the connexion between seemingly unrelated observations 
This ıs accompanied by the occasional aside ın which the 
author relates how the physical difficulties of solving the 
problem were overcome by the scientist, or the excite- 
ment of the meeting at which the results were first 
presented 

The specialist may find several unimportant errors m 
the book the structures of ammonium cyanate and urea 
on page 42 are meorrect, the legend to Fig 24 gives the 
wrong impression of the position on an sRNA molecule 
to which the amimo-acid ıs attached, and a couple of 
people are credited with work which was done by others 
A reader with a small knowledge of chemistry might have 
expected the book to be more chemical ın outlook, par- 
ticularly those sections which describe the biosynthesis of 
proteins and nucleic acids These criticisms should not 
deter the lay reader The book, the message of which 
comes across as a clear and lucid presentation, 1s to be 
recommended at its modest prce M S BRETSCHER 


EXPERIMENTS IN BEHAVIOUR 


Experiments in Animal Behaviour 

By Marguerite D Haimsworth Pp x+206+8 plates 
(London Macmillan and Co, Ltd , New York $t 
Martin’s Press, 1967) 35s 


TEACHERS at all levels have learned by bitter experience 
the problems of class experments ın behaviour They 
usually require a long tıme m which to carry them out, 
the observations only producing a pattern which demands 
explanation after numerous notes on factors which may 
or may not be crucial have been made Animals are 
wayward creatures liable to make just those reactions 
which theory finds ıt hardest to explam Miss Hans- 
worth attempts to come to the teachers’ help by drawing 
together a number of possible experiments on the behav1- 
our of anmmals from all parts of the anımal kngdom She 
does many a service in this, for not only does she con- 
tinually pose questions the answers of which he m the 
observations made but she also harps on the need for 
quantitative results Indeed, criticism of work on 
behaviour by other scientists 1s frequently that ıt 1s 
uncritical in its methodology, but this book endeavours 
to mstil mto the student a sense of the importance of 
questioning not only what he is studying but also how he 
1s studying ıt 

Part of the pomt of the book ıs that ıt shows that 
any part of an animal’s activities 1s worth studying m the 
context of behavioural investigations It 1s not necessary 
to look at courtship, striking though this essential behavi- 
our 1s and despite the amount of space given to ıt m the 
literature, how an animal moves may be closely observed 
and analysed, or its food preferences, or its reaction to 
light or a slope These details of behaviour, however 
may too easily be considered mmutiae by a student, not 
worthy of great attention and quite unexciting Successful 
experiments, m terms of class morale, are ones that stand 
a good chance of working ın the sense that they produce 
discussable results But great faith 1s needed to carry 
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out very many of these suggestions and I cannot help 
wondering whether some of them are as useful as they 
appear But it must be admitted that what may be 
successful with one class 1s not necessarily so with another, 
the user makes his own selection 

The experimental details are often good, for example, 
1t 18 pomted out that the gas supply m some districts 
may no longer contain the respiratory poisons 80 useful 
m anaesthetizing protozoa, yet the mportant warnmg 
for these times that glassware used for protozoa must 
not be washed in detergent ıs not there The importance 
of identifymg an anımal and the use of comparative 
studies are both stressed, yet nexplicably all sea anemones 
are lumped together as if their behaviours would be 
the same. And in her desne to hang the experiments 
on a framework of theory, the author makes some remark- 
able statements, surely, for example, the molluscs can 
hardly be called an “aberrant” group? It ıs perhaps 
misleading to suggest that the reaction of Hydra to 
glutathione has something in common with the reactions 
of mmnows to alarm substances Although a chemical 
stimulus 1s mvolved m both, the behaviour evoked 1s 
quite different and almost certamly the receptors involved 
bear little hkeness to each other 

Nevertheless, this book contains many useful ideas 
which should stimulate teachers to try agam with experi- 
mental work ın behaviour They wl not lack direction 
for their theoretical reading, for Miss Hainsworth supplies 
a good list of selected references The book is attractively 
produced and, apart from the transposition of two legends, 
the illustrations are clear and informative 

J D CARTHY 


WATCHING BIG GAME 


A Field Guide to the National Parks of East Africa 
By John G Wilhams Pp 352432 plates (London 
Wilham Collis, Sons and Co, Ltd, 1967) 45s net. 


Tis book has three sections which describe the wud lfe 
areas, their mammals and their rarer birds 

Sixty faunal areas covering about 50,000 square miles 
are discussed Places of ornithological mterest such as 
the Uganda forests are detailed, while some areas like 
the 11,000 square mule Selous are treated briefly and yet 
others, Ankole, for example, although faunistically 
interesting, are scarcely mentioned However, due 
emphasis 1s placed on such new and exciting parks as the 
Ruaha, Kidepo and Meru Accompanyimg these descrip- 
tions are comprehensive check hsts of birds and mammals 
with maps and details of communications. which will be 
useful to tourists when planning their itineraries 

The mammal section occupies a sixth of the book and 
is disappointingly brief about such conspicuous creatures 
The larger mammals and bats, of which the author 1s 
particularly knowledgeable, are emphasized while Murids, 
with their attendant taxonomic problems, are dismissed 
as “seldom seen unless specially searched for r 

Concise descriptions of the mammals include details 
of their distribution and habitat, but I would also welcome 
descriptions of their seasonal movements and, for night 
identification, their calls Some of the mformation in 
the literature on demography, nutrition and ethology 
would also be relevant Such information when given 1s 
occasionally misleading, for example, we are told, without 
farther qualification, that the “hippo” ıs 14 ft long 

Why 1s far more space given to the rare Uganda cormor- 
ant than to elephants, despite the latter’s mportance im 
many park ecosystems today? There 1s, for mstance, 
no mention of ther huge mobile ears as useful characters- 
tics for distant identification or of the Congo race found 
m the Semliki Valley The answer hes partly in John 
Wiliams’s years of experience im the Coryndon Museum, 
Naurobi, and his intimate contact with the living material 
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while on safari, from which he has acquired unparallele 
knowledge of thew taxonomy 

His taxonomic approach 1s essential ın the section o: 
rarer birds It ıs here that the Peterson method indicatin 
diagnostic characters on the plates by pomters 1s mos 
valuable ‘The plates drawn by Rena Fennessy, famou 
for current wildlife issues of East African postage stamp! 
although superb would benefit from a scale This sectio: 
supplements the author’s previous field guide to th 
commoner birds, to which there are abundant cross 
references and without which visiting ornithologists w1 
be lost 

This book will require regular revision to keep pac 
with scientific work, new areas and sightings such a 
greater kudu and oryx now confirmed from the Kidep 
or to delete species hke the Queen Elizabeth Park huntin, 
dog 

Our changing knowledge 1s emphasized by an exampl 
from the area with which I am most familar {shashi 
lons do not climb trees so much to see over the grass 
which 1s in any case short, but to avoid flies and heat 

This then 1s a guide for the taxonomically orientatec 
tourist and the ormthological enthusiast I hope that 1 
will stimulate others, meluding East African school 
children and potential ecologists, to a greater awarenes: 
of these little known areas CHRISTOPHER R FIELD 


OBITUARIES 


Professor J H. Taylor 


James Hawarp Taytor, AM, PhD, FGS, FRS, who held 
the chair of geology at King’s College, University oi 
London, was one of Great Britain’s most distinguishec 
geologists His death by drowning while engaged on 
underwater research im the Seychelles is a sad loss to the 
sc1ence 

Educated at Clifton College and King’s College, London, 
he obtamed a Henry Fellowship to Harvard m 1933, 
returning to take up an appomtment to HM Geological 
Survey From this he was appointed professor of geology 
at his old college in 1949 

His mitial mterest was ın igneous rocks, which he 
studied in Leicestershire and the Isle of Man His work 
at Harvard, on the Little Belt Mountains, Montana, led 
hmm to a study of mineralization, while his early work 
with the Geological Survey in the west Midlands stimu- 
lated his interest in the sedimentary formations These 
interests coalesced when, durmg the Second World War, 
he was engaged on the study of the Northamptonshire 
iron-ore field He made the petrology of these ores his 
special study, and Ins memoir on them has become a 
standard work on the subject At the same time he 
maintained an active mterest in their field occurrence, 
and with S E Hollmgworth and G A Kellaway estab- 
lished the mmportance of periglacial superficial movements 
in their disposition This in turn led to a study of the 
Pleistocene sequence and the geomorphology of the area 

A student mapping project m the central Weald revived 
his interest m these sediments, and his studies of this 
sequence are among his latest publications He retamed 
his interest m economic ores, however, extending his 
work to Broken Hill, Rhodesia He was greatly mterested, 
through earlier studies of Jurassic lmestones in the 
English Midlands, m the genesis of these rocks, and m 
1963 imtiated a project to mvestigate recent limestone 
formation on the Seychelles Banks Some of his students’ 
work on this had been published, and the project con- 
tained the promise of exciting contributions m this new 
and expanding field He travelled widely, m Europe, 
Africa and North America, and had a wide and varied 
knowledge of geology outside his special mterests 

All Professor Taylor’s work was marked by a meticulous 


NATURE, VOL. 217, FEBRUARY 24, 1968 


attention to accuracy and to scientafic discrplme He set 
himself the very highest standards of vestigation and 
exposition He applied the same conscientiousness to his 
numerous other duties, he served on the councils of 
the Geological Society, the Geologists’ Association, the 
Mineralogical Society and the Institute of Mining and 
Metallurgy, bemg president of the last two, he was 
elected to a fellowship of the Royal Society m 1960, 
served on its council and became chairman of the British 
National Committee for Geology He was a member of 
the Natural Environment Research Council and of the 
Iron and Steel Federation and the British Ceramic 
Research Association Durmg the past year he presided 
over the meetings of the International Sedimentological 
Congress at Reading and Edinburgh All these, and his 
many other duties, he carned out with a zeal and an 
efficiency which were a constant source of amazement 
to all who‘knew him 

His public manner, apparently controlled and urbane, 
concealed a deeply shy and reserved nature Despite 
this, however, all who were ın contact with him immedi- 
ately sensed a warmth of understanding Unfailingly 
courteous, his time and energies were always at the 
service of his colleagues He enjoyed the respect of all, 
and leaves a multitude of friends J E PRENTICE 


Dr P. J. du Toit 


Dr P J pu Torr, who died m Pretoria on November 13, 
1967, at the age of 79, was one of South Africa’s greatest 
men of science—first in the role of a brilliant young 
vetermary research worker, then as Dean of the Faculty 
of Vetermary Science at the Transvaal University College 
of South Africa, where he succeeded Sir Arnold Theiler 
in 1927, and later as Director of Vetermary Services m 
South Africa (1927-48), a responsibility which meluded 
guiding the destinies of the world-renowned Vetermary 
Research Institute at Onderstepoort 

While the careors of many lesser men may have ended 
there, at retirement, du Toit went on with characteristic 
enthusiasm and stamina to become the second President 
of the South African Council for Scientific and Industrial 
Research (CSIR) in 1951, succeeding Sir Basil Schonland 
Later (1951-60) he was appomted President of the 
Scientific Council for Africa South of the Sahara (CSA)— 
a non-governmental body that has since become a victim 
of political change in Africa. During these years, du Toit 
guided the activities of CSA at numerous meetings of the 
Commission for Technical Co-operation m Africa South 
of the Sahara (CCTA) held in East, Central, West and 
southern Africa 

Du Toit’s academic qualifications meluded a BA 
(Hons ); PhD (with honours) from Zurch University, 
and a doctorate ın vetermary science, with honours, 
from Berlin He held six honorary doctorates at the 
time of his death, four from South African universities 
which recognized his outstanding contribution to science 
in Afnea, and one each from the universities of Utrecht, 
Holland and Glasgow 

Du Toit was a Fellow of the Roval Society and belonged 
to twelve scientific societies all over the world He served 
on many commissions, enquiring into education, vetermary 
science, agricultural science, medicine, museums and so 
on, and represented South Africa at many international 
conferences He wrote more than 140 publications 

His early mterest durmg the Furst World War, when 
he was allowed to continue his research m Germany 
despite the fact that he held a British passport, was 
leukaemia in cattle He received a doctorate in vetermary 
science for this work from the University of Berlm and 
later collaborated with Professor P Knuth on tropical 
vetermary problems He was co-author with Knuth of 
a standard textbook (in German) on tropical diseases in 
domestic animals 

Du Toit returned to South Africa m 1919 to carry on 
with the fundamental research into lamsiekte (bovine 
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botulism) begun by Su Arnold Theiler This was to have 
far-reachmg results ın the development of the study of 
mueral deficiencies By 1928 he had focused his attention 
on protozoology and virus diseases as professor at the 
Transvaal University College of South Africa <A year 
before, he had visited Nigeria and reported on vetermary 
matters there at the request of the Colomal Office m the 
Umted Kingdom 

Despite growmg administrative burdens, du Toit’s 
research continued in earnest until after he retired as 
Director of Vetermary Services of the South African 
Department of Agriculture, and Dean of the Faculty of 
Vetermary Science, University of Pretoria, m 1948 A 
cross-section of his publications reveals interests ranging 
from rmderpest to 10dine ın the nutrition of sheep, from 
problems of immunity ın anımal diseases to studies of the 
muneral content and feeding value of natural pastures m 
South Africa 

It 1s difficult to write an appreciation of a scientist such 
asP J du Toit, for he would have been the first to contend 
that the praise was undeserved and his achievements 
were mainly due to the efforts of his colleagues He will 
be remembered as an outstandmg admmustrator with a 
mind comprehensive in its grasp of things and simple 
and precise in its setting out of a problem In addition 
to his scientific and academic responsibilities he gave 
much time to pubhe work of various kinds, including 
active membership of the South African Historical 
Monuments Commission 

As a personality, he will be remembered for his keen 
sense of humour and charmmg companionship He was 
in great demand as a raconteur and after-dinner speaker, 
accomplishments which earned him the affectionate sobri- 
quet “P J” He never flaunted his own achievements 
nor underrated the work of others S M Navps 


Professor G. Z. Dimitroff 


GEORGE Z Dimirrorr, emeritus professor of astronomy 
at Dartmouth College, Hanover, New Hampshire, and 
former superintendent of the Harvard Observatory, died 
on January 1 at his home ın Hartland, Vermont, at the age 
of 66 He had been a member of Dartmouth’s astronomy 
department for twenty years before his retirement m 
June 1966 

A native of Svistove, Bulgaria, Dimuitroff graduated 
from the University of Boston in 1927 and took his MA and 
PhD degrees at Harvard He taught physics at Colorado 
State College and astronomy at Harvard and Radcliffe 

For five years before he went to Dartmouth, Dumitroff 
was superintendent of the Harvard Observatory where he 
helped to build some of the largest Schmidt cameras in 
existence before that at Mount Palomar was built He 
advised the Mexican government about the bulding of 
their astrophysical observatory at Puebla, and was co- 
author of a book on telescopes and accessories 

For hundreds of Dartmouth undergraduates Astronomy 
1 and Professor Dimitroff were synonymous In addition 
to this mtroductory course in stellar astronomy and the 
astronomical universe, popularly known as “stars”, he 
also taught more advanced courses m astrophysics and 
observational astronomy. His open house “Evening 
with the Stars” at the Shattuck Observatory gave pleasure 
to many Hanoverians, young and old 

As a commander m the US Navy m the Second World 
War, Dmitroff undertook a variety of scientific missions 
in Europe and Japan, meluding studies of optical develop- 
ments there On leave from Dartmouth m 1956, he 
surveyed astronomical developments m Europe and the 
Middle East, and at that time was scientific liaison officer 
with the US embassy m London He went to Russia in 
1958 as a member of the International Astronomical 
Union and returned there in 1963 as part of a world tour 
of observatories Impressed with Russian scientific 
advances, he predicted that ın twenty years Russia would 
be the leading scientific nation 
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University News : Bristol 


Dr M A Epsreny, reader in experrmental pathology m 
the Middlesex Hospital Medical School, has been appomted 
professor of pathology m succession to Professor T F 
Hewer 


Manchester 


DRK R PARTHASARATHY, at present readerin probability 
theory m the University of Sheffield, has been appomted 
to the chair of mathematical statistics 


New South Wales 


Proressor P T Fg, formerly P N Russell professor of 
mechanical engineering m the University of Sydney, has 
been appointed professor of mechanical engimeering and 
head of the School of Mechanical and Industrial Engin- 
eering 


Reading 


DRE H Rossrrs, lecturer in horticulture in the Depart- 
ment of Botany, University of Manchester, has been 
appomted professor of crop production 


Salford 


Dr R R Bess, at present senior lecturer in physics, 
University of Sussex, has been appomted to a second 
chair of physics in the Department of Pure and Apphed 
Physics 


Appointments 


Dr R L Mrrcnern, at present deputy director of the 
Macaulay Institute for Soil Research, has been appomted 
director of the institute ın succession to Dr A B. Stewart 


Announcements 


Ear University at Bornova, Izmir, Turkey, 1s setting up 
a Natural Science Museum which will be attached to the 
Faculty of Science It ıs hoped that the proposed six halls, 
each 250 square metres, will be finished by the end of 
1970. At the preliminary stage of organization of the 
museum the Dean, Professor Dr Yusuf Vardar, and his 
staff are seeking advice from various museums in the 
world on organization, administration and activities They 
would now appreciate help from any other mstitution m 
the form of publications covering methods of collection, 
preservation, maintenance and registration of exhibits 
Any material (zoological, botanical or geological) which 
can be donated would also be greatly appreciated 


Tue following have been elected officers of the American 
Crystallographic Association for 1968. President, Dr S C 
Abrahams, Bell Telephone Laboratornes, Murray Hill, 
New Jersey; Vice-President, Dr W C Hamilton, senior 
chemist at Brookhaven National Laboratory, Upton, New 
York 


Dr Sor SPIEGELMAN, professor of microbiology at the 
University of Illinois, has been awarded the 1968 Bertner 
Foundation Award for his work involving replication of 
genetic material in controlled laboratory conditions. 


Meetings 


Mopern Techniques m Food Analysis, March 19, Grimsby 
College of Technology (Head of Science Department, 
College of Technology, Nun’s Corner, Grimsby, Lines) 


TRAINING of Food Scientists and Technologists, April 4-5, 
Grimsby College of Technology (Head of the Science 
Department, College of Technology, Nun’s Corner, 
Grimsby, Lincs). 


TURBULENCE of Fluids and Plasmas, April 16-18, New 
York City (MRI Symposium Committee, Polytechnic 
Institute of Brooklyn, 333 Jay Street, Brooklyn, NY 
11201) 
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COMPUTER-BASED Information Retrieval Systems, April 
18-19, Liverpool (Bernard Houghton, School of Librarian- 
ship and Information Work, College of Commerce, 
Department of Professional Studies, Tithebarn Street, 
Liverpool 2) 


Mecuanicat Design, May 6-10, University of Bradford 
(The Registrar, University of Bradford, Bradford 7) 


CrrocEnics Engineering, May 7-10, Brighton (Conference 
Secretary, ICEC 2, “Cryogenics”, 32 High Street, Guild- 
ford, Surrey) 


Sureine Glaciers, June 6-8, Banff (© M Lockwood, 
Assistant Director, Department of Extension, The 
University of Alberta, Edmonton, Alberta) 


CANADIAN Botanical Association, June 11-14, Ontario 
(D R Limdsay, c/o Canadian Botanical Association, 
Lakehead University, Port Arthur, Ontario) r 


Corrosion and Protection of Pipes and Pipelines, June 
12-14, Earls Court (Techmical Exhibitions Ltd, 3-4 
Clements Inn, London WC2) 


Turrp Congress of the European Society of Ophthal- 
mology, June 18-21, Amsterdam (The Secretariat, c/o 
Holland Organizing Centre, 16 Lange Voorhout, The 
Hague, The Netherlands) 


Tue Solar Terrestrial Environment, July 10-12, Sheffield 
(Miss G M White, Department of Applled Mathematics 
and Computing Science, The University, Sheffield). 


Oxcanic Geochemistry, September 16-18, Amsterdam 
(DrP A Schenck, Secretary of the Organizing Committee, 
4th International Meeting on Organic Geochemistry, 
Volmerlaan 6, Ryswiyk (Z H.), The Netherlands). 


Mass Spectroscopy Group meeting, September 16-18, 
University College, London (Secretary, Mr R. M Elhott, 
GEC-AEI (Electronics), Ltd , Scientific Apparatus Divi- 
sion, Barton Dock Road, Urmston, Manchester). 


Exrzorronics Design, September 23-27, University of 
Cambridge (The Conference Department, Institute of 
Electrical Engineers, Savoy Place, London WC2). 


Stresses in Composite Materials, September 25-27, 
College of Aeronautics, Cranfield (The Meetings Officer, 
The Institute of Physics and the Physical Society, 47 
Belgrave Square, London SW]). 


CELLULAR and Humoral Mechanisms m Anaphylaxis and 
Allergy, October 3-5, Toronto (Professor Henry Z Movat, 
Department of Pathology, University of Toronto, 100 
College Street, Toronto 2, Canada) 


ASTRONAUTICAL Congress, October 13-19, New York 
(Miss Mireille Gérard, American Institute of Aeronautics 
and Astronautics, 1290 Avenue of the Americas, New 
York, NY 10019) 


MEETING of the Clay Minerals Society, October 14-17, 
Indiana University (Dr John B Droste, Department of 
Geology, Indiana University, Bloomington, Indiana 
47401) 


CRYSTALLOGRAPHY, August 7-27, 1969, Roswell Park 
Memorial Institute, Buffalo (August 7-12), State Univer- 
sity of New York at Stony Brook (August 14-21), Stony 
Brook campus and Brookhaven National Laboratory, 
Long Island (August 23-27) (Eighth International Con- 
gress of Crystallography, Congress Office, State University 
of New York, Stony Brook, Long Island, New York). 


Erratum In the communication “Stimulative Vapor- 
wation of Phenylmercuric Acetate by Mercury-resistant 
Bacteria” by R Tonomura et al (Nature, 217, 646, 1968) 
the fresh culture medium (Ime 3, paragraph 4) contained 
2,000 ug of mositol and 400 yg of nicotinic acid as well 
as the components lsted 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, February 26 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College 
London, Gower Street, London, WC1), at 530 pm-—Professor A 
Merrison “The Science and Engineering of Elementary Particle Physics” 
(further lectures on March 4 and 11) * 


Tuesday, February 27 


ROYAL STATISTICAL SOCIETY (Medical Section) (at the London School of 
Hygiene and Tropical Medicme, Keppel Street, London, WCi)—Dr I 
Sutherland ‘When was the Great Plague ?” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 230 pm—Colloquum on “Developments Towards a Computer-Based 
Information Service in Physics, Electrotechnology and Control” 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Portland 
Place, London, W1), at 4 p m —Svmposium on “Cement Automation” 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (ın Lecture Theatre A, 
Department of Mechanical Engineering, Exhibition Road, London, SW7), at 
530 pm —Professor W S Eliott ‘The Computer—Master or Servant Y’ 
(Inaugural Lecture) 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5 30 pm — 
Professor Ronald King “Metais” (Lecture for Sixth Form Boys and Girls 
from Schools in London and the Home Counties To be repeated on February 
28, March 5 and 6 ) 


UNIVERSITY OF ASTON IN BIRWINGHAM (at Gosta Green, Birmingham, 4), 
at 5 30 pm —ProfessorE J, Davies ‘Phe Challenge of Electrical Machines” 
(Inaugural Lecture) 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 5 30 p m —ProfessorS Cohen “Structure and Biological 
Properties of Immunoglobulins” (Fourteenth of fifteen lectures on “The 
Scientific Basis of Medicine” organized by the British Postgraduate Medical 
Federation )* 


UNIVERSITY OF LONDON (in the Engineering Theatre, University College 
London, Gower Street, London, WC1), at 5 30 p m —Professor E H Brown 
“Man, the Geomorphological Process” (Inaugural Lecture) * 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, WC1), at 545 pm —Dr C F A Schaeffer (Paris) ‘Ras 
Shamra—Ugarit” (further lecture on February 29) * 


Wednesday, February 28 


ROYAL AERONAUTICAL SOCIETY, AGRICULTURAL AVIATION GROUP (at 
4 Hamilton Place, London, W1), at 10 a m —All-day Meeting on “Opera- 
tional and Safety Aspects of Agricultural Aviation” 


ROYAL INSTITUTION, History OF SCIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 pm—Professor Robert Siegfried 
University of Wisconsin) “Humphry Davy’s Attitude to the Uses of 
cience” 


SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP and the MICROBIOLOGY 
GROUP (at the School of Pharmacy, Brunswick Square, London, WC1), at 
2 30 p m —Meeting on “Microbial Problems of Food Handling Equipment” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 530 P m~—-Dr E, T Hall “Measurement as an Aid to Archaeological 
search” 


SOCIETY OF APOTHECARTES OF LONDON, FACULTY OF THE HISTORY OF 
MEDICINE AND PHARMACY (at Apothecaries’ Hall, Blackfriars Lane, London, 
EC4), at 5 30 pm—Sir George E Godber “General Practice, Past and 
Present” (Monckton Copeman Lecture) 


INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS, COMMUNICATIONS 
Group (at 9 Bedford Square, London, WC1), at 6 pm —Mr R Gibson and 
MrS M Edwardson ‘Ultrasonic Delav Lines and their Uses in Television” 


INSTITUTION OF MFCHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, SW1), at 6 pm—DrJ G Wistreich “Impact of Auto- 
mation of Stee! Manufacture on Plant Design” (John Player Lecture) 


SOCIETY FOR ANALYTICAL CHEMISTRY, THIN-LAYER CHROMATOGRAPHY 
Group (at “The Feathers”, Tudor Street London, EC4), at 6 p m —Dis- 
cussion Meeting on “Radiometric Microanalysis Employing Thin-Layer 
Chromatography”. 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-84 Gordon 
Square, London, WC1), at 6 pm-—~Miss B Vollans “Sources of Maritime 
Archaeology—-Trade and Ports tn Britain” * 


Thursday, February 29 


ROYAL SOCIFTY (at 6 Carlton House Terrace, London, SW), at 10 30am 
-—Disenssion Meeting on “Science and Technology of Aerosol Pollution ın 
Modern Society” organized by Professor A R Ubbelohde, FRS, and Pro- 
fessor T M Sugden, FRS 


URTVERSITY oF LONDON (in the Anatomy Theatre, Umversity College 
London Gower Street London, WC1), at 1 20 p m —Mr D H Girmes “Is 
Logie Absolute and Complete ?”* 


UNIVERSITY OF LONDON (at Imperial College, London, SW7), at 130 pm 
—Mr Pat Carpenter “Art and Science VITI—Art and Science Now—the 
Possibilities of Convergence” * 


Frnrttriser Soctery (at the Geological Society, Burngtón House, 
Precadillv, London, W1), at 2 30 pm —Mr W C Weherand Mr I S Mangat 
“The Production of High Nitrogen NPK Granular Fertilisers” 


INSTITUTION OF CIVIL ENGINEFRS HYDROLOGICAL Group (at Great 
George Street, Westminster, Londan, SW1), 2t 5 30 p m —Report on Lenin- 
grad Symposium nn Floods and on Soviet hydrological research introduced 
by Mr M Mansell-Moullin and Mr Y C Rodda (Informal Discussion) 


UNIVFRSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London WC1), at 530pm-—DrN A Mitchison “Recognition of Antigen” 
(Last of fifteen lectures on “The Scientific Basis of Medicine”, organized by 
the British Postgraduate Medical Federation )* 
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INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m —Discussion 
Meeting on “Development in Desuperheated Techniques” 


Friday, March | 


WEST CHESHIRE CENTRAL COLLEGE OF FURTHER EDUCATION (at Carlett 
Fark, Eastham, Wirral, Cheshire)—-Symposium on “Advances in Polaro- 
graphy” 

LINNEAN SOOIETY OF LONDON (at Burlington House, Piccadilly, London, 
Wi), at 1055 am-—Symposium on “The Experimental Taxonomy ol 
Flowering Plants” 


ROYAL INSTITUTION, PHOTOCHEMISTRY Discussion GROUP (at 21 Albe- 
marie Street, London, W1), at 1 pm —MrM B Ledger ‘Photoreactionsin 
ater” 


INSTITUTE OF RURAL LIFE AT HOME AND OVERSEAS (at Friends Inter- 
national Centre, Courtauld House, Byng Place, London, WC}), at 115 pm 
—The Rev Merfyn Temple “Problems of Development for Rural Communi- 
ties ın Zambia” * 


UNIVERSITY OF LONDON (at the Roya) Postgraduate Medical School, Du 
gane Road, London, W12),at4pm—DrC N Armstrong “The Diagnosis 
of Sex” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC1) 
at530pm—MrH B Wilhamsand MrS C Chu “Computer Solution of 
ehy Underground Cable Cooling Problems” 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the County Hall, Durham City), 
= 5.30 p m—Annual General Meeting, followed by Mr L J Clark “North 
ea Gas” 


UNIVERSITY OF LONDON (at Queen Elizabeth College, Campden Hill Road, 
London, W8), at 5 30 pm-—Professor L Hough “The Chemica) Architec- 
ture of Carbohydrate Molecules” (Inaugural! Lecture) 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 pm — 
Dr Anne McLaren “Life Before Birth—the First Few Days” 


Saturday, March 2 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, SE23), at 3 30 p m —Zoe, Lady Hart Dyke 
“Silk Farming in England” * 


Monday, March 4 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WO2), 
at 10a m —Colloquium on “Pulsed Code Modulation” 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 4 p m —Professor R D Girdwood “Folic 
Acid Deficiency” * 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, SW1), at 5 30 p m-—Informal Discussion on “The Organization of 
the ro Planning Team and the Role of the Engineer” introduced by Mr 

almer 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5 30 p m —Discussion Meeting on “The Need or Otherwise for Suppression 
ne Harmomos Generated by Convertor Equipment” opened by Mr H J 

eppar 


UNIVERSITY OF LONDON (at the Royal Free Hospital School of Medicine, 
8 Hunter Street, London, WC1), at 530 pm—Docent Annica Dahlstrom 
(Stockholm and Goteborg) “Monoamine-contaiming Neurones in Mammals 
I Monoamine-containing Neurones 11 Mammals as Studied by Fluorescence 
Microscopy” * 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m — Discussion 
Meeting on “Designing Components Subjected to High Surface Pressure” 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Ficeadillv, London, W1), at 6pm—Mr F W. Hyde “Progress in Radio 
stronomy” 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with the 
Chemical Engineering and Heavy Organic Chemicals Groups, at 14 Belgrave 
Square, London, SW1), at 6 30 p m —Sir Kenneth Hutchison, CBE “New 
Sources of Natural Gas for Britain” (Jubilee Memorial Lecture) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appomtments on or before the 
dates mentioned 

LECTURER 1n the LABORATORY OF GENERAL PHYSIOLOGY ın the School of 
Biology—The Registrar, The University, Leicester (February 28) 

LECTURER or ASSISTANT LECTURER (with good academie qualifications in 
socnology, teaching experience and an interest in the sociology of education) 
IN EDUCATION—The Registrar, The University, Keele, Staffs (March 1) 

RESEARCH ASSISTANT (with a Ph D degree in enzymology or a good 
honours degree with research expericnce in en7vmologs } to Dr B T Cromwell, 
in the DEPARTMENT OF BOTANY, to carry out research on enzyme systems 
Phe a the biogenesis of alkalorda—The Registrar, The University, Hull 

‘are 

ASSISTANT LECTURER IN PHILOSOPHY—The Secretary, Birkbeck College 
(University of London), Malet Street, London WC1 (March 4) 

ASSISTANT LECTURER (with special interests in either anatomy and/or 
microstructure or in aspects of the biologs of algae) in the School of Plant 
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Human Anatomy, University of Oxford, South Parks Road, Oxford 
‘April 27 
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Mr Crosland’s Little Joke 


Mr Anruony CROSLAND, president of the Board of 
Trade for half a year, 1s not merely an emmently 
reasonable man but resourceful as well, which 1s why 
there are few who can be entirely surprised that the 
project to build a third airport for London in the rolling 
green fields of Essex has finally come to grief The 
story that he deliberately engmeered this upset of his 
predecessor’s scheme by sanctioning re-alignment of 
the runways at Stansted, which was bound to provoke 
the wrath of the Council of Tribunals, may be a gross 
misstatement, but ıt 1s one of those stories which 1s 
too good to be entirely untrue In any case, to retreat 
from a well-prepared but irrational position as Mr 
Crosland has done 1s not only courageous but a welcome 
break with what seems to be the style of modern 
government The residents of Stansted, and air 
travellers m the seventies, will understandably be 
dehghted with the way thmgs have turned out The 
affair should encourage all those who believe that 
there 1s, or should be, some merit m pure reason 

The brief history of the Stansted project 1s worth 
repeating even though some of ıt has now become a 
part of British folk-lore The hunt for a site for a 
third London. airport began almost before the second 
airport, at Gatwick, came into service a decade ago 
By 1963, a committee consisting largely of government 
officials came to the conclusion that Stansted was the 
best of all possible sites for the third airport, and 
towards the end of 1965 a public mquiry was begun to 
assess the weight of the objections to the proposal 
which had, by then, become apparent The report of 
the inspector holding the mquiry was unambiguous— 
in his view, the siting of the third airport at Stan- 
sted was a “calamity” for the locality, and there 
should be an mdependent “review of the whole prob- 
lem” In the event, the Government carried out an 
internal review which, for practical purposes, denied 
the validity of the mspector’s objections From there 
1t was a simple step for the then president of the Board 
of Trade, Mr Douglas Jay, to msist that the project 
must go forward with despatch, and for the Govern- 
ment to dragoon first 1ts supporters in the House of 
Commons and then the House of Commons as a whole 
mto acquiescence Throughout its struggle with good 
sense, the Government has been able to count on the 
shrill support of Mr Peter Masefield, the chairman of 
the British Airports Authority, who has turned out 
m the past year to be one of the most prolific writers 
of letters to the daily newspapers 

It ıs perhaps understandable that the way m which 
this decision has been stood on its head has made 
many of the Government’s supporters m the House of 


Commons consider that they have been cheated or led 
up the garden path Elsewhere, people will have been 
provided with a chilling illustration of how httle can 
be done, with present arrangements, to divert a 
government from a chosen course, however foolish 
But these are long-range matters, which 1s not to 
suggest that nothing more should be heard of them 
It ıs, however, an immediate problem to know just 
how a sensible site should be chosen for the third 
London airport How, one way or another, will 1t 
be possible to prevent the result of the mquiry now to be 
mounted seemmg as if some official has stuck a pin 
at random into the map of south-east England ? How 
1s the machmery which has functioned so badly in the 
past few years now to be nudged towards a sensible 
choice ? 

One set of considerations ought by now to be so 
compelling that nobody can fail to graspıt Briefly, ın 
densely populated countries such as Britain, where the 
coasthne 1s mercifully quite substantial, the obvious 
place for major airports 1s on the sea Any other 
arrangement 1s bound to mean that increasingly noisy 
aircraft will imcreasingly distract ordmary people 
It ıs true, of course, that ıt ıs sometimes necessary to 
destroy amenities—such as absence of unnatural noise 
—for the sake of some other social objective, and 1t may 
even occasionally be necessary to attempt some kind 
of balance between amenity and 1ts cost Yet there is 
no question that the noise which abounds im built-up 
areas near international airports 1s usually a kind of 
civic indecency If there 1s any alternative to building 
near places which will eventually be occupied by 
people, and if the difference of cost m doing so 1s not 
more than, say, a third of the cost of building anyway, 
then the opportunity should be sewed of avoiding 
unnecessary assaults on people’s peace and quiet But 
this case for building the next London airport near 
the sea 1s remforced, for an airport due to come into 
service when supersonic aircraft may be flymg, by the 
uneertamties which surround the social acceptability 
of supersonic bangs Will supersonic transports ever 
be allowed to fly supersomecally over land? And if 
they are, will not mland airports be a great nuisance to 
the airlines as well as to people living on the ground °? 
With these uncertamties, who in his senses would now 
put money into inland airports when there are reason- 
able alternatives near the sea? It is curious, even 
now, that these uncomplicated considerations were 
given so little attention durmg the official arguments 
for and against Stansted as a site for the third airport, 
although the Government’s most recent summary of the 
position a year ago did grudgingly acknowledge that 
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Stansted would have been a greater nuisance on the 
the grounds of noise than an airport at one of the 
several alternative sites on the Thames Estuary 
There are, however, more serious charges to be made 
against the way in which the site at Stansted was 
selected. Looking back, it 1s clear that the case for 
Stansted was unreasonably influenced by the pre- 
existence of a smgle concrete runway at the site—a 
circumstance which could not have saved more than 
ten per cent of bulding on the site even on the basis 
of the Government’s calculations Also meluded m 
these calculations was the comic guess that ıt would 
cost no more than £6 milion of capital to umprove 
existing transport links with the proposed airport to 
the pomt at which they could be considered good 
enough for the year 2000 (when the third London 
airport will presumably be still m service) But to 
argue like this 1s absurd In settmg out to compare 
the costs of alternative sites, the Government should 
seek to do for airports what 1t msists the nationalized 
industries should do when making decisions about the 
new investments on capital equipment—some attempt 
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should be made to lump together running costs and 
capital costs And the truth 1s, of course, that m 
circumstances ın which the annual flow of passengers 
through the new airport 1s hkely to be several tens of 
millions m the eighties, cheeseparmg now about the 
initial cost 18 likely to be an exceedingly false economy 
The real need 1s for a much more realistic appraisal of 
the full costs of alternative sites from the point of 
view of the whole function of the airport and the 
whole complex of potential users It ıs particularly 
important to graft on to the study which 1s now to 
be undertaken—-and Mr Crosland has promised that 
1t will be a thoroughly comprehensive mquiry even 
though there are misgivings about the time that that 
will take—a proper study of the surface transport, 
freight as well as passengers The object should be to 
regard the new and non-existent airport as a part of 
a huge and mtegrated system and not as an isolated 
facility by itself It 1s, m other words, a splendid 
opportunity It will be mteresting to see how well 
the Government rises to the occasion after making 
such a mess of ts first attempt to choose a site 


What Takers for Dr Dainton’s Cure? 


TEREE years almost to the day after the appomtment 
of the committee under Dr F S Daimton which has 
been looking into the causes for the drift away from 
science in British schools, the final report has been 
published On the whole, it 1s a perceptive and a 
liberal document Although the committee was 
charged with responsibility simply for the problem 
of the diminishing flow of young people into science 
and technology at the mterface between British 
schools and the various estabhshments of higher 
education, 1t has creditably taken a wider view of 
its task In particular, 1t has quite accurately con- 
cluded that much of what ıt wishes to accomplish 
can only be done by reconstruction of the British 
educational system (To be accurate, the Daimton 
Committee has also acknowledged what seems to be the 
superiority of the Scottish system m comparison with 
what happens south of the border, and urges that the 
Scots should set their faces against supposed reforms 
of their system the effect of which would be to make 
the interaction between schools and universities m 
Scotland resemble more closely the relationship which 
now obtams ın the rest of Britam) Fortunately, the 
need for change 1s now more widely appreciated than 
it has ever been, and 1t 1s not unreasonable to hope 
that a measure of change may actually come about 
In the circumstances, the Dainton Report is lkely 
to find a more sympathetic reception than would 
have seemed likely even a year ago By the same test, 
unfortunately, its historical importance 1s likely to be 
less than if 1t had appeared sooner, when the gomg was 
still rough. 

The swig away from science m British schools 1s, 
of course, a comparative affair The groups of young 
people followmg science studies ın the sixth forms of 
British schools are still a growmg proportion of the 


age group as a whole, but the groups followmg othe: 
lunds of studies are growmg much more rapidly The 
result 1s that the balance between science studies and 
other studies m the senior classes of British schools 1s 
changing rapidly and to the detriment of the sciences 
One consequence 1s the difficulty there has been m 
recent years m recruiting people to fill the science 
departments at universities to their best advantage 
The Dainton Committee 1s right to take the view that 
this trend cannot be a healthy one at a time when 
there 1s a large unsatisfied demand for technical people 
m commerce and wndustry, and when science and 
technology as a whole are capable not merely of chang- 
ing the character of life but of exciting the imagmation 
as well Sensibly enough, however, the committee 
has set its face not merely against expedients that 
would artificially persuade young people to suppress 
their natural melinations but also against attempts 
to develop artificial rules for saying how many people 
with which kinds of traming British higher education 
should provide 

So what, then, should be done ? Schools and universi- 
ties have separate parts to play, but it is entirely 
proper that the Damton Committee should put high 
on 1ts list of remedies the view that British schools 
should provide a much broader curmeulum for their 
pupils This, of course, 1s a crymg need which even 
Scotland should not ignore The question which 
now needs to be answered 1s what kind of reform should 
now be undertaken It has been an open secret for 
several months that the Damton Committee would 
urge that only m the most exceptional circumstances 
should pupils m British schools be allowed to abandon 
mathematics, which 3s entirely sensible But what 
form should the rest of the curriculum take? The 
Dainton Committee has obviously been attracted by 
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the talk in recent months of schemes in which students 
preparmg for higher education would study three or 
four subjects as well as mathematics, and 1ts own 
preference is for a mixture of science, social science 
and arts for everybody So far, so good ‘The real 
problem ıs to know what should be done to bring about 
these changes 

The committee would have done a useful service if 
1t had been more outspoken on this issue Events in 
the last six months suggest that the time has come 
when several distinguished heads should be knocked 
forably together, and the Damton Committee could 
have made a useful start For one thing, 1t 1s important 
that the Schools Council, which has responsibility for 
the British school curriculum, should be dissuaded from 
its introspective preoccupation, the pressure of external 
examinations (and the need somehow to diminish 
it) Its own proposals are narrowmg, not broadening, 
and have served so far chiefly to undermine confidence 
in the council’s capacity to function sensibly But 16 
1s also rmportant that work should promptly be put 
m hand to design the kinds of curricula which the 
logic of the committee’s proposals would umply, and 
on recent form there 1s very little to suggest that the 
Schools Council, which ought to be in charge, will be 
fit and able to do what 1s expected of 1t But there are 
also problems concerning teachers’ organizations— 
who, for example, 1s gomg to persuade the science 
teachers whose enthusiasm has been chiefly responsible 
for experiments im science teachmg mm recent years 
that the time has now come to have less, not more, 
formal teaching ın the schools? One of the valuable 
discoveries which the Damton Committee has to 
report 18 that students followmg science courses tend 
to be well looked after by well qualified teachers The 
question now 18 who should tell these talented people 
that they must spend less time behaving as if they 
were teaching in universities To be sure, it will be 
valuable to have Dr Daimton’s support for the cause of 
more in-service trang for teachers, more laboratory 
technicians in British schools and better means of 
persuading young people to take up science teaching 
The trouble, unfortunately, 1s that these needs have 
also been obvious for some time The most urgent 
need has become that of makmg them materiahze 


The Magic of Numbers 


Tue dead-pan send-up 1s a literary genre that seems 
now to be flourishmg in the Umited States A few 
weeks ago there was the Report from the Iron Mountain 
Now there has appeared Professor D J de S Price’s 
Research on Research (Journeys in Science, University 
of New Mexico Press, 1967) It 1s true that Professor 
Price appears to be entirely serious mn what he has to 
say, but many of his readers will be bound to suspect 
that he has devised a witty demonstration of the 
madequacies of what 1s called the science of science 
That hindsight makes it seem as if scientific dis- 
covery pots to a logical method of procedure has 
led some people to suppose that there must be an 
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It 1s, of course, a great absurdity that the British 
educational system has remamed archaic for so lung, 
but the prize will go to the one who can show how 
change can happen quickly 

What the committee has to say about the universities 
follows naturally enough—universities must be more 
flexible about their requirements for entry By good 
fortune, 1t seems now very much as if the Standmg 
Conference on University Entrance will be given 
advice m this direction m the months ahead The 
article by Professor L Rosenhead, a member of the 
Dainton Committee, on page 806, 1s one man’s vision 
of how universities might quickly become better 
suited to the real needs of the schools But here, 
too, 16 is all too hkely that the formal processes 
of consultation and the traditional unwillmg- 
ness of those concerned with British education 
to consider seriously any but the most moderate 
of changes will blunt the present tendency towards 
reform 

This, perhaps, 1s where the Government could help 
As xt has turned out, and as 1t should be, the Damton 
Report ıs not a piece of special pleading on behalf of 
science teachers but yet another comment on the 
madequacies of British education It also stands out 
among public documents as a sensible statement of 
the part which should be played m education by science 
studies and of the reasons why some acquaintance 
with science should be considered important not 
merely for professional scientists but for everybody 
The trouble, of course, 1s that m the present balance 
between British schools and British universities, there 
is no room for this kmd of appraisal On the whole, 
the schools are too preoccupied with specialist studies 
and the universities are forced as a result to be too 
preoccupied with the need for a broader education 
It 1s hard to see how this pattern can be changed 
except by the simultaneous agreement of the host of 
interested parties, but 1t 1s also plain that the need for 
change is urgent In the circumstances the Govern- 
ment could do worse than organize the kmd of con- 
ference at which many interested parties could be 
persuaded to hammer out answers to the question 
which excessive modesty has persuaded Dr Damton 
to leave alone 


analogous logic ın the way m which science 18 carried on 
—a logic the investigation of which merits a new and 
distinct discipline of social enquiry One approach of 
this “discipline” 1s to examine some numerical para- 
meter assumed to be mduicative of the forward march 
of science, such as the number of all papers published, 
and if possible to describe 1ts variation m terms of 
some mathematical function From this kind of 
exercise, scientists of science expect, some useful in- 
sight may eventually emerge Among the principal 
difficulties of this argument 1s the assumption that the 
part of the mdrvidual m scientific discovery 1s either 
so predictable or so negligible that 1t can be altogether 
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ignored The crude macroscopic mdices considered by 
the scientist of science can be used to demonstrate 
that, so mexorably does the juggernaut of science roll 
forward, not even a genius can make a significant 
contribution to 1ts momentum But xt is not easy to 
know whether Professor Price 1s mockmg when he 
says that “Science 1s, so to speak, a much more regular 
thing in 1ts behaviour than are people” This assump- 
tion, a necessary point of departure for the science of 
science as usually construed, 1s an absurdity which 
hes at the other extreme from the Cleopatra’s Nose 
school of history Can it seriously be supposed that 
if Archimedes, Newton and Emstem had never existed, 
the present state of science would be no different ? 

Granted that the individual is insignificant, Professor 
Price shows how several mtriguing “laws” may be 
set up The “First Law of Research on Research” 1s 
that the “size” of science mereases exponentially, 
whether judged by the number of scientists, scientific 
journals or scientific papers It follows that “874 per 
cent of all the scientists who have ever been are alive 
now”. This 1s an impressive figure mdeed and doubtless 
deserves its place in the Guinness Book of Records, 
along, perhaps, with a note that a simular figure would 
probably have been vald ın 450 BO But what does 
it show? Professor Price offers this, that “science 
runs so much faster than people, so much more rapidly 
than civilization” This would seem to cast the man at 
the bench in the position of the Red Queen, which may 
be Professor Price’s way of saying that the size of 
science bears no relation to such wholly immeasurable 
aspects as its quality or rate of progress at any given 
time. Alas that the latter aspects, which alone are of 
significant mterest, fall outside the crude scope of the 
science of science 

No first law 1s complete without a second, and 
Professor Price announces the Second Law of Research 
on Research which states that the distribution of 
quality among scientific stitutions, men or journals 
follows the approximately inverse square law typical 
of the Pareto law of distribution of mcome “For 
men as for institutions”, Professor Price explams, “the 
chance of doubling the size of achievement 1s uniformly 
about one m four, no matter what the size already 
achieved ” From this follows the premise mplicit in 
the foundation of the argument, that ın science (though 
not, apparently, m art) the mdividual counts for 
nothmg “If Beethoven had not existed, other men 
would have written quite different symphonies, 
Beethoven’s private property 1s unmistakable. If 
Planck, however, had not made his particular dis- 
covery, somebody else would have to have made it 
and rather quickly ” 

As the culmmation of his essay, Professor Price 
produces statistics to show that the size of each 
country’s research effort ıs proportional to tts 
gross national product Size is measured by the 
percentage of papers of each national omgm mdexed 
in Physics Abstracts and Chemical Abstracts (He calls 
these “National Brownie Pomts”’, which 1s another 
reason for believmg that he may not be entirely 
serious ) From this analysis 1t emerges that the Soviet 
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Union, whose share of the world’s GNP ıs 15-6 per 
cent, contributed 156 per cent of physics papers, 
while the equivalent figures for the United States are 
32 8 and 31-6, respectively Thus 1s a remarkable con- 
currence, but 18 1t significant ? Concurrences m his- 
torical and social phenomena have an unfortunate 
habit of bemg less meanmegful than their counterparts 
m scientific experiments George I, I, ITI and IV 
all died on a Saturday, but this does not by itself 
serve to establish the existence of a baneful mfluence 
between the Sabbath day and the House of Hanover 
The science of science has far to go before ıt attaims 
respectability Only Professor Price can know whether 
his mgenious essay was written to help 1t on its way 
or as another obstacle ın its path 


Mr. R. Brightman 


Tue death of Mr R Brightman at his home m Cheshire 
last week-end 1s a particularly sad blow for Nature, 
for he played an important part m 1ts production for 
the whole of forty years He was a chemist by trade, 
and served for many years m the Dyestuffs Division 
of ICI Ltd He had a passion for books and for the 
scientific literature, which 1s why no doubt he spent 
much of his professional energy on the management 
of the hterature But he also had a great affection 
for his work for Nature, which began with book review- 
ing and quickly graduated to other tasks In the years 
sınce the Second World War, when many men of his 
age would have settled back m their retirement, he 
found himself writing a great proportion of the leading 
articles which appeared ın Nature More recently, he 
took on the job of workmg through Hansard each 
week m search of parliamentary news, and he was 
at the same time hard at work on a volume intended 
to celebrate the centenary of Nature next year He 
would have wished no better monument 


Gloomy Post Office 


THE prospects of the General Post Office for its final 
year before bemg established as a public corporation 
are described m a Government White Paper, just 
publshed (HMSO, 1s 9d ), and presented to Parliament 
last week by the Postmaster-General A Bull for the 
establishment of the corporation will appear later in 
the year For the past five years a financial target of 
8 per cent was set for the Post Office as a whole, but 
this has not been achieved The overall return 1s 
expected to be nearer 7-6 per cent, the return from 
telecommunications, which reached the target, compen- 
sating for comparative failures of the postal services 
Under the current reorganization these two sections 
will be managed separately and, because of the dif- 
ferent nature of their activities, will arm for different 
targets A net return target of 8-5 per cent for tele- 
communications (after historic depreciation but before 
interest and supplementary depreciation) has been set, 
but for the postal service, which 1s less highly capital- 
wed, a margin of 2 per cent on total expenditure is 
being attempted At present prices, 1t 1s unlikely that 
these targets will be reached. In fact, the postal 
service expects to make a loss, and, faced with capital 
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expenditure for expansion and increased productivity 
over the next five years of £2,000 million, the Post 
Office says that charges must be brought into line with 
costs The position 1s bemg reviewed by the Prices 
and Incomes Board 

The telecommunications section. 1s aiming to increase 
the size of the system by 50 per cent without increasing 
overall manpower, by using more machinery Improve- 
ment of service for the existing 7 7 million subscribers 
will be the most important task m the commg year, 
and a net merease of half a milhon subscribers 1s 
expected The various local, trunk and overseas lmes 
are all bemg increased, as are exchanges and the number 
of telex hnes By March 1969 it is expected that 98 
per cent of customers will be on automatic exchanges 
Automation 1s progressmg 1n such fields as ternational 
telex and telegrams, data transmission services are 
bemg expanded, and additional submarme cable Imks 
with various European countries are bemg lad 
Alumimium conductors have been successfully used 
instead of copper in telephone cables, and further use 
of alummium is expected to benefit the economy 
because of the high price of imported copper 

The postal section will see two important develop- 
ments in the commg year—the two-tier post system m 
the autumn with lowest rates of postage bemg open 
only to mail m “post office preferred” envelopes, and 
the inauguration of the National Giro Service at its 
Lancashire headquarters Modern techniques of man- 
agement and marketing are bemg exammed for staff and 
stamps, respectively, and post codes will be allocated 
to parts of London and twenty-five other towns and 
cities Durmg the year, twenty mechanized sorting 
offices will be brought into service 


New Units for Industry 


THE process of changing all Britain’s units from the 
old imperial system to the metric system 1s a messy 
busmess Colonel J S Vickers, chairman of the 
Planning Group of the British Standards Institution, 
which ıs planning the change, calls ıt “an agony” 
But at least everyone agrees that the medicme, once 
taken, will do the patient good The arguments are 
about who should take the medicine first In most 
countries which have made the change, the retail 
trade, which includes packaging, has adopted the new 
units first, but m Britain the opposite will happen 
The plans for the retail trade will depend on the recom- 
mendations of the Jomt Committee on Metrication, 
a Ministry of Technology body whose chairman is 
Mr Arthur Wynne The committee 1s widely expected 
to accept a recommendation made to 1t by the CBI 
(see Nature, 216, 1157, 1967) and propose the formation 
of a Metrication Board 

Last week the BSI was able to announce its plans 
for the engmeermg mdustry After consultation with 
mdustry which seems to have been somewhat one- 
sided (of 1,600 firms to which the BSI sent its original 
questionnaire, only 250 replied), the BSI has prepared 
a draft programme which 1t 1s circulating to industry 
through trade associations The period of transition 
has been set at 1970-75 The termmal date was fixed 
by a Board of Trade decree, so all that really needed 
deciding was the startmg date 1970 seems to have 
been the overwhelming favourite The first mdustry 
to go metric, chosen because 1ts problems were hkely 
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to be the greatest, will be the engineering equipment 
manufacturers, who use the basic engineering materials 
to produce equipment which is then used by the 
process industries Thuis time-scale will, the BSI says, 
fit m with the plans of the construction mdustry, 
which 1s on the way to metrication already Some 
20,000 copies of the draft programme have been sent to 
engineering companies through their trade associations, 
and they have been mvıted to send comments to the 
BSI by March 29 Companies not members of any 
trade association can get copies from the BSI. 


Another New Reactor 


Dusrire its great cost, which might be expected to 
dictate caution, nuclear reactor design remaims 
astonishingly diverse Almost every conceivable 
combination of coolant, moderator and fuel has been 
studied, on paper if not ın actual hardware, although 
most of these systems are unlikely to evolve mto 
commercial power reactors. Although Britain has so 
far tended to favour gas cooling for thermal reactors, 
the United Kingdom Atomic Energy Authority last 
week invited the Duke of Edinburgh down to Winfrith 
to open its latest reactor, which is water cooled In 
the event, the considerable skill of the authority at 
public relations had to be directed at those who thought 
the royal visit had cost a great deal too much, but the 
virtues of the reactor were not entirely forgotten 
It had, after all, cost £16 millon itself 

The reactor 1s called, somewhat mnelegantly, the steam 
generating heavy water reactor, abbreviated to 
SGHWR. Itıs a system m which moderation by heavy 
water 1s combmed with coolmg by ordinary water, 
which bois and drives the turbme generators ın a direct 
cycle The design uses a number of pressure tubes, 
rather than a single pressure vessel, an arrangement 
with several umportant advantages The fuel, shghtly 
enriched uranium dioxide, 1s contained in thm tubes 
made of zirconium alloy, 36 such tubes go to make 
up each fuel element Cooling water passes up the 
tubes, which are surrounded by an alummium calandria 
(vessel) containing heavy water moderator 

The electrical output of the station is 100 MW, 
which 1s fed mto the National Grid The reactor can be 
refuelled either on-load or off-load, although the 
advantages of on-load refuelling seem much overrated. 
If the reactor 1s refuelled off-load, the whole job can 
be done in a weekend so that most customers are 
likely to choose this option The pressure tube design 
allows much of the fabrication work to be done in the 
workshop instead of on-site, which 1s a valuable advan- 
tage m places where welding technology 1s less advanced 
than 1t 1s m the United States The authority 1s tenta- 
tive about quoting costs, but says that capital costs 
should work out at about £60 per kilowatt, with generat- 
ing costs of 0 50 pence a kWh or less The reactor is 
a good plutonium producer, very much better than 
the advanced gas cooled reactor, and about the same 
as a boiling water reactor The design can also be 
adapted for natural, rather than enriched uranrum 
The authority says that there would be no difficulty 
m buildmg an SGHWR as big as 1,000 MW. 

So far, however, the whole contracting position 1s a 
mystery The authority firmly says that “the team 
which built this reactor will take on contracts any- 
where” Under these circumstances, the AEA would 
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be the prime contractor and no move seems to have 
been. made to license the consortia of industrial com- 
panies to build the design The AEA has already 
submitted tenders m Finland, and has signed a con- 
tract for the supply of mformation to Japan, 1b seems 
determined to keep the SGHWR to itself Meanwhile, 
the Minister of Technology 1s still wondering what to 
do with the nuclear power mndustry m Britam He 
should thmk quickly, before the authority answers his 
questions for him 


Experimental Factories 
from Angela Croome 


A SECOND stage in the Akademgorodok (science city) 
experiment m Siberia 1s now actively under way 
This involves the development of areas outside the 
main centre, containing experimental factories, design 
offices and special trammmg facilities to speed the 
transition from good idea to mdustrial production 
The scheme was put forward by the Siberian Academy 
of Sciences led by Academician Mikhail Lavrentiev in 
1966 and adopted by the Soviet Government last year 
The site chosen is about 2 5 miles from Akademgorodok 
on the banks of the Ob Sea and 1s to be called Pravye 
Chomy The population will be hmited to 15,000— 
much less than the total of 40,000 which Akadem- 
gorodok attamed last year, its tenth anniversary 

The object 1s to ımprove the ways in which basic 
research 1s turned into mdustrial practice The ideas, 
which will come from the research institutes of Academ- 
gorodok, will pass to design offices at Pravye Chomy 
Inked with the appropriate institute Designs pro- 
duced here will then be developed at centres on the 
spot which are described as “something between 
laboratories and factories” In these centres develop- 
ment will go at least as far as the production of proto- 
types, still under the guidance of the origmal inventor 
Academician Lavrentiev commented, “We have re- 
cently come to the conclusion that the traditional 
‘conveyor belt’—academic institute/design office/mdus- 
try—by which scientific discoveries are brought into 
practical use in mdustry, often works too slowly 
The Siberian Design Office experiment, whereby 
valuable scientific ideas are brought to the pomt of 
practical industrial use under the direct control of the 
inventors themselves, has proved highly successful” 
The Institute of Hydrodynamics at Akademgorodok 
has pioneered the procedure The bydraulic impact 
forging techmques mtroduced by the mstitute are 
estimated to hav esaved the Soviet oxygen equipment 
mdustry alone 100 milhon roubles a year An mter- 
esting feature of the Pravye Chomy scheme 1s that most 
of the capital cost 1s beng found by industry 

The scheme will be mostly operated by young people 
This 1s seen as a unique opportunity to provide, after 
the 3-4 year development phase, not only effective 
designs but the people to put them to work on the shop 
floor lLanked to this 1s the introduction of a new type 
of degree to be given by Novosibirsk Technical College, 
shortly to be opened This qualification will be mter- 
mediate between that of the full engineer and skilled 
factory hand Novosibirsk University is adding an 
engmeering faculty soon in support of the new tech- 
nological developments A large workshop block with 
a floor area of 1,500 square metres is nearly ready at 
Pravye Chomy 
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French Scientists on Strike 
from our Paris Correspondent 


Ir French politicians of all political parties rarely 
show an active and mformed interest ın research— 
election speeches contain polite but woolly references 
to the “progress of science” but are singularly lacking 
im precise policies, and the discussion over finance each 
year ıs carried on before a virtually empty House— 
scientists themselves seem to have long ago made up 
their minds to direct the attention of politicians and 
the Government to their future 

This 1s why an order to strike was given by two trade 
unions two weeks ago at the Centre for Nuclear Re- 
search at Saclay The immediate aim was to protest 
against a plan for professional classification which 
would harm certain categories of personnel In the 
longer term the question was that of fixing a date for 
a possible reorganization of the Atomic Energy Com- 
mission (the CEA) Is the CEA, which provides work 
for approximately 30,000 people and which, because of 
the size of its budget, 13 ın French science a consider- 
able force de frappe, threatened with disruption? In 
political as ın research circles, many people would 
very much lke to reduce this tremendous power by 
giving to various other organizations functions which 
originally were mistakenly attributed to the CEA 
for reasons which are no longer vahd The CEA, 
even under this system, would remain, if only for 
military reasons, an institution of considerable ım- 
portance Inevitably, however, a certam amount of 
reorganization would take place At all events, it 1s 
doubtful whether strike action would weigh very 
heavily on Government decisions which will probably 
be taken at the Inghest level and m accordance with 
well known political and military strategy 

Despite this, another strike took place on February 
20 and 21, organized this time on a national scale by 
the three research workers’ unions It seems that the 
strike was 70-80 per cent effective It 1s the mode of 
operation of the National Centre for Scientific Research 
or CNRS (6,000 research workers, 8,500 technicians) 
which ıs the issue at stake, or, rather, the method of 
professional promotion agreed on by the responsible 
minustry, the Education Ministry Having decided to 
push the research workers into the industrial sector, 
by force if necessary, the mmuster, M Alain Peyrefitte, 
has created a bottle-neck between the first grade of 
the CNRS hierarchy, that of research assistant, and 
the second grade, that of research organizer This year, 
seventy-nine assistants, all holders of doctorates and 
having the recommendation of the commissions con- 
cerned, have not been able to enjoy the promotion 
they were expecting, which 1s virtually foremg them 
to leave the CNRS once and for all 

Those who defend this measure argue that the almost 
automatic passmg from one grade to another leads to 
“functionalization’”’ of research and threatens to make 
the CNRS, which ought to be a dynamic body, stagnate 
Their opponents, while agreeme that this argument does 
have some justification, deplore the improvised nature 
of this new policy and see ın it a threat to basic re- 
search The desire which the minister professes for 
“<rigating” industry 1s for them based on a dangerous 
Wlusion French business men who are extremely 
timid in their attitude towards research are certainly 
disinclined to pour capital investment mto this field 
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and thereby offer scientists attractive posts Further- 
more, most firms are wary of research workers with a 
university background and prefer, when recruiting 
scientists, to look for them m the major colleges such 
as the Polytechnique or the Centrale And university 
lecturmg, also suggested as an alternative solution 
for those excluded from the CNRS, has been completely 
transformed in recent years, with the result that a 
teachmg background 1s msisted on for lecturers It 
is not at all certam that the umversities will find 
satisfactory recruits among the members of the 
CNRS who had chosen precisely this field m order to 
pursue their work without any teachmg commitments 
The only course for those affected by this measure— 
which from now on must be repeated year after year— 
seems therefore to be to yield sooner or later to the 
temptations of the bram drain The American “head- 
hunters” mdeed have been making conquests m France 
for some time, and young people in France are begimning 
to have a better knowledge of English than their 
elders 


Money and Health 


Tmar the “healthiest” countries (judged in terms of 
mortality) spend most on health services is one of the 
conclusions reached m the 1967 World Health Organ- 
ization report, An International Study of Health 
Expenduime (price 12s) covermg 29 countries The 
objzctives of this report were two-fold to compile 
comparable mformation on expenditure on health 
services and on methods of financing such services, and 
to develop a standardized framework for national 
health accounting that could be used as a routine aid to 
health planning in all countries 

Most of the figures ın the report were drawn from 
questionnaires, and the countries covered were not, 1t 18 
emphasized, necessarily representative of all countries 
in the world because of the difficulty of obtaiming infor- 
mation from countries with lower standards of living 
Estimates of health expenditure for each country are 
compared with gross national product and national 
income 

It seems that over the period of study Israel], Canada, 
and the United States spent the greatest proportion of 
national income on health services, while the propor- 
tion of Gross National Product devoted to health 
services varied from 25 per cent to 63 per cent in 
countries providing full mformation Countries with 
relatively high standards of living tended to spend more 
on health expenditure than countries with a lower 
standard of hving As the latter countries have on 
the whole poorer health than richer countries, less 
was spent both absolutely and in relation to total 
resources where the need was greatest 

The report states that generally there 1s no evidence 
of correlation between health expenditure and the need 
for health services rather, health expenditure is pre- 
sumably mfluenced to a large extent by the “felt 
needs” of governments No country was found m 
which less than 25 per cent of the money spent on 
health services came from public funds and among the 
high-meome countries those receiving heaviest govern- 
ment support were not those allocating most money to 
health expenditure 

Breaking down the capital expenditure on health 
services, with the exception of Pakistan and France, 
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18 countries allocated 88 per cent or more to personal 
health services Furthermore, hospitals took more 
than 74 per cent of capital expenditure in all countries 
except Chile, Czechoslovakia and Yugoslavia The 
United Kingdom was well down the list with only 76 4 
per cent provided through hospitals compared with 
99 7 per cent in Canada, although a spokesman at the 
Ministry of Health said that 14 hospitals had m fact 
been built ın England and Wales since 1948. 


APPROXIMATE TOTAL EXPENDITURE ON HEALTH SERVICES 
(CAPITAL AND CURRENT) AS PERCENTAGES OF GROSS NATIONAL 


PRODUCT 
Total health 
Year expenditure As% 

(£ milions) of GNP 
Israel 1961-62 40 71 63 
United States 1961-62 1,303 58 
Australa 1960-61 262 52 
Poland 1960 811 37 
United Kingdom 1961-62 1,016 42 


Looking to the future, until cost-benefit analysis and 
other techniques become applicable to the selection of 
targets for health programmes, the report suggests that 
it 1s desirable that the costs of health services should be 
consistent with a chosen long-term plan, and that the 
plan should be firmly based on economic realities, 


Developing Oxford 
from our Oxford Correspondent 


As Nature went to press, Congregation at Oxford was 
voting on a proposal for acquirmg new sites in north 
and central Oxford, principally for the unrversity’s 
scientific and administrative institutions The adminis- 
tration of the university has been conducted from 
various buildings m different parts of Oxford, the 
Registry being, for example, m the Clarendon Building 
in the centre, while the financial department is three- 
quarters of a mile away m Wellington Square In 
1965, ıt was proposed that the Registry should expand 
mto the premises of the nearby Indian Institute, 
which would then be displaced if not dismembered 
Much. criticism was directed at this proposal and 
Bodley’s hbraran resigned on account of ıt Now, 
because the university has bought a number of houses 
around Wellington Square and also because the 
Franks Commission recommended that the admmıs- 
trative buildings should be in one place, the Hebdomadal 
Council has decided to apply for planning permission 
to redevelop Wellington Square, and move all the 
administrative buildings into that area But a new 
Indian Institute hbrary 1s already bemg built on top 
of the new Bodleian If, then, the new proposal 13 
accepted, all but the ground floor of the Clarendon 
Building and the old Indian Institute will be empty 

The council has not yet put forward suggestions for 
usmg this extremely valuable area m the centre of 
Oxford, considering ıt “premature?” until plannmg 
permission has been granted for the Wellington Square 
development It 1s possible that Hertford College will 
take over some of the Indian Institute building, but 
part at least will contimue to be used as a lbrary 
Sunilarly, it is suggested that the Taylorian Institute 
and Modern Languages Faculty will take up residence 
ın one corner of Wellington Square, leaving another 
large central area empty Here again no decision has 
yet been made on how to use the space 
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In north central Oxford, where most of the present 
science faculty buildings stand, the university has done 
well to buy (or to be m the process of buying) one million 
square feet of buildings, after the recommendation of 
the Holford Committee which reported ın 1963 New 
departments of psychology and zoology are at present 
bemg built and the Radcliffe Science Library, the 
School of Geography and the Physics Laboratories are 
being extended Since the Holford Committee sat, 
sixteen houses have been bought from colleges for the 
use of the Social Science Departments, and some of 
these have already moved into their new accommoda- 
tion Congregation will now have voted on the pro- 
posal to buy another nineteen houses, with 100,000 
square feet, for science facilities Despite the Govern- 
ment’s statement of January 16, 1968, further projects 
may be mcluded in the building programmes for 1970 
A new computer library will be built, and the adjacent 
Departments of Engineermg, Survey and Geodesy and 
Metallurgy will be extended The professors of these 
departments have already agreed to share as many 
facilities as possible, followmg the example of the 
zoology/psychology building, which will, the Heb- 
domadal Council states, guide many future develop- 
ments 


Reinforced Plastics 


THE production of carbon fibre remforced plastics 
(CERP) 1s now gomg ahead even though lcensmg 
and financing arrangements between the National Re- 
search Development Corporation and the three firms 
mvolved—Courtaulds, Morganite and Rolls-Royce— 
have not yet been finally decided Rolls-Royce 1s 
producing the plastics for 1ts own use, but Courtaulds 
and Morganite will sell CFRP in the general market 
Morganite 1s quoting prices of £35 per Ib for batch 
fibre and £100 per lb for continuous fibre, but 1t 1s 
acknowledged that prices will fall considerably when 
mass production 1s achieved. 

The development and applications of these very 
strong plastics were described by Mr L N Phillips, 
head of the Plastics Technology Section, Materials 
Department, of the Royal Aircraft Establishment, 
Farnborough, at a jomt session of the plastics and 
polymer group of the Society of Chemical Industry 
and the London Section of the Plastics Institute, on 
February 22 Mr Phillips began by pomting to the 
considerable experience of RAE in the development of 
cellulose, asbestos and glass remforced plastics for 
structural purposes. The general engmeering opmon 
was that glass fibre has too low a Young’s modulus, 
compared with metals, to be attractrve for structural 
purposes Conversely, ıt was reasoned that a new 
fibre with a Young’s modulus three to six times greater 
than glass would be of considerable mterest 

Attention was focused on carbon fibres some four 
years ago, because of the wide difference between the 
properties of commercial fibres then obtamable by 
rayon pyrolysis (Young’s modulus 6-9 millon lb 
per square inch, with ultimate tensile values of 50,000 
Ib per square inch), and the properties of graphite 
whiskers (Young’s modulus between 100 to 147 million 
Ib per square inch) Details of the RAE processes for 
making high-strength hıgh-modulus carbon fibres 
could not be given for commercial reasons, but the 
principle is to preserve the orientation already existing 
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m a highly aligned textile fibre as the polymer 1s 
destroyed by heat (The mventors are W Watt, W 
Johnson and L N Phlhps) Experments with the 
composites at RAE have shown that water absorption 
1s not a difficulty and that the fatigue hfe under various 
conditions 1s excellent, the heat build-up durmg fatigue 
testing being much less than with glass and other non- 
conducting fibres Friction and wear tests carried out 
at Farnborough have shown that when carbon fibres are 
meorporated into thermoplastics and thermosetting 
resins, the coefficient of friction 1s lowered and the 
rate of wear enormously reduced It seems as if a new 
class of bearmg materials has been created But many 
other uses for the materials have been uncovered—the 
Rolls-Royce Company has, for example, used them for 
very large fan blades m aircraft engines, which have a 
clear advantage m efficiency over titanium Aircraft 
structures, chemical plant, marme uses and space 
applications were also mentioned 

Considerable increases in the stiffness of thermo- 
plastics are obtamed by incorporating small amounts 
of chopped carbon fibres—for example, 10 per cent 
weight addition can mecrease the modulus by 100 per 
cent This is important ın the manufacture of large 
mouldings 

Sensible suggestions for further uses of CFRP are 
welcomed by the Ministry of Technology 


Crack Detector 


Tue development of a new mstrument for detecting 
invisible cracks ın 1ron and steel surfaces was announced 
on Monday by the National Research Development 
Corporation The new imstrument works on the 
principle that a coil carrymg an alternating current 
will induce eddy currents ın nearby conducting 
materials When the coil 1s moved over a surface crack, 
the crack causes variations ın the eddy currents leading 
to a change in the voltage across the coil This can be 
detected by a meter or made to sound a warning buzz 
m an earphone worn by the operator 

Eddy current techniques in non-destructive testing 
are not new, but up to now they have not been widely 
appled to ferrous materials This has been because 
variations 1n the distance of the coil from the material 
under examination, such as might be caused by pamt 
or rust layers, lead to mterfermg effects The advan- 
tage of the new mstrument 1s that ıt can be compen- 
sated for variations 1n the gap between the coil and the 
metal This means that once the electronic circuit has 
been balanced for a particular specimen the instrument 
can be used over rough surfaces which may be covered 
by pamt or rust, and over welds 

The initial umpetus for the design of a crack detector 
was provided by the discovery of cracks in the hull of 
the nuclear submarme HMS Dreadnought The 
instrument was developed by the Admiralty Materials 
Laboratory at Poole, and the patent rights were 
assigned to the National Research Development Cor- 
poration for exploitation Two licensees have been 
appointed to manufacture and sell the mstrument 

Because the new detector 1s simple, portable and 
rugged, 1t 1s hkely to find many applications for testing 
structures in the field Time savings of more than 80 
per cent are expected when compared with conven- 
tional magnetic methods of crack detection, which 
involve cleaning the surface under exammation About 
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70 prototype crack detectors made by the Admiralty 
Materials Laboratory are at present in use ın dockyards 
and research establishments The new mstrument is 
proving of interest to British Rail, which has recently 
been seriously troubled by cracks m railway lines A 
special version 1s m the process of development for 
fittmg to railway wagons so that the track can be 
inspected at high speed 


Scientific Memorabilia 


A PLEA for the preservation of unpublished scientific 
records, manuscripts and correspondence has been 
made by the President of the Royal Society and the 
Master of the Rolls The Royal Society and the 
Historical Manuscripts Commission have now formed 
a standing jomt committee under the chairmanship of 
Sir Harold Hartley with the aim of locating, preservmg 
and making accessible this material The committee 
is to prepare and publish a guide to the location and 
content of the personal papers of leadmg British 
scientists and technologists from the sixteenth century 
until, and imeluding, the time of Lord Rutherford 
(but excluding scientists still lıvıng) The preparation 
of this guide has been made possible by a grant from 
the Goldsmiths’ Company The librarian of the Royal 
Astronomical Society, Dr R E W Maddison, 1s to 
be editor Many of the papers are still ın private 
possession, and Professor Blackett and Lord Dennmg 
are appealing to all owners of such papers to write to 
Dr Maddison (at the Royal Astronomical Society, 
Burhngton House, Piccadilly, London, W1) and to 
mform him of what they possess The papers will 
remain the owner’s property—the aim is to locate the 
papers, to ensure their preservation, and to make them 
available in original or copy to historians 


New Ways of Making War 


A TWO-DAY conference on chemical and biological war- 
fare last week in London served at least as an oppor- 
tunity for breakmg down what Lord Ritchie-Calder, 
chairman of the conference, described as the conspiracy 
of silence on the subject The conference was held 
under the auspices of the newly formed J D Bernal 
Peace Library, and was attended by scientists and 
science journalists from several countries Lord Ritchie- 
Calder set the tone for the proceedings with a reminder 
—culled from the late Professor Johot-Curie—of how 
weapons hike these might be used without the intended 
victims knowing 

A long list of known chemical weapons was provided 
by Mr J Perry Robmson At one end of the spectrum 
are the so-called mot-control agents—lacrimators and 
the rest—which seem to be lethal in sufficiently high 
concentrations Nettle gases, dichlorfo.moxime, for 
example, sting hard Blood gases such as hydrogen 
cyanide block oxygen circulation Vesicants, of which 
mustard gas 1s typical, myure all kinds of tissues and 
can therefore be lethal §Involatility enhances their 
effectiveness Then there are nerve gases which inhibit 
cholinesterase and which are therefore the most rapidly 
lethal of these agents Mr Robmson was also able to 
describe several means by which these agents can be 
disseminated—one of the essential tricks of the trade 
Defence, he said, would probably be too expensive for 
most countries 
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Academician I Malek from Prague had very little 
new to say, although he emphasized the self-spreading 
capacity of biological agents and their cheapness He 
argued that the only defence against biological weapons 
was an international agreement to forbid ther use 

The uses of defohants were also discussed at the 
meeting, largely because of thew use in Vietnam by 
United States forces According to Professor Arthur 
Galston, professor of plant physiology at Yale Un.- 
versity, 1,000 square miles of Vietnam were dealt with 
in this way in the first 9 months of 1966 Dr F Kahn 
of the University of Paris held that agents hke these 
can be toxic to human bemgs—notwithstanding official 
statements to the contrary Dr Kahn ıs a member 
of a scientific commission set up for the International 
War Crimes Tribunal which met last year in Stockholm 
His evidence for the lethahty of defohants 1s based on 
evidence collected orally by a government committee 
in North Vietnam and experiments carried out with 
ducks 

Dr J H Humphrey, deputy director of the National 
Institute for Medical Research of the United Kingdom 
Medical Research Council, had a practical suggestion 
to make He argued that there would be great benefit 
in an arrangement by means of which the research 
establishments engaged on chemical and biological 
warfare were to become non-secret places, at least for 
a trial period Then, at least, taxpayers would know 
what was being done with their money 


Listing Overseas Visitors 


DrrFicu.r as 1b 18, tracing the names and numbers of 
overseas academic visitors at present undertakmg 
research m Britam is not mmpossible Two almost 
up-to-date lists have been compiled for United States 
and Commonwealth visitors showmg where they are 
and just what they are domg 

The US directory of American university teachers 
and senior scholars for 1967-68 was prepared by the 
US Information Service of the American Embassy 
mn London and contams over six hundred names 
The present location, field of study, the awards covermg 
the research, and the university or mstitute which the 
visitors attended ın the US are all quoted Data are 
based on information provided by registrars and other 
officers in British universities and, at this stage, copies 
are available only to university registrars (The US 
Embassy says that it 1s unable to supply further copies 
on demand ) 

The second hst, prepared by the Association of 
Commonwealth Universities, 1s based on mformation 
furnished by the registrars of member universities and 
university colleges ın overseas parts of the Common- 
wealth, and of former member universities in the 
Republic of South Africa Some 630 visitors are cur- 
rently in Britan and there 1s a hst of about 360 visitors 
shortly to arrive, dates of departure are given where 
known By circulating copies of the list to universities, 
learned societies and other interested bodies in Britain, 
the association hopes that this will assist contact 
between the members of these bodies and current or 
prospective visitors 

Although the lists are mcomplete, they provide a 
useful service which could usefully be taken up by 
countries outside the US and the Commonwealth 
which also have senior scholars m Britain 
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Preventing London Flood 


Tar possibility of catastrophic flooding m London has 
often been discussed, particularly since the disastrous 
floods m Florence ‘The idea of a barrier across the 
Thames to stop such a flood has been suggested on 
several occasions, but all schemes appear to have met 
with opposition, sometimes short-sighted, 1t seems Pro- 
fessor Hermann Bondi, chairman of ESRO, who 1s 
very concerned about the possibilty of flood, has just 
published a report called the London Flood Barrier 
It seems that Professor Bondi was approached by the 
Ministry of Housmg and Local Government in October 
1966 to consider the whole question of a barrier, not 
only its desirability and practicality, but also its 
possible design Professor Bondi admits that he 1s 
“not a avil engmeer’—some may criticize the report 
on this ground alone—but a flood barrier may well be 
the type of problem which needs an outsider’s view, 
cuttmg as 1t does across several interests In any case, 
the report deserves serious consideration 

Professor Bondi could scarcely make the frightening 
consequences of a serious flood m central London more 
clear As he says, “the case for preventing the flooding 
of a major part of London during a surge tide seems 
to me enormously strong We are at risk all the time 
and further delay only mvites the disaster” State- 
ments hke this, even if shghtly exaggerated, should 
not be taken lightly Rumblings hke this were heard 
before the Aberfan disaster 

The advantages and disadvantages of a permanent 
rather than a movable barrier are also discussed by 
Professor Bond: A permanent barrage or dam, with 
locks m the Woolwich region, although expensive, 
would be the best solution 1f seen m the context of a 
major plan for the development of the south-east 
A barrier of this type would be an effective flood 
defence as well as adding to the amemties of the 
Thames Regretfully, Professor Bond: concludes that 
this scheme would not answer the immediate problem 
He therefore moves on to discuss a removable barner, 
one which would only be put in place when there was 
umminent danger of a surge tide flooding central 
London Such a barrier would have no use other than 
flood prevention 

He rejects the idea of a retractable barrier close to 
the mouth of the river It should be possible to find a 
site further upstream where a narrower opening mm the 
barrier would not seriously impede shipping Three 
possible locations are suggested just below the Ford 
Motor Works, just above Dagenham Dock, and m 
Woolwich Reach In the case of the first two locations, 
a clear opening of 800 ft , or perhaps 750 ft , might be 
acceptable to shippmg interests In the case of Wool- 
wich something ın the range of 350-500 ft might be 
considered if the crver banks were cleared of moormg 
berths These sites are compared with the barrier at 
Long Reach considered in previous reports of the 
consulting engineers which required minimum clear 
openings of 1,400 ft 

The Government appears not to be apathetic to pro- 
posals for a flood barrer In a written answer to the 
House of Commons on February 20, Mr Anthony Green- 
wood, Minister of Housmg and Local Government, 
mentioned that the Greater London Council has under- 
taken to mvestigate, m consultation with the Port of 
London Authority and navigation mterests, the rela- 
tive merits of the two types of barrier, fixed and 
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movable, and the most suitable site for one Pre- 
sumably the Bondi report will be taken into account 
in these discussions The mimister 1s also gomg to 
consult the South East Economic Planning Council on 
the wider implications of the projects 


Parliament in Britain 


Technological Community 

Tue Prime Minister, Mr Harold Wilson, was pressed 
last week to give more details of his proposals for a 
European Technological Community Mr Norman 
St John Stevas suggested that ıt had been one of the 
Prime Mimister’s happier muitiatives—the only one, 
another member mterjected—and that ıt should be 
pursued with much more vigour Dr David Owen said 
that ıt was foolishness to refuse to share the technology 
of Capenhurst nuclear fuel enrichment plant with other 
European countries By domg this, the British Govern- 
ment was driving them to establish their own plants. 
Mr Heath thought that the Technological Institute was 
a better idea than the technological community, but 
that enrichment would be covered by the terms of the 
non-proliferation treaty The Prime Mimster was not 
very enlightening He said that discussions about the 
community had been held with representatives of the 
Dutch Government, the West German Government 
had welcomed the idea As for fuel enrichment, the 
British Government had said that 1t was prepared to 
jom with Europe in the setting up of a system for the 
production of enriched uranium-235 Britam had more 
know-how than others, he said, but they had cheap 
electricity (Oral answer, February 20 ) 


Research and Development 

Dr Jeremy Bray, Joint Parhamentary Secretary at the 
Ministry ot Technology, told Mr Gwynfor Evans, the 
only Welsh Nationalist member m the House, that 
research and development expenditure m England 
supported by his department in the year ending March 
31, 1967, had cost £2195 milhon Alas for Mr Evans, 
Dr Bray revealed that only an additional £2 million had 
been spent m Wales in the same period. (Witten 
answer, February 20 ) 


Channel Tunnel 

Mr Jonn Morris, answering questions for the Ministry 
of Transport, showed no inclination to cancel the Chan- 
nel Tunnel project Mr Clark Hutchinson said that the 
whole project was out of date, and asked when the 
Government would stop wasting public money and time 
on these futile projects Mr Eric Lubbock asked for a 
pause im the plans to see how well the new hovercraft 
service using the SRN 4 went Mr Morris said that the 
expected growth of traffic over the next thirty years 
showed that the tunnel was economically preferable to 
the alternatives (Oral answer, February 21 ) 


Computers 

Mr Wevewoop Benn, Mimister of Technology, said 
the number of computer mstallations in operation or on 
order ın the UK ım 1970 would be not less than 5,000 
Not less than 1,500 mstallations would by then be at 
the planning stage These revised estimates would 
mean that more computer personnel would be needed 
By 1970, there would need to be 300 advanced pro- 
grammers, 20,000 people fallmg mto the category of 
systems designers or systems analysts, and 25,000 
operators (Written answer, February 22 ) 
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Boom in Radio Astronomy 


Ir seems already as uf 1968 will be a vmtage year for 
radio astronomy Last week, from Cambridge, there 
was described in Nature the discovery of radio signals 
from a pulsatmg radio source which seem as if they 
may turn out to be signals from one of the long-sought 
neutron stars Now, this week (see page 818), there 
comes evidence of a survey of the sky for radio sources 
at a frequency of 2,700 MHz which seems as if it may 
reopen some cosmological discussions which had 
seemed quite recently to have been finished 

The signals which may come from neutron stars 
were recorded by the Mullard Radio Astronomy 
Observatory at Cambridge using a new radio telescope 
which can detect sources considerably famter than 
previous surveys They are unusual because they 
consist of an emission of descending frequency which 
repeats itself every 1337 seconds ‘This repetition 
period ıs maintamed with breathtakmg accuracy—the 
true period 1s constant to better than one part m ten 
milion Up to now, four of these peculiar sources 
have been discovered, although the position of only 
one of them was given in the article m Nature last 
week by Dr A Hewish and his colleagues (Nature, 217, 
709, 1968) 

Neutron stars are believed to represent the final 
stages in the hfe of certam knds of stars When the 
nuclear fuel sustaimmg these stars ıs exhausted, they 
contract to become what ıs an extremely dense star 
known as a white dwarf, the size of which 1s com- 
parable with the Earth White dwarfs are difficult to 
detect because they are rather faint objects, but about 
250 of them are known to exist The next stage in the 
evolution of these stars may be the gravitational 
compression of white dwarfs to neutron stars 

Much of the observational interest of the new dis- 
covery stems from the way m which it 1s possible to 
use the character of the signals which are received at 
the Earth as a means of fixmg an upper hmit for the 
distance of these objects Briefly, ionized hydrogen 
in mterstellar space should modify by dispersion the 
character of the radio pulses reachmg the Earth, and 
this line of argument suggests an upper lhmit of 65 
parsecs for the object which has so far been studied m 
detail, which m turn suggests that these pulsatmg 
radio sources may be comparatively common in the 
galaxy Obviously there ıs a staggermg wealth of 
observation now to be undertaken 

The new survey of the southern hemisphere 1s a 
different story For several years, radio astronomers 
have tried to distinguish between different models of 
the universe by making counts of radio sources One 
simple procedure has been to plot log N against log S, 
where N 1s the number of radio sources havmg a radio 
flux greater than S The result 1s sometimes a straight 
line, and the slope of this lme has some importance for 


cosmologists On the simplest view of a Euclidean 
universe containmg a uniform distribution of similar 
sources, the slope of the “log N-log S” curve should 
be —15 Apparently this ıs also the value to be 
expected if the steady state view of the universe holds 

Up to now, counts of radio sources outside the galaxy 
have led to values of —1 8 for the slope of the log N- 
log S curve On page 818 of this issue of Nature, 
however, 1s a paper by an Australan group who have 
used the 210 feet Parkes radio telescope to obtain a 
slope of —1-4 The chief difference between this and 
previous surveys 1s the choice of observing frequency, 
the new result refers to radio fluxes at 2,700 MHz 
whereas previous source counts were compiled at much 
lower frequencies 

This suggested to the Austrahan group that the 
discrepancy between therr result and the previous work 
may be explamed by a detailed examimation of the 
spectra of the sources used ın the different surveys 
Bearmg out this notion, there seems to be a large 
range in the form of radio source spectra As well as 
the problems posed by possible differences m the 
spectral content of the various surveys, the type of 
radio source observed seems to depend to some extent 
on the frequency at which the counts are compiled 
For instance, the new survey contains many quasi- 
stellar objects which were not m an earlier count 
made at Cambridge The outcome of all this un- 
certamty 1s that the value of the log N—log S curve as 
a means of distimguishing between theories of the 
universe 1s made even more questionable 


Plants for South Kensington 


Tue department of botany of the British Museum 
(Natural History) has received as a bequest the herb- 
arium of the late Georges Le Testu of Caen The 
collection consists of about 15,000 specimens of flower- 
ing plants and ferns from Africa, and will be very 
useful to botanists working on the classification and 
identification of plants from this part of the world 

Le Testu was trained as an agronomist and worked 
for an agricultural firm m Dahomey durmg 1900-1902, 
and for another m Mozambique from 1904 to 1906 
After that he entered the French colomal service and 
served ın Gabon and Oubangi-Chan from 1907 to 1934 
Throughout his time in Africa, Le Testu collected 
plants as often as his duties allowed Of his collection, 
he gave one set of plants to the Muséum National 
d’Histoire Naturelle in Paris Many of these were type 
specimens, from which the origmal descriptions of 
species were made This Paris collection was used by 
F Pellegrin for a series of papers entitled “Plantae 
Letestuana Novae” published m 1923-1955 Le Testu’s 
Paris collection was also the chief source for the Flore 
du Mayombe, and for various other works about the 
plants of this part of Africa 
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The plants recerved by the British Museum consti- 
tuted the other part of Le Testu’s collection, and are 
mmportant because they include many isotypes, that 1s 
duphcates of the type specimens held m Paris The 
bequest 1s very valuable because many of these plants 
have not been available at the British Museum before 
The Le Testu bequest fills a gap that has been a cause 
of difficulty to botanists working m London on floras of, 
for example, tropical East Africa—a project which 18 
bemg carried out jomtly at the Museum and at the 
Royal Botanic Gardens, Kew 

The British Museum’s herbarium, consisting of 
preserved flowermg plants, bryophytes, lichens, fungi 
and algae, 1s available to anyone engaged in work for 
which they require to study this plant material The 
value of the collection 1s mostly to those who are 
preparing floras—identification manuals—of the plants 
of a particular region, and monographs about particular 
groups of plants This sometimes requires considerable 
rethinking of classification, and ıt 18 preferable to have 
preserved specimens to refer to than to have recourse 
only to written accounts The collection at the British 
Museum 1s about two-thirds of the size of that at Kew, 
and one and a half times as large as the third national 
collection which 1s n Edinburgh 


Marine Sediment Studies 


THE meeting last Thursday of the Marme Studies 
Group of the Geological Society of London was devoted 
entirely to recent work on Holocene marme sediments 
near the British Isles Six papers at the meeting, 
organized by Mr A H Stride, dealt with sediment 
deposition m environments ranging from an estuary 
to the sea floor of the English Channel It was made 
clear how factors such as current strength, exposure 
and source of sediment material have affected sediment 
deposition in the past and still do Unfortunately, 
only half an hour was allowed for each paper, which 
was a pity, particularly for a paper on estuarime 
sediments read by Dr J E Prentice Dr Prentice is in 
charge of a research team from King’s College and 
Sir John Cass College which has been working on 
sediments of the Thames Estuary for the past 6 to 7 
years 

Various aspects of the work of the team have been 
published before, but this meetmg was the first tıme 
that the work as a whole has been summarized The 
importance of the research on the Thames cannot be 
underestimated, for it 13 mextricably bound up with 
long-term economic planning of the future of the 
Thames Only last week, a new scheme was proposed 
for a barrier across the river by Professor Hermann 
Bondi (see p 800) A further scheme m a wider 
context which would mvolve not only the river and 
the docks, but roads, motorways and airports as 
well, was also outhned by Mr John F F Clarke 
m last week’s New Screntist (Vol 37, February 22, 
page 402) 

The sediments of the Thames Estuary extend over 
an area of more than 500 square miles, are up to 100 
feet thick and are made up of a variety of materials 
from finely lammated clays to coarse conglomerates 
What the sedimentological team found surprismg was 
that all the sediments are mobile, and they would 
only stop moving if there were a substantial fall ın the 
sea level Although there 1s no evidence of an overall 
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increase ın silting up of the estuary durmg the period 
of research, there had been many changes in the 
distribution of sediments m the outer regions A 
system of channels, the Edmburgh Channels, for 
example, which was navigable ten years ago 1s rapidly 
sutmg up—other systems of deep channels, however, 
seem to form to take its place 

For the purpose of the research, the Thames was 
divided mto three parts the mner estuary (as far 
down as Southend), the middle estuary and the seaward 
outer estuary In the mner estuary, mud deposition 
1s dommant Fme clay m suspension enters from 
upstream and, on meeting the sea-water, flocculates 
and begins to fall through the water column This 
takes up silt and fine sand, and forms a dense suspen- 
sion. of black “fluid mud” which clings to the bed of 
the river It ıs normally kept m motion by water 
movement, but the fluid mud layer can also flow by 
gravity mto channels and hollows Erosion of mud 
banks 1s apparently reduced to some extent because 
the Thames embankment 1s kept ın a reasonable state 
of repair Shippmg, however, has an effect because 
the washes help in the erosion of mud flats and m keep- 
ing the fluid mud m suspension In the middle estuary, 
the characteristic sediment 1s fine sand, although 
there are also fine clay and coarse pebbles The possible 
sources of these sediments were described by Dr 
Prentice 

Mr N H Kenyon spoke on the phenomenon of sand 
ribbons—long ribbons of sediment, known to be up to 
4 miles long and up to 200 yards wide, found on the 
sea floor around the British Isles m most of the areas 
where the tidal currents have maximum speeds near 
the surface of the sea of about two knots or more 
They can be used to infer present-day transport paths of 
the bed load, but, because they are not usually pre- 
served, they are of httle use as mdicators of palaeo- 
currents The ribbon pattern may, however, be 
preserved m negative as linear shell beds, because 
living organisms have been seen to prefer the more 
permanent coarse material between the mbbons It 
was suggested that the material of the mbbons 1s a 
shelly sand that ıs ın a contmuous but restricted 
supply It ıs derrved mainly from the reworking of 
relict sedament and from the shelly material of the 
local benthos 


Looking Backwards for Resonances 
from a High Energy Physics Correspondent 


Ons of the most exciting aspects of high energy physics 
m recent years has been the discovery of very large 
numbers of largely unsuspected resonances and the 
determination of their properties A report of a recent 
experiment performed at the zero-gradient synchrotron 
at Argonne National Laboratory (A D Krisch et al, 
Physical Renew, 164, 1661, 1967) demonstrates clearly 
for the first tıme the value of a powerful yet simple new 
technique for studymg such resonances in the pion- 
nucleon system 

Because these resonances have such short hfetrmes 
that they cannot be “seen” m any direct sense, the 
traditional methods of determming their masses, 
widths (hfetimes) and internal quantum numbers have 
been to look for anomalous variations of total cross- 
sections for scattermg processes, and the enhanced 
groupings of two (or more) particles m inelastic experi- 
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ments Then the spms and parities of these states 
have been deduced from angular distributions of the 
outgomg particles ın the elastic scattermg events 
The new idea 1s to study pions (in this case negatively 
charged ones) scattered at 180° from proton targets 
When this backwards elastic differential cross-section 
is plotted agamst meident beam energy 1t exhibits a 
most striking structure, which can then be interpreted 
almost trivially ın terms of resonance effects 

In the present experiment, where the medent 
energy range 1s from 1 6 to 5 3 GeV/c, there 1s evidence 
for some nine peaks and dips (many of which stand 
out quite vividly) superrmposed on a smooth and 
steadily decreasing background The mterpretation of 
the background effect 1s for the present purposes 
unimportant, although models for ıt ın terms of elemen- 
tary or alternatively Regge baryon exchange have 
accounted for ıt ın a reasonable manner, all that one 
requires 18 that ıt be smooth and should not change 
sign Then each pronounced peak or dip 1s mterpreted 
as the effect of the pion and proton forming a resonant 
state during the scattermg so as to produce construc- 
tive or destructive mterference with the background 
term As the meident energy at which a peak or 
dip occurs 1s trivially related to the mass of the reson- 
ances, these masses are effectively measured directly 
Perhaps the most elegant feature, however, is that 
resonances of positive parity interfere constructively 
to produce peaks, and negative parity resonances 
produce dips, so that the parity of a resonance can be 
read off from the curve at a glance The determmation 
of such other parameters as elasticity or partial width 
is on much less firm foundation, but at least some 
indication of their values—to within factors of two, 
say—may be obtamed by detailed analysis 

The present experiment has not only shown the value 
of the technique but has also provided the theoreticians 
with at least two big problems Fust, there is a 
dramatic destructive interference (which the reader 1s 
urged to view for himself) at around 2 2 GeV resonance 
mass, m which the cross-section drops by two orders 
of magnitude Second, there 1s a large narrow peak 
at a resonance mass of about 3 25 GeV, suggestmg a 
resonance there which has a width of the order of 
l per cent of its mass That such a stable particle 
(half-hfe about 10-22 seconds) should exist at so high 
a mass will not be easy to explam 


Italian Crystallographers 
from a Correspondent 


THE newly founded Italian Crystallographic Associa- 
tion held its first general assembly m Perugia from 
January 11-13, 1968, m the Department of Chemistry 
of the University of Perugia, under the presidency of 
Professor F Mazzi The general assembly was com- 
bined with a symposium on the subject of four circle 
diffractometers The two mtroductory lectures were 
given by B T M Wilks, who gave a general account of 
the whole subject 

Papers which followed covered the selection and 
operation of diffractometers W A Wooster (Cam- 
bridge) maimtamed that the accuracy of 0 01° usually 
quoted by makers of four circle diffractometers 1s not 
necessary, except on w- and 20-circles, when they are 
used for accurate measurement of lattice dimensions 
He also discussed the relative merits of absolute-reading 
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and difference-reading digitizers. J Hornstra (Holland) 
described the PAILRED mstrument, emphasizing 
the simphieity of a lnear diffractometer which requires 
no computer or calculated angles R L Beddoes 
(London) described the Hilger and Watts diffracto- 
meter and gave an account of its practical application 
D W Beard (Cleveland, Obio) dealt with crystal 
monochromators mounted in horizontal and vertical 
orientation and pomted out the relative merits of 
crystal reflected and filtered radiation Æ. Curcio 
(Rome) described the GE diffractometer A J H 
Duisenberg (Holland) gave an account of the Nonius 
diffractometer and of some of the structural work 
carried out with it E R Wolfel gave an account 
of two Stoe diffractometers The first combmes a 
Weissenberg photographic goniometer with a detector 
so that ıt becomes an equi-inclination diffractometer 
and the second 1s a four circle diffractometer with a 
special mountmg for the X-ray tube The last paper 
was given by H. Mayer (Germany), who described the 
Siemens four circle diffractometer, laying special 
stress on the accuracy of 1ts mechanical construction 


More Allosterism 
from our Molecular Biology Correspondent 


Ir has sometimes been difficult of late to avoid the 
disagreeable impression that the greater portion of 
biochemustry, 1f not mdeed of chemistry, 1s gradually 
bemg engulfed by the allosteric hypothesis as particular 
cases of the universal truth Among the all too large 
number of supposed allosteric phenomena ın the current 
hterature there ıs, however, an interesting group of 
articles on the enzyme aspartate transcarbamylase, 
which was studied by Gerhart and others, with the 
interesting upshot that the catalytic and regulatory 
sites occur on. different sub-units 

This work has now been extended by Changeux, 
Gerhart and Schachman (Biochemistry, 7, 431 and 538, 
1968), who have studied the binding of ligands to the 
protem and its sub-units There are two catalytic and 
four regulatory sub-units, but ıt appears that four 
sites ın all are present which will bind the substrate 
analogue, succmate, and four sites for the mhubitor, 
cytidme triphosphate (CTP) This situation can be 
accommodated by the capacious allosteric theory of 
regarding the enzyme as an isologous aggregate of 
four protomers (effective sub-umits), each consisting 
of one regulatory sub-unit and half a catalytic sub- 
unit In the intact protem, only the binding of suc- 
emate follows a sigmoidal saturation curve, so that 
the substrate sites evidently function m. a co-operative 
manner The reciprocal effect of substrate on mbhuibitor 
binding has also been demonstrated, uptake of CTP 
bemg partly reversed by succmate 

In the same issue of the journal, Gerhart and 
Schachman seek evidence for the conformational 
changes which are expected to accompany the attach- 
ment of hgands It was m fact reported almost two 
years ago by Dratz and Calvin that the addition of 
succinate engenders m aspartate transcarbamylase a 
considerable change m optical rotatory dispersion which 
can reasonably be mterpreted mm terms of a difference 
in the content of a-helix Gerhart and Schachman 
have, however, chosen a chemical approach—reactivity 
of sulphydryl groups Reaction with mercurial leads 
to dissociation of the enzyme into its sub-units, but 


804 


this turns out to be a co-operative process at inter- 
mediate stages of the reaction only mtact unreacted 
and fully reacted dissociated species were present. The 
rate-determmmg factor 1s then the reactivity of the 
native enzyme (most probably m fact its dissociation 
into the reactive sub-units) and this can be measured 
Addition of the two substrate species, succmate and 
carbamyl phosphate, led to a large merease mm the 
rate of reaction, which was partly annulled by the 
inhibitor CTP The substrates at the same time 
brought about a small dimmution m sedimentation 
coefficient, which was again opposed by CTP From 
the absence of any dependence on enzyme concentra- 
tion, ıt was surmised that the substrates mduce a 
true change im frictional coefficient rather than a 
gross shift in dissociation equilibrium It does therefore 
appear that an appreciable structural change occurs 
when the substrates are attached Changeux and 
Rubin (ibid , 561) show that the experimental data 
can be satisfactonly fitted on the basis of the two- 
state allosteric model, such that the substrate binds 
only to one of the conformational isomers, the mhibitor 
preferentially to the other, and that im the absence of 
ligands the two states co-exist, with a four-fold pre- 
ponderance of the catalytically active form 

It 1s worth noting, as part of the discussion of 
allosteric mechanisms, an article by Sweeny and Foster 
(bid , 561) in which a clear formulation 1s given of the 
generation of sigmoid binding curves by isolated 
catalytic sites The requirement 1s only that there 
shall be alternative reaction pathways to the protem- 
ligand complex Several such models are described 
Another imteresting analysis of co-operative bmding 18 
given by Klapper and Klotz (sbid , 223) for situations 
mvolvmg an aggregation equilibrium m which the 
affinities of the associated and dissociated states for 
a given ligand differ Measurement of hgand affinities 
can be used to yield the equilibrium constant for the 
protem. dissociation, and a strikmg application to the 
dissociation of haemerythrin 1s described 


Symmetry of RNA Transcription 
from our Cell Biology Correspondent 


Iw 1966, Szybalski and his collaborators proposed that 
clusters of pyrimidine residues m DNA are somehow 
related to RNA transcription, possibly acting as 
initiation and termmation signals for RNA polymerase 
At the time the evidence for this hypothesis was 
thin, and the theory itself may well be an oversimplifi- 
cation, but all the evidence obtaimed since 1s compatible 
with Szybalski’s suggestion In the latest paper from Szy- 
balski’s laboratory, Summers and Szybalska (Virology, 
34,9, 1968) report that more than 99-8 per cent of the 
T, and more than 99 per cent of the T, coliphage 
messenger RNA molecules that are made throughout 
the phage growth cycle are transcribed from only one 
of the two complementary strands of T, and T, DNA 
And the strand which 1s transcribed contains clusters 
of cytosme residues, while the strand that is not 
transcribed has neither cytosine nor thymine clusters 
Summers and Szybalski used the DNA/RNA hybrid- 
ization technique to study T, and T, transcription and 
the success of their experiments depended on their 
abılıty to separate the two complementary strands of 
T, and T} DNA They did this with the techniques 
that have been developed by Szybalsk1’s group over the 
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last three years for separatmg the DNA strands of 
phage and bacteria If one of the two strands of a DNA 
molecula contains more cytosine than the other, they 
can be fractionated by first heatmg the DNA to 
separate the strands, then binding a polyribonucleotide 
rich m guanine to the C rich strands, so mereasing 1ts 
density, and then separating ıt from the C poor strand 
in a caesium chloride gradient 

Having separated T, and T} DNA strands m this 
way, Summers and Szybalski were able to show that 
all the messenger RNA made at both early and late 
times hybridizes specifically with the C cluster strand 
Control experiments proved that the two DNA strands 
are not self-complementary and that O poor strand 1s 
available for hybridization so that its failure to hybrid- 
ize MRNA 1s not an artifact 

Clearly only one strand of T, and T}, DNAs, the one 
rich m cytosine clusters, acts as template for messenger 
RNA Similarly, Mamur and Greenspan (1963) reported 
that only the pyrimidme mich strand of phage SP8 
hybridizes with SP8 mRNA Szybalski’s group 
(Taylor, Hradneca and Szybalski, Proc US Nat. Acad. 
Se. , 57, 1619, 1967) reported that both strands of A 
DNA act as templates and this correlates well with the 
occurrence of pyrimidine rich clusters on both strands 
Also Habich ef al (1966) found that although both 
strands of Bacillus megathervum DNA act as template 
for mRNA, the pyrimidme rich strand contains most 
templates And mRNA must also be transcribed off 
both strands of T, DNA because Streisinger et al 
(J Mol Bool, 81, 607, 1968) have concluded from 
genetic experiments that the lysozyme and r II genes 
are translated m the opposite direction to T, head 
protein 

Given the correlation between template function of 
DNA strands and their high content of pyrimidine 
clusters, it 1s tempting to speculate that dC or dT 
clusters act as mutiation and possibly termmation 
signals for RNA polymerase Two ın vtro experiments 
with RNA polymerase support this speculation First, 
most mRNA made ın vtro with E col as templates has 
A or G at the 5’ terminus (Maitra and Hurwitz, 1965) 
Second, Chamberlain (1967) reported that when poly 
dCdG@ or poly dTdA are used as templates on vitro, RNA 
initiation and termimation occur very frequently 

What sort of signals can clusters of pyrimidines 
provide? Langridge (1967) found that synthetic 
double helical DNA with pyrimidines on one strand 
and purines on the other had shghtly different structure 
from native DNA Summers and Szybalski suggest that 
this modified structure in the regions of native DNA 
with pyrimidine clusters could serve as a recognition 
region for RNA polymerase 


Isoenzymes and Cancer 
from our Medical Biochemistry Correspondent 


Iris now well known that lactate dehydrogenase (LDH) 
1s found in five electrophoretically separable forms 
known as isoenzymes or isozymes The enzyme 
molecule is made up of four sub-units, each of which 
can be one of two types known as H and M sub-units 
The possible combmations of H and M sub-units give 
the five forms of LDH which can be separated by 
electrophoresis m suitable conditions 

In a study of the LDH isozymes m normal human 
uterus, mn myoma and in carcmoma of the uterine 
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cervix, Okabe and co-workers (Biochemistiy, 7, 79; 
1968) have found, lke many other workers working 
with many other kinds of tumours, that there 1s a 
preponderance of isozymes contammg M sub-units 
in the malignant tissue from tumours They found, 
for example, that the benign uterme tumour had an 
isozyme pattern very simular to the pattern m normal 
human uterus They isolated the isozymes from the 
tissues and found that those from the malignant tissue 
showed a higher rate of reaction with nicotmamuide 
adenine dinucleotide analogues than the other types 

An enhanced production of lactic acid from pyruvic 
acid (brought about by LDH) 1s the outstanding bio- 
chemical difference between malignant cells and normal 
cells Indeed, when Warburg first discovered the high 
rate of glycolysis m tumours, he suggested that this 
was the cause of mahgnant growth Opmion has 
recently tended to swng away from this theory, but 
there 1s now some evidence that the change m LDH 
isozymes may be one of the earhest alterations when a 
tissue becomes malignant and that this change m LDH 
may influence the rate of glycolysis 

In 1966, Latner, Turner and Way (Lancet, un, 814, 
1966) found that m specimens of pre-invasive carcmoma 
of the cervix obtamed at operation, the amount of 
change ın the LDH pattern seems to be correlated 
with the amount of tumour tissue In some cases, 
however, the LDH pattern was changed even though 
there was no evidence of carcinoma when sections were 
exammed All the specimens must have contamed 
some tumour cells, for cancer had been diagnosed from 
cervical smears The LDH isozymes were changed 
before any change m the activity of lactate, glucose 
6-phosphate or 6-phosphogluconate dehydrogenases 
was measurable 

Langvad (Inter J Cancer, 3, 17, 1968) has now 
measured the ratio of LDH isozymes with 3H, and 
MH, constitutions ın samples from the tumour and 
from apparently normal colon of operation specimens 
from thirty-six patients with carcmoma of the colon 
Each tissue sample was halved longitudimally, one 
half beg used for the preparation of LDH isozymes 
and the other prepared for histological exammation 
The mean ratio for samples contammg tumour tissue 
was 1-5-1 6, while the mean ratio for samples with no 
tumour tissue was 0 7-08 Usually the ratio decreased 
with distance from the tumour, but some specimens 
had local areas where the ratio rose considerably 
above 08 and approached the ratio found m the 
tumours These patches where the ratio mereased 
were often at considerable distances from the edge of 
the tumour It ıs not unusual to find more than one 
primary tumour in patients with carcinoma of the 
colon, so these areas where the LDH ratio changes 
towards the tumour ratio may well be areas which 
will eventually become mahgnant The change m 
LDH isozymes seems to occur before the tissue looks 
mahgnant, and may be one of the earliest detectable 
changes in a tissue which 1s developing a tumour 


Phage RNA Replication 


from our Cell Biology Correspondent 


For several years, there has been great imterest m the 
mechanism by which the single-stranded RNA mole- 
cules of coliphage are synthesized § Weissmann’s 
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group (Ferx, Pollet and Weissmann, Proc US Nat 
Acad Scr, 59, 145, 1968) has now demonstrated that 
the minus strand RNA molecules of Q8 coliphage, 
which are mherently non-mfectious, can serve as 
templates for the ın vitro synthesis of Q8 plus strands 
Last year Weissmann proposed that the mmus strand 
—not a duplex molecule with plus and minus strands 
hydrogen bonded together—is the template for syn- 
thesis of progeny plus strands during the replication of 
the single-stranded RNA genome of Q8 (see Nature, 
214, 1287, 1967) Two observations supported this 
idea First, some of the mmus strands made ın vwo 
in QB infected E cols occur m a complex with molecules 
of replicase and with plus strands but are not hydrogen 
bonded to the plus strands Secondly, neither of the 
two species of double-stranded RNA molecules— 
rephcative form and replicative mtermediate—which 
can be extracted with detergent and phenol from 
QB infected Æ cole serves as a template for @B 
replicase in vitro unless ıt has been denatured by 
heat The only way to test this hypothesis, however, 
was to isolate mmus strands and mvestigate their 
template properties 

In November last year (see Nature, 216, 639, 1967) 
Weissmann’s group reported the isolation of pure 8 
minus strands Now they have found that the mmus 
strands do mdeed direct a rapid synthesis of Q8 plus 
strands In the presence of the four nucleotide triphos- 
phates, Q8 minus strands promote rapid synthesis of 
RNA plus strands by Qf replicase In fifteen minutes 
the amount of RNA synthesized 1s three times the 
input of RNA, but with Q8 plus strands as template, 
less RNA and fewer infectious units are made Further- 
more, the enzyme 1s saturated by a much lower concen- 
tration of plus strands than mmus strands and, at high 
template concentrations, meorporation into RNA 1s 
about seven times greater with mmus strand than 
with plus strand templates Feix et al calculate that 
with minus strands as templates, a plus strand 1s 
made m about 100 seconds, which means that about 
30 phosphodiester bonds are formed per second 
These results are compatible with the assumption that 
the rephease preparation contams a small number of 
bmding sites specific for plus strands and a larger 
number of binding sites specific for mmus strands 
Whether these two sites are on different sub-units of 


. one protem or on two different protems remams to be 


seen. 

Spiegelman’s group, unconvinced by the evidence 
obtamed by others for the existence of a mmus strand 
and 1ts role ın replication, has been domg experiments 
to convince itself First, the group has satisfied itself 
that a mmus strand exists and, ın 1ts latest contribution 
to the Proc US Nat Acad Sc. (59, 141, 1968), Pace, 
Bishop and Spiegelman conclude that repheative form 
and mtermediate, which they had chosen to call 
Hofschneider and Frankhn structures, are ın fact 
mvolved in Q8 replication and deserve their original 
names 

Also ın the current Proc US Nat Acad Scr (59, 
185, 1968), Nayak and Baluda describe the isolation, 
by phenol extraction, of replicative intermediate RNA 
molecules from chick embryo cells infected with equine 
mfluenza virus Because replicative intermediates 
have also been found in cells infected with poho virus, 
it appears that all smgle-stranded viral RNA mole- 
cules are replicated by the same basic mechanism 
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Action after the Dainton Reports 


by 
L. ROSENHEAD 


University of Liverpool 


Tue Interim Damton Report of 1966 and the recent 
Danton Report of early 1968 bring a number of national 
and educational issues into sharp focus These issues 
have become dangerously acute for Great Brita within 
Just a few years The danger hes m the fact that while 
our national welfare has become increasingly dependent 
on engineermg, technology and science, the percentage 
of “dedicated young scientists’? entermg the sixth forms 
has dropped from 415 per cent m October 1961 to 314 
per cent ın October 1966 ‘This means that the science- 
based activities of society are rapidly losmg favour 
among the brightest of Britam’s young people, just at 
a time when. our national economy has been experiencing 
crisis after crisis This deliberate turning away from 
engineering, technology, science, medicine and related 
work will have far-reaching effects on recruitment to those 
sectors of our national activities which are dependent 
on science, and will aggravate the effects on society 
of the brain drain at high levels of expertise. 

This situation has developed at a tıme when the relevant 
age groups are smaller than those of the bulge years 
that immediately preceded them, with the result that 
both trends have already combined to produce ın recent 
years a substantial numerical decrease in the number of 
dedicated scientists n our sixth forms While this has 
been gomg on, the srxth forms themselves have been 
growing in size, but the increase has appeared in groups 
interested ın “the traditional arts”, “socio-economic 
studies”, “craft, domestic and commercial subjects” 
and, quite appreciably, in a mixed “‘science-with-arts” 
group The increases are therefore appearing in sectors 
which, under present conditions of university entrance, 
make the members of those groups ineligible for admıs- 
sion to courses of struction currently given in faculties 
of engineering, technology, science and medicme— 
even if they desired to enter those faculties In addition, 
I have recently been told that appreciable numbers of 
the apparently dedicated scientists of our sixth forms 
are moving over to the study of economics when they 
enter universities 

From these facts there emerge a number of important 
issues Should we welcome these developing trends, 
or should we passively accept them? Are they m the 
national interest ? Will they lead to appreciable unem., 
ployment ın. the near future among a substantial propor- 
tion of our university-tramed people ? These are matters 
meriting very careful consideration and early decision 
If we are concerned with the public welfare, we would 
do well to remember a tellmg phrase from the recent 
government ‘Brain Drain Report”? (Cmnd 3417) which 
reads “‘ the source of national wealth ıs m the creative, 
productive industries of this country”, and another from 
Professor J K Galbraith’s recent book The New Industrial 
State (Hamish Hamilton) which goes “It is the vamty 
of educators that they shape the educational system 
to ther preferred mage They may not be without 
influence, but the decisrve factor 1s the economic system” 

There ıs an unresolved conflict between the ideas of 
those who favour “a general education” and of those 
who stress the importance of adjusting educational 
curricula, and procedures to meet the changing needs 
of society In this conflict we are confronted not with 
a problem of right versus wrong, but with a problem 
of right versus mght, and ın such a situation there is 
only one way ın which to move ahead, and that is by 
way of compromise—a middle way must be found I 


What are the reasons for the swing away from science at sixth 
form level ? 


welcome the increased vitahty shown by secondary 
schools in increasing the range of studies in their sixth 
forms—by so domg they have mduced large numbers 
of young people to remain at school and try ther hand 
at advanced work But this growth of our sixth forms 
is occurring largely among those who do not seem to 
want to turn to the science-based activities of society. 
What are the reasons for this? Are they connected with 
the pattern of education in schools? Or the specialized 
entrance requirements of universities? Or the ideas of 
young people about society generally ? 

Young people sometimes complain that they were 
not warned of the existence of university entrance 
requirements before they started on their sixth form 
work One knowledgeable headmaster told me that he 
makes a pomt of meeting individual members of his 
sixth form before they start work, and of discussimg their 
subject groupmgs Those who have attached themselves 
firmly to either science or arts present little difficulty, 
but the mixed science-with-arts people are warned that 
they are cutting themselves off from science, though 
not necessarily from arts, social science or economics 
They are also warned that they will probably have to 
make many enquiries before they find a university that 
will accept them ‘The fact that sixth formers are not 
automatically accepted by universities on the basis of 
any grouping of sixth form studies, and the quite demand- 
ing requirements of the science-based. faculties of univer- 
sities, are, in the opinon. of some headmasters, important 
factors in the “swing away from science” 

According to some people the swing away from school 
science has been reinforced by the siren-hike lure of the 
word “management” and its implications, but I feel 
that the spurious part of this attractiveness will become 
evident m a very short tame I also beheve that ıt will 
soon come to be recognized that a training ın engineering 
or scence, reinforced by instruction m economics, and the 
ideas and techniques of management services, 1s the 
best preparation for management activities and decision 
making 

The reasons for the nature of current university 
entrance requirements in engineering, technology and 
science are that science-based university courses are, 
in Great Britain, all highly intensive ın one way or 
another They are geared to the production of high-level 
specialists The tempo of university work 1s fast, and the 
time is short Science-based university studies bear the 
mark of recent additions to knowledge and understanding, 
and the studies are hard and demanding In order to 
achieve the current academic level of an honours degree 
in 3 years our science-based faculties demand some 
previous knowledge of certain basic disciplines, and 
these demands are embodied in entrance requirements 
which vary from university to university m accordance 
with the specialist outlooks of different academic com- 
munities As the boundares between the traditional 
sciences are collapsing the effect 1s that university science- 
based faculties are broadening the range of their entrance 
requirements; a knowledge of physies and mathematics, 
for example, is bemg increasingly demanded These 
reqmrements are not just whims—they are based on 
vahd speciehst attitudes to engmeermg, technology, 
pure science and medicine, and on one further condition 
This condition 1s that, m England and Wales alone 
of all the countries of the world, the standard of a mgh- 
level university “first degree” has to be achieved ın only 
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3 years—as a result of pressure ımposed by the appro- 
priate finance-awarding authorities. In order to meet 
this situation schools, of ther own free will, and ın 
order to prepare their students for university entrance, 
have in the past mtroduced specialization into their 
sixth form studies to a level that many people feel 1s in 
conflict with the requirements of “a desirable general 
education” It 1s in this way that continuing externally 
umposed financial pressure has transmitted speciahzation 
through unrversities into schools But schools now say, 
in effect, that as a result of ther shortage of science- 
specialist teachers they can no longer keep up the aca- 
demic pace At the same time the schools say that they 
wish to broaden the range of sixth form studies m the 
mterests of general education They also say that some 
of their sixth forms contain a growing proportion (up to 
three-quarters) of young people who have no intention 
of going on to university. But this 1s precisely the reason 
why extra attention should be paid to the needs of that 
diımmıshıng group who wish to serve society as engineers 
technologists, scientists, doctors, dentists, lawyers, 
specialist teachers, and so on 

There ıs, I feel, a sumple way of meeting this situation 
If more places were made available in our universities, 
and if 3-year and 4-year honours courses were run, m 
parallel, ın all universities, as a matter of principle, 
then the intensive nature of present entrance require- 
ments would automatically be relaxed, schools could 
drop some of their specialist mtensive sixth form work, 
and could devote themselves to a more flexible pattern 
of instruction whose principal aims would be the develop- 
ment of character, curiosity and self-rehance—as well 
as an appreciation of the arts and the sciences All that 
universities would then need to demand would be evidence 
of education, to agreed levels, over a range of subjects 
wider than at present—and this range would, 1t 1s hoped, 
span the “two cultures” In this way the need to make 
decisions at the age of about thirteen or fourteen, which 
drastically biases subsequent career choices, would dis- 
appear entirely 

But career choices, broad or narrow, cannot be post- 
poned indefinitely. Young people do have to make 
decisions about themselves and the basic question 1s 
“When?” I do not know the answer to this—except 
that ıt varies from individual to individual—but I am 
sure that young people should not be compelled to make 
such decisions at about the age of thirteen or fourteen 
when they know little of the challenge, motivations 
and objectives of the science-based activities of society 
At the same time, 1f a young person shows that he really 
knows what he wants, then I would not attempt to impose 
on him the elements of a completely non-oriented educa- 
tion in place of the ingredients of an oriented one En- 
forced dispersion of studies may be quite as inflexible 
and as harmful as enforced concentration of studies 
Education for lıvıng should not be planned on too many 
preconceptions, though some may, of course, be neces- 
sary And, above all, flexibility of approach, within 
reasonable limits, should be the hallmark of our educa- 
tional system I feel ıt reasonable to expect that, if up 
to the age of about sixteen a young person has been 
exposed to stimulating, thought-provokmg instruction, 
1t should reinforce his out-of-school experience to such 
an extent as to produce in him some kind of career 
motivation, broad or narrow, and that by the age of about 
eighteen the career-decision should be, if not firm, then 
at least more sharply defined than at sixteen This 
means that mstruction between sixteen and eighteen 
should be more broadly based and less intensive than at 
present. 

Even under my own private vision of a desirable 
pattern of further education, however, I can offer no 
guarantee that there will result a reversal of the current 
swing away from science, technology, engineering and 
medicine m our secondary schools That 1s quite a different 
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matter A decision has to be taken “somewhere” that 
such an objective, the reversal of the swing, 1s ın the 
national mnterest—and this 1s clearly a matter for highest 
governmental levels—and appropriate action has then 
to be set m train To me it seems that the contmuation 
of the expansion of our universities without some reference 
to national needs 1s bad policy and potentially very 
dangerous 

But before any action 1s taken the reasons for the 
swing away from science have to be diagnosed and 
brought mto the hght of day by enquiry, discussion and 
speculation—and the Damton reports are important 
m this context in that they open the debate Mr J. R. 
Butler’s survey of hterature on “Occupational Choice”, 
which is mentioned in the report, 1s both fascimating and 
highly relevant Changes in the current programme 
of education at primary, secondary and tertiary level 
are fundamental ın order to enable our young people 
to make a “more informed career choice” than at present, 
but which way the mformed choice will direct itself 
will depend on other matters If our young people con- 
tinue to regard mdustrial employment as they now 
appear to do, and if the teaching of science, arts and 
economics continues as at present, then the effect of 
postponing career-decisions may well be to accelerate 
the flow away from engineering, technology and 
science. 

It ıs, I feel, very important that we find out what our 
young people are thinking about the world, Great Britain 
and themselves, of course we cannot hope to obtain clear 
and precise answers—probably nobody ever makes 
decisions about the future on the basis of clear and 
precise views—but even answers of a general nature 
might help us to understand Of one thing I am sure, 
and ıb 1s that the “image of science” 1s no longer as 
exciting as ıt used to be Very few of ou: young people 
see themselves as making world-shattermg scientific 
discoveries m & small laboratory, isolated from the 
rest of the world Science ıs no longer thought of as the 
harbinger of the new society, or the vital imstrument 
in the creation of a future in which all men will be brothers. 
Science, they feel, leads to “the bomb”, to bigger and 
faster aeroplanes, to gigantic electricity-generating sta- 
tions, to computers of frghtenmg flexibility and com- 
plexity, to submarines, to intercontinental ballistic 
rossiles—and to the insignificance of individuals and 
themselves This picture ıs distasteful to many, and 
positively repellent to some of our young people, but ıt is 
based on a false mage of science and all that enginee1ng, 
technology and science can do for people Further, this 
attitude towards science, and to developments from ıt, 
has arisen ın all the other highly technological societies 
of the world, both m schools where science teaching 1s 
said to be “good” and in those where it 1s said to be 
“bad? In the underdeveloped countries of the world, 
however, science still wears its bright and shmmg appear- 
ance I believe that 1t1s by makıng employment in science- 
based industries attractive, and by appealing to the 
idealism that 1s endemic among our young people, that 
we can repair and refurbish the image of science, and 
point to the excitements of scientific discovery, and to the 
service that they, the young people, can render to society 
and to the underdeveloped countries of the world by 
becoming engineers, technologists and scientists In 
this context, both teachers and industiy have a great 
deal of mmaginative work to do to make science-based 
activities more attractive to our young people, and to 
make the social purposes of industry more understood 
In spite of all that we have done, we still have only 
started to explore space, to understand the nature of 
matter, to probe the mysteries of the stars, the air, the 
land, the sea, to conquer the deserts and control the 
weather, to make two blades of grass grow where only 
one grew, to extend life and to increase vigour into 
old age—and to banish hunger, want, homelessness 
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and fear from, the world Engmeenng, technology and 
science still remain potent forces for good in planned 
social change 

No one line of action will reverse the swmg away from 
science Government, schools, universities and industry 
will all have their parts to play—and they will have to 
act m harmony At about the begining of this century 
people in authority m Great Britam came to the conclu- 
sion that we were suffering from a pronounced lack of 
“educated manpower”, particularly ın science and 
engineering, and the universities of Great Britain were 
enlarged as a result of this realization Now, at the 
beginning of the final third of the twentieth century, 
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we are confronted by challenges which are clearly out- 
lined and clarified by the Damton reports Perhaps the 
most fundamental of the challenging questions to be 
answered are these What have we to do to make the 
science-dependent activities of society more attractive 
to the brightest of our young people? How, through 
our educational system, can we influence our young 
people to turn to engimeering, technology, science, 
medieme and so on? And how can we induce, through 
our educational procedures, an appreciation not only of 
human values ın isolation, but also of engineermg, tech- 
nology and science ın relation to human aspirations ? 
Received December 12, 1967 


The State of Public Science 


by The following is an extract from the speech given by Sir Solly 
Zuckerman, Chief Scientific Adviser to the British Government, 
Sir SOLLY ZUCKERMAN and chairman of the Central Advisory Council for Science and 


Technology, to the Parliamentary and Scientific Committee 


Ir 18 no exaggeration to say that today our public instatu- 
tions for dealing with science and technology are passing 
through a phase of rapid evolution as they adapt—not 
without struggle—to the facts of the scientific and tech- 
nological age in which we are immersed 

The basic pattern which 1s now being transformed was 
set durmg the period of the Furst World War, to meet 
contemporary needs as seen at the time not only by 
politicians, admimistrators and industrialists, but also 
by scientists The problem as then defined was to place 
the responsibility for our national research imstitutions 
in the hands of a minister who was free from the pressure 
of admmustrative duties and who was therefore—so it 
was assumed—‘immune from any suspicion of bemg 
biased by admumustrative considerations against the 
applications of the results of research”. What happened 
—not surprisingly—was that the research council system 
which emerged out of this presumed principle of scientific 
mdependence—like the university world with which ıt 
became mamly associated—exercised little mfluence on 
the policies of those government departments which 
were concerned with related technological matters 

If we are to continue as a powerful nation in the new 
world of mdustrial competition, 16 13 my view—contrary 
to what Lord Haldane’s committee supposed—that 
the applications of the results of scientific enquiry must 
necessary be biased by political and admunistrative 
considerations It ıs m the hght of this proposition 
that 1 feel that we should judge the major changes that 
have taken place ın our pubhe scientific institutions 
over the past three to four years, and of further changes 
which I see inevitably followmg ın the years ahead 

The basic fact that we have to bear m mind 1s that up 
to the Second World War, little more than twenty-five 
years ago, we in the United Kingdom not only covered 
but almost defined the nature of the water front of world 
science and technology Agamst the massive deployments 
of the USA and USSR, the technological resources we can 
mobilize now cover only a small part—although there 1s 
still a powerful tendency to spread ourselves too widely 
and too thm Our problem—like that of Europe as a 
whole—is to select, and to concentrate our scientific 
effort The challenge before us 1s to achieve a sophisti- 
cated view of the priorities for the deployment—durmg 
the next ten or twenty years—of our scientific and tech- 
nological resources 


The reorganization in the machmery of government of 
the past few years has brought to being the Ministry of 
Technology, a series of advisory bodies, and Parliament’s 
new Select Committee on Science and Technology 

The Ministry of Technology has quickly, and not 
surprisingly, grown into a major enterprise and has now 
become the principal department concerned, ın the nter- 
ests of the economy as a whole, with the problem of helping 
industry make as much use as 1t can of the fruits of modern 
technology These are early days, and those who are 
sometimes impatient with the progress of the new ministry 
forget the rmmensity of the task of shifting the focus of 
the Government’s direct and indirect technological efforts 
from defence projects on to economically productive 
fields The Ministry has had to carry on with at least 
half the functions of the old DSIR, 1t has had to learn 
how to stepfather the AEA and NRDC, as well as emerge 
as the sponsor of the engineering, electronic and ship- 
building mdustnes And, finally, and most arduous of all, 
1t has had to become the manager of all the remaming 
functions of the old Mmustry of Aviation 

Experience will determme which way the munistry 
organizes the activities of the research and development 
estabhshments 1t mherited for the benefit of the industries 
whose efficiency 1t has the responsibility of fostermg I 
have httle doubt that mdustry 1tself will help determine 
what the mght pattern of co-operation m research and 
development should be 

We should treat the so-called Haldane principle of 
1918 as a warning to be on our guard lest current arrange- 
ments and practices become codified into some new set of 
presumed principles The scale, the structure, the methods, 
and the directions and economie impact of industry 
change as technology changes—and no one benefits 
1f the Whitehall machine fails to react in reciprocal fashion. 

The same needs to be said of the network of advisory 
committees of independent scientists which characterize 
the Whitehall scene—although here I am bound to say, 
from personal experience, that there 1s little need to worry 
During the past twenty-five years or so, I have served— 
at one time or another—on most of these bodies They 
have changed so fast that many no longer exist What is 
perhaps surprising 1s that the fact that they did exist 1s 
often not known to their successors, whose footsteps then 
cover ground that has been well trodden before. Depend- 
ing on the way you look at it, parliamentarians have an 
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advantage here Hansard is bound for future reference, 
but old advisory commuttee papers are normally burnt 

Two of the more significant changes of the past four 
years m this field are, first, the transformation of the old 
Advisory Council for Scientific- Policy into today’s Council 
for Scientific Policy, to which the Secretary of State for 
Education and Science turns for advice about the scale 
of resources required by the four research councils 
answerable to him, and about the division of the resources 
which the Treasury makes available and, second, the 
establishment of a new Central Advisory Council for 
Science and Technology, of which I have the honour to be 
chairman 

Ths body, which ıs answerable through the Prime 
Mister to the Government as a whole, was set up little 
more than a year ago, not to oversee the deliberations of 
departmental advisory bodies such as the Council for 
Scientific Policy or the Advisory Council on Technology, 
which was set up by the Minister of Technology, but to 
consider how best all the scientific and technological 
resources of the country can be deployed in the long-term 
national mterest We have not yet reported publicly, 
but our enquiries are proceeding apace, sometimes mto 
questions of organization—on which, of course, we can 
only advise—but more frequently mto matters which 
represent the core of ourremit For example, we want to 
uncover the factors which modulate the process of tech- 
nological mnovation, whether m industry or agriculture, 
we want to see whether criteria can be defined in order 
to help guide government investment ım development 
projects, and we want to provide an intelligent apprecia- 
tion of the hkely priorities for our scientific and tech- 
nological resources over the next ten years. 

This leads finally to what I see as an extremely signifi- 
cant development in our national institutions for assuring 
the best deployment of our resources—the establishment 
of the Select Committee on Science and Technology, a 
development which the Parhamentary and Scientific 
Committee, so 1 understand, did much to foster 

I have read a fair amount of the literature—including 
the record of parliamentary statements—which deal 
with the formation of this new Select Committee, and I 
have also referred to the exhaustive report on nuclear 
energy which ıt has published Considermg the short 
time it has been operating, the ımpact of this new body 
has been formidable, and I have no doubt at all that ıt 
will increase even more, and that the committee will 
become a powerful force in the process of determining 
national policies 

A. distinguished scientific writer, commenting on the 
Select Committee m an article which also dealt with the 
new Central Advisory Counel for Science and Technology, 
remarked that “with any luck the two bodies will do their 
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jobs so well that they will come into open conflet’ — 
as the servants of the executive (that’s where my council 
comes ın) and of the legislature properly should So far 
this has not happened, and I myself doubt—somewhat 
regretfully—that ıt ever will What is certain ıs that 
the country at large, and departmental scientific advisory 
bodies ın particular, cannot fail to benefit from the 
enquiries of the new Select Committee—whether or not 
they agree with 1ts conclusions 

My main reason for saying this ıs that, however carefully 
the Select Committee has to tread in defining and agreeing 
its fields of enquiry with government departments, 1ts 
proceedings are open and public It has the power to 
invite—which 1s a polite way of saymg summon—before 
it what witnesses 1t wishes to mterrogate-—mmusters, 
government officials or private mdrviduals, and 
“strangers” are not debarred—unless the committee so 
decides—from attending the sessions This is a highly 
mteresting departure The committee will, I understand, 
not be concerned with matters which are within the 
arena, of party controversy But any issue of policy is 
controversial withm the field with which it deals—other- 
wise 1t would not be debated——and among the “strangers” 
who lhsten may be potential witnesses who would be 
heard on some later date As we all know, there 1s a lot 
of imertia—indeed, vested interest—in scientific and 
technological affairs, and interest 1s all the more likely 
to become vested 1f ıt 1s fostered behind locked doors 

This could help significantly in creatmg an informed 
climate of opimon about a great deal which now seems 
obscure This applies as much to scientists and engmeers 
as to industrialists, members of the public and parha- 
mentarians There are many issues relating to the 
exploitation of advanced technology which could only 
benefit from a greater public understandmg Not all 
advances are necessarily m the public mteiest Industrial 
and commercial progress, as we are often reminded today, 
sometimes entails a not-ummediately discernible social cost 
(and I am not just talking about matters like pollution 
here) Scientists and engmeers themselves do not always 
appreciate this fact when 1b comes to advocating one of 
their specific projects Furthermore, the pomt I made 
at the outset, that we can no longer attempt to cover the 
whole scientific and technological waterfront—however 
long ago this fact was clearly enunciated—is never, m 
my experience, appreciated when ıt comes to catering for 
particular interests Here, too, the Select Committee 
could help, through its enquiries, to jerk us mto the 
competitive realities of today from the delusions of a 
past grandeur, and to emphasize the need to select and 
concentrate our technological efforts—and those of 
Western Europe too I can think of other ways it can 
and will help as ıt evolves through practice 
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The excitation of the singlet and triplet r-electronic states of benzene 
and naphthalene by photons and by electrons ıs discussed in the 
light of recent experimental results, and suggests new techniques 
for the observation of these excited states 


molecules by three properties multiphe.ty (singlet or 
triplet), symmetry (benzene Ay, Hog, Biu, Bou or 
Eu, naphthalene Ag, Big, Bau or Bau), and sign (plus 
or mmus in the Imear combmation of the molecular 
orbital configurations) The corresponding selection rules 
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for electric dipole transitions are (a) multipheity lel, 
303; 1<j[-—, (6) symmetry geu, g<|l|—-g, u<—||w, 
(c) sign: —e+; -<j> +<||>4+ 

The observed optical absorption transitions in benzene 
and naphthalene and their probable assignments are hsted 
m Tables 1 and 2 The assignments of some of the states 
in the Platt free electron orbital model? are shown in 
parentheses The ground state ıs 147, for benzene and 
14> for naphthalene (see, for example, ref 3, this was 
meorrectly assigned 147, m ref 1), and so the selection 
rules give allowed transitions to tX} states (where X 
represents any specific symmetry type), but some for- 
bidden transitions to 1X7 and *Xt states are also observed 
The lowest excited triplet state, which 1s 3B}, and B$, 
in benzene and naphthalene, respectively, may be popu- 
lated by flash photolysis and allowed absorption transi- 
tions occur from there to "X7 states The observed emis- 
sion transitions (fluorescence and phosphorescence) are 
also included m the tables 

Electronic transitions in these molecules with electron 
excitation have been observed‘® Tables 1 and 2 list 
optical data and the maxima observed in the theshold 
electron excitation spectrum of benzene and naphthalene! 
and their probable assignments Included m Table 1 
are the maxima from the electron energy loss spectrum 
of benzene for 300 V incident electrons® 

The importance of low-energy electron umpact spectro- 
metry for the study of electron excitation, temporary 
negative ion formation and electron capture processes in 
molecules has been pomted out previously?*, With low 
energy electron excitation the multiplicity selection rule 
(a) 1s relaxed because of electron exchange, as long as 
the incident electron energy E ıs not too high Thus 
several singlet—triplet transitions have been observed 
in He(# <50 eV)”, N(#<15 7 eV)”, Ha(E <15 7 eV), 
CO(E = 30-60 eV), CO., N, and He(E=50 eV)** For a 
number of larger molecules, however, no singlet—triplet 
transitions have been observed with electron excitation?® 
at H>35 eV This mdicates that for polyatomic mole- 
cules, such as the aromatic hydrocarbons, the incident 
electron energy H needs to be close to the threshold for 
the efficient excitation of a singlet—triplet transition The 
three singlet-triplet transitions ın benzene, which are 
observed with threshold electron excitation’, are not 
detected with 300 V electron excitation’, although the 
allowed singlet-smglet transitions are observed in both 
cases This confirms that the electron impact excitation 
function for singlet—triplet transitions 18 a strongly peaked 
function of # near the threshold 

Three relatively strong mmus—minus transitions are 
observed with threshold electron excitation, showing that 
the sign selection rule (c), which 1s also violated with 
photon excitation, 1s not strmgent, probably because of 
vibrational interaction 

No g-g transitions are observed, indicating that the 
symmetry or parity selection rule (6) 1s valid with both 
high-energy electron and photon excitation For low- 
energy electrons, however, g~g or u-u transitions may be 
weakly observed because of the impacting electron’s 
form factor Electric quadrupole g-g transitions have 
been observed both optically?” and by electron ımpact?!, 
but such transitions are extremely weak, with «a transition 
probability of only 10-* that of an allowed electric drpole 
transition?’ 

Threshold electron excitation of the 147, ground state 
(14> for naphthalene) gives transitions to 1X, states, 
as with photon excitation, and also to 3X, states 
Population of the lowest triplet 3B}, by flash photolysis 
gives allowed optical transitions to °X; states, so that 
the two techniques of triplet excitation are comple- 
mentary?’ 

The only unidentrfied states m benzene below the 
ionization potential are 3E}, E4, and 1E; with theoretical 
energies of 5 96, 8 20 and 8 36 eV, respectively? Dupole 
transitions to these states from 147, are forbidden by 
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selection rule (b) The "BÈ Eż, transition has not yet 
been observed by flash photolysis 

The states ın naphthalene with theoretical energies! 
less than ~ 6 eV that have not yet been positively identa- 
fied are the three u-states—*°Bt(?By), 364 eV; *Bj,(8Dp), 
402 eV, and *Bi,(2Ba), 4 22 eV—and the five g-states— 
SBE, 342 eV, "Aż, 444 eV, 1B}, 551 eV, 147,573 eV, 
and 1B;,, 5 98 eV 

Excluding the forbidden transitions to the g-states, the 
thee u-states are candidates for the unidentified state 
X correspondmg to the peak at 54 eV in the threshold 
electron excitation spectrum of naphthalene‘. 

The L» state ın benzene ıs observed at ~5 4 eV in 
the threshold electron excitation spectrum, and the 
corresponding state ıs therefore expected to have a 
rather lower energy in naphthalene ‘This seems to 
exclude the identification of X with °B3,(3Z,) The 
147—>5B}, transition m the threshold electron excitation 
spectrum of naphthalene 1s probably obscured by the 
strong 147—'Bf, transition 

The theoretical energy? (218 eV) of the lowest *By, 
state ın naphthalene ıs 1 02 eV below the observed peak 
at 32 eV in the threshold electron excitation spectrum 
which 1s definitely assigned to the transition to this state 
Addition of 1 02 eV to the theoretical energy of the second 
3By, state gives a predicted energy of 5 24 eV for the 
corresponding peak in the threshold electron excitation 
spectrum DeGroot and Hoytink?* have made improved 
calculations of the separations of the triplet states of 
naphthalene Their value of 2 13 eV for the theoretical 
separation of the two lowest °Bt, states ıs a little higher 
than that of 204 eV obtamed by Pariser! Assignment 
of the 3 2 eV and 5 4 eV peaks m the threshold electron 
excitation spectrum to transitions to the two lowest 
°Bx, states, respectively, gives an observed separation 
of 2 2 eV, which agrees closely with the theoretical value 
of 213 eV It appears reasonable, therefore, to assign 
X to the second *By, state The state 3Bt, was not con- 
sidered as a candidate for the X state because 1t 1s theoreti- 
cally predicted? to lie too low ın energy (3 64eV) Further- 
more, the Bł, state is most likely associated with the 
peak around 3 6-4 eV observed in the threshold electron 
spectrum? 

Additional support for the identification of the X state 
in naphthalene as the second 2B}, state comes from a 
comparison of the spectral resemblance between benzene 
and naphthalene’. If in going from benzene to naphtha- 
lene the degenerate triplet states "Ba,b in benzene split 
im the same way as the degenerate singlet 'Bz,» states, 
then from the observed position of the °Ba,» states in 
benzene one concludes that the 5 4 eV peak in the naph- 
thalene threshold electron spectrum corresponds to the 
energy of the second °Bj,(§Bz) state 

An expermental method has been proposed previously?’ 
for discrimmating between singlet and triplet states 
excited by threshold electrons, and this is discussed more 
fully below 

An aromatic molecule excited mto a higher smglet 
state internally converts, provided that ıt can lose its 
excess energy by collisions, to the lowest excited singlet 
state It then either emits 1ts characteristic fluorescence, 
undergoes intersystem crossing to the triplet manifold, 
or makes a radiationless transition to the singleb ground 
state An aromatic molecule excited ito a triplet state 
is similarly mternally converted mto the lowest excited 
triplet state It then emits its characteristic phosphor- 
escence, or undergoes radiationless intersystem crossing 
to the singlet ground state 

If the quantum efficiency of mternal conversion 18 
unity, as in most molecules m which competing dissocia- 
tion processes do not occur, the fluorescence excitation 
spectrum F(v) observed with threshold electron excitation 
will correspond to the singlet state excitation spectrum 
S(¥) Similarly, the phosphorescence excitation spectrum 
P(¥) will correspond to the triplet state excitation spec- 
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Table 1. 
Mode of excitation 


ELECTRONIC TRANSITIONS IN BENZENE 


811 


Assignment of Photons Threshold electrons 300-eV electrons 
observed transition 0-0 Energy Relative Peak energy Relative Pesak energy Relative Comments Bef 
(eV. intensity* (eV) intensity* (eV) intensity* 
Temporary negative ton 
Tesonance — — 155 — — — 6 
(0 9+0 8 onset) 
143,(14)->SBE (FAL) 3 65 ar O: perturbation (solution) 7 
68 — O; perturbation (crystal) 8 
39 005 4 
(3 6 onset) Not observed 5 
1A Btu(? La) 3 66 _ Phosphorescence 9, 10 
1Ajy > Et (RB) oe 
1g Tn 458 iz Crystal absorption and O; perturbation A 
(4 4 onset) Not observed 5 
o> Bau Lo) 4 64 0 0024 11, 12 
(4 84 peak) 480 0 26 4 
493 ~ 0 0007 5 
1ATg<—"Bou(* Le) 459 — — — — — Fluorescence 13 
1 Aig >° Biu( Lo) Not observed — ~b4 Not observed See ref 4 for discussion 4 
Aly > Bi (La) 599 014 11, 12 
(6 11 peak) 616 O71 4 
6 21 0014 5 
LA > Et (1B) 677 100 11, 12 
(6 89 peak) 6 96 100 4 
8 96 100 5 
3Bfu Eo, >50 3Biu populated by flash photolysis 14 
5 Theoretical value 3 58—>8 36 =4 77 eV 1 
* Intensities expressed relative to corresponding 14 jE tu transition 
Table 2 ELECTRONIC TRANSITIONS IN NAPHTHALENE 
Mode of excitation 
Assignment of Photons Electrons Comments Ref 
observed transition 0-0 Energy (eV) Peak energy (eV) 
Temporary negative ion 
resonance 08 4 
14CA)—> B} Lu) 2 63 O, perturbation (solution) 7 
2 63 a From delayed fluorescence excitation spectrum (crystal) 1 
(2 8 onset) 
LAG BS, (La) 2 68 Phosphorescence 16 
1Aj->®BY,(9Bs) _ ~8 6-40 (°) 4 
1A5->1B5,(*Ly) 397 11, 12 
~g See ref, 4 for discussion 4 
TAF B5,(1L5) 397 Fluorescence 17 
147 BH, (La) 429 11, 12 
48 4 
147X Not observed 54 Sharp intense peak See Section 5 for discussion of assignment 4 
147 Biu(*Bs) 5 63 11, 12 
60 4 
TAG +1 Bil Ba) (2) 6 52 Platt? assigns to *Cs 11, 12 
1A >" BS,(7Cs) (2) ~74 Platt? assigns to Ba 11, 12 
3Błu—>°Big (?) 3 13 (2 68->5-76) — 3B}u populated bv flash photolysis Pariser’ assigns to 347 
See refs 19, 20 for discussion 18, 19 
®Bt «—* Bi, (2) 3 13 (2 63<-5 76) — Triplet-trıplet fluorescence ın glow discharge 21 
SBS > 845 (?) 3 64 (2 63-6 27) — SBE, populated by flash photolysis Pariser! assigns to ®Ba, 
See refs 19, 20 for discussion 18, 19 
SBi’ A; 4 79 (2 63-+7 42) Es 3Błu populated by flash photolysis 18, 19 


trum T(V), plus a component @S(v) of the smglet state 
excitation spectrum, where a is the quantum efficiency of 
intersystem crossing 

Expermentally, F(Y) should be the more readily observ- 
able of the two lummescence excitation spectia Com- 
parison of F(*) with the total threshold electron excitation 
spectrum, the photofluorescence excitation spectrum and 
the optical absorption spectrum of the vapour would dis- 
eruminate between singlet—singlet transitions and singlet— 
tmplet transitions or negative ron resonances, and it 
would provide data about relative excitation cross- 
sections and about any deviations from Vavilov’s law 
(fluorescence quantum yield mdependent of excitation 
energy), such as have been observed in benzene?,31, alkyl 
benzenes**-31, and alkyl naphthalenes*! To ensure 
efficient internal conversion, the vapour pressure needs 
to be high enough for sufficient collisions to occur within 
the molecular fluorescence lifetime (~ 20 ns for benzene, 


~ 80 ns for naphthalene) to dissipate the excess excitation 
energy before emission. 

Photon and threshold electron excitation of the 14), 
ground state gives transitions to Xa states The popula- 
tion of the lowest 3B triplet state by flash photolysis 
enables allowed transitions to °X, states to be observed 
The one group of excited states that cannot be observed 
by existing techniques, because of the symmetry selection 
rule (6), are the 1X, states An experimental method for 
the observation of such states 1s proposed, namely, the 
population of the lowest excited singlet state by flash 
photolysis and the observation of the transient singlet— 
singlet absorption spectra during the lifetime of the 
excited singlet state The lowest excited singlet states m 
benzene, naphthalene, anthracene and the higher poly- 
acenes are u-states, and allowed optical transitions from 
these states to higher 1X, states can occur 

Recent advances in pulsed laser technology have made 
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feasible the smglet-state flash photolysis of the polyacenes. 
Experiments are ın progress at the University of Man- 
chester with a pulsed nitrogen laser which yields recurrent 
intense flashes of near ultraviolet radiation of 20 ns 
duration, and ıt ıs proposed to use this source for the 
singlet-state flash excitation of aromatic hydrocarbons 
and the observation of transient simglet-singlet transitions 
The technique 1s also applicable to the study of higher 
excited singlet states of excimers 

This work was sponsored by the US Atomic Energy 
Commission under contract with Union Carbide Corpora- 
tion 

We thank Dr H C Schwemler for valuable comments 
and discussions 
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We have suggested that the changes m the nuclear 
magnetic resonance spectra of polypeptides through a 
helix-coil transition would depend on the nature of the 
side-chain and also on the molecular weight of the poly- 
mer? A comparison of the available data on different 
polypeptides*-§ demonstrates that the nature of the side- 
cham has a marked effect on the nuclear magnetic reson- 
ance manifestation of the helix-coil transition This 
article reports the effect of molecular weight variation on 
the nuclear magnetic resonance spectrum of poly-y-benzyl 
L-glutamate and demonstrates that ım favourable ccum- 
stances an absolute estimate of helix content can be made 

Of all the polypeptides so far synthesized, the poly- 
glutamate esters have been subjected to the most mtensive 
physico-chemical studies and as a result are the best 
characterized systems Doty and his collaborators? have 
shown for poly-y-benzyl L-glutamate ın dioxan and 
formamide that polymers with a degree of polymerization 
(dp) of 5 were completely random and with a dp of 13 
were 44 per cent helical, concluding that a dp of between 
7 and 14 was necessary for the onset of the helix form 
The five samples which we have used were synthesized by 
W E Hanby of Couwtaulds, Ltd, and their properties 
are summarized in Table 1 The molecular weights of the 
three smaller samples [439A (1), (2), (3)] were determmed 
from vapour pressure measurements using a Perkin-Elmer 
model 115 molecular weight apparatus, the molecular 
weight of the R 10 sample was determined from osmotic 
pressure measurements of m-cresol solutions usmg a 
Hewlett-Packard series 500 membrane osmometer (we 


The molecular weight of polypeptides has a marked effect on the 
nuclear magnetic resonance manifestation of the helix—coil transition 
The technique can be used for absolute determinations of helix 
contents and compared with optical rotatory dispersion data. 


thank Dr J C Haylock of the University of Exeter for this 
measurement) The molecular weight of sample S P. 18.4 
was determined from its reduced viscosity measured ın 
dichloracetic acid usmg the curve of viscosity agaist 
molecular weight obtained by Doty, Bradbury and 
Holtzer’. It has been shown that low molecular weight 
poly-y-benzyl 1t-glutamate can form @-structurest!, and 
so the infrared spectra of chloroform solutions were re- 
corded on a Grubb Parsons grating instrument, the 
‘Spectromaster’ These showed that the lowest molecular 
weight polymer 439A (1) contamed about 20 per cent of 
the B-form, the 439A (2) sample contaimed a negligible 
amount of B-material (<2 per cent) and the other samples 
none It was assumed from this that B-structures would 
be absent in trifluoroacetic acid/deuterochloroform solu- 
tions of all samples except 439.4 (1) 

Nuclear magnetic resonance spectra were recorded at 
60 MHz on a Perkin-Elmer R 10 spectrometer using a 
computer of average transients to collect and average 
128 spectra, at 100 MHz on the Jeol Co ‘JNM-4H--100’ 
spectrometer and finally a few spectra were recorded on 
the Perkin-Elmer R 14 100 MHz mstrument. The time 


Table 1 POLY-y-BENZYL L-GLUTAMATE SAMPLES 
Sample Molecular Average 8-Content m 
No weight dp chloroform 
4394 (1) 1,480 7 ~ 20 per cent 
4394 (2) 2,790 13 Negligible 
4394 (3) 4,490 21 None 
R10 20,100 92 None 
SP 184 140,000 640 None 
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averaged spectra at 60 MHz were obtained from 15 per 
cent w/v solutions at 33 5° C, but spectra of 5 per cent 
w/v solutions were found to be identical Thus for single 
scan spectra recorded at 100 MHz, 5 per cent w/v solutions 
were used throughout The optical rotatory dispersion 
curves of the same solutions as used for the nuclear 
magnetic resonance studies were recorded at the same 
temperatures on the Bendix spectropolarmeter, ‘Polar- 
matic 62’, and were analysed using the Moffitt and Yang 
equation'* to give the b, parameter Waith our system a 
by of +70 was obtained for the random coil form im tri- 
fluoroacetic acid and — 630 for the fully helical form, and 
so the scale (—6,+70)/700 was used to estimate the helix 
content by this method 

The nuclear magnetic resonance spectra of the poly-y- 
benzyl u-glutamate of dp 92 in 8 per cent trifluoroacetic 
acid/92 per cent deuterochloroform at different tempera- 
tures are givenin ig 1 The assignments of the resonance 
peaks are as follows 183+ NH m the helical form, 2 057 
NH in the random coil form, 2727 C,H;, 4957 benzyl 
CH,; 555+ «CH of the random coil form, 6 00r aCH in 
the helical form 7557, yCH, and at 775+ the BCH, 
resonance peak The polypeptide undergoes an inverted 
helix—coil transition as can be seen from the b, values m 
the caption, bemg largely helical at 50°C and almost 
random at 0°C The solvent system 1s the same through- 
out, and so the changes observed in the spectra are a 
consequence of the conformational change occurring in 
the polypeptide In agreement with Ferrett:‘, two peaks 
are observed for both the amide NH and «CH resonances, 
there 1s also evidence of a similar behaviour for the BCH, 
peak at 7 8t, for there 1s an apparent upfield shift of 28 
cps on gomg from the helix to the random coil form It 
can be seen from the spectra that the two components of 
the «CH peak are well separated (50 cps) and of com- 
parable width, while the components of the amide NH 
peak are separated by only 22 eps, and, furthermore, 
the heheal peak ıs wider than the component arismg from 
the random form For these reasons we prefer to use the 
aCH peak for conformational analysis The changes in 
relative areas of the «CH proton peaks can be seen to 
follow the b, values of the solutions The effect of polymer 
size on the behaviour of these peaks 1s shown in Fig 2 
The solvent compositions were chosen so as to give 
approximately 50 per cent helix (from optical rotatory 
dispersion measurements) for all samples The nuclear 
magnetic resonance spectra were recorded at 60 MHz 
m identical conditions and ıt can be seen that with ım- 
creasing molecular weight the two components of the 
«CH resonance peak broaden markedly on gomg from 
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Fig 1. Nuclear magnetic resonance spectra at 100 MHz showing the 

temperature induced helix—co:) transition of poly-y-benzvi £-glutamate, 

dp 92, in 8 per cent trifluoroacetic acid/92 per cent deuterochloroform 

H, Helix, R, random A, 0°C,b,=0°, B, 6°C, ba= —100°, C, 12°C, 
ba= —220°, D, 25° C, bp —340°, E, 50°C, bo = —470° 
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Fig 2 Nuclear magnetic resonance spectra of poly-y-benzyl 1-glut- 
amate at 60 MHz showing the effect of molecular weight on the 
components of the aCH peak H, Hehx, R, random A, dp 13, by = 
—305°, B, dp 21, b= —305°, 0, ap 92, ba= —285°, D, dp 640, 


dp 13 to dp 92 For the leigest polymer of dp 640, how- 
ever, the two peaks are no longer observable and there 18 
a broad single peak at an intermediate position Further- 
more, 1b can be seen that for the smaller polymers the 
areas of the two «CH components indicate approximately 
50 per cent helix content and are thus ın agreement with 
the b, values 

At this pomt a more detailed study of the helx-—>coil 
transition ın three samples of poly-y-benzyl L-glutamate 
was undertaken at 100 MHz ‘The samples used were of 
dp 13, 92 and 640 to give a wide spread of molecular 
weights The hehx->coil transitions in the samples of 
dp 13 and 640 were controlled by mereasing the tri- 
fluoroacetie acid content of the trifluoroacetic acid/ 
deuterochloroform solvent system, whe for the sample 
of dp 92 the temperature of the 8 per cent trifluoroacetic 
acid/92 per cent deuterochloroform solution was varied 
to give the inverted helix-coil transition The results 
obtained for these polymers are given in Fig 3a, b and ¢ 
There 1s httle doubt from these spectra that, whereas two 
distinct and separate peaks are observed for the lowest 
molecular weight polymers, the polymer of dp 640 shows 
a single peak which ıs narrow for the random coil form, 
broadened at an mtermediate position for the 50 per cent 
helical sample and very much reduced in area for the 
almost fully helical sample It ıs evident, therefore, that 
the dynamics of the molecular motions are different for 
the highest molecular weight sample than for the smaller 
polymers 

For the low molecular weight polymers the broadening 
of the two components of the «CH peak with increasing 
molecular weight 1s attributed to an mcrease ın the overall 
correlation time of the molecule As pointed out by 
Ferretti‘, the observation of two distinct peaks for the 
helix and random coil forms allows a lower hmit for the 
lifetime ż of the protons m the different conformations to 
be obtamed from the mequality t > [1/(27¢]ve —val)] 
where va and vz are the positions ın e ps of the peaks for 
the helix and random coil forms, respectively For the 
«CH resonance the separation of the peaks is 58 cps 
givmg t228x10°s For the largest polymer, the 640 
mer, the observation for the partially helical state of a 
single broadened peak intermediate in position between 
the positions of the peaks for the random coil and hehx 
form indicates" that the polypeptide backbone protons 
are interconverting between the random coil form, which 
gives a sharp peak, and the helix form, which gives a 
much broadened resonance, at a rate which 1s faster than 
2nlve—vri[s This gives a hfetime ¢ for the proton in the 
hehx and random coil forms as ¿<2 8x10" s 

The observation of separate «CH peaks for the hehx 
and random coi forms for the lower molecular weight 
poly-y-benzyl i-glutamate allows an absolute determma- 
tion of the proportion of the polypeptide in these forms 
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This is probably the only technique which permits an 
unambiguous determination of the helix content and can 
be used as an independent check on the use of bẹ for this 
purpose Ferretti has pointed out that for poly-L-leucine 
and poly-B-methyl L-aspartate there ıs a correlation 
between the b, values and the area of the helical peak 
It ıs possible from the spectra given in Fig 3a and 6 to 
estimate the relative areas of the peaks for the two forms 
The overlappmg curves were analysed by using the shape 
of the non-overlapped edges of the benzyl CH, resonance 
and the «CH resonance peak of the helical form to obtain 
the complete shape of the respective peaks By this 
method the scatter of results obtamed was less than 
5 per cent ın the determination of the ratio 


area of the «CH helix peak 
total area of «CH peak 
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for the different solutions Fig 4 shows the inverted helix- 
conl effect for the polymer of dp 92 obtamed from both 
optical rotatory dispersion determinations of by and the 
contribution of the helical form to the «CH peak from the 
nuclear magnetic resonance spectra As can be seen, 
there is a very close correspondence between the two 
methods, a result which 1s m contradiction to that ob- 
tained by Stewart et al °, who suggested from their nuclear 
magnetic resonance studies of poly-t-alanime that be 
values gave a very poor estimate of helix contents A 
question which ıs of prume unportance m the use of 
optical rotatory dispersion to estimate the helix content 
of proteins is whether the Moffitt-Yang equation holds 
for short helical lengths This question arises because 
Moffitt’s origmal derivation of the equation was based 
on considerations of helical chams of infinite length and it 
has been suggested that, for short heheal segments, the 
value of bọ would underestimate the number of residues n 
these segments, although certain theoretical considera- 
tions? suggest that most of the rotation characteristics 
of the helix are given by one turn of the helix The low 
molecular weight polypeptides used in this study allow 
a test of whether or not 6) measurements hold for short 
helices In the sample 439A (2) of average dp 13, ıt could 
be expected that for chloroform solutions the average 
number of residues ın the helices would be between 7 and 
9 and for the sample 439.4 (3) of dp 21 m chloroform the 
average length of helical segments would mclude 15-17 
residues, m trifluoroacetic acid/deuterochloroform solu- 
tions even shorter helical Jengths would exist We have 
made an estimate from the nuclear magnetic resonance 
spectra of the proportion of residues in the helical form 
for these two samples and also for the polymer of dp 92 
undergomg a temperature mduced mverted helix-coil 
transition The ratios obtained were plotted agamst the 
helix contents calculated from b, values of the same 
solutions and this 1s shown ın Fig 5 The broken hne 1s 
that for a 1 1 correspondence and from a least square 
test this line ıs also the best fit to the experimental 
omis 
a It 1s possible from the areas of the «CH peaks of the 
13 mer and the 21 mer in chloroform to estimate the 
average number of residues not involved in the helix 
form and situated at the ends of chams. For both poly- 
mers this comes out to be two residues at each end A 
further pomt m connexion with these non-helical residues 
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Fig 3 Nuclear magnetic resonance spectra of different polymers at 100 MHz showing the aCH peaks through the helix-coil transition 
H, helix, R, random, E, end groups 


a, äp 13 


b, dp 92 A, 0°C, b=0°, C, bo = —100°, 


t 


A, 0 per cent TFA, ba= —365°, B,5 per cent TFA, bo = — 330°, C, 10 per cent TEA, bs = —225°, D, 20 per cent TFA, b= +30° 
B, 6° C, 12° C, b= —220°, D 25° , E 
FA, b= — 600°, B, 12 5 per cent TFA, bo= — 410°, C, 20 per cent TFA, ba= +70 


C, bp = — 340°, E, 50° C, ba= —470° ¢,dp 640 A, 6 percent 
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in chloroform solutions is, as can be seen from Fig 3a, 
that the chemical shift of ther «CH peak (5 607) 1s dif- 
ferent from that of the random coil peak observed in 
20 per cent trifluoroacetic acid/80 per cent deuterochloro- 
form solution at 545r In the spectra of the solutions 
containing trifluoroacetic acid, however, there are also 
peaks at 5-60+ on the high field side of the main random 
peak which dimmish with increasing molecular weight It 
1s thought that these higher field peaks result from 
residues at the end of the polypeptide chains and in the 
case of the chloroform solution these are the only residues 
which contribute to the random coil peak Sternheht and 
Wilson!’, however, have suggested that the «CH protons 
near the amino end of a helix may be shifted downfield 
by as much as 04 ppm from «CH peak ın an infinite 
helrx. In the case given here the observation of the peak 
at 5607 for the fully random coil forms shows that ıt 
cannot have this origm. Furthermore, because the helical 
aCH peak in the spectra of the partially helical states of 
the dp 13 and 7 polymers in mixtures of trifluoroacetic 
acid and deuterochloroform has the same shift as the 
helical peak ın the 92 and 640 mers, 1b 1s clear that rest- 
dues on both ends of a helix have the same shift as those 
within long helical segments 

Concerning the difference ın chemical shift between 
the random and helical components of the «CH, ıt has 
been suggested! that this may result from a specific 
mteraction of trifluoroacetic acid with the helical regions 
of the polypeptide chain giving rise to a magnetic aniso- 
tropy not present in the helix itself and resulting in an 
upfield shift This suggestion was made because it has 
been shown” that in water soluble polypeptides, poly- 
t-lysme, poly-L-glutamic acid’ and copoly (glu*? lys?! ala%*), 
there 1s either no shift or only a very small shift in the 
aCH peak on going from the helical to the random coil 
forms As shown here, however, the position of the peak 
for the helical form ın deuterochloroform 1s the same as m 
the mixed solvents contamuing trifluoroacetic acid which 
indicates that the suggestion concerning the role of tri- 
fluoroacetic acid in this shift no longer holds 

The observation of a0 6 ppm chemical shift difference 
for the «CH peak of the random coil and helix forms differs 
from the result quoted by Sternlicht and Wilson’? that 
there 1s no shift ın this peak for poly-y-benzyl L-glutamate 
In this paper it 1s shown that there 1s a marked effect of 
the length of the polypeptide chain on the behaviour of 
the nuclear magnetic resonance spectrum ın the helix—coul 
transition region The behaviour of the low molecular 
weight samples confirms our earlier suggestion (ref 1, 


90 
80 - 
70 


60 i) 


50 


Percentage of helix 


gb bd dd 
0 10 20 30 40 50 680 
Temperature (°C) 


Fig 4 The temperature induced helix-coil transition of polymer 
dp_92 ın 8 per cent trifluoroacetic acid/92 per cent deuterochloroform 
followed by (©) NMR peak areas, and (O) ORD parameter by 
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Fig 5 The correlation of NMR and ORD estimates of helix content 
for three samples (©) dp 92, (A) dp 21, (@) dp 13 


case 2) that short polypeptide chains would have short 
overall correlation times and that this would lead to two 
components for the «CH resonance peaks having com- 
parable widths for the helix and random coil forms For 
the highest molecular weight sample the observation of 
a broadened time-averaged peak of intermediate position 
for the partially helical systems shows that the helical 
and random coil regions are imterconverting at a rate 
faster than 360 s- It ıs evident from this difference in 
behaviour between the various polymers that the rate of 
interconversion of the helix and random coil forms 1s 
dependent on molecular weight as well as on the nature of 
the sıde-cham The much reduced apparent area of the 
aCH peak for the dp 640 polypeptide ın 6 per cent tri- 
fluoroacetic acid/94 per cent deuterochloroform (which 
has an estimated helix content of 96 per cent from b, 
measurement) shows that for long helical segments the 
correlation time 1s insufficiently short to average out the 
magnetic anisotropy of the hehx and considerable peak 
broadenmg occurs This result 1s ın contradiction to 
others®:*, from which it was suggested that fully helical 
polypeptides give rise to well developed nuclear magnetic 
resonance spectra As before’ the width of the side- 
chain proton resonance peaks diminishes with increasing 
distance from the helical main cham 

Nuclear magnetic resonance spectra can give an absolute 
determination of helix content for two cases of polypeptide 
behaviour The first 1s when the helix and coil regions are 
interconverting rapidly to give a single time-averaged 
peak, the position of which 1s proportional to the relative 
proportions of the two forms For this case the estimation 
of hehx content requires the resonance m the fully helical 
form to be promiment enough for its shift to be measured 
Markley et ai ® have used this method for the estimation 
of helix content The second 1s the case elaborated here, 
where the appearance of two well resolved components 
for the «CH peak also allows an absolute determination 
of helical content and, furthermore, allows a test of the 
use of 6, measurement for estimating the helix content in 
short helical lengths The results from the polymer of 
dp 13 in deuterochloroform show that bọ measurements 
of helix content are valid down to helical lengths mvolving 
eight residues and it 1s not unreasonable to suggest that 
because the correspondence also holds for the same poly- 
mer at lower helical contents in solutions of trifluoroacetic 
acid and deuterochloroform that bọ measurements hold 
for helical segments involving fewer residues. From the 
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pomt of view of biological applications of by measurements 
to the determination of hehx contents in proteims it 1s now 
reasonable to suggest that, provided there are no mmport- 
ant contributions from side-chain chromophores or large 
proportions of conformations other than helical or 
random, @ reasonable estimation of the helix content 
might be expected even if the helical segments are very 
short 
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Srrvations often arise m the biological sciences when 1b 
is desirable to centrifuge large volumes to obtain relatively 
small fractions For example, the efficient separation of 
many blood components requires a system which permits 
removal of selected elements while returning most of the 
fractions to the donor In a continuous-flow centrifuge 
of small volume, large amounts of blood or other mixtures 
could be processed rapidly uf ıt were not necessary to alter 
the force field or flow during the collection process 

A recent collaborative effort of the National Cancer 
Institute and the Systems Development Division of the 
International Busmess Machines Corporation, Endicott, 
New York, has resulted mn an effective, rehable, closed 
continuous-flow centrifuge primarily designed to separate 
whole blood into 1ts individual cellular and fluid portions. 
This machine 18 the first closed centrifuge in which ıb 18 
possible to subject a mixture to an uninterrupted flow 
and a constant force field while collections of all com- 
ponents are m progress, There have been many earlier 
attempts to develop such a centrifuge The first and 


The first closed centrifuge has been developed in which tt is possible 
to subject a mixture to an uninterrupted flow and a constant force 
field while collections of all components are being made. Practical 
applications of this device are considered 


remarkably effective approach was the development of the 
cream separator. In 1878 Carl Patrik Gustaf De Laval! of 
Sweden patented the first open, continuous-flow centrifuge, 
which not only revolutionized the dairy mdustry?? but 
also represented the only completely continuous machine 
up to the present time 

At the beginning of the Second World War there was a 
need for large quantities of human blood components 
In this emergency a “De Laval’ model #-19 cream separa- 
tor was adapted by a group at Harvard, under the leader- 
ship of J Edwin Cohn, for the separation of plasma from 
whole blood! Subsequently, this machme has been 
modified and refined for the collection of plasma proteins 
and cells In making ıt a closed sterile system, however, 
the facility for contimuous collection was lost’ Other 
batch processing centrifuges have been described recently 
im which large volumes may be handled (Hehztractor 
Unit, International Equipment Co., Boston, Massa- 
chusetts, Contmuous Action Rotor, Measurmg and 
Scientific Equipment, Ltd, London), but to collect one 
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of the components the centrifuge must be stopped One 
machine, a high speed density gradient centrifuge, 
deserves particular comment because it 1s capable of con- 
tinuous flow processing® This machme permits high 
speed centrifugation but must be slowed down to unload 
the concentrated virus particles, hence the criterion of a 
continuous collection without alteration of the centrifugal 
field has not been fully achieved A simple lower speed 
batch separation centrifuge 1s reported by Barrett? of a 
method for the concentration of bilharzial meta-cercariae 
from infected water sources Although these batch 
separators are very useful, they are inefficient when the 
components to be separated, such as red blood cells and 
plasma, are of nearly equal volumes, or if a fraction 
mtermediate in density between two principal components 
18 to be collected 

The NCI-IBM blood cell separator was designed to 
collect or return to the donor platelets, leucocytes, plasma 
and packed red cells The initial experience has been 
previously reported®~!° and since then there have been 
many refinements in the design and materials 

In 1962, shortly after the joint effort between the 
National Cancer Institute and International Business 
Machines Corp , Endicott, New York, was undertaken, a 
prototype centrifuge bowl was designed which consisted 
of meshed concentric cones This evolved into a device 
composed of three pieces fashioned of ‘Delrin’ (E I 
Dupont de Nemours and Co, Wilmington, Delaware) 
plastic in a truncated cone configuration The rotating face 
seal first used was modified from a design already m use 
by Anderson! Anderson’s design consisted of a lower 
rotating half of ‘Rulon’ (Dixon Corporation, Bristol, 
Rhode Island), which is a ‘Teflon’ (E I Dupont de 
Nemours and Co, Wilmington, Delaware) TFE fluoro- 
carbon compound, and an upper stationary half of stam- 
less steel with a flame-plated tungsten carbide surface 
Both halves were lapped to a high degree of flatness and 
were spring-loaded against each other This design was 
modified by increasing the diameter and adding extra 
channels The stationary half was stainless steel which 
was hardened but not flame-plated Flatness was held to 
30x 10-1n orless This design was not entirely success- 
ful and seal failure with resultant haemolysis occurred 
This problem was ultimately elammated by the constant 
infusion of saline under pressure through tmy jets m the 
raised lands which separated the collecting channels 
(Fig 1) The ‘Rulon’ portion of the seal was temperature 
sensitive and changed shape with use The useful life of 
the steel-‘Rulon’ combination was found to be a maximum 
of 40 h and recently the ‘Rulon’ portion of the seal has 
been replaced by an extremely hard ceramic compound 
In contrast to the ‘Rulon’, the ceramic seal retams its 
flatness and has not shown wear after many hundreds of 
hours of use It 1s not sensitive to temperature changes. 
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Various centrifuge bowl designs have been evaluated 
and the most successful, and the one currently used, 18 
shown in Fig 2 This bowl, made of polycarbonate 
plastic, has a flow path 4 ın long and 0 04 in wide with 
an effective radius of 251m The effect of the length of the 
flow path on the ability of the centrifuge to separate was 
evaluated by processing 1-day-old ACD blood in bowls 
with 2, 3, 4and 5ın flow paths As the flow was increased 
from 2-5 ın at 50g and 40 ml /min flow rate the haemato- 
crit ın the red cell line increased from 54 per cent to 66 
per cent and the plasma yield creased from 33 per cent 
to 56 percent At g forces greater than 200, 85 per cent 
of the plasma was removed using the 4 ın flow path bowl 
It was found that there was very little difference m 
separation efficiency among bowls with flow path widths 
of 0 020, 0 040 and 0 080 ın 

The present machine operates ın the followimg manner 
blood from a reservoir, artery or vem enters the bowl 
through a stainless steel fittimg ın the stationary top 
half of the rotating face seal Blood then passes through 
the rotating face seal and down through a central passage 
in the solid nner core Blood moves peripherally at the 
bottom and then up the sides of the bowl into the flared 
portion of the top During this ascent up the sides of 
the bowl, separation of the blood components occurs 
Three exit ports, located in the clear bow] cover, permit 
collection from the bottom of the packed red cell layer, 
from the top of the plasma layer and from the plasma-red 
blood cell interface The flow of each separated fraction 
is controlled by peristaltic roller pumps which can be 
individually regulated by the operator The position 
of the buffy coat layer is controlled visually by varymg 
the relative plasma and packed red cell flows The trans- 
parent cover allows the operator to observe the separation 
process and make appropriate adjustments in flow rate 
and g force to obtain the desired separation 

Several biological problems are currently bemg mvesti- 
gated at the National Institutes of Health using the 
NCI-IBM blood cell separator The first 1s a study m 
dogs of the efficiency of buffy coat collection and the 
effect of centrifugation on the viability of cells? The 
second involves the collection of granulocytes from 
donors on a continuous flow basis ın vwo for use in the 
supportive care of leucopenie recipients The third, an 
entirely different application, wnvolves the mfusion of 
large amounts of long chain free acids into dogs to study 
their effects on metabolism 

A total of 160 centmfugations ranging from l-12 h 
have been performed ın dogs, using indwelling arterioven- 
ous shunts! A maximum volume of 501 of blood has 
been processed m a single centrifugation and a maximum 
flow rate of 12 1/h has been achieved. Leucocytes and 
platelets can be concentrated and collected in this system 
Within 2 h of centrifugation approximately one blood 
volume of leucocytes and platelets (24 x 10° and 197 x 10°, 
respectively) can be collected in small volume (100 ml) 
with some red blood cell contamimation (haematocrit 
of 10-15) Leucocyte and platelet concentrations of 
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430 0x 10?/mm* and 5,000 x 10%/mm*, respectively, have 
been obtamed Up to 55 per cent of the leucocytes and 
87 per cent of the platelets entermg the centrifuge have 
been extracted Buffy coat preparations with a pre- 
ponderance of either lymphocytes or granulocytes can 
be collected. Detectable damage to erythrocytes and 
lymphocytes has not been found to result from the 
centrifugation procedure Platelets seem to be sensitive, 
however, to mechanical and chemical factors associated 
with contacting surfaces and aggregation!? 

Preliminary studies ım donors with chronic myelocytic 
leukaemia indicate that 30-60 per cent of the leucocytes 
entering the centrifuge can be collected ın a small volume 
Donors have tolerated repeated centrifugation of up to 
5hwithout difficulty Leucocytes collected in this manner 
result m a rise ın white blood count when transfused mto 
acute leukaemia patients with drug mduced leucopenia 
Recovery rates are comparable with those obtained 
with leucocytes processed by conventional plastic bag 
techniques 

Fatty acid infusion studies m dogs have shown that long 
chain fatty acids, which result m haemolysis, thrombosis 
and death when introduced into the blood ın the unbound 
state, are tolerated in large amounts when mfused into 
plasma". Bound to albumin, unesterified fatty acids are 
the chief form of hpid transport of the body When 
added to the plasma line of the cell separator before the 
plasma recombmes with the red blood cells, a large 
quantity of concentrated free fatty acid may be mfused 
into dogs without haemolysis The metabolic conse- 
quences of physiologically umportant quantities of fatty 
acids are bemg studied in this way. In addition, this 
technique provides a potential method for admımstermg 
fat calomes, including essential fatty acids, parenterally 
Up to 12 g of oleic acid, or nearly 100 calories/h, have been 
administered without difficulty to dogs of 12 kg 

There are many areas of medicme and biological 
science in which an efficient continuous flow centrifuge 
could be useful Cells or large particles may be collected 
at low g forces as exemplified ın the current use of the 
machine for the separation of the various cellular com- 
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ponents in blood Other applications melude the concen- 
tration of protozoa or parasites from water, blood o1 
body fluids and the collection of bacteria from fluid culture 
medium The separation and collection of virus particles, 
chylomicrons and macromolecules are possible provided 
the machine ıs modified to operate at higher speeds 
The machine could be used for plasma exchange in 
a variety of clinical situations meluding hepatic coma, 
macroglobulinaemia, cryoglobulinaemia and so on, with- 
out the need for red blood cell exchange Preliminary 
work has already begun on a contmuous-flow two stage 
procedure for the collection of platelet concentrates and 
the precipitation and removal of cryoglobulins Plasma 
dialysis could be carried out at conditions of pressure, 
pH or osmolarity that would be toxic to cellular elements 
in the blood 

In summary, the evolution of an efficient reliable, 
continuous-flow centmfuge and its current use m the 
separation of blood cells m dogs and humans and im the 
study of fatty acid metabolism are described Possible 
practical applications of this device in other areas of 
mvestigation are outlmed 
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Part of the motivation of the present survey came from 
the suggestion by one of us! that an alternative explana- 
tion of the high slope of the log N-log S curve may be 
found ın the effects of the red-shift and the wide dispersion 
im radio source spectra 

The survey was made with the 210 ft 1adio telescope 
and a new 2,700 MHz recerver? which has an mput tem- 
perature of 80° K and an overall bandwidth of 200 MHz 
Peak-to-peak noise fluctuations with an output time 
constant of 2 s are 004° K, equivalent to 007 flux 


Parkes telescope for regions away from the galactic plane have 
shown a slope for the log N-log S relationship of —I 4. 
in strong contrast to the slope of -I 8 usually found in counts of 
radio sources at lower frequencies This low slope at 2,700 MHz 
throws considerable doubt on the often accepted hypothesis that 
the high slope for source counts at low frequencies is associated 
with an evolutionary decrease of the number density or of the 
level of emission of the radio sources or both. 


This 1s 


units The measured beamwidth of the telescope is 7 5 
munutes of are at 2,700 MHz The system can be operated 
with a backward-looking reference horn or an offset feed 
horn producing another 7:5 mmute arc beam 18 5 minutes 
of arc off axis The latter mode was used m this survey 
and the difference between the signals ın the on-axis and 
off-axis beams was recorded 

The survey was made in two parts. The first covered 
an area of about nine hours of right ascension between 
declinations +4° and — 4° and was surveyed by makmng 
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scans at 2° per mm in declination at mtervals of 6 minutes 
of are m right ascension Within this region of 0 343 
sr, all sources estimated to be stronger than 0 35 flux 
units were listed and subsequently re-observed for 
accurate position and flux density The second part of 
the survey covered five selected areas of 40 square degrees 
each where there are two-colour (blue and ultraviolet) 
48 m Schmidt plates to help in the identification of quasi- 
stellar objects The total area covered by the five plates 
is 0067 sr Areas of 50 square degrees centred on the 
plate centres were scanned at 1° per mm with scan 
intervals of 45 mmutes of arc The areas were scanned 
both m right ascension and in declination m order to 
reduce the possibility of confusion and to improve the 
signal-to-noise ratio All sources estimated to be greater 
than 006 flux units were listed and subsequently re- 
observed for accurate position and flux density As there 
is a bias m favour of detecting the stronger sources near 
the edge of any survey area, only sources within the 
smaller area of the two colour plates were used ın con- 
structing the log N~log S curve 

The purpose of making the survey in two parts with 
different levels of sensitivity was to provide source counts 
of simular statistical significance over a wide range of the 
log N-log S diagram In the large survey area, 135 
sources of flux density 204 flux umts were found and 
in the small survey area 210 sources of flux density >0 08 
flux units were found The corresponding numbers per sr 
are 390 for the large and 3,100 for the small survey area 
The composite log N-log S curve from the two areas 1s 
shown in Fig 1. The straight line drawn through the ob- 
served points has a slope of — 138, the statistical fluctua- 
tion errors would, however, allow hmuting slopes of — 1 30 
and —1 50 to be fitted to the observations 

Confusion errors are believed to be negligibly small, 
because even for the five selected areas the number of 
effective beam areas per source ıs greater than 50 It ıs 
thought that errors due to angular extent and polarization 
of the sources are also negligible Random errors of flux 
densities due to norse fluctuations are less than 0 02 flux 
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Fig 1 Cumulative counts of radio sources as a function of flux density 
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A, 2,700 MHz survey of 0 34 sr, @, 2,700 MHz survey of 0 067 sr, O, 

counts of sources from the Parkes catalogue measured at 2,700 MHz 

Solid line to right—counts from 3CR, 4C and 5C surveys at 178 MHz 

after Gower Dashed line 1s the expected count at 2,700 MHz obtained 

by convolving Gower’s curve with the spectral index distribution for 
strong sources at 178 MHz 
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unts Random errors of any kind will tend to mcrease 
rather than decrease the slope of the log N—log S curve 

In Fig. 1, the 2,700 MHz survey results are compared 
with source counts from the Parkes catalogues and the 
Cambndge catalogues Data from the former, which 
were compiled at 408 MHz, have been restricted to about 
half the area of the 0° to +20° and 0° to — 20° zones 
by excluding those regions where galactic features such 
as the North Polar Spur and the Cetus Are influence the 
detection of weak sources The apparent slope of the 
source counts at 408 MHz ıs —1 95, corrections for ran- 
dom errors m the measured flux densities and possible 
over-estimation of the flux densities of weaker sources 
would reduce the slope to ~—185 For these sources, 
flux densities at 2,650 MHz are available, and their 
log N-log S relationship at this frequency 1s shown by 
the open circles in Fig 1 Its slope of ~ —1 6 1s signi- 
ficantly lower than the value at 408 MHz, the rmportant 
result, however, 1s that the counts fell well below the 
counts from the 2,700 MHz survey, particularly at the 
higher flux densities Most of the sources which are 
present in the 2,700 MHz survey, but missing from the 
Parkes catalogue, must have relatively flat spectre 

A simular result 1s apparent from a comparison of the 
results of the 2,700 MHz survey and the Cambridge 
surveys at 178 MHz ‘The composite curve due to Gower? 
for the source counts from the 3C revised, 40 and 50 
surveys 1s shown on the mght-hand side of Fig 1 Unfor- 
tunately, flux densities near 2,700 MHz are not available 
for these sources We have therefore computed the 
expected source counts at 2,700 MHz by convolving 
Gower’s results with the distribution of spectral indices 
given by Long et al 4 for sources in the Cambridge cata- 
Jogues with flux densities > 5 0 flux umts This is shown 
as a dashed Ime in Fig 1 Relative to the observed counts 
at 2,700 MHz, the predicted counts show a marked 
deficiency for high flux densities and a slight excess at 
low flux densities 

We have, then, slopes for the log N-log S relation- 
ship down to a source density of 200 sr of —18 at 
178 MHz, —185+01 at 408 MHz, and —1 4401 at 
2,700 MHz Implieit in these differmg slopes 1s a change 
in mean effective spectral index and/or the dispersion m 
spectral mdices with flux density For example, we can 
reproduce the 178 MHz counts from the 2,700 MHz 
counts by assuming a Gaussian distribution of spectral 
indices of standard deviation 017 (as found by Long et 
al for 4C catalogue sources stronger than 6 flux units 
(ref 4)) with the mean effective spectral index given by 


Ms, 700/176 = 0 56— 0 179 log 82,700 (1) 


The 408 MHz counts may be reproduced from a similar 
expression, 

Fig 2 shows the 2,700 MHz survey sources on a diagram 
of S2,29 against S,,,. Here the 45° dashed hnes are lines 
of constant effective spectral mdex over this frequency 
range Sources which are not in the 4C catalogue have been 
shown as having an upper lmit of §,,,=2 5 flux units 
Equation (1) ıs plotted as a dotted line, and detailed 
inspection indicates that ıt grves a reasonable representa- 
tion of the trend m mean effective spectral mdex between 
2,700 MHz and 178 MHz for these sources. 

The transformation represented by (1), although effec- 
tive, does not properly take into account the observed 
distribution of source spectra Prelimimary results from 
measurements at 468 MHz and 1,402 MHz with the Parkes 
interferometer mdieate that as many as one-third of the 
2,700 MHz survey sources which are not in the 4C cata- 
logue have mverted spectra One example is Parkes 
2,134+4 004, which has a flux density of 7-5 flux units at 
2,700 MHz but for which the extrapolated flux density at 
178 MHz ıs <0 2 flux units—that ıs, below the hmut of 
the fifth Cambridge catalogue 

In deriving the 2,700 MHz counts from the 178 MHz 
log N-log S curve, an apparent difficulty 1s encountered 
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The requisite changes with flux density m mean spectral 
index (for example, m accord with the relation reciprocal 
to (1)) and/or dispersion m spectral mdices seem to be 
excluded by spectral measures of the 40 sources Long 
et al* have measured spectra m the frequency range 
38 MHz to 1,410 MHz for 4C catalogue sources of S,,,>5 
flux units, and Stewart and Long’ have carried out the 
same measurements for a sample of 4C sources for which 
2 flux units>S,,.,25 flux units Both find the same 
mean spectral index of 0 75. Long et al. obtam a standard 
deviation for the spectral index distribution of 017, 
whereas Stewart and Long obtam the somewhat higher 
value of 0 25. Stewart and Long claim that the increase 
may be the result of experimental errors due to the lower 
flux densities involved An examination of thar Fig. 2, 
however, reveals a markedly different distribution of the 
spectral indices from that given m Fig 1 of Long eż al, 
and we feel that the higher dispersion 1s likely to be real. 
A more mmportant pomt, however, 1s that spectral mdices 
in the range 38 to 1,410 MHz are not characteristic of 
effective spectral indices ın the range 178 MHz to 2,700 
MHz A study of a large sample of sources in the Parkes 
catalogue has shown that the straight power law spectrum 
below 1,400 MHz exhibited by the majority of sources 
frequently does not contmue to ngher frequencies For 
many radio galaxies the spectrum steepens, for many 
quasi-stellar objects 1t flattens, and not mfrequently the 
slope reverses 

The reconcihation of the differing slopes for the log N- 
log S relationships at 178 and 2,700 MHz in terms of the 
spectral content of the surveys must therefore await 
complete investigation of the spectra of sources in both 
catalogues over this frequency range It 1s evident from 
our prelummary mvestigations that the first requirement 
for this reconcilation—a difference m spectral content 
for the two catalogues—is indeed present 

The difference ın spectral content 1s paralleled by a 
difference in identification content The positions of all 
sources m the 2,700 MHz survey have been examimed on 
the Palomar Sky Survey prints, and suggested identifica- 
tions of optical counterparts for many of the sources 
have been made (unpublished results, J V. Wall, J K 
Merkelhijn and A J. Shimmins). In Fig. 2, different 
symbols are used for identified galaxies, confirmed and 
possible quasi-stellar objects, and unidentified sources. 
It 1s apparent from this diagram that the identification 
content of the stronger 2,700 MHz sources 1s quite dif- 
ferent from that of the stronger 178 MHz sources For 
sources common to the 2,700 MHz and 178 MHz catalogues 
the ratio of galaxies to QSOs 1s 5 4. For sources not m 
the 4C catalogue the ratio ıs 1. 10 

A further result from Fig 2 ıs the clear distinction 
between the spectra of the radio galaxies and the QSOs 
which has previously been pointed out by two of uss. 
For sources with mean spectral mdex less than 0 4 the 
identifications are exclusively QSOs, between 04 and 
06 the ratio of QSOs to galaxies ıs 2-1 Objects with 
spectral indices greater than 08 are almost exclusively 
galaxies It seems that the unidentified sources he in 
the region of the diagram occupied primarily by galaxies, 
which substantiates the argument® that the majority of 
unidentified sources are galaxies beyond the Palomar Sky 
Survey plate Imit. 

The question naturally arises as to which log N-log S 
slope is to be used in cosmological discussions It has 
often been suggested that the evolutionary sequence for 
radio sources 1s such that the spectra steepen with age 
On this basis, the more distant sources should have flatter 
spectra, and high frequency surveys with a selection bias 
in favour of flat spectrum objects might be more hkely to 
reveal evolutionary effects Another point ın favour of 
high frequency source counts 1s that the flux density at a 
Ingh frequency ıs more representative of a bolometric 
magnitude or mtegrated power than that at a low fre- 
quency. It 1s now known that there 1s a very large range 
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2 5 10 20 
Flux density at 178 MHz 
Fig 2 The flux density at 2,700 MHz against the flux density at 
178 MHz for sources from the 2,700 MHz survey of 034 sr Different 
symbols indicate the identification class 45° lines are lines of 
constant spectral index and the dotted line represents Gs yo175= 
0 56 — 0 197 log S-.-o. Sources notin the 4C catalogue are indicated as 
if they had an upper limit of 2 5 flux units at 178 MHz Galaxies which 
are probably resolved in the 4C observations are indicated with the 
178 MHz flux as a lower limit 


in the form of radio source spectra, and, consequently’, 
source counts in terms of flux density may not be valid sub- 
stitutes for counts m terms of source power Furthermore, 
the same source selection effects that produce the log N- 
log S slope at a particular frequency will also mfluence 
the identification content and the deductions from it Foi 
example, from the quasi-stellar objects in the revised 30 
catalogue, Schmidt’ finds that the space density of QSOs 
at z=1 is approximately a hundred times that of ther 
local space density. A simular variation with epoch of the 
luminosity of one class of radio source 1s required by 
Longar’s mvestigation® of the revised 3C sources It has 
been shown here that the ratio of different types of radio 
sources m the 2,700 MHz survey departs radically from 
that of the revised 3C catalogue It will be of great 
interest to see whether Schmidt’s result for the 30 Q8Os 
persists ın the present sample when their red-shifts become 
available 

Finally, m view of the doubts raised on the mterpreta- 
tion of the slopes of the number—fiux density relationships 
for the radio sources, their value as evidence against the 
steady state cosmology may be questioned 

We thank Miss J K Merkeliyn for her assistance with 
the observations One of us (J V W ) 1s grateful to the 
Australian National University for a research scholarship 
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Nearty all the antilymphocytic activity of horse-anti- 
human antilymphocytic serum (ALS) prepared by chronic 
immunization 1s concentrated in the IgG fraction but, as 
reported previously, m our preparations of antilympho- 
eytic IgG (ALS IgG) only a small proportion (usually 
less than 1 per cent) of the molecules are effectively anti- 
lymphocytic. In the experiments reported here, anti- 
lymphocytic antibody of much greater purity has been 
prepared by elution from human lymphocytes previously 
meubated wm vitro with ether ALG or crude ALS 

Several methods of elution, mcludimg exposure for 
various times to buffered solutions of differng pH at 
37° C and 56°C, and also to high concentrations of 
urea, were investigated in preliminary trials, and 1t seemed 
that the most promising method was exposure for about 
20 min to acid media 1n the pH range 2 5 to 40 

In the first of three experiments, 250 millon human 
peripheral blood lymphocytes, prepared as described be- 
fore®, were incubated for 1 5 h at 37° C in 25 ml of medium 
(tissue culture medium 199 with 20 per cent autologous 
inactivated plasma) to which was added 4 ml of a solution 
containing 35 mg of ALS IgG which had been labelled 
with 1odine-131 by the method of Hunter and Green- 
wood? ‘The cells were spun down, washed once with 
Mcllvain citric acid—phosphate buffer at pH 7 2, resus- 
pended, distributed equally between four counting tubes, 
spun down again and, after the supernatants had been 
separated, counted for 1odine-131 in a well-type scintilla- 
tion spectrometer (Nuclear Enterprises ‘Gammamatic’) 
The sum of the four cell counts was 2,432 cps and a 
sample of the ALS IgG counted at the same time yielded 
a count of 14,500 cps /mg If all the IgG molecules were 
labelled the mean number of molecules taken up per cell 
was thus 

2,432 N 


14,500 108 250 108 m 


where N 1s Avogadro’s number == 6 103 and m ıs the 
molecular weight of IgG == 160,000. 

The cells in each tube were then resuspended m 3 ml 
of eluting medium, consisting of Mellvam etme acid- 
phosphate buffer at pH 25, 3, 35 and 3 m tubes 1-4, 
respectively, and transferred to mmiature (10 ml ) Erlen- 
meyer flasks Flasks 1-3 were placed on a mechanical 
shaker in a water bath at 37°C, flask 4 was placed on a 


= 2-51 nmulhon 





By elution from human lymphocytes it has been possible to obtain 
antilymphocytic antibody of much greater purity than before 


similar shaker in a water bath at 56°C After 20 min the 
suspensions were transferred to tubes and centrifuged; 
cells and eluates were then separated and counted for 
1odine-131, after which the eluates were brought to pH 7-2 
by the addition of 1 N sodium hydroxide and dialysed 
overnight at 4°C against medium 199 The volume of 
each eluate was then made up to 4ml with medium 199. 

The proportion of adsorbed protem eluted ın each tube 
and the protem content of each eluate were calculated 
from the 1odine-131 counts The agglutimm and cytotoxic 
titres-! of a solution of the original labelled ALS IgG 
contaming 0 875 g/100 ml were determined in the usual 
way and found to be 1,024 and 512, respectively. The 
tatres-! of each eluate were sumilarly determmed (Table 1). 
The lymphocyte bmding and lymphocyte stimulating 
activity of the eluted antibody was vestigated by adding 
14 ml of each eluate to human lymphocyte cultures!? 
contaimmng tritiated uridme and measuring the amount 
of 10odine-131 and tritium taken up by the cells Control 
cultures were set up, some containing various amounts of 
the original labelled ALS IgG, others without the addition 
of any antilymphocytic antibody. After 24 h the cells 
were prepared for liquid semtillation counting and counted 
with a Packard ‘Tricarb’ scintillometer usmg two chan- 
nels, one adjusted for 1odme-131 and the other for tritium 
The iodine-131 and tritrum activity im each culture was 
then calculated as described before!, due allowance being 
made for the mfluence of iodine-131 on the count in the 
tritium channel All cultures were in duplicate and the 
ratio of the mean tritium activity m a pair of cultures 
with added ALG or eluate to the mean tritium activity of 
the controls ıs referred to hereafter as the mean relative 
tritium activity The control cultures were used to estab- 
lish dose response curves (Fig 1) relating the mean number 
of IgG molecules taken up per cell and the mean relative 
tritium activity to the amount of 15"I-labelled ALS IgG 
in the culture. The measured uptake of IgG per cell and 
mean relative tritium activity in the cultures contaimng 
eluted antibody are set out m Table 1 The amounts 
(Er and Ey) of the onginal labelled ALS IgG which 
would produce the observed values of 1odime-131 uptake 
and mean relative tritium activity have been read off from 
Fig 1 and are shown m the same table Thuis table also 
shows values, calculated as described later, for the propor- 
tions of agglutinating, cytotoxic, lymphocyte binding and 


Table 1 ELUTION OF ANTILYMPHOCYTIO ANTIBODY FROM LYMPHOCYTES EXPOSED TO ‘4J-LABELLED ALS IgG 
Eluate Agglutinating activity Lymphocyte binding achvity* Lymphocyte stimulating activity* 
Propor- Mean No 
tion of Relative molecules Relative Relative 
Conditions Protem adsorbed Propor- activity Cyto- IgG taken Propor- activity Mean Propor- activity 
No of elution content antibody Titre? tron re- of toxic up per Er tion re- of Telative Enun tion re- of 
pH °C (mgl eluted covered eluted titre-? lympho- covered eluted tritium covered eluted 
100 ml ) (%) (%) antibody cyte (%) antibody activity (%) antrbody 
(millions) 
1 25 37 076 81 64 12 36 <4 031 010 32 37 133 007 23 27 
2 30 37 049 49 84 12 56 <4 0 23 008 26 47 278 0 36 117 209 
3 35 37 043 49 32 12 64 <4 034 O11 386 73 435 0 46 150 804 
4 30 56 057 49 16 8 24 <4 0 43 014 45 69 0 82 0 0 0 


* Based on observations with cultures contaming 1 4 ml eluate obtained from 3 g of labelled ALS IgG 
Ezr and Ea denote the amounts of the orginal labelled ALS IgG which, from Fig 1, would produce the observed uptake of 1odine-131 and the 


observed mean relative tritium activity, respectively 
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Fig 1 Dose response curves for human lymphocyte cultures contam- 

ing tritiated uridine and 1*4I-labelled ALS [gG relating (a) the number 

of IgG molecules taken up per cell and (b) the relative tritium activity 
to the amount of labelled IgG per culture 


lymphocyte stimulatmg activity recovered by the com- 
bined adsorption—elution procedures, and the relative 
activity of each eluate as compared with the orginal 
labelled ALS IgG m respect of the same four properties 

The proportions ofagglutinating and cytotoxic activity re- 


T 
coveredare clearly given by Oe V’and 7 V’, respectively, 
c på 


and the corresponding relative activities by i = and 


Te P l a P 
p” where J'4’, To’, P’ ‘denote, respectively, the 


Te 
reciprocal agglutimin and cytotoxic tities and the protem 
concentration of the eluate, T'a, To, P the reciprocal 
agglutinin and cytotoxic titres and the protem concen- 
tration of the original labelled ALS IgG, V’ the volume 
of eluate per unit volume of the origmal labelled ALS IgG 
solution The proportions of lymphocyte binding and 
lymphocyte stimulatmg activity recovered might be 
Er Eg 
G G Er 
corresponding relative activities by @ 


defined, by analogy, as and , respectively, and the 


and ue 
P G P? 
where Er and Hy have the meanıngsalready ascribed, and G 
(=3 mg) denotes the amount of omgmal labelled ALS 
IgG from which the eluted antibody m one culture was 
obtained These definitions must, however, be regarded 
as purely operational because, as will be seen later, 
different values are obtamed if the conditions of assay 
are changed by altermg the amount of eluted protein per 
culture 
It will be seen that, of the procedures tned, elution at 
37° C m a medium of pH 3 0 or 3 5 gave the biggest yield 
of antibody as judged by agglutinating activity, lympho- 
cyte binding activity and lymphocyte stimulating activity 
At pH 25 (37° C) more protem (strictly speaking, more 
label) was eluted, but this gam did not compensate for 
the loss of activity, at 56° C (pH 30) the amount of 
protein eluted was the same as at 37° C (pH 3 0) and its 
capacity to bind to lymphocytes was relatively high, but 
stumulating activity was completely lost 
The object of the second experiment was to investigate 
the possibility of obtaining purified antilymphocytie anti- 
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body by usmg crude ALS mstead of ALS IgG as the 
starting point for the adsorption-elution procedure The 
ALS was obtained from the same chronically immunized 
horse which provided. the serum from which the ALS IgG 
used in the first experiment was prepared It was m- 
activated by heating to 56° C for 30 mm and then absorbed 
with one-third its volume of packed human AB red cell 
stroma, as a result of which the haemagglutmin titre-* 
was reduced from 2,048 to 8. The agglutinin and cytotoxin 
tıtres-1 of the serum were both 1,024, and the IgG con- 
tent was approxmately 1 g/100 ml 

Two hundred million human peripheral blood lympho- 
cytes suspended in 20 ml medium 199 were mixed with 
20 ml of ALS and mcubated for 1 5h at 37° Cn a 600 ml 
Erlenmeyer flask, with gentle shakmg for 2 min every 
10 mm The suspension was then distributed equally 
between four tubes, after which the cells were spun down, 
washed once and resuspended in 3 ml of eluting medium 
consisting of McIlvam citric acid—phosphate buffer of 
pH 2 5, 30, 3 5 and 4 0 in tubes 1-4, respectively Elution 
was carried out for 20 min m miniature Erlenmeyer flasks 
as in the first expermment, the only difference being that 
all the flasks were kept at 37° C After separation of the 
cells the eluates were brought to pH 7 2 by the addition 
of 1 N sodium hydroxide and dialysed overnight at 4° C 
against medium 199. The volume of each eluate was then 
made up to 5 ml with medium 199 

Lymphocyte cultures contaiming tritiated uridine were 
set up in duplicate to provide dose response curves 
relating lymphocyte stimulating activity (as judged by 
uridine uptake) to the amount of ALS or eluate added to 
the culture, using doses of 0 05, 01 and 0 2 ml. of ALS, 
and 03, 06 and 12 ml of eluate The lymphocyte 
agglutmm and cytotoxin titres of each eluate were 
determmed in the usual way, and the proportions of 
agglutimating and cytotoxie activity recovered by the 
combmed adsorption—elution procedure were calculated 
as in the first experiment Values have also been cal- 


culated for an , which was defined earlier as the proportion 


of lymphocyte stimulating activity recovered, as already 
mentioned, however, the values obtained for each eluate 
depend on the amount added to each culture The results 
are summarized ın Fig 2 and m Table 2, which shows for 
each eluate the proportions of agglutinating and cytotoxic 


— at two doses of 


G 
eluate per culture, namely, 1 2 and 0 6 ml, corresponding 
to the amounts obtamed from quantities of ALS con- 
tainmg 12 mg and 6 mg of IgG, respectively 

Once again, of the procedures tried, elution at 37° C in 
a medium of pH 3 0 or 3 5 gave the biggest yield of anti- 
body as judged by agglutinating and stimulating activity 
As in the first experiment, very little cytotoxic activity 
was recovered ın any of the eluates 

A third experiment was performed to determme 
whether the recovery of antibody from ALS at a pH 
between 3 0 and 3 5 might be improved (a) by carrying out 
the elution ın two stages and (b) by adding human serum 
protein to the eluate before dialysis to protect agaimst 
denaturation Three hundred and twenty milhon human 
peripheral blood lymphocytes suspended m 30 ml of 
medium 199 were mixed with 32 ml of ALS and incubated 


activity recovered, and the values of 


Table 2 ELUTION OF ANTILYMPHOOYTIO ANTIBODY AT VARIOUS pH FROM LYMPHOOYTES EXPOSED To ALS 


Eluate Agglutinating activity 
No 
Conditions of elution Proportion 
ec Titre- recovered 

(%) 
1 25 37 32 3 
2 30 37 128 12 
8 35 37 128 12 
4 40 37 4 <1 


Er iG 
(Proportion of lymphocyte 
stimulating activity recovered) 
Values obtained Values obtamed 


Cytotoxic activity 


Proportion in testa with in tests with 
Titre recovered 12ml ofeluate 066ml of eluate 
(%) per culture per culture 
4 1 40 17 
4 1 25 0 42 
8 2 267 37 
4 1 20 23 
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as before for 15 h at 37° C. The suspension was then 
transferred to a large (100 ml ) tube and centrifuged The 
supernatant was separated and stored overnight at 4° C 

The cells were washed once, resuspended in 5 ml of 
Mellvain citric acid—phosphate buffer, pH 3 3, and trans- 
ferred to a small Erlenmeyer flask which was shaken in a 
water bath at 37° C After 10 mm, the suspension was 
transferred to a small tube and centrifuged The eluate 
was recovered, brought to a pH of approxmately 6 0 by 
the addition of an equal volume of 0 2 M disodium phos- 
phate and cooled to just above 0° © The cells were 
resuspended ın 5 ml. of buffer at pH 3 3, and transferred 
back to the small Erlenmeyer flask m the water bath at 
37° C After a further 15 min the eluate was again separ- 
ated, brought to pH 60 and cooled, and the cells were 
resuspended in 5 ml of fresh buffer The two lots of 
eluate were thoroughly mixed Half of the composite 
eluate was mixed with 4 ml of activated human plasma 
and then smoultaneously concentrated by ultrafiltration 
and dialysed overnight at 4° C against phosphate buffer, 
pH 7-2, to yield preparation A, the other half was 
simuarly dialysed without previous addition of plasma, to 
yield preparation B Both preparations were thus reduced 
m volume to slightly less than 4 ml and later made up 
to 40 ml by the addition of phosphate buffer, so that 
the volume of each preparation was one-quarter the 
volume of ALS from which it was derived, and preparation 
A was approximately equivalent to human plasma ım 
respect to the content of human protein The nitrogen 
content of each sample of preparation B was determined 
by a micro-Kyeldahl procedure and found to be 52 6 ug/ml , 
corresponding to approximately 33 mg of protem/100 ml 

The lymphocyte agglutinating, cytotoxic and stimulating 
activity of these preparations, and also of the ALS before 
and after absorption with human lymphocytes, were 
measured ın the usual way and the results are shown in 
Table 3 and Fig 3. It would seem that the two stage 
elution procedure has mproved the yield of agglutinating 
antibody. This ıs most apparent m eluate A contammg 
human plasma, but the difference between the two eluates 
depends on one tube m the agglutination test and cannot 
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Fig 2 Dose response curves for human lymphocyte cultures contam- 

ing tritiated uridine and either ALS or eluted antibody relating the 

mean relative tritium count to the amount of ALS or eluate per culture 

See text (second experiment) for conditionsofelution Because the points 

for eluates 2 and 3 fall so sloseiy togesher, a sıngie curve has been drawn 
0 em 


823 


1i 


Mean iclative count 





0 35 


0 40 


010 015 020 025 9630 
Volume of ALS or eluate (ml /culture) 


0 0 05 


Fig 3 Dose response curves for human lymphocyte cultures contain- 

ing tritiated uridine and either unabsorbed ALS, ALS partly absorbed 

with human lymphocytes or eluted antibody The curves relate the 

mean relative tritium count to the amount of ALS or eluate per culture 

See text (third exper:ment) for conditions of elution Because the points 

(x for eluate A and O for eluate B) for the two eluates fall so closely 
together, a single curve has been drawn to fit them 


be regarded as significant Little or no cytotoxic activity 
was demonstrated in ether eluate The uridine uptake 
curves are virtually identical for both, and are similar ın 
form to those obtained with eluates 2 and 3 of the previous 
experment, the recovery of stimulatmg activity also 
appears to be much the same as before 1f allowance 1s 
made for the four-fold concentration of eluates A and B. 

There are two features of the results which would seem 
to merit special comment First, ıb 1s noteworthy that 
preparations have been obtamed which are extraordinarily 
potent ın respect of lymphocyte agglutimatmg and stımu- 
lating activity but which have little or no demonstrable 
cytotoxic activity In these respects, the purified antibody 
resembles? the divalent antibody fragment F(ab’), which 
is obtained when the complement binding part of the IgG 
molecule ıs destroyed by digestion with pepsin It seemed 
possible that ın the present elution experiments exposure 
to acid might have caused the loss of cytotoxic activity 
either by selectively destroymg a subpopulation of anti- 
body molecules responsible for such activity or by damag- 
ing the complement bmding sites of IgG molecules in 
general 

To test this a solution of ALS IgG was acidified to pH 3 


Table 3 ELUTION OF ANTILYMPHOOYTIC ANTIBODY (TWO STAGE PROOHDURE) 
AT pH 33 
Agelutinating 


Protein content activity 


Propor- Cyto- 

Preparation Horse IgG Human plasma Titre tion toxic 
(mg/100 ml ) proteins recovered titre-* 

(g 
Original ALS Approx 1,000 Nil 1,024 1,024 
Absorbed ALS Notmeasured Nil 512 512 
Eluste A 33 As normal 2,048 50 <4 
human plasma 
Eluate B 33* ul 1,024 25 <4 


* The N content by micro-Kjeldahl was 52 6 ug.jmi 
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with 0 1 M citric acid and incubated at 37° C for 20 min 
The solution was then brought to pH 6 by the addition 
of 02 M disodium hydrogen phosphate and dialysed 
overnight against phosphate buffer, pH 7 2, at 4° C 
Durmg the course of the dialysis the volume was reduced 
to that of the orginal ALS IgG solution by ultrafiltration 
This “acid-treated IgG” was found to possess the same 
lymphocyte agglutmatmg activity as the IgG from which 
it was prepared (titre-+=4,096 m each case), but the 
cytotoxic titre! was reduced by the treatment from 
2,048 to 64 The lymphocyte stimulating activity as 
judged by uridine uptake ın lymphocyte cultures devoid 
of complement was only slightly reduced by the treat- 
ment (Fig 4a and b); on the other hand, in cultures 
contaming complement? the treated IgG caused greater 
stimulation than the untreated IgG It therefore seems 
clear that cytotoxic activity 1s selectively reduced, as 
compared with agglutinating or lymphocyte stimulating 
activity, by exposure to pH 3 at 37° C Loss of cytotoxic 
activity thus seems mevitable with the method of elution 
used in the present experiments 

Because, as already reported’, the 1mmunosuppressive 
capacity of F(ab’), 1s small m comparison with that of 
the ALS IgG from which it ıs prepared, ıt would be 
interesting to measure the 1mmunosuppressive capacity 
of acid-treated or eluted antibody This 1s bemg under- 
taken m rats with purified antibody prepared from horse- 
anti-rat ALS. 

Second, the dose response cur ves relating uridine uptake 
by lymphocytes in culture to the amount of antibody in 
the medium given by antibody eluted at optimal pH are 
markedly different ın form from those obtamed with 
either crude ALS or ALS IgG Thus at a level of uridine 
uptake which 1s maximal or near-maximal for cells exposed 
to ALS or ALS IgG, the slope of the curve for eluted 
antibody ıs both steep and mcreasing 

Some light on possible reasons for this difference 13s 
provided by the data obtamed with ™I-labelled antibody 
In previous observations? with human lymphocyte cul- 
tures contammg tritiated uridine and ™I-labelled ALS 
IgG ıt was found that there was an approximately linear 










(a) Untreated IgG 
No Complement 


(b) Acid treated IgG 
No Complement 


(c) Acid treated IgG 
With Complement 


{d)Untreated IgG 
With Complement 


Mean relative count 








0 05 10 15 20 
Amount of ALS IgG per culture (mg) 


Fig 4 Dose response curves for human lymphocyte cultures contain- 

ing either untreated ALS IgG (a, d) or ALS IgG which had been exposed 

to pH 30 for 20 min at 37° © (b, c) Curves a and b relate to cultures 

set up in the usual way ın a medium consisting of medium 199 with 

20 per cent heat-inactivated autologous plasma Curves c and d relate 

to cultures contaming 20 per cent unheated autologous plasma This 
was added after the ALS IgG 
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Fig 5 Relationship between mean relative tritium activity and 
the number of molecules of ™I-labelled antibody taken up per cell 
The points connected bv the sigmoid curve are based on data presented 
more fully in Fig 1 and relate to cultures containing unpurified ALS 
IgG The isolated pointe marked Hl 2 and El 3 relate to cultures 
contammg eluted labelled antibody (eluates 2 and 3 of Table 1) 


relationship between the relative tritrum activity and the 
number of IgG molecules taken up per cell, ın so far as 
there was any departure from lmearity a sigmoid curve 
appeared to give the best fit It will be seen from Fig. 5, 
plotted from the data presented more fully m Fig 1, that 
in the first experiment of those now reported there 1s the 
same sort of relationship between tritium activity and 
IgG uptake ın cultures treated with unpurified ALS IgG, 
that 1s, a straight line fits the data approximately but a 
sigmoid curve is better The effect of the eluates was 
observed at only one dose level for each, ıb will be seen, 
however, that the points for the active eluates (2 and 3) 
he well to the left of the straight lme fitted to the points 
obtained with unpurified IgG and a fortiorz to the left of 
the sigmoid curve While it would be unwise to seem to 
draw far-reaching conclusions from these two observations, 
they do at least suggest that 1t may be necessary to make 
a further revision of our hypothesis concerning the hetero- 
geneity of antilymphocytic IgG molecules We began by 
postulating that ALS IgG contaims only two classes of 
molecule, namely, antilymphocytic molecules which bind 
to and stimulate lymphocytes and non-antilymphocytic 
molecules which neither bind nor stimulate. It became 
apparent that this was an over-simplification and that 
antilymphocytic IgG molecules formed a heterogeneous 
population, the previous experimental findings could, 
however, be accounted for by postulatmg heterogeneity 
in respect of avidity only and retaimmg the assumption 
that all IgG molecules which become attached to a 
lymphocyte exert an equal stimulating effect. We have 
now at least a suggestion that mndividual antilymphocytic 
IgG molecules may differ also ın respect of their stamu- 
lating capacity 

I thank Dr Keith James for helpful suggestions and for 
preparing and labelling the IgG used ın the first experi- 
ment I also thank W. McBride for performing the 
mucro-Kyjeldahl determinations and Mr George Brooks for 
technical assistance 
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New Controlling Element in the Lac Operon of E. coli 


by 

KARIN IPPEN* 

JEFFREY H. MILLER 
JOHN SCAIFEt 
JONATHAN BECKWITH 


Department of Bacteriology and Immunology, 
Harvard Medical School, 
Boston, Massachusetts 


Tue genetic elements (lac) determuning lactose metabolism 
in # cols map very close together ın a small region of 
the chromosome (Fig 1)! Three structural genes, z (for 
6-galactosidase), y (for galactoside permease) and a (for 
thiogalactoside transacetylase), are regulated by the re- 
pressor product of the + gene. In the absence of B-galac- 
toside inducers of the system, the repressor interacts with 
the lac operator (o) to prevent synthesis of the three 
proteins Jacob and Monod have suggested that repression 
involves an inhibition of transcription of lac operon DNA 
mto a messenger-RNA (mRNA) copy? This model for 
regulation has recently recetved strong support from the 
experiments of Gilbert and Muller-Hull, who have isolated 
the repressor protem and have found that 1t binds specific- 
ally to lac operator double-stranded DNA? Thus it seems 
hkely that this repressor—-operator complex prevents 
transcription of the lac operon 

(There ıs genetic evidence indicatmg that ıt 1s not the 
operator itself which serves as a transcription initiation 
site Whereas one would expect mutations in an initiation 
site to alter the potential for operon expression, operator— 
constitutive (of) mutations, mcluding some well charac- 
terized deletions (unpublished results of Davies and Jacob), 
do not affect the rate at which the operon can be ex- 
pressed’. Such an mitiation site must therefore he out- 
side the operator, either between 7 and o or between o 
and z Jacob, Ullman and Monod? have proposed that 
such a site, the promoter (p), maps between o and z, 

We have reported the isolation and characterization of 
mutants which have all the properties of mutants in an 
imitiation site of the lac operon*. These mutants, which 
reduce the maximum rate of lac operon expression, do 
not alter either the operator or the + gene On the basis of 
genetic mapping, we had concluded that these mutants 
altered a site between o and z, possibly identical to the 
promoter This conclusion was based on the use of certain 
2-o¢ mutants thought to be deletions extending from the 
operator into or beyond the 2 gene* Davies and Jacob 
have now shown, however, that these mutants are not 
overlapping deletions (unpublished results) In fact, ıt 
now seems likely that most or all of them behave as either 
negatively complementing 2- mutations (personal com- 
munication from J Davies and W Gulbert) or as double 
mutants (unpublished results) The former class would 
be mutations ın the 2 gene, which produce a defective sub- 
unit of the repressor, rmpairmg the normal function of 
wild-type repressor sub-units The findings of Davies and 
Jacob have led us to re-examine the mapping of our 
mutants 


* Harold C Ernst Research Fellow 
+ On leave from MRC Microbial Geneties Research Unit, London. 


The lac promoter maps between the repressor 1: gene and the 
operator o gene, so that the operator gene ts probably transcribed. 


We present here conclusive evidence that the genetic 
site altered ın our mutant maps between + and o This 
evidence thus identifies a new controlling element de- 
termining the expression of the lac operon We propose 
that 1t 18 in this region that the mitiation of transcription 
takes place ‘Because, in the original formulation of the 
promoter concept, 1t was considered most likely that the 
site defined as promoter was an mitiation pomt for mRNA 
transeription®, we prefer to retain the term promoter to 
describe this new region (Jacob and Monod, personal 
communication, agree with this use of the term promoter) 
‘It now seems probable that, ın fact, the region between 
o and z corresponds only to an iutiation site for transla- 
tion 

We have characterized four ultraviolet-nduced mutants 
which co-ordinately reduce the rate of expression of the 
z,yandagenes Some of their properties are described m 
Table 1 Three of these, although independently isolated, 
are almost identical ın their characteristics, and at least 
two. L8 and L37, do not recombine with each other 
(unpublished results of J. Beckwith) L8 and L37 do, 
however, seem to be point mutants’ The lesion in the 
fourth mutant, L1, confers an additional property on the 
strain, and, although the operator m Ll ıs normal, the 
activity of 1ts 7 gene 1s reduced 


Table 1 
Induced levels of lac 
en7vmes as percent- Regulation exs-Dominant 
age of wild-type 
PAT 2 Partly constitutive Yes 
58, L37 6 Normally inducible Yes 
L29 4 Normally inducible Yes 


Three of these mutants, £1, L8 and 237, have been described before‘, 
The fourth, £29, was isolated as one of two lar- mutants found after ultra- 
violet mutagenesis of a lact strain The o and 2 characters of L1 were 
determined in diploid studies 


These mutations are cvs-dommant m that they only 
reduce the rate of expression of the operon on the same 
chromosome and these effects are not relieved by the 
mtroduction of a second lac region into the cell An 
explanation for the properties of these mutants ıs that 
they have altered a site essential for the initiation of 
either transc1iption or translation of the operon The 
result 1s a reduced efficiency of readmg In order to 
determine conclusively the position of the mutants relative 
to the operator and the 2 and z genes, we have employed 
a deletion analysis of this region To avoid confusion we 
shall call these promoter mutants 

We have described a genetic system m which ıb 18 
possible to isolate deletions removing the distal end (a 
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Fig 1 
TIF mutations were selected as before” 


and co-workers Lacjgse7g 18 an extremely polar mutant tsolated by Malamy® 
The orders of ¢ and o mutations which are not established by deletion 


have been described before? 


The lac operon transposed (1n 80dlac) to the ¢80 site on the bacterial chromosome 
Alls gene and oc mutations were isolated by Jacob, Monod 


The 


Laecz and laeygssy 


mapping have been determined by Daves and Jacob (results in preparation) 


end) of the operon and extending varying distances toward 
and past the operator (Fig 1)* These deletions are 180- 
lated ın a stram in which a p80dlac transducig phage 1s 
mtegrated in the chromosome near the locus (T1) de- 
termming sensitivity to the bacteriophages T1 and 980 
In the strain described in Fig 1, the lac region 1s verted 
from its normal orientation on the chromosome so that 
the + gene is furthest from the TI locus By selecting 
TIR mutants of such a strain, 1b 1s possible to isolate 
deletions extending from the T1 locus or beyond into the 
defective prophage These deletions are presumed to 
melude all the genetic material between the F1 locus and 
the determmed deletion end, for they remove all pomt 
mutant sites ın the y gene and m the z gene as mdicated 

The deletions isolated in this way, which we have used 
n our mapping studies, are described m Fig 1 Table 2 
shows the frequency of recombmation of these deletions 
with mutants affecting various components of the lac 
operon and the 7 gene These melude an 2 mutation, 
two 1- mutants, four promoter mutants, three o¢ mutants 
and three z- mutants One of the mutants, of,., was 
shown by Davies and Jacob (unpublished results) to map 
the furthest to the left of any known o¢ mutant In most 
cases, the deletion strains were infected with an F” factor 
(F-lac-pro) carrying the mutation to be mapped Cultures 
of these partial diploids were then screened for recom- 
binants. It should be noted therefore that the frequencies 
reported ın Table 2 do not correspond to recombination 
frequencies measured in the standard way 

The crucial deletion for determmuing the position of the 
promoter mutants relative to the operator ıs X8554 
Two promoter mutants, L8 and L37, give frequencies of 
0 065-0 086 per cent recombinants with this deletion In 
contrast, no recombmants have been detected between 
this deletion and any of the o¢ mutants as mdicated in 
Table 2 Either this deletion covers the entire operator 
region, or else 1ts termmus hes very close to the end of the 
operator nearest the 2 gene In general, the other fre- 
quencies presented in Table 2 are entirely consistent with 
the order of mutations as determmed by their ability to 
recombine with a series of other pomt mutations and 
deletions The map order ıs also m complete agreement 
with respect to the order of 2 and o mutations determined 
by Davies and Jacob (unpubhshed results) Furthermore, 
the results unambiguously show that the position of all 
four promoter mutations 1s between 7 and o 

iWe have presented genetic evidence showing that 
mutants affecting the maximum level of lac operon expres- 
sion map in the region between ¿ando The properties of 
these mutants can be accounted for by two different 
general explanations (1) These mutants define a site 


necessary for expression of the lac operon, which can be 
altered by mutation to reduce operon activity. (2) The 
mutants map outside all controlling sites for the operon, 
but in some undefined way affect operon expression 
negatively : Although ıb ıs very drfficult to conce:ve of 
any sumplé mechanisms for the second explanation, 16 
is, of course, umperative to show directly that these 
mutants define an essential sıte 

(There 1s some evidence mdicating that the region 
between 7 and o ıs essential to operon expression It 1s 
possible to isolate Jac-constitutive mutations which are 
caused by deletions (Table 2) cutting into either the 2 
gene (class I) or the o region (class II) from a pomt outside 
the + end of the lac region’ In such a system we have 
isolated a large number of v- lact deletions In addition, 


Table 2 PERCENTAGE OF RECOMBINANTS AMONG TOTAL COLONIES 


Deletion 28504 X8507 X8554 X8508 
Mutant 

774559 0 0 0 0 
z3 + 0 0 0 
2ys272 + + 0 0 
ofs 0 26 0 037 <0 001 nt 
Soy nt nt <0 001 nt 
oby nt nt <0 002 nt 
I1, £29 + + + 0 
I8 - + 0 065 0 
I37 079 034 0 086 0 
aa nt nt 019 0 069 
tia nt nt 016 0094 
14694 + + 0 24 + 


The deletions are isolated 1m a strain carrymg the ¢80lac as desertbed in 
the text and also carrying a lac-proA,B deletion To estimate the percentage 
of recombinants we constructed strains in which the mutant to be mapped 
against the deletion was carried on an F-lac-proA,B+ episome With the 
dominant 1- mutation (2522) and the o° mutants, aliquots of a culture of a 
strain partially diploid im this way, for the lac region, were spread on to 
minimal medium (M63) contaming glucose as carbon source, 5-bromo-4- 
chloro-indoxyl-8-D-galactoside (1g, 0004 per cent) and 0004 M sodium 
citrate, necessary for the growth of 714 strainson this medium Because Xq18 
not an inducer®, the constitutive diploid strains were blue and any ttot 
recombinants were white on these plates White colonies appearing on such 
medium were purified and assayed for A-galactosidase to ensure that they 
carried a wild-type Jac region The same method was used to map the 1- 
deletion X8508 against tg The frequency of the ı gene mutations with 
X8554 ıs actually the frequency of homogenotization of the ++ or + allele 
To map the promoter mutants, Z8 and £37, cultures of partially diploid 
strams were spread on Iac-EMB plates and pure lact (wild-type) colonies 
were picked and verified by assay The percentage of recombinants 1s based 
on samples from many independent diploid cultures, the frequencies are 
not seriously biased by “Jackpots” caused by recombination events occurring 
early in the growth of the culture Some mutations (in F” donors) were 
mapped by crossing against the F- lac Sr strains and selecting lactSr re- 
combmants (spot tests) Positive results are indicated as + and negative 
asQ ‘These spot teste detect recombinants at a much higher efficiency than 
the Scormg techniques described here> Some combinations were not tested 
(n 
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we have isolated one deletion of class IJ. This deletion 
removes the i gene and the promoter region, but leaves 
part of the operator intact. As expected, the expression 
of the operon is impaired by the deletion of the promoter 
region. ; The properties of this strain will be described 
elsewhere (unpublished results of J. H. Miller, J. R. 
Beckwith and E. R. Signer). In addition to confirming 
the mapping results described here, the properties of this 
deletion also point to the importance of the promoter 
region in the expression of the lac operon. Thus it seems 
most likely that the mutants, L1, L8, L37 and 129, do 
lie in an essential region (the promoter) determining the 
initiation of operon expression. 

{The evidence pointing to a new site essential to lac 
operon expression which maps between 7 and o provides 
strong indication that the transcription process is initiated 
before the operator region. This conclusion does not 
exclude the possibility that the initiation of operon trans- 
lation also occurs in this region. If protein synthesis does 
begin before o, however, then the operator should be 
translated; there is no evidence to support this prediction. 
We therefore favour the view that there are two sites 
essential to the expression of the lac operon. One would 
be the promoter, lying between 4 and o, which is the site 
of initiation of mRNA synthesis. Initiation of translation 
may then take plaee at a second site in the o-z boundary 
region, lefined by Jacob, Ullman and Monod’. 
© With this picture of the organization of the controlling 
sites of the lac operon, it is possible to visualize a fairly 
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straightforward mechanism for the expression and regula- 
tion of operon activity. According to this scheme, the 
promoter region serves as the initiation point: for transcrip- 
tion, possibly by acting as a binding site for RNA poly- 
merase. Promoter mutants would reduce the site’s affinity 
for the polymerase. While it is possible that the repressor 
hinders binding of RNA polymerase, the results presented 
here suggest a very simple alternative. In binding to the 
operator, the repressor could directly block the progress 
of the RNA polymerase into the structural genes of the 
lac operon. a 
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Lower Dentition of Kenyapithecus africanus 


by 
L. S. B. LEAKEY 


National Centre for Prehistory and Palaeontology, 
Nairobi 


A mandible of Kenyapithecus africanus, with many of the teeth 
preserved, has been found at Kathwanga, Rusinga Island, Kenya. 
Previously the lower dentition of this species was unknown—except 
by inference from the mandible fragments with the crowns of the 
teeth broken off. The age of this member of the Hominidae is 


early Miocene. 


Since the report of the discovery of early Miocene 
Hominidae on Rusinga Island? detailed geological studies 
of the deposits on the island have been carried out by 
Mr John van Couvering. 

While van Couvering was engaged on this work, his 
wife, Judy, assisted by Erastus Ndere, undertook palaeon- 
tological work with a view to obtaining additional material 
of the fossil reptiles and.fishes that occur in the Rusinga 
deposits. During this work, however, they: noticed some 
primate teeth, on the surface, at Kathwanga (Site 5 of 
Rusinga Island). Following this up, they located the 
anterior region of a mandible in situ. The surface speci- 
mens and the in situ fragment have now “been fitted 
together. The result provides the first opportunity to 
study the nature of the lower dentition of Kenyapithecus 
africanus. 


Site and Geological Age Bs 

The specimen which will be described has been cata- 
logued as Rusinga 1967, No. 394, and- is housed at the 
Centre for Prehistory and:Paljaeontology, Nairobi. It 
comes from the site which was.reeorded as R.5 (ref. 2) in 
1932. This is at Kathwanga on the west side of the island. 
The geological horizon from which the mandible was 
obtained is a grey tuffaceous deposit which forms part of 


the Kathwanga series. This series is at present regarded 
as the youngest element of the fossiliferous deposits of the 
Lower Miocene sequence on Rusinga’. As a result of the 
new geological work which has been carried out by van 
Couvering it is hoped that further evidence for dating by 
potassium-argon methods will soon be available from 
specimens which he has collected. There will also be a 
much more detailed picture of the overall stratigraphic 
sequence of the deposits exposed on the island and the 
relative age of the strata, visible at different sites. 

The description of the specimen is: Family, Hominidae; 
genus, Kenyapithecus, Leakey 1961; species, africanus 
(Le Gros Clark and Leakey, 1951). The detailed diagnosis 
was given in ref. 1. 

The new specimen consists of the greater part of a 
well-preserved mandible with many of the teeth preserved. 
The whole of the symphyseal region is in perfect condition 
anteriorly, except for very slight damage to the a'veolar 
margins of the incisor sockets. All the incisor teeth had 
been lost before fossilization and the sockets are completely 
filled with matrix. The left canine is intact, while the 
crown of the right canine has been broken off about half- 
way up its length. On the right side the corpus of the 
mandible is reasonably. intact to.a point just behind the 
third molar, but the whole cf the ascending ramus is 
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Fig. 1. a, Profile view of the new Kenyapithecus africanus mandible (centre) compared with Proconsul major deft) and gorilla (right). 
b, Crosa-sections through the symphysis cf the mandible of Hower inert africanus (i), the earlier specimen CMH 142 (ii), Proconsul nyanzae Gii) 
and chimpanzee (iv). 


missing as well as small parts of the inner wall of the 
corpus. On the left side, the corpus has broken off diagon- 
ally in a line starting just behind the second molar, at the 
alveolar margin, extending forwards to a point below the 
first molar. In addition to the loss of the incisors, the left 
fourth premolar, part of the left first molar and the left 
third molar are missing. 

The morphology of the specimen compares very closely 
with that of the two mandibular fragments of Kenya- 
pithecus africanus, from Rusinga Island, which were 
described before!, The chin region in the present specimen 
is rounded, as in the previously published specimens, and 
not triangular as in all examples of Proconsul. There is a 
slight depression on either side of the mid-line just below 
the alveolar margin. The sockets of the incisors lie in a 
straight line between the crowns of the canines—exactly 
as in the previously deseribed specimens'. The corpus of 
the mandible is relatively high at the third premolar and 
narrows rapidly backwards towards the area of the third 
molars (Fig. la). In this respect, there is a measure of 
similarity with Proconsul major, but not with other species 
of Proconsul. The body of the corpus is not massive. At 
the fourth premolar where the height is 34 mm the 
bilateral] thickness is only 13-5 mm; on the earlier specimen 
OMH 142 (ref. 1) the corresponding figures are 39-5 and 
13 mm, while in Proconsul major they are 39 mm and 21 


min, and in a female specimen of Proconsul nyanzae, 
32-25 mm and 16 mm. 

The cross-section through the symphyseal region is 
similar to that already described! (Fig. 1b). This illustra- 
tion is based on cutting through a plaster cast of the new 
mandible along the mid-line. From the incisural, lingual, 
alveolar margin the wall of the mandible, in the inter- 
canine area, slopes rapidly downwards and slightly back- 
wards, to well beyond the midway point of the total 
height and then forwards again. In Proconsul the initial 
slope is less steep and more backwards. 

A noticeable feature of the morphology is the relatively 
great width between the canines, compared with any 
species of Proconsul. The measurement between the inner 
alveolar margins of the canines of the new Kenyapithecus 
specimen is 20-5 mm. In a Proconsul nyanzae, of com- 
parable size, it is only 16-5 mm and even in the very much 
larger Proconsul major only 20 mm. In the specimen of 
Kenyapithecus africanus from Rusinga? the corresponding 
figure was 17-5 mm, 

Linked with this large inter-canine width is the marked 
backward divergence of the molar~premolar series (Fig, 2). 
In the living members of the Pongidae, the cheek teeth 
tend to be set in parallel rows or even to converge back- 
wards, so that the third molars are closer to each other 
than are the third premolars. In all species of Proconsul, 





Fig. 2. 


Occlusal view of Kenyayithecus africanus mandible (centre) with Proconsul 


major (right) and gorilla (left), 
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there is some degree of backward divergence. In the 
specimen now being described, the divergence is much 
greater. As a result of this, although the length from the 
point of the canine to the back of the third molar is almost 
the same as in a Proconsul nyanzae, the overall length of 
the dental area is shorter and the width greater (Fig. 2). 
it must therefore be assumed that the face was noticeably 
less prognathous. 

The difference in the arrangement of the teeth in the 
mandible as between the modern apes (Pongidae) and 
maa, and his nearer relatives such as the Australo- 
pithecines (Hominidae), can be conveniently and graphic- 
ally demonstrated by means of what I term the “basic 
rectangle of the mandible”. This is obtained by drawing 
a line tangential to the anterior alveolar margins of the 
two central incisors, and another tangential to the two 
most posterior points of the third molars, When this has 
been done, perpendiculars are dropped from the two most 
posterior points of the third molars, to meet the line 
tangential to the incisors. 

Naturally, there is some degree of individual variation 
within any genus or species, but, nevertheless, experiment 
has shown that, in spite of these minor variations, the 
shape of the basic rectangle is remarkably consistent for 
modern Pongidae on the one hand, and modern man on 
the other. In the Pongidae it has sides which are nearly 
twice as long (or in some cases more than twice as long) 
as the upper and lower ends. In Homo sapiens, however, 
as well as in Homo erectus, and in such specifically un- 
certain members of the genus Homo as the Heidelburg jaw, 
the basic rectangle is seen to be nearly a square, with 
equal, or almost equal, sides and ends. 

When the basie rectangle for the three species of the 
genus Proconsul is drawn, it is seen to lie somewhat inter- 
mediate between Hominidae and Pongidae. In the same 
way, the basic rectangle for Homo habilis and for the 
Australopithecines is not nearly so equal sided as in the 
more advanced Hominidae, but the shape is nevertheless 
clearly distinct from that whieh is characteristic of the 
Pongidae and from that of Proconsul. 

The point of interest in Fig. 3 therefore lies in the fact 
that, when the basic rectangle for Kenyapithecus africanus 
is drawn, it is found to stand very close to the shape seen 
in Homo habilis and Australopithecus, and links it clearly 
with the Family Hominidae, rather than the Pongidae. 

The anterior region of the mandible, on either side of 
the symphysis, is rounded in contour and differs very 
strongly from that of all known specimens of Proconsul, 
in which the structure, as a whole, suggests an inverted 
triangle. The mental foramina are situated a little below 
the half-way line on the wall of the corpus, below the 
fourth premolars, rather than beneath the third premolars 
as in Proconsul. 


The Teeth 


The incisors, as already noted, are missing. The left 
canine is almost perfectly preserved, but the upper half 
of the crown has been broken off on the right side. The 
first feature of importance is the angle at which the 
canines are set in the mandibular corpus. The bucco- 
lingual axis of the crown of the tooth is aligned much more 
antero-posteriorly than in any Proconsul, in which genus 
the canine teeth are usually set somewhat diagonally 
across the line of the molar—premolar series (Fig. 2). The 
alignment in Kenyapithecus is, indeed, remarkably like 
that seen in Homo. Next it must be noted that although 


_» the crown of the canine is high and large relative to the 
=: Other teeth, it differs in several morphological respects 


‘from the corresponding teeth of Proconsul, and still more 
80 from those of fossil and living Pongidae. First, the 
whole crown is considerably compressed bilaterally, while 
-the anterior face is relatively much narrower than in the 
-ease of any recorded Proconsul. Second, the cross-section 
_. through the canines, near the base of the crown, is entirely 
_ . different, with almost parallel sides. This feature has 


829 








5. Kenyapithecus 
africanus 





4. Australopithecus 
boisei 


7. Proconsul nyangae' 


Fig. 3. D atic illustration of the difference between the “basie 
rectangle” of different higher primates and man (all to the same scale). 


Ute 
o- Gorilla gorilla 


already been noted in connexion with the published 
mandibular fragments, where a cross-section of the root 
is visible in the alveolus although the crowns are broken 
off. This difference in the cross-section is now seen to be 
a basic character, associated with a wholly different type 
of canine crown structure in the crowns of Kenyapithecus 
which are even less conical and less like those of the 
pongids than in the case of Proconsul. 

A third difference is to be seen in the relative length of 
the canine root. X-ray photographs show that the root 
of the canine is short relative to crown length, a feature 
which was also noted in connexion with specimen CMH 
142 from 2.106 in the earlier report. Fourth, the wear on 
the crown of the canine is quite unlike that of any Pro- 
consul. There is an attrition facet down the lingual aspect, 
instead of along the buccal face. This feature is clearly 
linked with the lack of a diastema between canine and 
premolar, resulting in a quite different type of canine 
occlusion. 

Both the third premolars are preserved and the follow- 
ing important points should be noted. The teeth are set 
forward in the corpus of the mandible in such a way that 
there is no diastema between the premolar and the 
canine. The anterior root of the premolars lies well in 
front and to the buccal side of the posterior margin of the 
root of the canine. This character has already been 
deseribed for the Kenyapithecus africanus mandibles in 
the earlier report. 

The third premolars are, moreover, rotated and set in 
the corpus so that they are aligned somewhat in the same 
general direction as the molar series, not diagonally across 
the corpus of the mandible, as in Proconsul or in the 
pongids. The posterior root of the third premolar is set 
slightly to the lingual side and not completely distal to 
the anterior root, but is less laterally displaced than in 
Proconsul and the living Pongidae. The crowns are com- 
posed of a single major cusp, in front of which there isa 
convex anterior face sloping steeply downwards. This is 
wholly unlike the situation in Proconsul, in which there 
is a long, low incline anterior to the cusp with a minor 
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Table 1. COMPARATIVE DENTAL MBASUREMENTS OF MANDIBULAR TEETH 

Kenyapithecus africanus Proconsul major Proconsul nyanzae 3 Proconsul nyanzae ¢ 

Antero- Buceo- Antero- Bucco- Antero- Bucco- Antero- Bucco- 

posterior lingual posterior lingual posterior lingual posterior lingual 
L B L B L B L B 
Canine 8-5 11-5 11-0 15-6 10-0 12-0 85 115 
Third premolar 6-5 11-0 = eg 70 12-5 70 85 
Fourth premolar 625 7-0 9-5 9-5 8:75 7-0 7-75 6-5 
First molar 9-0 8-0 12-5 10-5 10-25 85 9-0 7-5 
Second molar 11:5 95 13-5 12-5 12-0 10-5 10-25 9-0 
Third molar 12-25 10-25 17°75 14-6 145 11-25 12-0 95 
P,-M, length 50-00 62:5 540 455 
Canine-M, length 58-5 79-0 86-5 57-0 


cuspule on the forward edge. Posteriorly, a small fovea 
is present but is not very strongly developed. In all 
species of Proconsul the third premolar is rather markedly 
elongate with the main single cusp lying between a back- 
ward and a forward projecting region. Proconsul usually 
also has a marked wear facet developed on the buccal face 
of the third premolar as a result of contact with the upper 
canine. 

Only the right fourth premolar is preserved. It is 
aligned in the same general direction as the molar teeth, 
go that its two roots are set one behind the other, a 
feature that was also clearly visible in CMH 142, described 
before. There are two paired cusps in front of which there 
is a small anterior fovea, while posteriorly there is a 
relatively strongly marked basin, somewhat like that seen 
in the corresponding tooth of Proconsul. 

The right first molar is almost perfect, but has a small 
aroa of enamel missing from its buccal face. On the left 
side only the posterior half of this tooth is preserved. In 
common with the three known Proconsul species, as well 
as many other primitive members of the Hominoidea, the 
first molar is markedly smaller than the second, which in 
turn is smaller than the third. In addition to the four 
principal cusps, a small hypoconulid is present. There is 
a rather deep pit on the lingual half of the tooth forming 
a valley between the metaconid and entoconid. 

It is not possible to determine for certain whether a 
buccal cingulum was present on this tooth, because of 
the damage to the enamel in this region. 

Both right and left second molars are preserved. The 
tooth on the left side is in perfect condition, but the enamel 
of the crown of the right second molar is somewhat pitted 
by weathering. The left tooth will therefore be used for 
description. The four principal cusps are strongly de- 
veloped, while there is also a strongly marked and more 
or less conical hypoconulid which is set slightly to the 
buccal side of the mid-line. A well marked posterior fovea 
lies between the hypoconulid and the entoconid. As in 
the case of the first molar, there is a rather deep pit lying 
between the metaconid and the entoconid. Slight traces 
of an external cingulum can be seen. 

The third molar has lost part of the enamel from the 
talonid and from part of the lingual face posteriorly. It 
is also somewhat pitted by weathering. The general 
morphology can be clearly seen in spite of the damage. 
The tooth is, moreover, wider anteriorly than posteriorly 
as in all species of Proconsul. It tapers towards the talonid, 
so that the overall appearance (viewed from above) is 
that of an almost triangular tooth (Fig. 2). The hypo- 
conulid is well defined and lies slightly on the lingual side 
of the mid-line, with a well marked posterior fovea also 
on the lingual side. There are slight traces of a cingulum 
between the protoconid and the hypoconulid. 

The length of the molar-premolar series is 50 mm 
measured on the right side, while the length of the series, 
including the canine, is 58-5 mm. The corresponding 
measurements on a female Proconsul nyanzae are 45-5 mm 
and 57 mm, and ona male P. nyanzae, 54 mm and 66-5 mm. 
In general dental size, therefore, this specimen lies some- 
what intermediate between male and female examples of 
Proconsul nyanzae. These data are summarized in Table 1. 

‘The new specimen of Kenyapithecus africanus is believed 
to represent a male, but it is slightly smaller in size than 


specimen CMH 142, described before’. It is, however, 
much more massive than the Songhor specimen’ which 
was considered to represent a female. 


Value of the New Specimen 


While a detailed study remains to be carried out, it is 
already clear that the newly discovered mandible from 
Rusinga considerably enlarges our knowledge of the early 
Miocene members of the Hominidae. Well preserved 
examples of the lower teeth, with the exception of the 
incisors, are now available. It was already known that 
traces of a cingulum were present in the upper molars; 
and this feature is now also known to be present in the 
lower molars. In both upper and lower molars, however, 
the cinguli are very much less developed and less beaded 
than in any species of Proconsul. 

It was evident from the earlier specimens that the lower 
canines must have had moderately large crowns, and also 
clear (from the cross-sections of the roots visible in the 
alveolus) that when the crowns became known they would 
probably differ from Proconsul, both in morphology and 
cross-section. This has now been shown to be the case, 
especially in the shape of the anterior face of the canines 
and their cross-section at the alveolar margin, and in the 
nature of the wear facets due to a different type of 
occlusion with the upper canines. 

The lower third premolars are found to be monocuspid 
and morphologically not unlike those of the Pongidae. 
Nevertheless, this tooth differs, in several important 
features, from all those of any species of Proconsul species 
as well as from known Dryopithecus specimens. It is also 
set at a different angle in the mandible, with the crown 
more antero-posteriorly aligned and the roots set more 
one behind the other, instead of transversely, more as in 
man. 

The third molar is the largest and the first molar the 
smallest in the molar series in which there is a resemblance 
to Proconsul. A marked character, which had been sus- 
pected from the earlier specimens but not proved, is the 
very strong backward divergence of the cheek teeth on 
either side, which must have been associated with a 
correspondingly shorter, less prognathous face. 


Origins of Kenyapithecus 


With the additional specimen now available, it becomes 
increasingly probable that Kenyapithecus africanus may 
have been derived from some earlier, but so far unknown, 
member of the genus Proconsul, possibly in Oligocene 
times. There are a number of characters that seem to 
link it with Proconsul, although it differs markedly in 
others. Because, however, it was contemporary with the 
earliest, so far known, Proconsul specimens, it seems to be 
a reasonable conclusion that a pre-Miocene Proconsul-like 
stock may have divided into two branches, resulting, 
respectively, in Proconsul and Kenyapithecus. 

This new work on Rusinga Island was financed by the 
Donner Foundation, New York, and by the Boise Fund 
of Oxford. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Polarization of Galactic Radio 
Emission at ) 1-25 m 


SYNCHROTRON radiation from the Milky Way at 1adio 
wavelengths ıs lmearly polarized 1f the magnetic field in 
the emitting region 1s ın the same direction throughout the 
line of sight, and if the Faraday rotation ıs small within 
the emitting region Observations at A021 m show 
polarization up to 25 per cent m a direction somewhat 
inelined from the perpendicular to the spiral arm, at 
2073 m the percentage polarization is less, and the 
polarized area 1s also less, indicating that Faraday rotation 
is becoming important The polarization at longer 
wavelengths has so far remamed unknown, m spite of 
several attempts to measure 1t*-* 

The reduction of polarization at longer wavelengths 
might be attributed to Faraday rotation within a region 
of highly organized field, generally running along the 
spiral arm Bmgham and Shakeshaft' show that a 
diverging field fits the data well, but their model, along 
with any other mvolving a smooth field, does not easily 
fit the data m a region of maximum polarization near 
1=135°, b=5°, where the high degree of polarization 
indicates that the line of sight traverses a large region of 
constant Faraday depth, that 1s inside which the rotation 
1s zero Here the polarization falls with mcreasmg wave- 
length without a corresponding rotation of the plane of 
polarization, and it 1s therefore necessary to postulate in 
addition that there 1s a less regular component of the 
variation of Faraday depth through the emitting region 
This “random” component must comprise reversals of 
the line-of-sight component of the magnetic field 

Irregularities ın Faraday depth would also show up as 
irregularities in the angular distribution of polarization, 
possibly on a small angular scale which would give an 
average polarization near zero over a telescope beam- 
width of a few degrees Such irregularities have been 
found in a recent survey using the Mark I 250 ft telescope 
at 40 73 m, with a beamwidth of 45’ are (These observa- 
tions will be reported separately ) 

Further confirmation of this physical picture has now 
been sought by using the telescope as a polarimeter at 
AL 25 m, to survey the area 02h<a<05h, 55°< 8< 65°, 
which contains the highly polarized region at 1=135°, 
b=65° At the longer wavelength the mternal depolariza- 
tion of irregularities dispersed through the emitting 
region would be expected to remove most of the polariza- 
tion, a further reduction was expected because the 
uregularities would not be completely resolved by the 
beamwidth of 75’ arc, so that the observed polarization 
would be appreciably less than the actual polarization 
brightness temperature 

In this survey, the polarimeter only detected the differ- 
ence between vertical and horizontally polarized com- 
ponents The sidelobes of the aerial feed, which was a 
simple crossed dipole system, interacted with the large 
scale structure of unpolarized emission to give a baseline 
uncertain to about 3° K near the galactic plane, although 
small-scale polarized structure could be detected with 
certainty down to a polarization brightness temperature 
Tp» Of about 2° K 

Most of the region near /=135°, 6=5°, now seems 
to be unexpectedly highly polanzed at A125 m 
Regions where Zp» exceeded 3° K are shown m Fig 1 
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Inside these regions, the polarization varied rapidly with 
angle, often with structure unresolved by the telescope 
beam Nevertheless, the recorded values of Ppp often 
exceeded 8° K, while at 40 73 m the corresponding value 
of Tp» 18 typically only 4° K Over all other regions of 
sky covered by this brief expermment at 41 25 m, meluding 
& large region covering the North Galactic Spur, Tp was 
found to be less than 2° K 

The high degree of polarization remaming at Al 25 m, 
amounting to at least 5 per cent as compared with a 
theoretical maximum of 70 per cent ın a perfectly aligned 
field, shows that even for this long wavelength there 
1s no rotation greater than about one radian within a 
substantial proportion of the line of sight The spiral 
arm 1s at least 500 pe thick ın this direction, so that the 
smooth region is at least 40 pe deep Any irregularities 
which cause the depolarization between 4021 m and 
20 73 m must le outside the uniform region, ın which the 
product of the average electron density Ne and the lme 
of sight component of H must be less than about 1 5x 
10-8 gauss om? The observation that adjacent lines of 
sight, separated by 125°, often have different net 
polarizations ıs probably a consequence of a variable 
Faraday rotation m front of the smooth region 

If we suppose that the field strength is about 3x 10-¢ 
gauss and that ıt ıs aligned along the spiral arm in the 
direction l= 70°, then the line of sight through the polar- 
ized. region crosses the field at angles up to 30° The 
electron density must then be less than 001 em~? Even 
if the field follows the direction [= 50°, the wide angle of 
sky covered by the polarized regions suggests that the 
electron density must still be less than 003 cm~ ın a 
considerable region of the spiral arm 

These averages of electron density refer to averages 
through a line of sight extending for about 50 pe, one 
may infer that the values around 0 1 em~ deduced from 
the absorption of lower frequency radio waves? refer to 
an average through discrete concentrations rather than 
a uniform value throughout the spiral arm 

F G Smitu 
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Spectrum of the Radio Source 
4C 50.11/NRAO 150 


Mosr extra-galactic radio sources have a spectrum which 
over a limited frequency range 1s of the form Sav-*, where 
S 1s the flux density and v 1s the frequency The spectral 
mdex g 18 usually constant over a considerable frequency 
range, which implies a straight spectrum when plotted 
logarithmically, the average value over all sources being 
0 75 with a range from about 0 2 to 13 For some sources, 
however, « changes slowly with frequency with the result 
that the spectra are concave or convex?* It 18 beleved 
that the radiation 1s produced by the synchrotron mech- 
anism, where energy losses by the electrons can lead in 
tıme to an merease in the slopet* and where, ın addition, 
different component sources may contribute to the overall 
spectrum, Haigh frequency observations by Dent and 
Haddock! showed that two sources, 30 84 (NGC 1275, a 
Seyfert galaxy) and 30 279 (a quasi-stellar source), have 
spectra which decrease in flux density from about 38 MHz 
towards higher frequencies, but beyond 3,000 MHz the 
slope of the spectrum 1s positive This suggested the 
presence of a small diameter component which had a low 
frequency cut-off due to synchrotron self-absorption’ and 
stimulated a search for other sources with similar spectra 
Kellermann (personal communication) has recently ob- 
served fourteen sources with irregular spectra, of which 
some have a tendency towards these latter characteristics, 
but so far there have been no published spectra similar to 
30 84 and 3C 279 Recent observations at the frequencies 
of 3,200, 6,600 and 10,600 MHz, however, usmg the 
150 foot telescope of the Algonquin Radio Observatory, 
when combined with the observations by other ob- 
servers®-!1, have shown that the source 40 50 11/NRAO 
150 1s of this form but with the addition of two apparent 
peaks at frequencies of about 350 and 9,000 MHz. The 
source 1s included in the hist by Kellermann, but details of 
the characteristics failed to show up because of the 
omission of low frequency observations and the new 
measurements between 5,000 and 15,000 MHz 

If ıt 1s assumed that the spectrum 1s the result of the 
superposition of non-thermal components and that the 
peaks are the result of components which have an optical 
depth sufficiently great to produce synchrotron self-absorp- 
tion, then ıt 18 possible to distingwsh three components, 
designated A, Band C The resulting spectrum 18 shown 
in Fig 1, which also shows the spectra of 3C 84 and 30 279 
At low frequencies, there 1s some evidence for absorption 
resulting from ionized hydrogen im the galactic plane, 
amounting to 2 dbar or more, obtamed by assuming the 
single component A with a straight spectrum, and taking 
the upper limit of 2 flux units at the frequency of 22 MHz 
(Costain, private communication) This seems to be 
reasonable for the direction of the source, which has 
galactic co-ordinates [?=150°, b= —2° The relative 
flux densities of B and C and the slope of A were deduced 
from the long baseline measurements of Palmer et al 1* at 
2,600 MHz, where the observation of frmges from the 
source 18 taken to umply that B has an appreciably greater 
flux density than C at this frequency and therefore that 
A must also decrease rapidly with an index of about 1 3 

Although the peaks m the spectrum may suggest that 
the source is variable, no variations greater than the 
random errors of about 10 per cent were observed during 
the period February~August 1967, and the spectrum as 
shown 18 believed to be correct for the present epoch 
Unfortunately, the source 18s situated close to the galactic 
plane so that obscuration may make optical identification 
difficult. and there 1s no apparent correlation with any 
object on the Palomar Sky Survey In addition, the 
proximity of the source to the galactic plane could pro- 
duce some confusion affecting the accuracy in determina- 
tion of the flux density at 38 MHz even though the nearest 
source in the 4C survey (4C 51 11) 1s more than 1° away. 
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The observation of frmges in the long baseline observa- 
tions also mdicates that B has a diameter less than about 
5x10 s of are This 1s consistent with the assumed 
spectrum, which for a cut-off frequency of 200 MHz 
imphes that, even if the magnetic field 1s taken to be as 
high as 10-* gauss, the diameter ıs less than 2x 10-*s of 
are The diameter of component C 1s probably even less, 
as evidenced by the much higher cut-off frequency. The 
small diameter for B, the comparatively low flux density 
and the high cut-off frequency are also evidence that ıt 
cannot be an H II region The same is probably also true 
for C, and confirms the assumption that the components 
are a result of anon-thermal mechanism The same argu- 
ments can also be used to suggest that the source 1s prob- 
ably not situated m the galaxy The position of com- 
ponent B as determined from the NRAO observations 
at 1,400 MHz (ref 10), and that determmed for C from 
the present observations at 10,600 MHz, seem to be 
separated by 45 s of arc, although the combined errors 
amount to 33 s of arc These are shown m Fig 2, 
where there 1s also plotted the source position from the 
4C survey at 178 MHz (ref 9) The steeper spectrum for 
component A suggests an older and possibly a more 
extended source than the two apparently more recent 
components with small diameter It 1s tempting to suggest 
a model for the source, consistent with the observations, 
which consists of an older and comparatively extended 
region or halo, corresponding to component A together 
with two small diameter components B and CO which are 
probably very recent ejections 

If the general interpretation of these results 1s accepted, 
it suggests that the source may be a radio galaxy or 
quasar in the early stages of development, and leads to the 
following comments 

First, :f components B and C are young sources, then 
the spectral mdex of 0 5 ıs very much steeper than the 
value of 0 25 assumed by Kellermann’ to be the initial 
spectrum for a young radio source The value of 0 25 was 
previously chosen, because ıt appeared to be the smallest 
value for the sources considered, but could possibly have 
been due to the presence in the source of a number of 
components It 1s possible that sources do not develop in 
the comparatively simple way that has been suggested 
For example, acceleration mechanisms, resulting m the 
development of less steep spectra, may be active following 
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Wig 2 The position of the source 4C 50 11/NRAO 150 as determmed 


from the 4C survey at a frequency of 178 MHz, the NRAO survey at 
1,400 MHz and the present results (HP) at 10,600 MHz The arms of 
the cross represent error limits 


the mitial ejection as has been suggested by Ryle and 
Longar'® In any case, there 1s no evidence that the 
energy spectrum of electrons produced in the imutial 
ejections 1s the same for all sources There remains the 
alternative that the source may be older and have a large 
hnear size, but the distance would have to be very great 
to account for the smallness of the angular size 

Second, the results demonstrate the mportance of long 
baseline observations, when combined with detailed 
knowledge of spectra, for resolving the structure of radio 
sources ‘This 1s demonstrated in the present case where 1t 
18 possible to separate with some precision the components 
Band © And, as a corollary, statistics mvolving the 
classification of sources into single, double, multiple, core 
and halo and so on which are derived from interferometer 
measurements at a single frequency may not be significant 
when apphed to radio sources ın general, and m particular 
to those with an apparently flat spectrum or where ob- 
servations are not taken at sufficiently close frequency 
intervals to define the spectrum accurately In fact, for 
the model proposed, the present source may well be 
classified under any one of these headings depending on 
the frequency at which observations are made For 
example, at a frequency of 3,700 MHz the source might 
appear to have two components of equal intensity, on 
either side of this frequency to have two unequal com- 
ponents, at near to 1,000 and 10,000 MHz to be a single 
source, and at a few hundred MHz to be a point source 
with a more extended region If the source ages according 
to current theories, the pomts where synchrotron self- 
absorption occurs are expected to move to lower fre- 
quencies so that in tıme the source may appear as triple 
over a large frequency range 

The source 1s suggested as one worthy of further m- 
vestigation with long baseline radio interferometers, and 
1b 28 still possible that the source could be observed at 
optical wavelengths 
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PLANETARY SCIENCE 


Semi-annual Variation in Upper 
Atmosphere Density 


I RECENTLY reported! the results of an analysis that mdi- 
cated a semi-annual variation in air density at a height of 
190 km ın 1966-67, with the unexpectedly large maximum 
to mmimum ratio of 145 The maxima were in April 
and October, the mmuima in January and June, as usual 
Newell? has subsequently discussed these results, and has 
left two open questions on which I should like to comment 

First, Newell remarks that the enhanced semi-annual 
variation at a height of 190 km cannot be accounted for 
by Cook’s explanation® of the semi-annual variation at a 
height of 1.100 km, in terms of variations m the con- 
centration of helium at heights near the turbopause (about 
120 km) In one respect Newell’s remark 1s quite true. 
there 1s very little helium at 190 km—certamly not enough 
to give rise to a variation by a factor of 1 45 However, the 
essence of Cook’s suggestion, namely, that variations at 
heights as great as 1,100 km may be attributable to effects 
at heights as low as 120 km, 1s strengthened by the findmg 
that an important semi-annual variation extends to a lower 
level than previously known—190 km It seems quite 
hkely that the semi-annual variation in 1966-67 was 
appreciable down to 150 km, where synoptic measure- 
ments are very scarce, and possibly even to 120 km. 

The second question left open m Newell’s communica- 
tion concerns Anderson’s controversial hypothesis’ that 
the semi-annual variation can be ascribed to the mnfluence 
of latitude and 1s not a tiue time-vanation Anderson’s 
hypothesis can be disproved if analysis of the orbits of 
satellites at several different heights and latitudes yields 
similar vanations of density with tıme Such evidence is 
now available Recent results’ from Midas 2, which has a 
circular orbit at a height of about 480 km and an melma- 
tion to the equator of 32°, show time-variations that are 
ın excellent agreement with those obtaimed?:* fiom the 
near-polar orbits of Secor 6 at a height of 190 km and 
Echo 2 at a height of 1,100 km 

Fig 1 gwes the values of air density obtained’ from 
Midas 2, corrected to a level of solar activity corresponding 
to a 10 7 em radiation flux of 125 x 10-*? W m~? Hz-} The 
values are averages over latitudes between 32° N. and 
32° S The two “spikes” mdicate times of strong geo- 
magnetic disturbance, when values were excluded. It 
should be noted that the absolute values of density in 
Fig 1 are subject to a possible bias error because the mass 
of the satellite 1s not exactly known; but this does not 
affect the validity of the vamations Fig 1 shows that, if 
the maximum and mimimum densities ın the semi-annual 
variation are defined as values sustained over 30 days, 
the maximum to minimum density ratio was 21 at a 
height of 480 km in 1966-67 It ıs also of interest that 
on all occasions when the time resolution 1s adequate 
(that 1s, after April 1966) the mmima are double; the 
“main” mmima m January and July are accompanied by 
subsidiary minima m March and May It remains to be 
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Solubility of Barium Sulphate 
in Sea Water 


Most of the elements in solution in sea water are present 
m smaller amounts than would be expected on the 
basis of solubility equilibma The concentrations of 
many of these elements are controlled by other processes 
such as ion exchange, adsorption and biological removal 
There are, nevertheless, several elements for which solu- 
bility may be an important factor affecting abundance and 
distribution m parts of the ocean These generalizations 
are based on comparisons? ? of the observed concentra- 
tions of elements in sea water with those which would be 
expected from a consideration of their solubility Even 
when reliable abundance data are available, however, 
exact comparisons are precluded by the lack of accurate, 
experimentally determmed values for the solubility m 
sea water of all but a few compounds and the approximate 
nature of theoretical calculations which must usually be 
made using assumed values for the activity coefficients of 
ions in this complex solution 

There ıs thus considerable mterest ın obtammg values 
for solubilities m sea water by direct measurement, 
especially for the less soluble compounds which may m 
some circumstances limit the concentrations of certam 
elements This interest extends to a more diverse range 
of compounds when atypical environments are considered, 
whether natural, as ın some isolated basins, or artificial, 
as in polluted waters The presence of dissolved 10ns in 
natural waters precludes the use of methods such as those 
based on conductance measurements, which have been 
most widely used to measure the solubility of sparmgly 
soluble compounds in pure water We describe here a 
radiochemical method for determing the solubility of 
barrum sulphate m sea water, the technique, although 
well known to chemists, does not seem to have been applied 


previously to sea water We chose barium sulphate for 
the initial investigation because ın studies of barum im 
the ocean there has been some discussion’ of the possi- 
bihty that the muted solubilty of its sulphate (the least 
soluble compound formed with a major anion ın sea water) 
might play an important part in influencing its distribu- 
tion This communication gives the results of preliminary 
experiments which indicate the scope and value of the 
method 

Initially, experiments were carried out usmg barum 
sulphate labelled with barium-140 The results were un- 
satisfactory m that there was no clear imdication that 
equilibrium between the solid phase and the solution was 
attained and control experiments using pure water gave 
low results Anomalous results for the solubihty of 
sumilarly labelled barium sulphate m water have been 
reported by Spitsyn et al® although then findings were 
not confirmed by other workers*~-? 

Experiments usmg banum sulphate labelled with 
barium-133, prepared by a method similar to that de- 
seribed by Rossemsky®, have given more satisfactory 
results An amount of the solid ın considerable excess 
of that needed to give a saturated solution was starred 
with sea water in a closed glass flask at 20° © The sea 
water was surface water (S = 35°/5)) from the English Chan- 
nel, collected 22 miles from Plymouth and filtered through 
a membrane filter of retentivity about 0 5u Aliquots of 
the supernatant solution were removed through membrane 
filters at tervals and the radioactivity of barrum-133 in 
a known volume was measured and compared with that 
of a known amount of the labelled compound dissolved 
and counted m the same conditions 

In three separate experiments, the radioactivity of the 
supernatant solution reached an essentially constant level 
after a tıme which varied from 5 to more than 10 days, 
apart from a few irregular high values attributable to 
failure of the filtering arrangements On the basis of srxteen 
separate measurements made durmg these experiments 
during the period when steady state conditions were estab- 
lished, the mean value for the solubility of barnum sulphate 
in sea water at 20° C was found to be 81 g/l (48 ug of 
barrum/I ) with a standard deviation of 5 8 ug/l In another 
experment, a steady state was not established, however, 
the apparent solubility at the end of the experment was 
similar to this value To check the validity of the method, 
duplicate expermments were made m a similar way using 
water which had been deionized and then distilled in a 
silica still The solubrhty found was 2304+ 022 mg of 
BaSO,/l at 20° C, m satisfactory agreement with accepted 
values such as that of Rossemsky® (2 42 mg/l. at 25° ©). 

In imterpreting the results for sea water ıb has been 
assumed that any barum orginally present m solution 
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{probably less than 10 ug/l ) would substantially exchange 
with the labelled solid phase during the experiment so that 
the amount of radioactive barrum present m solution m 
steady state conditions gave a measure of the total 
barum present m solution Expemments m which 
unlabelled barum sulphate was shaken with sea water 
saturated with labelled barium support this assumption 

The solubility of banum sulphate ın sea water at 20° C 
and 1 atm found m these experiments is almost identical 
to that calculated by Chow and Goldberg? (52 ug of barrum/ 
l) and appreciably Ingher than that calculated by 
Krauskopf! (about 30 ug of barium/l) This gives 
some support to the values of activity coefficients assumed 
by Chow and Goldberg’, although too much weight should 
not be placed on the closeness of agreement until the 
work has been extended to samples of sea water from 
other sources Work on these lines will be continued and 
experiments will be made at the lower temperatures which 
are more characteristic of ocean waters The results 
reported here, m conjunction with determmations of 
barum in sea water*-4:*, confirm that barum 1s under- 
saturated in the surface waters of the ocean 

This work forms part of an investigation supported bv 
the Natural Environment Research Council One of us 
(N J M) thanks the Council also for the award of an 
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Significance of Stylolites in Dolomitic 
Limestones 


Srupres of Western Australian stylolitic lımestones re- 
ported here strongly support the widely held view that 
stylolites form by pressure-solution!, and agree with 
suggestions that pressure-solution can significantly reduce 
the volume of carbonate formations Furthermore, these 
results mdicate that selective pressure-solution of calcite 
in dolomitic Imestone can cause relative enrichment m 
dolomite, and this allows speculation that the process can 
form pure dolomite rocks (dolostones) from some dolo- 
matic limestones. Calcite is likely to be released for the 
cementation of nearby formations, and thinning in the 
lumestone bodies may induce new structures in overlying 
strata. 

Many data relevant to this study were provided by 
cores of the Ordovician Thangoo Limestone, made avail- 
able by West Australian Petroleum Pty , Ltd , from their 
Roebuck Bay No 1 Well in the Canning Basin (lat 
18° 09’ 30” 5 , long. 122° 27’ 30” E ) The rocks come from 
the interval between 3,354 and 4,000 ft and range from 
limestones (micrites and mtrasparites with less than 10 
per cent replacement dolomite), through dolomutic lime- 
stones (mucrites and pelsparites with 10 per cent or more 
replacement dolomite), to fine-gramed dolostones (entirely 
dolomite, without palimpsest textures to demonstrate 
replacement) 

Small stylohtes, usually with an amplitude of 1-5 mm, 
are numerous in the lmestone and dolomitic lmestones, 
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Fig 1 Stylolite from mtrasparite between 3,515 and 3,522 ft Dolomite 

grains or aggregates occur at the ends of most columns, buf are sparse 

elsewhere A few grains show cleavage Drawn to scale from thin 
section ‘The horizontal hne represents 1 mm 





Fig 2 Stylolite from intrasparite between 3,420 and 3,426 ft Sparry 

calcite (stippled) occurs along columns, dolomite grains (some with 

cleavage) at ends of columns Clay 1s shown black ‘The column of a 

second stylolite interferes near top left Drawn to scale from thin 
section ‘The horizontal line represents 1 mm 


but have not been recognized in the dolostones The 
stylolites are partly defined by argıllaceous material and 
commonly have dolomite grains at the ends of columns, 
even if dolomite ıs sparse elsewhere m the rock (Fig 1) 
A few stylolites also contam narrow calcite vems along 
the sides of columns (Fig 2) 

The interrelationships of the calcite, dolomite and stylo- 
htes m the Thangoo Limestone are important, for two 
interpretations of fabric m stylolite-bearmg dolomutic 
hmestones are current One view 1s that stylolites act as 
migration channels for subsequent dolomitizmg solu- 
taons?5, and the other is that the dolomite precedes the 
stylolites and is concentrated along them by pressure- 
solution of the calcite matrix® The latter view 1s m- 
directly supported by discoveries of Recent and contem- 
porary dolomitization of limestones near the surface’, for 
these discoveries suggest that dolomite formed before 
stylolites m many of the old rocks The dolomite grains 
in Figs 1 and 2 evidently preceded the stylolitic columns 
and formed protective caps at ther ends By contrast 
the sparry calcite along the sides of columns in Fig 2 
was emplaced durmg or after their development, and may 
have come from calcite dissolved at the ends The original 
composition and texture ıs therefore retamed only ın rock 
between the styloltes 

The mmmum section loss of Thangoo rocks resulting 
from pressure-solution was estimated by Stockdale’s 
method? of summing the amplitudes of the stylolites The 
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resulting figures are approximate, fo. measurement 1s 
complicated by coalescence of stylolites, and the section. 
loss represented by a stylolite may be several times its 
aroplitude No loss from pressure-solution can be recorded 
for the dolostones because they lack recognizable stylo- 
htes, but the mimimum loss for dolomitic limestone varies 
from 10 per cent to 20 pei cent, and for other limestones 
from 30 per cent to 50 per cent Thus rocks which were 
originally highly dolomitic apparently lost less volume 
than those which were more cale:tic, confirming the mter- 
relationships indicated ın Figs 1 and 2 The thickness of 
Thangoo Limestone intersected by Roebuck Bay No 1 
(646 ft.) probably 1epresents a loss of at least 130 ft, 
perhaps far more These figures are not excessive when 
compared with those accepted for other stylolitic lime- 
stones! 89 

It 1s clearly mmportant to seek the destmation of the 
large volumes of dissolved caleite Initially, the calcite 
may precipitate elsewhere in the lrmestones themselves, 
but after all pores have been filled 1t must be expelled and 
may enter porous, less soluble rocks in the column, such 
as sandstones The expulsion of pore fluids and dissolved 
calcite m these conditions has already been commented 
on?! 

Pressure-solution 1s certainly not restricted to calcite, 
for ıt has been reported elsewhere in dolomite, and in 
siderite, gypsum, sandstone, quartzite and volcanic 
rock!° §Stylolitic boundaries, however, are found be- 
tween dolomitic and calcareous portions of many Palaeo- 
zoc dolomrtic limestones, and the physico-chemical 
conditions which allowed dolomite to persist while calcite 
dissolved may therefore have been widespread If so, 
the consequences are likely to have been both mineralogic- 
ally and structurally significant The evidence indicates 
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that selective pressure-solution of calcite can merease the 
proportion of dolomite in dolomitic limestones, and we 
can speculate that some dolostones form m this way 
Selective pressure-solution can also release calcite for the 
cementation of nearby formations It follows that sedu- 
mentary bodies derived by partial or complete removal of 
ealeite from patchily dolomrtized limestone beds will not 
only be thinner than their precursors, but very different 
m shape Faulting and folding in overlying strata may 
well accompany the thinning 
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Origin of the Lake Constance Basin 


LAKE CONSTANCE is one of the largest freshwater lakes of 
Central Europe and 1s located m south-western Germany, 
bordering Switzerland and Austria (Fig. 1) 

The lake has a surface of 540 km? and a maximum depth 
of 252 m; ts longest axis 1s 69 km and the maximum 
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width about 15 km. There have been two principal theo1 - 
1es of the origin of the lake and ıts basın (a) the structural 
theory, and (b) the glacial theory There 1s also (c), a 
combination of (a) and (b) 
In connexion with a large scale research project 
concerned with the sediments of Lake Constance!-‘, an 
extensive continuous seismic survey of the sub-bottom 
structures was carried out durmg November and December 
1967 Thirty-five cross-sections and two longitudinal 
seetions were surveyed Measurements were made using a 
Bolt air gun with a 1 ın ? chamber at a pressure of about 
2,000 Ib /m? ‘The ar gun was triggered every 17 s 
and was towed near the surface mounted m a rubber inner 
tube A series of hydrophones mounted as an eal was 
towed about 100 ft behind the vessel The cruising speed 
of the vessel was 8 km/h 
A typical cross-sectaon of the central part of the lake 
between the towns of Friedrichshafen and Romanshorn 
ts shown m Fig 1 On this profile, three chief prineipal 
geological units can be recognized ITI, a well-defined 
horizontally bedded youngest umt which reaches its 
maxımum thickness m the deep parts of the lake basin, 
IT, an older umt, underlymg unit IIL with diffused ill- 
defined reflexions, and I, the oldest unit with well-defined 
somewhat undulatory reflexions formmg the framework 
of the lake basin 
Unit I, m which the lake basin was eroded, 1epresents 
the Tertiary molasse This unit can be correlated directly 
with many Tertiary outcrops along the shoreline of the 
lake. Unit II probably consists of Late Pleistocene 
heterogeneous glacial material (till), which m turn 1s 
overlain by unit III representing postglacial (Holocene) 
fine-grained, well-bedded lake sediments The three 
hthological units can be traced throughout the central 
and western parts of the lake In the eastern part, how- 
ever, the relations are less clear, probably because of the 
considerable amount of deltaic sediment deposited by the 
River Rhine? 
This seismic survey seems to indicate clearly that the 
Lake Constance basin 1s the result of glacial erosion rather 
than of structural deformation The results of the survey 
confirm the glacial theory of formation of the lake basin 
postulated by Wagner’ Recent seismic surveys ın the 
vicinity of the lake evaluated by A Schremer, in a lecture 
given at Heidelberg in 1966, have also ruled out the 
possibility that tectonic movements were being involved 
in the formation of the lake basin 
This work was supported by a grant from the Deutsche 
Forschungsgemeinschaft Seismic equipment and person- 
nel were made available by the Bundesanstalt fur Boden- 
forschung m Hanover The Anstalt fur Bodenseeforschung 
der Stadt Konstanz put the research vessel August 
Thienemann at our disposal 
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Late Palaeozoic Glacial Facies and the 
Origin of the South Atlantic Basin 


In an attempt to add detail to the established picture of 
glaciation m the southern hemisphere during the Late 
Palaeozoic, we have studied tillites and associated rocks 
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in Antarctica, Afmca, South Amenca and the Falkland 
Islands ın the past few years!-* As well as determinmg 
the direction of 1ce movement from directional properties 
of the rocks, we have subdivided the strata mto several 
environmentally significant facies These distimet litho- 
logical types are further restricted geographically m such 
a way that their distributions add information on palaeo- 
geography For example, linear sand bodies interpreted as 
glacial eskers are mterbedded with tilhte ın the western 
Falkland Islands’ These deposits pass laterally mto a 
thick, massive envelope of tilite and associated turbidites 
in the eastern portion of the Falklands, which suggests 
that terrestrial 1ce occupied the west while, farther east, 
glacial-marine accumulation took place m deeper water. 
Similar approximate palaeogeographie reconstructions 
from tillite facies can now be made for widely scattered 
parts of the glaciated contment of Gondwanaland 

Marine fossils are not extensively known from the glacial 
sequences, but they have been described from Brazil, 
Argentina and South West Africas- Usually these 
sequences are considered to be of shallow marine origin 
A marme interpretation 1s also preferred for very thick 
accumulations (up to more than 2,000 m) known from 
several areas in the South Atlantic region A catchment 
area of considerable depth 1s suggested by the great thick- 
nesses, and, moreover, strata associated with the tuilite 
in this facies are those commonly associated with deep- 
marine downwarps—turbidites and deposits from related 
kinds of mass-movement processes These thick sequences 
are referred to here as being of deep-water glacial-marine 
origin, but they do not contain fossils and ıb remains to 
be proved that they are truly marme 

Fig 1 shows a geographie reconstruction of a portion 
of Gondwanaland in Late Carboniferous to Early Permian 
tıme The locations and orientations of Africa and South 
America are based largely on the geodetic fit at the 500 
fathom isobath®, and Antarctica is fitted usmg the same 
feature The effects of post-Aptian disruption of the 
hnear Andean~West Antarctic trend to form the present 
Scotia Arc! have been removed from the map Extensive 
right-shp faulting, here tentatively suggested to explam 
relative movement between East and West Antarctica 
since the end of the Palaeozoic, has also been removed 
Any reconstruction of this kmd for South America, 
Antarctica and Africa leaves a broad oceanie region at 
the jom area The present attempt minimizes the size of 
this region at about 5 x 10% km? 

Distribution of three glacial facies in Gondwanaland 
is also shown m Fig 1 Facies represented are terrestrial 
till, shallow-water glacial sediments, mterbedded with 
continental deposits, and deeper-water strata, probably 
of glacial-marine origin The most striking characteristic 
of the map ıs the rough matchıng of facies boundaries 
across continental boundaries This provides evidence 
on a detailed scale ın support of continental drift The 
present wide separation of these rocks may have resulted 
from drift of the continents away from each other 

It can also be observed that the probable deep-marme 
facies occurs only in a belt around the margin of the 
present South Atlantic basin Glacial sediments laid down 
in shallow water and terrestrial tillites are located pro- 
gressively farther from the basın margins The generalized 
palaeogeographic mterpretation 1s that of 1ce bodies flow- 
ing toward and discharging into a deep, centrally located 
sea or series of seas on the site of the southern Atlantic 
basin Evidence from these rocks thus suggests that a 
portion of the South Atlantic basin was already in 
existence ın Late Palaeozoic time The deep-water portion 
of this basın 1s succeeded to the north by deposits of the 
shallow-water and terrestrial regimes, suggesting that the 
basın did not extend north of about 32° S latitude, and 
that Africa and South America were still attached 

The suite of glacial rocks referred to here constitute 
part of the well known southern hemisphere Gondwana 
Series This 1s a thick, regressive sequence ranging in age 
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Fig 1 Reconstruction of a portion of Gondwanaland in Late Palaeozoic time 
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The diagonally lined area represents the distribution of 


terrestrial tillites and related deposits, the open stippled area represents the region of shallow-water glacial and associated continental deposits 


and the close stippled region represents the area of deep-water deposits, in part glacial-marine and marne 


The unpatterned areas are presumed 


upland source regions 


from Early Devonian (possibly Silurian) at the base, to 
Triassic sedimentary and Jurassic intrusive and extrusive 
rocks at the top Basal marme strata he on crystalline 
basement rocks and pass gradually upward mto con- 
tanental beds ın the regions of continuous accumulation 
Elsewhere, unconformities are developed, indicating inter- 
mattent uplift and subaerial erosion in marginal areas of 
the basın In the areas studied, the earhest marme mcur- 
sion 1s Judged from the nature of the strata laid down to 
have been epicontiental, most of these deposits are 
probably not of deep-marine origin Deep-water deposition 
marginal to the South Atlantic basin seems only to have 
begun with sedimentation of the glacial sequences in Late 
Carboniferous and Early Permian time, but tummg cannot 
yet be determined precisely ın most cases 

The presence of such a sizable waterbody m this region 
may have contributed to the onset of Late Palaeozoic 
glaciation In order for glaciation of continental dumen- 
sions to begin in the Late Palaeozoic there must have 
been abundant precipitation, and thus evaporation from 
a large source In a fully reconstructed Gondwanaland, 
the most centrally located portions of the supercontinent 
would he at distances of thousands of kilometres from the 
peripheral ocean basins Glaciation would therefore prob- 
ably be confined to coastal areas Development during 
the Middle and Late Palaeozoic of first an epicontinental 
and then a deeper basin penetrating to the mterior of the 
continent would, however, provide abundant moisture to 
even the most remote parts of the supercontment Even 
s0, Late Palaeozoic glaciation would probably not have 
occurred if a vast Gondwanaland had not been insulated 
at the time ın Ingh latitudes The data of palaeomagnet- 
ism indicate that the supercontinent drifted across the 
polar region at approximately the same time that the 
South Atlantic began to form Without such a fortuitous 
arrangement, Late Palaeozoic continental glaciation might 
not have occurred at all 
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PHYSICS 


Motion of a Fluid through a 

Vibrating Pipe 

I HAVE shown! that for the lammar flow of a flud through 
a pipe the friction factor 1s increased when the pipe 18 
vibrated ın a direction perpendicular to the flow, the 
magnitude of the merease depending on the vibration 
amplitude and frequency, pipe diameter, kinematic vis- 
cosity and mean flow velocity. The purpose of this 
communication 1s to investigate the cause of this effect 
for small vibrations 
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Air movement 


Fig, 1. 


Andrade? and others have shown that when a stationary 
cylinder is subject to sound waves of sufficient intensity 
a system of vortices is formed around the cylinder 
according to Fig. 1. Schlichting* has analysed the case of 
two coaxial cylinders where the inner one vibrates in a 
direction at right angles to its axis. A system of vortices 
similar to those obtained by Andrade is formed. 

F. G. McLaren and myself have subjected a eylinder 
containing air to transverse vibrations. A similar system 
of vortices was seen with the aid of smoke, and also with 
aluminium powder on water (Fig. 2). Such a secondary 
flow could give rise to an increase in friction factor when 
a fluid flows through a pipe. 

For the case of a vibrating cylinder coaxial within 
another, Schlichting? obtained in polar co-ordinates (r.p) 
the expression 


rec 
b= Alt + O+ Oy +c] sin . 20 
where 
3 Sn 


A= - 
2 R 





for the stream function of the steady flow between the 
cylinders, where the vibrating cylinder of radius R had 
an amplitude S and angular frequency n. 

Vibrating the outer cylinder and making the radius of 
the inner cylinder tend to zero gives the expression for 
the stream function 
(x*w?) . sin . 29 
where the radius of the outer cylinder is R and the dimen- 
sionless radius a is equal to r/R. 

We can write the Navier Stokes equation in cylinder 
polar co-ordinates (r, ọ, z) for the z direction (velocity W) 
in dimensionless form where we substitute 


1 & ad 
we > o= 2 Y= ga, W= Wow, r= eR 
to give 
fu h 72 
zee Oe Oe C + Ute 
wide ag Oo ` Ox uW, \ éz 


where 
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Ya eee ee aa sone. EA 
ax? x Ox x dg? 
and v is the kinematic viscosity. 
To solve this equation we assume that the flow is 
deseribed by the following equations, where w, refers to 
the velocity in an unvibrated pipe in the laminar region. 


ya = 0+ Kd, 


w = wyt Kw, t Kw t... 
where 
AR 1 


K = j = gee) sin 2o, wy = =g? 


Y 


Following the general reasoning adopted by Deant for 
a similar type of solution for flow in curved pipes, the 
second term of the series for w is given by 


põe? gt x frag 2 
w = | = — — + e eos, S 
"=i ag. T E Te ? 


To determine the rest of the terms is a lengthy process, 
but the problem is to determine the effect of vibrations 
on the friction factor, such that this series is convergent. 
A measure of this effect can be obtained from the flow 
rates for vibrating and non-vibrating conditions. 

The rate of flow through a pipe is proportional to 


1 Qn 
z wd 
f dx |” awde 


so we see that further terms in the w series are required, 
for the ones that effect the flow are those where w ig a 
function of x only. We find for the next term of the series 
that the part that is independent of » is given by l 


at 19 


320 11520 


lie’ 


768 


5a: 13a8 


Wg = te ahs 
z 384 576 

Using this term and neglecting further terms in the 
series gives the rate of flow through a pipe with a con- 
stant pressure gradient as 


<R?W . 
eal [1 — 12x10" KK... 0] 


When no vibration is present the rate of flow is given 
by nR? W., but when vibration is present the rate of flow 





Photograph of the secondary flow within a yee ee 
The pipe 
diameter was 2-5 in. and the frequency of the weak vibration was 18 Hz, 
Subjecting the cylinder over a wide frequency range to additional 
vibrations and to intense vibrations gave very complex secondary 
flows, some of which appeared to be quite irregular, Very high stream- 
ing velocities were associated with some of the flows, 


Fig. 2. 
obtained with aluminium powder on the surface of water. 
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ig reduced for the same applied pressure gradient. Con- 
sequently, the friction factor is inereased and the effect 
depends on the value of K. It can be seen that for the 
equation to be valid then K must not be large. The 
equation gives then the effect of small vibrations on the 
laminar flow through a pipe. 

The layer near the vibrating wall in which viscosity 
effects are large can be assumed to have a thickness 
4/2v/n. This dimension must: be small compared with the 
radius of the pipe if the analysis described is to be satis- 
factory. 

In view of the limitations due to K and +/2v/n the 
theory would not be expected to describe the experimental 
investigation mentioned earlier’, because K was of the 
order of 1,300-21,000 and 4/2v/n was equivalent to a 
range of 6-28 per cent of the pipe radius. 

The theory does indicate, however, that the friction 
factor will be increased in vibrating condition and when 
the vibrations are small this effect depends on K and 
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THE SOLID STATE 


Stress Dependence of Tensile Creep 
Rate in Carbons and Graphites 


Desprre the importance of carbons and graphites for 
very high temperature structural applications, very little 
is understood about the mechanisms of deformation and 
failure in these materials’. In principle, the stress depend- 
ence of the creep rate offers a simple method to obtain 
information on which of several possible deformation 
mechanisms operate at high temperatures. Using the 
empirical relationship ¢= Ao", where & is the creep rate, 
a is the stress and A is a proportionality constant, the 
stress exponent n is expected to equal one for Nabarro- 
Herring diffusion mass-transport creep; a much larger 
value of n, typically between 4 and 5, is expected for an 
edge dislocation climb mechanism such as occurs in many 
metals. 

Stress exponent values of 5:5-8 have been reported for 
tensile creep of polycrystalline coke-pitch synthetic 
graphites?-5. This has been interpreted as evidence that 
climb of edge dislocation segments in crystallite tilt 
boundaries may be the rate-controlling mechanism‘. 
Such graphites, however, usually show little or no reduc- 
tion in area, which suggests that void growth (for example, 
by erack propagation or separation) is a principal source 
of macroscopic plastic strain and the deformation is 
highly localized in these materials. Recent. investigations 
of the deformation behaviour of a high-density, stress- 
recrystallized coke-pitch graphite (ZTA) have supported 
this hypothesis'-*. Evidently, such “conventional” 
binder-filler synthetic graphites are not very suitable 
materials on which to investigate the deformation behavi- 
cur of graphite crystallites. 

There are several other types of synthetic carbon and 
graphite in which void growth does not dominate the 
deformation. Pyrolytic carbons can be elongated more 
than 25 per cent parallel to the substrate plane at constant 
volume?, and glassy (vitreous) carbons show considerable 
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reduction in area in tensile creep (unpublished results), as 
does (reportedly) a commercially available fine-grained 
isotropic graphite (‘Poco’). ln such carbons, considerable 
crystallite deformation must occur, and a careful study 
of the macroscopic deformation behaviour should give 
information about the important fundamental mechan- 
isms. An investigation of the stress dependence of 
the creep rate in pyrolytic and glassy carbons has 
been carried out and some results are reported here. 
Detailed accounts of these studies will be published 
elsewhere. 

The pyrolytic carbon used was deposited at 2,200° C 
from methane by a commercial producer (Super Temp 
Corp.) and had a substrate-nucleated microstructure. 
Dog-bone type specimens of as-deposited material were 
deformed in tension parallel to the substrate plane under 
constant-load stresses of 5,000-30,000 Ib./in.?. Two 
grades of glassy carbon, @C-20 and GC-30, heat treated to 
temperatures of 2,000° C and 3,000° C, respectively, 
according to the manufacturer (Tokai Electrode Mfg. Co. 
Ltd.), were similarly tested at stresses ranging from 
500-18,000 Ib./in.2. The creep tests were performed in a 
resistively heated graphite tube furnace in a helium 
atmosphere at temperatures of 2,500°-2,900° ©. In 
common with most other carbons and graphites, neither 
pyrolytic nor glassy carbons exhibited a minimum or 
steady state creep rate. A stress-change technique was 
therefore developed to determine the stress dependence 
for a range of stresses in a single test on a single specimen. 
In all, nine glassy carbon and thirteen pyrolytic carbon 
tests were run. 

In the earliest stages of the elongation of pyrolytic 
carbon, when layer straightening is the dominant process, 
n~4 was found. In the range of elongation 1<e<4 
per cent, however, n decreased rapidly to a value of about. 
1-5 where it remained until at least 26 per cent elongation 
was reached. After about 8 per cent elongation, the gauge 
section material was found to be well graphitized and 
very highly oriented with the layer planes aligned closely 
parallel to the stress axis. No dependence of n on stress 
or temperature was observed. The creep activation 
energy was about 250 kcalories/mole, independent of 
elongation, in agreement with values found by Kotlensky? 
for pyrolytic carbon creep in the range e< 10 per cent and 
by Zukas and Green for ZTA creep. This is an appro- 
priate value for diffusion by a vacancy mechanism parallel 
to the layer planes'. It seems that in pyrolytic carbon, 
dislocation climb may be important initially, but after 
breakdown of the as-deposited structure has begun, a 
viscous process such as Nabarro-Herring creep predomin - 
ates. The small excess of n over unity may be an experi- 
mental artefact, or may indicate simultaneous operation 
of a subsidiary deformation process with 1<n<3. 

The deformation behaviour of glassy carbon was 
quite different. The value of n increased approxim- 
ately linearly with stress from a value near unity 
for ¢<1,000 Ib./in.2 to 26 for o> 13,000 lb./in.3. No 
dependence of n on temperature or elongation (0-11 
per cent) was observed, and the creep behaviour of the 
two grades was similar. A very high effective activation 
energy value of about 350 kcalories/mole was found in the 
medium stress range in which temperature dependence of 
the creep rate was investigated. Although Nabarro- 
Herring creep may be significant in glassy carbon at very 
low stresses, other mechanisms of uncertain nature must 
operate in the medium and high stress ranges. Because 
glassy carbon is a non-graphitizing carbon with small 
apparent crystallite size (~100 A) and a disordered 
structure, dislocation mechanisms seem unlikely. On the 
other hand, the appreciable reduction in area (nearly the 
constant volume value in GC-30) suggests that the de- 
formation mechanism differs from that in conventional 
binder-filler synthetic graphites although the values of 
n are similar. More detailed knowledge of the structure 
of glassy carbons will probably be required before explana- 
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tions of the interesting properties of these materials can 
be ventured with confidence. 

This work was sponsored by the US National Aero- 
nautics and Space Administration. The hospitality of the 
University College of Swansea during the final stages of 
this work is gratefully acknowledged. 


z. " * 
Jet Propulsion Laboratory, D. B. Fisonsaon 


California Institute of Technology, 
Pasadena, California. 
Received November 29, 1967, 


ae Present address: Department of Metallurgy, University College of 

Swansea. 

‘ Fischbach, D. B., and Kotlensky, W. V., Electrochem. Tech., 5, 207 (1967). 

2 Green, W, V., Carbon, 4, 81 (1966), 

* Green, W. V., and Zukas, E. G., Electrochem. Tech., 5, 208 (1967). 

‘ Zukas, E. G., and Green, W. V., Nature, 212, 1454 (1966). 

* Zukas, E. G.. and Green, W. V., Paper MI 45, Eighth Conf. on Carbon, 
Buffalo, New York (June 1967). 

* Green, W. V., Levenson, L, S., Reiswig, R. D., and Zukas, E. G., Paper MI 
44, Eighth Conf. on Carbon, Buffalo, New York (June, 1967). 

* Kotlensky, W. V., Carbon, 4, 209 (1966). 


Structure corresponding to the Ideal 
Composition 3Bi,0;.17Nb,O; 


As part of a study! of the structures of compounds in 
the Bi,O,-Nb,O, binary system, we have determined the 
crystal structure of 3Bi,0,.17Nb,0;, which we believe to 
be the ideal formula of the compound prepared by Roth 
and Waring? and referred to as Bi,0;.6Nb,0,. 


b 
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and six diamond-shaped tunnels, which are empty im 
Nb,,.W,,0,,, contain all the bismuth atoms. We have 
found that these are statistically distributed among a 
number of possible sites, and have used the occupancy at 
each site as a parameter in the least-squares refinement. 
The resulting structure is shown schematically in Fig. 1. 
The apparent chaos among the bismuth atoms is not 
unreasonable. The pentagonal and even the diamond- 
shaped tunnels are too large for the bismuth atom (ionic 
radius 0:96 A) and, consequently, these atoms are located 
away from the centre of the hole. Furthermore, the bis- 
muth atoms show a very strong tendency towards a one- 
sided four-fold co-ordination similar to that found, for 
example, in BiSbO, (ref. 5) and a number of other complex 
oxides and oxyhalides of bismuth*-*. This kind of co- 
ordination, a consequence of a lone pair of electrons, is 
more often associated with tervalent antimony’: and 
is even found for arsenic!*. The bismuth atoms could 
achieve this co-ordination at a number of sites. The 
bismuth occupancies of these sites are uneven (see Fig. 1) 
but add up to 5-7 (26=0-2) per unit cell, whereas 6 would 
be expected from the formula. It seems likely that the 
remaining 0-3 atoms are spread out thinly among some or 
all of the other possible sites. If, however, the true 
formula is Bi,O,.6Nb,0;, there would be 53 bismuth atoms 
per unit cell, but electrical neutrality would require the 
random removal of half an oxygen atom per unit cell. 
It is difficult to reach a clear-cut decision between the 
two compositions, the difference between which is very 
slight (15-0 per cent Bi,O,. 85-0 per cent Nb, Os, Donte = 
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The {001} projection of the structure of 3Bi,0,.17Nb,0, showing the Me,,0,, matrix (shaded) and the occupancies of the bismuth sites. 


@ Bi 
Fig. 1. 


The pale yellow plates of this material are orthorhombic 
with a= 12-516 + 0-005, b = 37-14 + 0-02, c= 3-922 + 0-002A, 
U = 1828-3 A%. Using this unit cell we have been able to 
index fully the X-ray powder pattern published by Roth 
and Waring®. Single crystal photographs suggested that 
the structure was of the tetragonal bronze type” but with 
one cell edge tripled, and the intensities showed a remark- 
able similarity to those found by Sleight‘ for Nb,,.W1.0o,. 

The structure has been determined from some 1,300 
independent reflexions, obtained with Cu-Ka radiation 
and visually estimated. Least-squares refinement, in space 
group Pba2, has now reached R=0-10 and is being con- 
tinued. 

All atoms in 3Bi,0;.17Nb,0, are situated near two 
levels approximately ¢/2 apart. The structure is based on 
an MeO, matrix in which four of the twelve pentagonal 
tunnels are regular (in contrast with the other eight) and 
contain niobium atoms in pentagonal bipyramidal co- 
ordination. All the other niobium atoms have an octa- 
hedral co-ordination. The remaining eight pentagonal 


5-37 g cm for 3:17, and 14-3 per cent Bi Os, 85-7 per 
cent Nb,O;, Deaic= 5:30 g cm~ for 1:6). We consider. 
however, that 3Bi,O,.17Nb,0, represents the ideal struc- 
tural formula. E. T. Keve 
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CHEMISTRY 


Nuclear Hyperfine Interactions in 
Diatomic Molecules and the 
Ground State of VO 


Tue identification of the ground states of the diatomic 
oxides of the transition metals presents interesting 
experimental! and theoretical? problems, and the VO 
molecule is one example. Analogy with TaO suggests? 
that the lowest state should be o?8 2A, but theoretical 
calculations‘ indicate that it is oð? 1E-, This is supported 
by unpublished observations of P. H. Kasai and W. 
Weltner of the electron spin resonance spectrum of 
matrix isolated VO. A rotational analysis’ of several 
bands of the green system (vs = 17,419 cm~) led to values 
of the internuclear distances in the two states, but the 
transition was not identified: it was suggested that it 
might be spin-forbidden. 
We now report preliminary results of the rotational 
analysis of bands of the green and red*7 (v9, F4= 12,707 
cm) systems. We have found that both systems may 
be observed in absorption at t~ 1,650° C in a carbon tube 
furnace with short paths: both systems are therefore 
most probably allowed. The bands of the green system 
consist of the four branches analysed correctly by Lager- 
qvist and Selin? as R and P branches and, in addition, 
four broad line branches, two R and two P. The lines 
of these branches are about 0-4 em~ wide, and the widths 
are independent of N, at least for 15<N<70. The 
energy levels in all states are determined by an integral 
quantum number N rather than half integral J, so that 
the transition is *E (case b)-*Z (case b), with four R and 
four P branches. 
Analysis of the red system is incomplete, but parts of 
. the two shortest wavelength components of the 1-0 and 
` 0-0 bands have been analysed. These bands show many 
branches, broad and sharp, and the upper state energy 

levels are determined by a half integral quantum number 

J. Thus the upper state is a case a state. Lower state 
combination differences are found in excellent agree- 
ment with those observed in the green bands. In the 
shortest wavelength components of the 0-0 and 1-0 
bands, six sharp branches have been analysed which may 
be assigned as the TRia SRi SQyn, 2Qag. FP ya, and RP, 
branches in ‘IT,,.-~X¢Z~. 

Line widths in the green bands are unaffected by the 
many upper state perturbations: this fact, together with 
the observation of broad lines in the red system, suggests 
that the cause of the broadening, or unresolved splitting, 

“is to be sought in the behaviour of two of the four com- 
ponents of the £- ground state. Analysis of the red 
bands shows that the F,” (J=N+4) and F,” (J=N—4) 
components are sharp and it is therefore the F,” (J= 
N +3) and F,” (J=N— 3) components which are broad- 
ened, by a factor of about three. 

The theoretical calculations’ suggest that the o electron 
in the cô? ground configuration is predominantly 4so on 
V. The splitting of the levels may be understood on the 
basis of a magnetic hyperfine interaction of this electron 
with the ‘'V nucleus of spin { and magnetic moment 
5-14 nm, The 8 electrons will not contribute significantly 
to the hyperfine energy which may be written’ 


with 


24 8 3 cos? 9—1 
b= aa fe 220) — a +) 


L3 2r? da 





for a near spherical distribution of charge, only the term 
in ¥2(0) will be important. If the magnetic interaction is 
weak compared with the coupling of the other angular 
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momenta the overall coupling will be bgy and the hyper- 
fine energy will be given by 


JJ+D-NN+1)+SS+D] 7 5 


Wa = 3 2 J(J+1) 


where 


LJ = [F(E +1)-J(7 + 0-141). 


If this hyperfine splitting is not resolved, the line width 
will be given by (Wrmax—- Wermin), where /max=J +1 
and Fman=J—ZI, as in BiO (ref. 9). This leads to cal- 
culated widths of lines originating from F,” and F,” 
which are about three times those arising from F,” and 
F,” for N215 when the widths become constant, in good 
agreement with the observed spectrum. 

We conclude that the ground state of VO is o3? 18, 
and that this state provides a further example of a 
situation in which nuclear hyperfine splittings contribute 
significantly to the appearance of the optical spectra. 
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Electron Spin Resonance Study of 
Nitroxide Radicals from 
Diethylhydroxylamine, 
Dioctylhydroxylamine and 
N-Hydroxypyrrolidine 


We present here the results of an electron spin resonance 
investigation of the free radicals formed from diethyl- 
hydroxylamine, dioctylhydroxylamine and N-hydroxy- 
pyrrolidine. Dioctylhydroxylamine was prepared by the 
method of Harris and Olcott’. Diethylhydroxylamine 
was obtained from Pennsalt Chemicals (85 per cent and 
100 per cent) and from K and K Laboratories (85 per cent). 
N-Hydroxypyrrolidine was prepared by the method 
Wolfenstein* used for N-hydroxypiperidine and by the 
method described by Blout’. 

Purity of compounds was determined by thin-layer 
chromatography using solvent systems of acetone, 
methanol and acetone : methanol 1:1 (v/v). The K and 
K dethylhydroxylamine (85 per cent) gave three spots 
and the 100 per cent material gave two spots. N-Hydroxy- 
pyrrolidine also gave two spots. As a result of these tests, 
the samples were purified as oxalate derivatives and the 
hydroxylamine was recovered by treatment with liquid 
ammonia. When standard solutions of the purified 
materials were spotted immediately after release from 
the oxalate salt, each gave only a single spot. 

The tertiary butylhydroperoxide used to oxidize the 
hydroxylamines was a product of K and K Laboratories. 
The molar ratios of hydroperoxide to hydroxylamine 
were 1:1 or 2:1. Spectra were obtained with a Varian 
E-3 EPR spectrometer. 
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to) bso 
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Fig 1 Room temperature electron spin resonance spectra for (a) dioctyl- 

hydroxylamine and (b) diethylhydroxylamine showing hyperfine coupling 

to f and y protons In (a) there are four equivalent y protons giving & 

hf splitting of five hnes with intensity ratios 1 4 6 4 1 In (8) there 

are six equivalent y protona giving nevon lines with intensity 1atios 
1 1 1 


The election spm resonance spectra show that the free 
zadicals are nitroxides resulting from abstraction of 
hydrogen from the hydroxyl group Similar spectra 
have been obtained by others from related amines oxidized 
to nitroxide free radıcalst-€ The three compounds gave 
similar electron spin resonance spectra consisting of fifteen 
hnes resulting from coupling to mitrogen and to the fom 
equivalent protons B to the nitrogen The differences in 
the observed spectra result from different values for the 
nitrogen and 8 proton coupling constants In conditions 
of haigh resolution, coupling to y protons could be resolved 
for diethyl- and dioctyl-hydroxylamines purged of oxygen 
(Fig 1) This coupling has not so far been detected 
For N-hydioxypyrrolidine, however, the y splitting, 
while observable, could not be resolved The results 
are summarized in Table 1 


Table 1 HYPERFINF COUPLING CONSTANTS FOR THE NITROXIDE RADICALS 
OF DIRTHYI HYDROXYLAMINE, DIOCTYLHYDROXYLAMINE AND N-HYDROXY- 


PYRROLIDINE 
Coupling constants (gauss) 
Radical Ay Af A} 
Diethbylhydroxylanune 
CH,—CH,—_N—CH,—CHs 
| 159 109 0 33 
0 
Dioctylhydroxylamine 
Sena gee oy nee ceetn ee 154 102 050 
0 
N-Hydroxypyrrohdine 
L N ) 
| 150 192 ~03 
(0) 


The commercial samples of diethylhydroxylamine 
were frequently found to exhibit nitroxide electron spin 
resonance spectra as received and the nitroxide radical 
concentration ın these samples was observed to vary with 
exposure to ambient hght This suggested that nitroxide 
free radicals sie produced ın hydroxylamines photo- 
chemically To mvestigate this possibility, samples, 
both as received and after purification as the oxalate, 
were prepared in quartz sample tubes with and without 
oxygen and illuminated in the cavity by a ngh intensity, 
AH-6 mercury lamp The response of these samples to 
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light was found to be quite different before and after 
purification and to be dependent of oxygen content 

For the unpurified samples, the light produced a marked 
increase ım the electron spin resonance signal which 
decayed when the lamp was extinguished The light also 
mereased the yield of free radicals in samples to which 
peroxide had been added When wavelengths below 280 
mp were filtered out, the AH-6 lamp still produced a 
substantial electron spm resonance signal, mdicating 
that long wavelength ultraviolet and visible ight readily 
causes these effects Attempts to establish the rates of 
growth and decay of the free radicals against light inten~ 
sity were unsuccessful because reproducible results could 
not be obtained 

The purified samples, on the other hand, showed quite 
different behaviour Before illumination, the pure samples 
exhibited little or no imitial nitroxide electron spm 
resonance signals, and iJlumination with wavelengths 
greater than 280 my produced no detectable electron 
spin resonance spectra ın these samples The effect of 
short wavelength ultraviolet was investigated by iriadiat- 
mg the purified samples for 5 mim at 254 my. by means of 
two 15 W germicidal ultraviolet lamps The samples 
were immediately placed ın the cavity and a significant 
nitroxide signal was observed which decayed slowly on 
standing Kinetic data could not be obtained at this 
wavelength because the output from these lamps could 
not be directed into the cavity 

Ultraviolet spectra of the hydroxylamines were in 
accord with these findings The purified hydroxylamines 
showed no characteristic absorption above 220 my 
whereas the unpurified samples showed weak absorption 
bands at 240 mu and 335 mu = After the purified samples 
had been irradiated at 254 mp, a band appeared at 
240 my This band increased with irradiation and 1s 
probably caused by the formation of oxidation products, 
such as nitroxide radicals which show absorbance at 
240 mp 

These results show that nitroxide radicals can be pro- 
duced directly from hydroxylamines by radiation at 
254 my, but not by light of longer wavelength The 
production of nitroxide radicals by long wavelength 
ultraviolet and visible hght ın unpurified or commercial 
samples 1s attributed to small amounts of light-sensitive 
impurities present in these matemals Although these 
impurities have not been identified, traces of peroxides, 
for example, could cause these effects and account for 
the non-reproducrble kinetic results 

We thank Dr Barbara Beck for preparing some of the 
purified samples This work was supported in part by a 
grant from the National Institutes of Health, US Public 
Health Service 
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Molecular Interactions between 
Tryptophan and Nucleic Acid 
Components in Frozen Aqueous 
Solutions 


Nucuric acids exhibit specific mteractions with nucleo- 
protems and enzymes at different stages of the replication 
and expression of the cellular genome, and it seemed 
worthwhile to mvestigate the nature of such molecular 
interactions between nucleic acid components and ammo- 
acids. This article deals with a study of complexes of 
tryptophan and nucleosides ın frozen aqueous solutions 
We have already shown that, ın frozen aqueous solutions, 
nucleic acid derivatives and aromatic amino-acids form 
aggregates!:? Thus freezing aqueous solutions may induce 
the formation of molecular complexes as a result of a 
close contact between two kinds of molecules 

We have used two techniques ın thisinvestigation Emus- 
sion measurements were made at the temperature of hquid 
nitrogen (77° K) with an Ammco-—Bowman spectrophoto- 
fluorrmeter Aqueous solutions were frozen m quartz 
tubes of 2 mm mner diameter Absorption spectra 
were deduced from reflectance spectra (the opacity of the 
frozen samples precludes the use of standard absorption 
spectroscopy) Reflectance spectra were obtained with a 
Cary 14 spectrophotometer equipped with the total diffuse 
reflectance accessory adapted for low temperature 
measurements (our unpublished work). All spectra were 
recorded at 253° K, for no modification was observed 
between 253° and 77° K 
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r=(A)/(Tr) 
Fig 1 Variation of the fluorescence Amax of tryptophan (Tr) and 


adenosine (A) mixtures in frozen aqueous solutions (77° K) as a function 
of the concentration ratio r 
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Table 1 BLUORESCENCE Amex OF TRYPTOPHAN, NUCLEOSIDES AND EQUI- 
MOLECULAR MIATURES OF TRYPTOPHAN AND NUCLEOSIDES IN FROZEN AQUEOUS 
SOLUTIONS AT 77° K (c=107 M) 


Fluorescence /max of 
equimolecular mixtures 


, 


Fluorescence Amar 


(aggregates, nm) with tryptophan 

(nm) 

340 Tryptophan 

345 Guanosine 360 

340 Adenosine 380 

340 Cytidine 420 

330 Thymidine 420 

— Undine 420 


In frozen aqueous solutions at 77° K, the fluorescence 
spectrum of 10-?M equimolar mixtures of tryptophan 
and nucleosides ıs red-shifted as compared with that of 
the separated components (Table 1) The red-shift 1s 
larger with pyrimidine than with purme nucleosides, but 
is not modified when the concentration of both com- 
ponents of the mixture increases from 10~4 to 10-°M 
‘When the ratio, r, of the nucleoside and tryptophan 
concentrations differs from unity, the fluorescence spec- 
trum is the superposition of the emission from the com- 
ponent m excess and from the complex The apparent 
Amax Of the fluorescence spectrum goes through a maxi- 
mum forr~1 (Fig 1), thus mdicating that a1 1 compler 
is probably formed The phosphorescence of the molecular 
mixtures 1s very weak, and its spectrum and decay 
characteristics are very close to those observed m pure 
tryptophan solutions in the same conditions, 

The addition of creasing amounts of tryptophan to a 
10-*M solution of cytidine (or umdine) produces, after 
freezing, a new absorption band on the long-wavelength 
side of the component spectra (Fig 2b) The variation of 
the mtensity of ths band at 310nm with tryptophan 
concentration (Fig 2a) confirms that a one to one complex 
1s formed 

The formation of aggregates in frozen aqueous solutions 
1s inhibited by addition of small amounts of organic 
solvents lıke ethanol or propylene glycol!-* In such 
conditions, the fluorescence and absorption bands, charac- 
teristic of the complex, are not observed It must also be 
noted that no complex 1s formed in fluid solution at 293° K 
The appearance ın mixtures of electrome transitions 
different from those of the components has been ascribed 
to molecular complexes ın which charge-transfer forces 
play an impoitant part’ ‘Indole derivatives (sncluding 
tryptophan) form molecular complexes with biologically 
important compounds? Charge-transfer complexes of 
mdoles with several electron-acceptor molecules have also 
been reported? The energy values of the lowest empty 
molecular orbitals of nucleic acid bases, calculated m the 
SCF-LCAO-MO approximation, suggest that pyrimidines 
are better electron acceptors than purmes® In agreement 


2 


Log IJI (reflectance) 





290 800 310 320 330 
A (nm) 


tt + 
Fig 2 a, Variation of the band intensity at 310 nm in cytidine (Cy) and tryptophan (‘I'r) frozen aqueous mixtures when the concentration 
of tryptophan increases from 0 to 3x107 M F and I, are the light intensities reflected by the frozen sample with and without solute 


molecules, respectively Cy}= 107M 
10~* M frozen aqueous solutions of (1) cytidine ( ), (2) t 


b, Long wavelength side of the apparent absorption spectra deduced from the reflectance spectra, of 
phan (- — ~), and (3) their equimolecular mixture (- ~~) 


Typto * 
{—) is the difference between (3) and the sum (1) + (2) 


Spectrum (4) 
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with this, the transition energies corresponding to their 
complexes with tryptophan are lower for pyrimidine than 
for purine nucleosides We did not observe any new 
electronic transitions when nucleosides were mixed with 
tyrosine or phenylalamne, which are poorer electron 
donors than tryptophan ‘Thus charge-transfer forces are 
probably mvolved m stabilizing the ground electronic 
states of nucleoside—tryptophan complexes 
Such molecular complexes may be mportant m the 
interactions between nucleic acids and enzymes This work 
18 now being extended to tryptophan derrvatives, oligo- 
peptides and oligonucleotides 
THÉRÈSE MONTENAY-GARESTIER 
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Tryptophan Emission from Trypsin 
and Polymer Films 


THE sensitivity of the fluorescence and phosphorescence 
of the aromatic amino-acids to variations n their immed- 
1ate environment!-* provides one of the few tools for 
probing the mterior of protems m a wide range of con- 
ditions The present studies show that for the mterval 
200°-300° K. the phosphorescence from the tryptophans 
m the enzyme trypsin more closely resembles that from 
tryptophan m polyvinyl! alcohol films (PVA) than that 
from tryptophan ın aqueous systems This conclusion is 
based on comparisons of the wavelengths at which the 
maxima for fluorescence and phosphorescence are ob- 
served as well as the quantum yields for emission in the 
various systems Two of the most significant observations 
leading to this conclusion are that- (a) phosphorescence 1s 
observed at room temperature from tryptophan in either 
PVA or trypsm, and (b) temperature has many similar 
effects on the phosphorescence from tryptophan mn PVA 
and from trypsin In the range 77°-170° K, however, the 
trypsin interior seems to be less “ugd” than e:ther a 
water or PVA matrix 

Previous work has shown that, even though the radia- 
tive quantum yield (fluorescence plus phosphorescence) 
of aromatic ammo-acids in frozen aqueous media (77° K) 
remains essentially 10, the ratio of phosphorescence to 
fluorescence (P/F) varies markedly with pH and added 
solutes’. Because a variety of added solutes produce 
approximately comparable changes, these effects must 
primarily reflect alterations in the crystallme structure 
and rigidity, or both, of the surrounding matrix, some of 
the observed effects, it seems, can, however, also be 
produced by direct interaction of the added solute mole- 
cules with the aromatic ammo-acids Experiments have 
thus been undertaken m our laboratory usmg simplified 
model systems in which the aromatic amino-acids are 
embedded ın polymers containmg hydroxyl, ammo or 
carboxy] side-chains to test the effects of these groups on 
the aromatic residues in relatively fixed spatial environ- 
ments such as are thought to comprise the interior of 
proteins 

For the present studies. thin films of tryptophan m 
PVA were prepared such that the ammo-acid molecules 
should be sufficiently separated so as to mmuimize self- 
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Table 1 EMISSION CHARACTERISTICS OF TRYPTOPHAN IN DIFFERENT 
ENVIRONMENTS 
fe Qri 4p Qr P/F tarp Qri4 rp 
(nm) (nm) (8) 
Room temperature 
PVA film 335 043 440 002 005 0 : and 042 
#,0 350 020 — 9 _ — 0 20 
0 55 per cent glucose 350 020 — 0 — — 020 
Trypsin in water 335 008 — 0 _ — 008 
‘Trypsin film 335 015 440 ~0001 0007 0 5* 015 
TOK 
PVA film 330 063 430 028 044 50 0 80 
H0 325 010 — 0 — — 010 
0 55 per cent glucose 325 072 425 017 0 24 58 0 89 
Trypsin film 335 035 435 006 018 44 041 


* Temperature intensity curve suggests that the long Ty, component dis- 
appears at 1-2 s, leaving only the short 4 component 


quenching The water was evaporated from 1 mm layers 
of 10 per cent PVA solutions contaming 1x 10-*M 
tryptophan (final thickness was about 0 1 mm and average 
separation corresponded to that of molecules in a 10-? M 
solution). Thin layers of dried trypsm were prepared by 
evaporating solutions contammg 1 mg/ml. trypsın dıs- 
solved in distilled water which had been spread on to 
‘Visking’ dialysis membrane 

The intensity of emission arising from these preparations 
on excitation with 270 nm wavelength light was compared 
with that from a 1 mm layer of 1x10“M tryptophan 
dissolved m water (in order to observe emission from 
comparable numbers of tryptophan molecules) The 
determimations of fluorescence at room temperature were 
made m a “front face” apparatus’ at 45° to the incident 
light Corrections for hght scattermg were made accord- 
ing to the method previously described’ and the effect 
of polarization on the emussion from these films was 
munimized by techniques to be discussed elsewhere (sub- 
mitted for pubheation) The behaviour of fluorescence 
and phosphorescence as a function of temperature (down 
to 77° K) was studied in a ‘Dewar’ cooled by liquid nitrogen 
with the films mounted slightly off 45° to the exciting 
and emittmg monochromators to minimize surface reflect- 
ance The temperature was monitored with an ron- 
constantan thermocouple 

The feeble phosphorescence persisting at room tempera- 
ture 1s normally obscured by scattered light and can also 
be confused with emission from the PVA A rotating 
shutter was used to minimize the scattered hight Further- 
more, ıt was established that the emission at room tem- 
perature had fine structure characteristic of tryptophan 
phosphorescence and also had an excitation spectrum 
corresponding to the absorption spectrum of tryptophan 
By contrast, the excitation spectrum of emussion from 
PVA alone extends to considerably longer wavelengths 

The values of àp and dp for the various preparations 
vary by only 10 nm at 77° K (Table 1) From previous 
results, ıt was concluded that frozen aqueous matrices are 
so rigid at this temperature that they are incapable of 
effective collisional mteraction with the excited amuino- 
acids; the temperature studies discussed here indicate, 
however, that this may not be so for tryptophan ın tiyp- 
sn There 1s clearly a slight mcrease ın the interactions 
between tryptophan and PVA at room temperature as 
the fluorescence maximum 1s shifted 5 nm toward lowe: 
energies, these mteractions must, however, be much less 
than those m the aqueous solutions because in the latter 
there 1s a red-shift of 25nm on warming This difference 
m the extent of interaction at room temperature is further 
reflected in the observation that the fluorescence quantum 
yield m PVA ıs 0 3-0 56 compared with 02 in watert 
It 1s difficult to ascribe unequivocally the larger (compared 
with glucose-water) values of P/F in the PVA films to 
enhanced mtersystem ciossing alone, because m both 

} The vauiation in the Qp values in PVA is probably not simple variance 
because eight determinations clustered around either 03 or 056 Investiga 
tions are now under way to determine whether this reflects hygroscopic 
behaviour of the polymer which changes either its rigidity or the mutual 
tryptophan- PVA orientation differences observed between yields in ices 


of distilled water and of glucose have been attributed previousl to alter ifions 
m the structure of the ice* 
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Fig 1 Arrhenius plots of phosphorescence quantum yields as a function 


of temperature for (1) tryptophan in PVA film, (2) tryptophan ın 0 55 
per cent glucose-H,O, (3) trypsin film 


systems the total quantum yield of tryptophan 1s not 
unity even at 77° K 

Comparison of the temperature plots in Fig 1 mdicates 
that both the onset and extent of quenching of phos- 
phorescence in the PVA films are shifted toward higher 
temperatures relative to the data for glucose-water In 
fact, this shift ıs so pronounced that t1yptophan phos- 
phorescence persists even up to room temperature m 
some of the PVA films the tryptophan phosphorescence 
can be distinguished from the weak emission from PVA 
itself (having a single peak), by its fine structure with a 
maximum at 445 nm and secondary peaks at 425 and 475 
nm as well as by differences in their excitation spectra 
Because the slopes of the Arrhenius plots are the same, 
presumably the mteractions causing quenching are the 
same or have the same activation energies in the two 
systems, but the number of unperturbed molecules differs 
significantly 

It is evident m Fig 1 that there ıs a great similarity 
between the effects of temperature on emission in trypto- 
phan ın the PVA films and in trypsin Thus includes the 
positions of the break pomt (c 170° K) and the almost 
identical slopes in the range 200°-300°K There are 
differences, however, when the samples are cooled from 
170° K to 77° K_ for example, phosphorescence intensity 
may remain almost constant ın some PVA preparations 
(Fig 1) and merease up to about 30 per cent in other 
PVA preparations, whereas there 1s always an increase 
of about 30 per cent ın trypsm In those PVA prepara- 
tions which exhibit an merease in intensity in the low 
temperature range, the high temperature slope 1s displaced 
slightly towards lower temperatures so that phosphor- 
escence may disappear somewhat below room tempera- 
ture This presumably indicates a less mgidly bonded 
PVA structure which could arise from differences in con- 
figuration, molecular weight or water content The overall 
simuarities in the emission behaviour of trypsin and of 
tryptophan m PVA indicate, however, that the mgidity 
of the two systems with consequent probability of quench- 
mg mteractions 1s very smilar Furthermore, at least 
some of the entities m the interior of trypsin near some or 
all of the tryptophans are not completely “frozen m” 
even at 77° K, whereas 1t 1s possible to vary the extent of 
this “freezing in” in the PVA matrix 
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BIOCHEMISTRY 


Inhibition by Drugs of the Accumula- 
tion in vitro of 5-Hydroxytryptamine 
in Guinea-pig Vas Deferens 


AFTER an injection of “C-5-hydroxytryptophan, auto- 
radiographic grains were found to accumulate n the sym- 
pathetic neurones of the pmeal gland and vas deferens! 
These observations suggested that the sympathetic nerves 
of these organs might take up or retam 5-hydroxy- 
tryptamine Subsequent work has shown that 5- 
hydroxytryptamme can accumulate m the guinea- 
pig vas deferens ın vitro by an active transport process? 
Subcellular distribution studies also mdicated that 
the site of accumulation of the 5-hydroxytryptamine 
is the storage vesicle present m the sympathetic neurone? 
Certain drugs such as imipramine’ and cocaine‘ are potent 
inhibitors of the uptake of noradrenaline mto sympathetic 
neurones, and these drugs also block the uptake of 
5-hydroxytryptamme in platelets’ and some tissues in 
the ratë Subsequent work has shown that the site of 
blockade of noradrenaline uptake 1s the neuronal mem- 
brane? These observations prompted us to investigato 
the ability of these drugs to block the uptake m the vas 
deferens of 5-hydroxytryptamine labelled with carbon-14 

The vas deferens were obtained from guinea-pigs 
weighing 250-300 g The animals were killed by a blow 
on the head, bled and the vas deferens rapidly removed 
and chilled They were cut into segments weighing 
approximately 20 mg and four such segments were meu- 
bated for 30 mn at 37° C in 4 ml of Krebs-Ringer 
phosphate contaming 0 4 Cı of 4C-5-hydroxytryptamme 
(specific activity 40 mCi/mmole) 

On removal from the medium they were washed, blotted 
and homogenized separately m 04 N perchloric acid and 
the homogenate was centrifuged at 15,000g for 15 mm A 
1 ml sample of the supernatant fluid was adjusted to 
pH 10 with sodium hydroxide and 15 ml of 05 M 
borate buffer pH 10 and the 5-hydroxytryptamme was 
extracted mto 6 ml of isoamyl alcohol by shaking for 
5 mn After centrifugation a 4 ml sample of the 
isoamyl alcohol extract was transferred to a countmg 
vial containing 4 ml of ethanol and 10 ml of phosphor 
10 mg of ascorbic acid was added to a second 1 ml sample 
of the supernatant and the pH was adjusted to 10 
by the addition of concentrated hydrochlone acid The 
5-HIAA was extracted into 5 ml of diethyl ether by shak- 
ing for 3 mn After standing, a 45 ml sample of the 
ether phase was shaken for 3 mm with 1 ml of 05 M 
phosphate buffer pH 79 An 04ml sample of the buffer 
extract was added to the phosphor contaming 5 ml of 
a mixture of ethanol methanol (3 1) These methods 
had been shown to be specific by paper chromatography 

Guimea-pig vas deferens incubated with !C-5-hydroxy- 
tryptamine (25x 10-* M) for 30 min was shown to give 
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Fig 1 Inmbition of uptake of “C-5-hydroxytryptamine (5HT) in 

guinea-pig vas deferens by desmethylimipramine (DMI) Each group 

eentained vas deferens from four gumnes-pigs Results are expressed as 
mean + A 


10- 


a two-fold meireaso in concentration in the tissue above the 
medum In addition, approximately equimolar amounts 
of the deaminated metabolite 5-HIAA were also present 
in the vas deferens In the presence of cocaine 1 x 10-4 M 
and imipramine 1 x 10-4 M, this accumulation was reduced 
to 22 per cent and 38 per cent of controls, respectively 
The conversion to 5-HIAA, however, was unchanged 
at these concentrations Desmethylumpramme was 
found to inhibit uptake ın concentrations as low as 3x 
10**M From 3x 10-5 M to 1x10- M the hibition was 
linear with the logarithm of the concentration for the 
drug (Fig 1) With very high concentrations of des- 
methylmipramine (10-? M) the formation of 5-HIAA 
was inhibited, but at lower concentrations the formation 
was unaffected 

In a previous study, 1t was shown that the antidepressant 
drug imipramine and a variety of structurally related 
compounds blocked the uptake of tritiated noradrenaline 
into the intact brai® It was found that those drugs with 
antidepiessant activity blocked the uptake mto brain, but 
those structurally related drugs which were not anti- 
depressant did not A similar study was undertaken to 
determine the effect of tricyche compounds with and 
without antidepressant activity on the blockade of 
accumulation of 5-hydroxytryptamine by the guinea-pig 
vas deferens For this study, the concentrations were 


Table 1 INHIBITION OF ACCUMULATION OF 1*C-5-HYDROXYTRYPTAMINE IN 
GUINEA-PIG VAS DEFERENS BY ANTIDEPRESSANT DRUGS 

Tahibition of Chuical 

Drug accumulation (%) activity t 
Imipramine 57* + 
Desmethylmipramine 62* + 
Amitriptyline 43* + 
Compound 2 -2 - 
Compound 3 47* + 
Compound 4 —3 = 
Compound 6 43* + 
Chlorpromazine 10 - 


Groups of vas deferens obtained from five guinea-pigs were incubated with 
“Q.5-hydroxytryptamine Drugs were added at a concentration of 5 x 10-7 M 
After 1 h the uptake of Pee rons ay pasate and the formation of HIAA 
were measured ın the tissue Results are expressed as the percentage of 
imbibition of accumulation of 5-hydroxytryptamine as compared with the 
control value Compound 2 1s the isopropyl analogue of 1mipramine Com- 
pound 3 is the ethyl analogue of desmethyhmipramine Compound 4 1s the 
2 chlor 10 (dimethylamino ethoxv ethyl) derivative of phenothiazine Com- 
poma 81s the 2 chloro derivative of desmethylimipramine 

<O001 

+Chmical observations by experienced psychiatrists carried out on a 
limited number of patients Details of the tests can be obtamed from Dr 
Murray Weiner, Geigy Research Laboratories, Yonkers, New York 
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chosen at which desmethylimipramime produced appiox- 
mately 50 per cent mhibition (5x 10-7 M). There seemed 
to be a consistent relationship between the ability of 
tricyclic compounds to block the accumulation of 5- 
hydroxytryptamine in vas deferens and their antidepres- 
sant activity (Table 1) There was no change m the forma- 
tion of 5-HIAA 
The process of biogenic amine uptake by the vas defer- 

ens seems to be more closely related to the bram than 
other peripheral tissues The uptake of noradrenaline® 
m the bram and 5-hydroxytryptamine ın the vas deferens 
is blocked by imrpramme and its climically active con- 
geners Furthermore, chlorpromazime inhibits the uptake 
of biogenic ammes mm peripheral tissues? but not in brain® 
or vas deferens In view of these observations the vas 
deferens could serve as a useful model for brain biogenic 
amine contaming neurones m studying the effect of cer tain 
drugs on amine uptake processes 

Donatp Eccieston* 

Nezrm B Taoa 
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Concentrations of Metabolic 
Intermediates in Kidneys of Rats 
with Metabolic Acidosis 


GOODMAN eż al} have shown that there 1s enhanced 1enal 
gluconeogenesis 1n the rat with chronic metabolic acidosis 
The enhancement of renal gluconeogenesis with glut- 
amine, glutamate, «-ketoglutarate and oxaloacetate, but 
not with fructose or glycerol as substrates, led to the 
tentative conclusions that m acidosis there 1s acceleration 
of one of the steps ın the gluconeogenesis pathway distal 
to oxaloacetate The results presented here represent an 
attempt to define that step 

Two types of expermments were carried out on locally 
bred albino rats weighing 200-300 g Five or six rats 
were used in each expermment They were deprived of all 
solid food during the experiment but allowed free access 
to 02 per cent sodium chloride in water The control 
rats were fed 10 ml of 20 per cent dextrose ın water by 
stomach tube every 12 h, while the experimental rats 
were fed 10 ml of 20 per cent dextrose contaimng 200 mM 
ammonium chloride In a total of sıx such experiments, 
fourteen control and sixteen expermmental rats were used 

In the second type of experiment, rats were also 
deprived of solid food and allowed free access to 0 2 per 
cent sodium chloride, and both control and expermmental 
rats were fed 10 ml of 20 per cent dextrose in water by 
tube every 12h As an acidifying agent, acetazoleamide 
(‘Diamox’) was injected mtraperitoneally m a dose of 
75 mg/kg every 12h The controls were injected with an 
equal volume of saline Fourteen control and eighteen 
experimental rats were used m six experiments All 
experiments were concluded after 48 h 

Rats were anaesthetized with mtraperitoneal pento- 
barbital 50 mg/kg, both kıdneys were then rapidly 
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Table 1 MEANS OF CONCENTRATIONS OF METABOLIC INTERMEDIATES IN 
RAT KIDNEY 
Trest- Pyru- Aspar- 
ment N vate Citrate a-Kg Malate tate PEP 
NH,C! Contro] 14 1205 4270 114 6 4529 1,1183 975 
92* 300 106 409 217 86 
Acidotic 16 1174 3755 714 2581 1,0355 1433 
182 211 30 241 491 62 
P Ns <005 <001 <0001 NS <0 01 
Dia- Control 14 1152 3426 186 2 3768 1,0550 795 
mox’ 40 206 176 321 6&1 58 
Acidotic 18 1267 2410 118 0 268 2 9955 1037 
111 130 86 134 520 80 
P NS. <0001 <0005 <0005 NS <005 


Values are in umoles/kg of wet weight a-Kg, a-Ketoglutarate PEP 
Phosphoenol-pyruvate N, Number ofrats * Standard error 


removed, dropped into a staimless steel mortar contamng 
liquid air and squashed flat immediately There was never 
a delay of more than 5 s between removal of kidneys and 
complete freezing Tissue from each rat was processed 
separately The tissue was ground to a powder under 
hquid air, and then transferred frozen to weighed ‘Duall’ 
all-glass homogenizers contaming ice cold 6 per cent 
perchloric acid The further handling of the tissue and the 
enzymatic measurements of the metabolic intermediates, 
except citrate, were by standard methods? Citrate was 
measured with the enzyme citrate-lyase as described by 
Moellering and Gruber? 

The results are shown in Table 1 With both acidifying 
agents, there were significant reductions in the concen- 
trations of citrate, «-ketoglutarate and malate as com- 
pared with controls There was no statistically sigmficant 
change m the concentrations of pyruvate or aspartate 
In four of the six experiments with ammonimm chloride 
and four of the six with acetazoleamide, however, there 
was a fall ın aspartate m the experimental rats There 
was consistently a significant rise in phosphoenol-pyru- 
vate The fact that identical results are obtamed with 
both ammonium chloride and acetazoleamide implies that 
the effect resulted from the acidosis rather than from the 
agent which produced ıt Similar protocols have pre- 
viously been shown to cause metabolic acidosis'4 m rats 

The first important site of possible control m the 
gluconeogenetic pathway mvolves carboxylation of pyru- 
vate to oxaloacetate by the enzyme pyruvate carboxylase 
with further conversion of oxaloacetate to phosphoenol- 
pyruvate by the enzyme phosphoenol pyruvate carboxy- 
kinase (PEPCK) (ref 5) Aspartate was measured m these 
experiments as a guide to the concentrations of oxalo- 
acetate, which usually exists m very small concentrations 
im tissues The fact that the concentration of aspartate 
was not significantly changed or at least fell m most 
experiments would indicate that there was no change, o1 
possibly a reduction, ın concentrations of oxaloacetate 
The mse of phosphoenol-pyruvate mdicates therefore an 
increased activity of PEPCK This supports the con- 
clusion of Goodman et al that the acceleration of gluco- 
neogenesis ıs at a site distal to oxaloacetate 

In chronic metabolic acidosis with an mereased pro- 
duction of ammonia, there 1s mereased activity of the 
enzymes glutaminase 1 and glutamme transamunase*? 
The product of the former reaction 1s glutamate and of 
the latter a-ketoglutaramate and subsequently «-keto- 
glutarate a-Ketoglutarate 1s also the deamination product 
of glutamate It might therefore be expected that there 
would be a rise in the concentrations of these two inter- 
mediates In fact, a reduction in glutamate concentrations 
in similar conditions has already been reported‘ and m 
these experiments there ıs a fall also m a-ketoglutarate 
The decreased concentrations of glutamate have been 
shown to be important because glutamate itself mlnbits 
the enzyme glutammase 1 (ref 8). This 1s another 
example of feed-back inhibition It ıs possible that 
«-ketoglutarate acts similarly on the glutamme trans- 
amimase It is very lhkely that in metabolic acidosis the 
enhanced gluconeogenesis which occurs serves to remove 
products such as glutamate and a-ketoglutarate and 


NATURE. VOL. 217, MARCH 2, 1968 


thereby allows the necessary mereased production of 
ammonia The data presented here indicate that the site 
of enhancement of the gluconeogenesis pathway m 
acidosis hes at the step between oxaloacetate and phos- 
phoenol pyruvate, mediated by the enzyme PEPCK 
The reduction ın concentrations of citrate and malate 1» 
also indicative of mereased diversion of oxaloacetate 
along the gluconeogenesis pathway 

I thank Professor J C Waterlow, director of the MRC 
Tropical Metabolism Research Unit, and Dr A S Relman 
of Boston University for advice and encouragement 
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Regulatory Effect of N‘-Benzyladenine 
and Pseudothymine (6-Methyluracyl) 
on the Synthesis of Nucleic Acids 


Cyroxinins have been shown to have a hormone-hke 
regulatory effect on the synthesis of DNA-dependent 
RNA (refs 1 and 2) McCalla et al? demonstrated a 
very low level of corporation of benzyladenme,into the 
msoluble RNA fraction We confirmed these findings 
and showed (unpublished work of G Matolesy, K. Bojthe 
and B I Pozsár) that benzyladenme was incorporated 
without degradation Fox‘ showed that labelled benzyl- 
adenine accumulates to a large extent m the soluble RNA 
fraction, and Letham and Ralph! hydrolysed the isolated 
RNA from plant tissues, which liberated basic compounds 
with cytokmin-hke activity We have exammed the 
effect of several pyrimidine base-analogues on nucleic 
acid metabolism The synthesis of RNA was mereased 
most by pseudothymine (6-methyluracyl) This com- 
pound is a structural isomer of thymme and can bo 
regarded as a potential antagonist of both uracyl and 
thymine Its biological effect has been httle studied, 
however’. This finding led us to compare this compound 
with 6-benzyladenme, known to be a substance with the 
biological activity of a eytokmin. 

The method of Whitehead et al 8 was used to prepare 
both 2’-4C- and 8-“4C-benzyladenme Labelled 2-4C-6- 
methyluracyl was prepared by the method of Donleavy 
and Kise® Insoluble RNA was isolated from the leaf 
tissues using a modification by Fletcher and Osborne’ 
of the Schmidt and Thannhauser™ method 

Neither the N*-benzyladenines nor 'C-pseudothy- 
mine (40-2-6-methyluracil, unpublished work of G 
Matolcsy, I Pmtér and B I Pozsár) incorporated into 
the insoluble RNA as well as adenine and uracil, respec- 
tively (Table 1) After the benzyladenine treatment, the 


Table 1 INCORPORATION OF LABELLED PURINE AND PYRIMIDINE BASES 
INTO INSOLUBLE RNA IN THE PRIMARY LEAVES OF PINTO BEAN 
Incorporation Incorporation 
into the Mean of purine and 
Labelled RNA frac- error mg/100 mg Specific pyrimidine 
bases tion(ecpm/ of fresh activity bases and 
100mg mean weight (cpm/ analogues 
fresh weight) value N RNA meg) (per cent) 
8-*C-Adenine 16,842 245 084 — 20,050 100 
2’ *C-Benzyladenine 114 28 084 — 135 6 75 
8-"C-Benzyladenine 98 22 084 116 5 80 
2-4C-Uracyl 31,890 547 «-— 685 4,656 100 
2-'*C-Methyluracy] 2,615 52 — 685 382 8 20 
Exposure to labelled compounds lasted 4 h 
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Table 2 EFFECT OF BENZYLADENINE ON THE INCORPORATION OF LABELLED ADENINE AND OROTIC ACID INTO INSOLUBLE RNA, COMPARED WITH THE WATER 
CONTROL, IN THE PRIMARY BEAN LEAVES 


Effect of water treatment 


Incorporation Mean Specific activit; 
Labelled bases (c p m /100 mg error of Pie pm /mg y 
fresh mean of ribose) 
weight) value 
8-“C-Adenine 84,840 572 67,0 
2-4C-Orotic acid 42,810 653 82320 


In 100 mg of fresh weight of leaves was 0 52 mg of ribose, 


Effect of benzyladenine floating Effect of treatment 


Incorporation Mean Specific activity on the stimulation 
(c p m /100 mg error of (cpm /mg compared with the 
fresh mean of rbose) water control 
weight) value {per cent) 
82,820 1,371 159,200 237 
97 420 1,642 187,300 227 


Table 3 EFFECT OF PSEUDOTHYMINE ON THE INCORPORATION OF LABELLED ADENINE AND URACYL INTO INSOLUBLE RNA, COMPARED WITH THE WATER CONTROL, 
IN THE PRIMARY BEAN LEAVES 


i ufot of water Seren ‘i ie 
Incorporation ecific activ: 
Labelled bases {cpm /100 mg Mean error ait? pm /mg : 
fresh weight) of mean value of ribose) 
8-4C-Adenine 12,290 187 23,630 
2-4C-Uracyl 10,440 163 20,070 


In 100 mg fresh weight of leaves was 0 52 mg of ribose 


incorporation of the labelled adenime was nearly as great as 
that of the orotic acid (Table 2) Our results indicate 
that pseudothymime stimulates the imcorporation of 
labelled adenime and uracil into the msoluble RNA 
fraction compared with the water control (Table 3) 
The effect of pseudothymime, which has a pyrimidine 
structure, 1s analogous to the hormone-lke activity of 
benzyladenine This may indicate that both purme and 
pyridine derivatives have the same biological effective- 
ness 
The purme and pyrimidime derivatives which we 
mvestigated were meorporated m very small amounts 
into the msoluble RNA, but they were characteristically 
accumulated in the soluble RNA (tRNA °) Assuming 
the Watson—Crick model, ıt ıs evident that the base- 
analogues act on the stimulation of protein synthesis by 
mereasing the level of tRNA. We could, however, 
demonstrate that the purme and pyrimidine derivatives 
have a stimulating and regulating effect on the incorpora- 
tion of natural nucleobases mto the insoluble RNA, so 
that ıt ıs rmpossible to interpret the stumulating effect 
on the basis of the Watson—Crick model It 18 mteresting, 
however, that base-analogues are accumulated only m the 
soluble RNA fraction (SRNA, #RNA), but we do not 
know the form m which they are involved ın the strmula- 
tion of incorporation of natural nucleobases into the RNA 
We finally conclude that not only purme but also pyrim- 
idine derivatives, such as pseudothymune, have a hormone- 
hke effect, by stumulating nucleic acid synthesis 
B I Pozsár 
Gy Martorcsy 

Research Institute for Plant Protection, 

Budapest, Hungary 
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L-2-Amino-3-phenyl-!-propanol 
(L-Phenylalaninol) as a Constituent of 
a Fungal Metabolite 


We have investigated the structure of a biologically 
active polypeptide compound, antiamoebin, isolated from 
the mycelium of the organism Emervcellopsis poonensis 
Thirum by Thirumalachar (personal communication) 
On acid hydrolysis this substance gave an organic base 


Effect of treatment 


Effect of 6-methyluracyl floating 
compared with the 


Incorporation Specific activity 


(cp m /100 mg Mean error (c p m /mg water control 
fresh weight) of mean value of ribose} (per cent) 
19,590 812 37,670 159 
13,250 208 25,480 127 


which was identified as L-2-ammo-3-phenyl-l-propanol 
(u-phenylalanmol) 

When refluxed with 6 N hydrochloric acid for 28 h, anta- 
amoebin gave a basic compound, which gave a positive 
ninhydrin reaction and E , value of 0 72:n the solvent system 
n-BuOH AcOH H,O, 4 1 5 The base was purified 
by distillation and recrystallization from benzene The 
meltmg point was 95° C, and [a] — 25 76 (C3 3, ethanol) 
analysis gave C 7178 per cent, H 852 per cent, N 
8 93 percent The molecular weight (by the Rast method) 
was 153 From the analysis and the molecular weight 
the molecular formula was calculated as C,H,,;NO (caleu- 
lated values for C,H,,NO, C 7152 per cent, H 861 
per cent, N 9 27 per cent and a molecular weight of 151) 

Characteristics of derivatives were as follows. (1) 
Dibenzoyl derivative, melting pomt 169° C, analysis gave 
C.769 per cent, H 582 percent, N 3 62 per cent and 
a molecular weight (by the Rast method) of 359. The 
calculated values for C,H., NOs are C 76 88 per cent, 
H 585 per cent, N 389 per cent and molecular weight 
359. (2) Acid oxalate, meltimg pomt 180° C, analysis 
gaveC 5500 percent, H 6 16 per cent, N . 5 80 per cent 
The calculated values for C,,H,,NO; are © 5477 per cent, 
H 6 22 per cent, N- 5 81 per cent 

These properties identified the base as L-2-amino-3- 
phenyl-l-propanol The reported values for this compound 
are melting point 95° C, [«]} — 233 (C 2-01, methanol)? 
and the melting point for acid oxalate 177° C (ref 2) The 
identity was further confirmed by the mixed melting pomt, 
mfrared spectrum and paper chromatographic behaviour 
of the authentic sample 

We thank Dr M J Thrumalachar for his encourage- 
ment, Dr N. Narsumhachar: for helpful discussion, V B 
Joshi for microanalysis and Dr Nitya Nand for supplying 
L-phenylalaninol 
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RNA in the Elementary Bodies of 
Trachoma Agent 


TRACHOMA agent, a member of the psittacosis—lympho- 
granuloma-trachoma (PLT) group, 1s an obligate parasite 
of the conjunctival cells ın the human eye Some strains, 
at least, retam their mfectivity for the human eye after 
adaptation to growth and several passages in human cell 
cultures?»?, The infectious particles of trachoma agent are 
0-3 um in diameter and contam both DNA and RNA® 
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After entry mto the host cell cytoplasm, the elementary 
bodies develop ito large compact inclusion bodies con- 
tammg glycogen** These contam non-infectious struc- 
tures m which the infectious elementary bodies are formed 
towards the end of the growth cycle. In this respect, the 
trachoma agent differs from the psittacosis agent The 
latter forms diffuse cytoplasmic melusions*, consisting of 
large reticulated forms which replicate by binary fission 
to produce elementary bodies similar to those of trachoma 
agent? Both the large forms and the elementary bodies 
of psittacosis agent contam DNA and RNA’, and the 
large forms contain soluble RNA species®:?, ribosomal sub- 
units and ribosomes!® This investigation deals with the 
nature of the RNA species and the ribosomal subunits 
m the infectious elementary bodies of trachoma agent 
We used the T’ang strain of trachoma agent, propagated 
m FL cells! for 350-400 passages Two-day-old FD cells 
m tube cultures (about 2x 10° cells/culture) were trans- 
ferred to a chemically defined medium}? and imfected 
with enough agent to ensure the development of one 
inclusion body in each cell Each of the infected cultures 
contamed 1 Cı of *H-cytidine (specific activity, 2 2 Ci/ 
mmole, ICN Corp, USA) and was meubated at 37°C 
To label proteins, the concentration of leucme was re- 
duced to one-fortieth of that m the defined medium and 
1 pCi “C-leucme (specific activity 165 mCi/mmole, 
Radiochemical Centre, Amersham) was added to each 
FL culture Forty-five hours after moculation with 
trachoma the medium was removed and the infected 
cells were washed at room temperature with an 8 per cent 
(w/w) sucrose solution made in 10-2 M éris hydrochloric 
acid buffer at pH 75 and immediately adjusted to 4° © 
The cells were scraped into about 01 ml of the sucrose 
solution and disrupted by pipetting through a narrow 
capillary The nucle, which are not damaged by this 
process, were centrifuged for 5 mm at 1,500 rpm at 
4°C, and the cytoplasmic fraction was removed The 
elementary bodies were purified by zone centrifugation 
m sucrose gradients (15-30 per cent w/w) formed on top 
of a cushion of 0 4 ml of 45 per cent (w/w) sucrose, pre- 
pared m trs buffer The gradients were centrifuged for 
30 mm at 10,000 rpm in the SW 39 rotor of the Spinco 
model L2 preparative ultracentrifuge at 7°C The 
material m the cushion was removed, diluted and banded 
in a sucrose gradient (30-45 per cent w/w) for 45 min 
at 10,000rpm at7°C About 99 per cent of the particles 
which band in the middle of the gradient are elementary 
bodies as judged by electron microscopy? When neces- 
sary, the infected cells were homogenized ın 10-* M tras 
buffer contaimmg 15x10 M Mg++ and 10 M KCl 
(tıs +Mgt+ buffer) The elementary bodies were purified 
im sucrose gradients (30-45 per cent w/w) made m the 
same buffer They were then removed from the gradients 
and the optical density (O D ) of the particle suspension 
was determined at 260 my wavelength The yield of 
elementary bodies from about 2x 10° mfected FL cells 
18 4x 10° plaque forming units as determined by the plaque 
assay developed by Bernkopf!# Such a purified prepara- 
tion had an absorption of 1 O D umt at 260 my wave- 
length Durect isolation of RNA from the elementary 
bodies of trachoma agent was achieved by dissolving the 
particles in 1 per cent solution of sodrum dodecyl sulphate 
(SDS)! The dissolved particle suspension was diluted 
three-fold with SDS buffer and carefully layered with a 
plastic spoon on top of a sucrose gradient (15-30 per 
cent w/w) made ın SDS buffer Care was taken to prevent 
shearing of the DNA of this agent, which contaims about 
40 per cent of the radioactivity of the mcorporated *H- 
cytidine The gradients were spun m the SW 25 1 rotor 
for 18 h at 24,000 rpm. at 25°C The gradients were 
collected through a Gilford spectrophotometer and each 
fraction was divided one portion was precipitated with 
cold 20 per cent trichloroacetic acid (TCA) and the other 
was treated with 1 N potassium hydroxde for 18 h at 
37° C before treatment with TCA. The alkah was used to 
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determme the amount of radioactive isotope which was 
meorporated mto DNA, which 1s resistant to treatment 
with alkali The acid-precipitable radioactivity was ool- 
lected on ‘Millipore’ filters and counted m a Packard 
liquid semtillation counter In the expermental condi- 
tions, all the DNA sedimented to the bottom of the 
centrifuge tube When necessary, the cytoplasmic frac- 
tions of non-infected HeLa, FL or BSC, cells were used 
as markers for mbosomes and as a source of ribosomal 
RNA 

To obtain mbosomal subunits from the elementary 
bodies of trachoma, agent, the particles were disrupted by 
two methods. (a) To a suspension of elementary bodies, 
Mg++ was added to a final concentration of 3x10 M, 
the suspension was diluted threefold with tres buffer 
contammg 3x 10- M Mg++ and disrupted with 1 per cent 
sodium deoxycholate (DOC, NB Co, USA) (b) To the 
suspension of elementary bodies, Mg++ was added to a 
final concentration of 10-2 M, and the particles were 
treated ın the MSE ultrasonic disintegrator for 3 min at 
15A The suspension was diluted three-fold in tres buffer 
containing 10-? M Mg++ and layered with a plastic spoon 
on top of a sucrose gradient (15-30 per cent w/w) pre- 
pared ın the same buffer The gradients were centrifuged 
for 18 h at 18,000 r p.m im the SW 26 1 rotor at 7° C, and 
collected through a Guilford spectrophotometer Hach 
fraction was divided mto two portions, one of which was 
treated with TCA and the other first with alkah and 
then TCA 

The results (Fig 1) demonstrate the nature of the RNA 
species isolated from the elementary bodies of trachoma 
agent Three RNA species with sedimentation coefficients 
of 218, 16S and 4S were obtained The sedimentation 
coefficients were determined by comparison with the 
sednmentation of animal cell ribosomal RNA (28S and 
168) centrifuged either together with trachoma RNA or 
on separate gradients About 70-75 per cent of the radio- 
active RNA is found in the 21S and 16S RNA species 
present in the elementary bodies and the rest ın the 48 
RNA This indicates that no cellular 28S RNA 1s present 
m the purified preparations of the trachoma elementary 
bodies as contammation from the host cells 

The localization of RNA within the mfectious elemen- 
tary bodies was also investigated The particles were 
disrupted with DOC (method a) and centrifuged ım 
sucrose gradients in the conditions used for the isolation 
of mbosomal and mbosomal subunits from HeLa, cells'® 
Fig 2A shows that trachoma RNA sediments ım 
the sucrose gradient as two subunits with sedimenta- 
tion constants of 538 and 308, respectively Ribosomal 
subunits are obtamed when Mg++ is present m the tres 
buffer at concentrations of 10-? M or 3x 10- M (Fig 2A) 
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Fig 1 RNA of the elementary bodies of trachoma agent Trachoma 
elementary bodies were labelled with *H-cytidine and purified by zone 
centrifugation in sucrose gradients The particles were dissolved with 
SDS and layered on top of a sucrose gradient (15-30 per cent w/w) made 
in SDS buffer The gradients were centrifuged for 17 6h at 24,000 r p m 
in the SW 25 1 rotor of the L-2 ultracentrifuge ( ), OD 260 mz, 
(—@—), TCA precipitable radioactivity, (—-O—), alkali resistant 
radioactivity 
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Fig 2 Effect of Mgt+ concentration on the isolation of ribosomal subunits from the elementary bodies of trachoma agent Elementary 
bodies, purified by zone centrifugation in sucrose gradients, were divided into three portions to which different Mg++ concentrations were added 


A 3x10° M Mgt, B, 15x10- M Mgt+, and C, 





gradients were centrifuged for 17 h at 17,000 rpm at7°C ¢ 


, no Mgt+ added. The samples were treated with DOC and centrifuged in sucrose gradients 
(15-30 per cent) made ın tris 10-* M and supplemented with Mgt+ ar son Daa of A, 3x10 M, B,15x10°M 


, and C, 3x10 M The 
260 mu, (—-@®—), TCA precipitable radioactivity, (—-O—), alkah 


resistant radioactivity 


and also 15x10- M (Fig 2B) Whthout Mgt+, all 
the RNA ıs found at the top of the sucrose gradiert 
which shows the lability of ribosomal subunits m the 
absence of Mg++ (Fig 2C). Attempts were made to isolate 
the RNA from the different ribosomal subunits and to 
determine the § value by zone centrifugation in SDS sucrose 
gradients From the 528 and 308 ribosomal subunits, 209 
and 168 RNA molecules, respectively, were isolated and 
identified 

To characterize further the ribosomal subunits, the 
elementary bodies of trachoma agent, labelled in the RNA 
with ‘H-cytidme and in the protems with '4C-leucine, 
were purified by zone centrifugation in sucrose gradients 
The particles were disrupted with DOC and the ribosomal 
subunits were isolated m sucrose gradients Fig 3 shows 
that radioactive RNA 1s found m the 528 and 308 bands 
Radioactive protems can be clearly detected in the 525 
subunits The large amount of labelled protems which 
sediment into the gradient masks the 308 subunit 

In these conditions, there was no evidence for intact 
ribosomes in the elementary bodies of trachoma agent 
Sonic treatment (method 6), which releases about 80 
per cent of the RNA, was used to break the elementary 
bodies and 529 and 308 ribosomal subunits—not ribo- 
somes——were obtained Furthermore, when the elementary 
bodies of trachoma agent were prepared and purified 
m irs and Mgt+ buffer and dissolved in 1 per cent DOC, 
ribosomal subunits but not mbosomes were obtained 

This study of the nucleic acids of the infectious elemen- 
tary bodies of trachoma agent has demonstrated the 
presence of three RNA species with sedimentation con- 
stants of 21S, 165 and 48, respectively The trachoma 
RNA species resemble in their behaviour the ribosoms] 
RNA species isolated from the elementary bodies and the 
reticulated forms of psittacosis agent® Usimg the present 
techniques, 528 and 308 ribosomal subunits and 218 and 
16S ribosomal RNA were isolated from purfied elementary 
bodies of the 6 BC strain of psittacosis agent (unpublished 
results of Sarov and Becker) Simularly, ribosomal sub- 
units with sedimentation constants of 50S and 308, 
but not ribosomes, were isolated from the purified develop- 
mg reticulated forms of psittacosis agent!’ 

The mbosomal RNA and subunits of both trachoma 
and psittacosis agents resemble those of bacterial cells‘, 
which also have sedimentation constants of 50S and 303 
by contiast with the 60S and 40S ribosomal subunits of 
animal cellst® The absence of ribosomes in the sucrose 


gradient analyses of the elementary bodies of trachoma 
agent may be caused by (a) lability of rbosomes which 
dissociate mto subunits, (b) attachment of mbosomes 
to membranes with consequent failure of release from 
the disrupted elementary bodies or (c) the assembly of 
ribosomal subunits into ribosomes only in the presence 
of newly synthesized messenger RNA molecules!5-17 
which are formed only after the entry of the mfecting 
elementary bodies into the host cell cytoplasm Further 
expermments are ın progress to define the nature and syn- 
thesis of trachoma ribosomes and ribosomal subunits 
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Fig 3 Analvsis of the ribosomal subunits of trachoma elementary 

bodies Trachoma agent was labelled throughout the growth cvele with 

both *H-eviidine and “C-leucine The elementary bodies were treated as 

indicated ın the legend of Fig 24 and centrifuged in sucrose gradient for 

15 5h at 22,500r pm in the SW 25 1 rotor of the Spinco ultracentrifuge 

(—@—), RNA labelled with pple cone pon. proteins labelled with 
carbon- 
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The presence of ribosomal RNA and 11bosomal subunits 
m the elementary bodies of trachoma and psittacosis 
agents demonstrates the cellular nature of these agents, 
which clearly differ from viruses’ The taxonomic position 
of the PLT group, and the exact relationship between 
trachoma, and psittacosis agents, are yet to be established 

This work was supported by grants from the US 
Pubhe Health Service and the World Health Organiza- 
tion We thank Miss Miriam Adler, Mrs H Permutti, 
Mrs Karla Press and Mrs Nehama Himmel for technical 
assistance 
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Temperature Dependence of Cortisol 
Binding to Plasma Proteins 


Tue bmding of cortisol to plasma proteins mcreases 
with a decrease in temperature No direct measurements 
have been reported of the effect of temperature on the 
binding constants of transcortin and albumin, but 1t has 
been suggested that as the temperature decreases new 
binding sites appear on transcortin! 

The cortisol-bimding characteristics of two pools of 
normal human plasma have been determined at different 
temperatures, using ultrafiltration of plasma with pre- 
cautions against adsorptive loss and ethanol denaturation 
as described earher? The unbound cortisol concentration 
in plasma water was determmed m each plasma pool 
before and after the addition of known amounts of cortisol 
The cortisol additions were sufhcient to increase the plasma 
cortisol concentration by 5, 15, 30 and 400 yg/100 ml 
Plasma 11-OH corticosteroids were determmed by the 
method of Mattingly® 

If transcortin and albumin each have a single species 
of binding sites for cortisol with capacities, respectively, 
P: and Pa and equilibrium constants K: and Ka, Tait and 
Burstem‘ have shown from mass action considerations 
that with total cortisol concentration T, free concentia- 
tion F, amount bound to transcortm B and to albumm 
Ba, then 


Ki(P:-B) = BF (1) 
(PaKa)=BalF (2) 
T=F+Bea+Br (3) 


Because Pa 18 very much larger than the cortisol additions 
used, the biding sites on albumin never approach 
saturation and P, and Ka cannot be determmed inde- 
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pendently Ther product (PaKa) can however, be 
determined with good precision 
Substitution of equations (1) and (2) mto (3) yields 


T—F=P,+(PaKa)/Kit+ [Kit (PaKa) F-T/F Ke (4) 
with known values T and F and unknowns K, P: and 
{PaKa) The addition of cortisol to a plasma sample 
provides further values of T and F with the binding 
constants unchanged Three such results for T and J” 
(,,T,T, and F,,F;,f3;) permit the three unknown 
constants to be determined, thus 


_ (By —B,)(a, — a2) ~ (B,— B,)(a,— 4s) 








(Poe) = (i= F(a, =a) = (Pa F(a) 
K (Fa— F,)(@1 — 0a) — (Fa — F1)(@1— aa) 
t= (B, —B (F; F,)— (Bs By) (Pa- F) 
and 
Pi = B+ (3 — PaKa— 1)/Ki— (PaKa) F: 
where 


B,=1,-F,, B,=T,—F,, By=T,—F3, anda=T fF. 
a,=7,/F,, 0,=T7/P, 


The values selected for T critically affect the precision 
with which the binding constants can be measured The 
lowest T, possible leads to the best estimate of Kr, a 
value of T, approximately equal to P: 1s necessary for 
accurate determmation of P: and the best estimate of 
(PaKa) 18 given by a value of T, at least three times 
greater than Pe Using cortisol additions of zero, 15 
and 400 ug/100 ml, the precision of estimates of P, and 
(PaKa) 1s about +5 per cent (1 S D ) and of K: approxi- 
mately +10 per cent (1 S D) 


Table 1 EFFECT OF TEMPERATURE ON BINDING CONSTANTS OF TRANSCORTIN 
(Pt, Kt) AND ALBUMIN (PaKa) 
Plasma IT 


‘Lempera- Plasma I 


ture Pt Kt (PaKa) Pt t (PaKa) 
(degrees C) M/1 x10 1/Mx107 — M/1x10 1/Mx107 — 
10 46 44 37 75 26 37 
25 49 26 31 _ — _ 
37 51 11 26 67 9 28 


The results obtamed are shown ın Table 1 The small 
changes of P; with temperature are probably not signifi- 
cant The most marked effect of decreasing temperature 
1s an increase in K; with a lesser increase in (PaKa) The 
calculation of these constants 1s based on the assumption 
that transcortin retains at low temperature its character- 
istic of having only a single species of binding site. A 
Scatchard plotë of the full data from one of the plasmas 1s 
shown m Fig 1 Deviations from hneamty on such a 
plot provide a sensitive mdication of mhomogeneity of 
bimding sıtesë The figure shows good lmnearity, and 30 
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Fig 1 Scatchard plot of cortisol-transcortin interaction at 37° C and at 


10°C The points for the 400 ug/100 ml cortisol addition are notinchided 
because they were used to calculate PaKa 
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1t may be concluded that a single species of binding sıte 
1s predominant on transcortin both at 37° C and at 10° C 
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Regulation of Insulin Secretion by 
Short Chain Fatty Acids 


EVIDENCE is accumulating that m some mammalian 
species there may be a direct effect of short chain fatty 
acids on the secretion of msulin from the pancreas Thus 
it has been shown that octanoate causes a marked release 
of msulm from slices of rat pancreas? Furthermore, 
butyrate was found to evoke a rapid and sustained 
elevation of serum msulin when infused mto adult sheep? 
These results contrast with the lack of effect on msulm 
secretion when longer chain fatty acids, such as palmitate, 
are incubated with pancreas slices? 

With the development of methods for the isolation of 
islets of Langerhans in large numbers‘ ıb has become 
possible to study the mechanism of insulin secretion by 
the measurement of concentrations of metabolic mter- 
mediates. We have measured intracellular concentrations 
of glucose-6-phosphate following incubation of rat islets 
with butyrate, octanoate and citrate The results suggest 
that short cham fatty acids are ımportant regulators of 
glucose-6-phosphate levels ın pancreatic islet cells, and 
in this way they may mfluence msulin secretion. 

Islets of Langerhans were isolated from pancreas by 
collagenase digestion of tissue taken from male albino 
Wistar rats which had been fasted overmght The 
separated islets were divided mto groups of ten and 
meubated ın bicarbonate-buffered medium contammg 
albumin together with either glucose, octanoate, butyrate 
or citrate In each experiment, the effects of low and high 
glucose were compared with those of low glucose plus 
organic acid After 30 mm of incubation at 37°C the 
medium was sampled for determmation of its msulin 
content by the immunoassay of Hales and Randle’. Rat 
msulin provided standards for the assay The islets from 
each group of meubation flasks were then pooled m 
pomted centrifuge tubes, the medium removed and the 
islets quickly frozen to — 76° C by ummersion of the tube 
in a bath of solid carbon dioxide and ethyl alcohol They 
were then subjected to somecation for 20 s, after the 
addition of perchloric acid (0 1 ml /ten islets) The super- 
natants from the perchloric extracts were then neutralized 
with potassium carbonate, before the estimation of glucose- 
6-phosphate by the enzymatic cycling procedure deseribed 
by Lowry et al? This gave us reproducible results m 
good agreement with those already reported by Matchin- 
sky® for rat islets Srmilar concentrations of glucose-6- 
phosphate have been reported by Idahl and Hellman? for 
islets taken from obese hyperglycaemic mice, ın which 
8-cells constitute more than 90 per cent of the islet tissue 

The results obtamed are shown in Table 1, which shows 
that butyrate, octanoate and citrate all stimulate the 
release of msulm from isolated rat islets of Langerhans, 
and that paralleling the secretion there 1s an merease m 
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the intracellula: concentrations of glucose-6-phosphate ın 
the islets 

These results can be explamed as an effect of short 
chain fatty acids on the mtracellular accumulation of 
citrate which may then affect phosphofructokinase, result- 
img m an mbibition of glycolysis and accumulation of 
glucose-6-phosphate, as has been suggested by Randle et 
al for other tissues!®°. Furthermore, the results do not 
support the :dea that the release of msulm brought about 
by sugars 1s mediated by glycolysis, for, m the presence of 
fatty acids, glycolysis ıs inhibited, but rather they suggest 
that glucose has to be metabolized by some other pathway 
m order to stimulate msulm secretion We have already 
indicated that the pentose phosphate pathway may be 
important ın this respect! 


Table 1 SECRETION OF INSULIN AND THE INTRACELLULAR CONCENTRATIONS 
OF GLUCOSE-6-PHOSPHATE IN ISOLATED RAT ISLETS OF LANGERHANS INCUBATED 
IN THE PRESENCE OF OCTANOATE, BUTYRATE AND CITRATE 


Insulin secretion Glucose-6-phosphate 
Addition to medium (u units/10 islets/ levels 
mın, mean + SD)  (zumoles/40 islets, 

mean + SD) 

26 mM glucose 18+ 4 (20) 256+ 70 (8) 

= 4 mM glucose 39 +6 (20) 59 5+10 0 (8) 
mM glucose + 

5 0 mM sodium citrate 37 £5 (20) 490412 0 (8) 

25 glucose 18+4 (20) 265+ 50(8) 

2 4 mays glucoss 38 +5 (20) 65 5+11 0 (8) 
glucose + 

5 0 mM sodium butyrate 33 + 4 (20) 47 510 0 (8) 

25 mM glucose 1943 (20) 225+ 50 (4) 

2 o mN glucose 40 +5 (20) 510+ 50(4) 
glucose + 

5 0 mM sodium octanoate 3844 (20) 485+ 70(4) 


It ıs not known whether longer cham fatty acids can 
also exercise a regulatory effect by this means, because so 
far ıt has been difficult to obtam effects of albumin-bound 
long chain fatty acids on msulin secretion In addition, 
ketone bodies have also not been shown to be effective in 
releasing msulin in most species, whether used on vilro?! 
or zn vwo!3 Thus we found that 5 mM 8-hydroxybutyrate 
did not alter rates of secretion when incubated with 
isolated rat islets. Nevertheless, ketone bodies and long 
chain fatty acids may be mmportant ın modifymg insulin 
release ın certain other species, for Madison et al. have 
obtaimed effects of these agents m mducing insulin secre- 
tion in the dog*#15. By contrast, a much more consistent 
effect of short cham fatty acids on release of insulin has 
been obtamed. Our results indicate that the “glucose 
fatty acid cycle’! may be operative as a means of 
metabolic regulation ın pancreatic islet cells 

We thank the Medical Research Council for a personal 
grant (to K. W T) and the British Diabetic Association 
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Clinical and Pharmacological Effects 
of Monoamine Precursors or Haloperidol 
in Chronic Schizophrenia 


Many psychotropic drugs have been shown to interfere 
with monoamine metabolism m the bram}? Recently, 
mterest has been focused on tryptophan and 5-hydroxy- 
tryptamme metabolism ın mental depression?:# During 
combined treatment with tryptophan and a monoamine 
oxdase mbhibitor (MAOT) in healthy volunteers, mental 
effects described as drunkenness and _ hyperreflexia 
appeared® In schizophrenic patients, the same combina- 
tion of drugs caused central nervous stimulation and 
varying effects on the disease symptoms*-* (reviewed in 
ref 9) In contrast, 5-hydroxytryptophan also in combina- 
tion with a monoamine oxidase inhibitor ıs 1eported to 
have no such effects on schizophrenic patients’° This 
discrepancy may depend on an accumulation of tryptamme 
after treatment with MAOI and tryptophan but not 5- 
hydroxytryptophan Because of these findings we have 
made therapeutic investigations of schizophrenic patients 
given single doses of monoamine precursors and at the 
same time made repeated estimations of acid monoamine 
metabolites m the lumbar cerebrospinal fluid Ashcroft 
et al have pointed out that ventricular CSF rich m acid 
monoamine metabolites might reach the lumbar tap site 
if large amounts of cerebrospinal fluid were tapped In 
our study, however, the concentration of the acid 
monoamine metabohte which was unmfluenced by the 
treatments was unaffected by repeated tapping of the 
lumbar fluid 5-Hydroxyindole acetic acid (5-HIAA) and 
homovanillic acid (HVA) in the cerebrospinal fluid were 
estimated by the methods of Roos!? and Andén, Roos 
and Werdinius Our patients had been in hospital for 
many years, and 14 days before these studies were under- 
taken all treatment was stopped 

One patient was given 50 mg of pu-5-hydroxytryptophan 
intravenously. No mental effects could be observed and 
there seemed to be no discomfort On the other hand there 
were considerable changes in the concentration of 5- 
hydroxyindole acetic acid ın the cerebrospmal fluid 
(Table 1) 


Table 1 
6-HIAA in CSF 
Intravenous (ugjml ) HVA in CSF (ug/ml ) 
Patient injection 2h 2h 6h 24h 
No of Before after Before after after after 
injec- — injec- Injec- injec- imyec- injec- 
tion tion hon tion tion tion 
1 5-Hydroxy- 
tryptophan, 
50 mg 0 047 0 085 0 058 0 059 — — 
2 u-DOPA, 
50 mg 0026 ©0088 0031 0041 0077 — 
3 Haloperidol, 
20 mg 028 0 029 0 031 0 048 0 042 0 034 
Haloperidol, 
40 mg 0 041 — 0 044 0 080 0089 010 


5-HIAA, 5-Hydroxyindole acetic acid, CSF, cerebrospinal fimd, HVA, 
homovanillic acid 


Another patient was given 50 mg of L-DOPA with no 
side effects nor apparent mfluence on the mental state 
The concentration of homovanillic acid m the cerebro- 
spinal fluid was, however, increased (Table 1) Bernheimer 
et al! gave 50 mg of L-DOPA intravenously to both 
normal subjects and patients with various organic bram 
diseases but did not observe any changes of the con- 
centration of homovanillic acid in the cerebrospmal fluid 

In two schizophrenic patients who, by mistake, hap- 
pened to receive intravenous haloperidol, 20 and 40 mg, 
1espectively, we could measure the concentrations of 
homovanilhe acid and 5-hydroxymdole acetic acid m 
the cerebrospinal fluid at mtervals up to 24 h after 
injection These patients had previously been treated 
with large doses of other neuroleptics but without effect 
After the myections of haloperidol—they were free of 
other drugs—the patients were moderately sedated and 
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showed mild orthostatic symptoms Patient No 4 (who 
received 40 mg) had a moderate hand and foot tremor 
for 4 days but showed no rigidity or motor unrest There 
were no changes im the mental state despite mild sedation. 
The concentration of homovanillic acid in cerebrospinal 
fluid im this patient doubled withm 6 h of the injection 
The patient who received 20 mg of haloperidol showed 
no change in the concentration of homovanillic acid m 
the cerebrospinal flud (Table 1) It has been shown 
experimentally that after doses of haloperidol or chlor- 
promazine comparable with those used m psychiatre 
therapy, homovanillic acid ın the corpus striatum m- 
creases significantly*-!’, It was therefore surprismg that 
only after doses of 40 mg was there a noticeable change m 
the concentration of homovanillic acid m the cerebro- 
spinal flud In dogs, however, a similar phenomenon has 
been encountered A dose of 0 3 mg/kg of haloperidol ın- 
creased the homovanullic acid m the corpus striatum more 
than 100 per cent but had no mfluence on the homo- 
vanilic acid ın the cerebrospinal fluid (unpublished re- 
sults of H Andersson). 

This work was supported by the Swedish Medical 
Research Council and Lakemedelsindustriforeningen 


T PERSSON 
The Psychiatric Research Centre 
St Jorgen Hospital, 
Lilhagen 

B-E Roos 


Department of Pharmacology, 

University of Goteborg, 

Goteborg, Sweden 

Received January 2, 1968 

1Schildkraut, J J, Amer J Psychiat ,122, 509 (1965) 

?Bunney W E, and Davis, J M, Arch Gen Psychiat , 18, 483 (1965) 

3 Persson, T , and Roos, B -E , Lancet, 11, 987 (1967) 

* Coppen, A, Shaw, D M, Herzberg, B, and Maggs, R, Lancet, ui, 1178 


> Sjoerdsma, A , Oates, J A, Zaltzman, P O , and Udenfriend,S , J Phar- 
macol Exp Ther ,126, 217 (1959) 


* Lauer, J W, Inskip, W M, Bernsohn, J , and Zeller, E A, Arch Neurol 
Psychiat , 80, 122 (1958) 


? Pollin, W , Cardone, P , and Kety, S S , Scrence, 188, 104 (1961) 


è Alexander, T , Curtis, © G, Sprince, H, and Crosley, A P, J Merv 
Ment Dis ,187, 135 (1963) 


3 Psychopharmacology Bulletin, 4, 19 (1967) 


10 Feldstein, A , Freeman, H , Hope, J M , Dibner, I M , and Hoagland, H , 
Ame J Psychiat ,116 219 (1959) 


1 Ashcroft, G W, Crawford, T B B Eccleston, D, Sharman, D F, 
Maag “eall, E J, Stanton, J B , and Binns, J K , Lancet, 11, 1049 

2 Roos, B -E , Infe Se: ,2, 1 (1968) 

38 Andén, N -E , Roos B -E , and Werdimus, B , Lafe Ser , 2, 448 (1963) 


48 Bernheimer, H , Birkmayer, W , and Hornykiewics, O , Wien Khn Wachr , 
78, 417 (1966) 


13 Andén, N -E , Roos, B -E , and Werdinius, B , Zafe Ser , 8, 149 (1964) 


as, Taner, R,and Sharman, D F, Brt J Pharmacol Chemother , 24, 759 


1 Juorio, A V, Sharman, D F, and Trajkov, T, Bri J Pharmacol 
Chemother , 26, 385 (1966) 


MICROBIOLOGY 


Isolation of Salmonella typhimurium 
Mutants with Increased Recipient 
Ability by the Use of R Factor 


SEXUAL recombmation occurs only at very low frequencies 
between Escherichia colt Hfr and Salmonella typhimurvm 
recipients! Frequencies of transfer of R factors! from 
E coh R*+ to S typhimurium R- are also very low (10-7/ 
donor)’ Thus a characteristic feature of the mating of 
E colt with S typhemurvum is the low recipient ability of 
Salmonella strains The low recipient ability of Salmonella 
was overcome by isolating fertile mutants by an indirect 
selection method m S typhimurium LT-T mut We 
reported that these fertile mutants are restrictionless and 
modificationless for foreign deoxyribonucleic acids (DNA) 
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such as phage P22 DNA, R factors, F factor and bacterial 
chromosomes? isenstark® found that the frequencies 
of hybridization between Æ cole Hfr and S typhimurium 
LT-2 are increased by treatment of LT-2 recipients with 
N-methyl-N’-nitro-N-nitrosoguanidme (NG) We have 
found that two types of mutants of LT-2 selected by the 
transfer of an È factor from E cols K-12 behaved, after 
elmination of the R factor with acridine orange, as good 
recipients of Æ colt chromosomes, in the same way as was 
shown for K-12 (P1) by means of F-prime factor transfer!’ 

For the isolation of mutants with high recipient 
abilities for the transfer of R factor from E cole about 
5x 10° cells of a logarithmic phase culture of LT-2 cys 
D-36 (cysteime-requirmg) were washed and suspended m 
20 mi of saline containmg 40 ug/ml of NG These cells 
were incubated without aeration at 37° C for lh After 
washing the cells by centrifugation, they were suspended 
in 10 ml of fresh ‘Penassay’ broth (Difco) and meubated 
overnight without aeration at 37° C A sample (5 mL) of 
this culture was added to an equal volume of fresh 
‘Penassay’ broth and incubated with aeration until the 
cell titre reached about 5x 108/ml Of this culture, 5 ml 
was mixed with an equal volume of a culture of E coh 
CSH-2(222) (a methionmeless, F- substrain of K-12 with 
an È factor 222 carrymg the markers of resistance to 
sulphonamide, streptomycin, chloramphenicol and tetra- 
cychne) grown to about 5x 10° cells/ml ın a 200 ml 
Erlenmeyer flask The mixture was incubated without 
aeration at 37° C for 6-8 h Then 01 ml samples of the 
muxture were plated on minimal agar containing 50 ug,ml 
of l-cysteme and 25 ug/ml of chloramphenicol or 8 pg,ml 
of tetracycline hydiochlornide 

Samples without the treatment with NG gave none or 
few colonies per plate and those treated with NG gave 
more than ten colonies per plate After successive single 
colony isolations from those colonies, R factor was 
elimmated by the treatment with 20 ug/ml of acmdine 
orange! It was shown that the drug resistance markers 
of the R factor were elummated as a whole Most clones 
of LT-2 cys D-36 thus obtamed from the samples treated 
with NG gave increased recipient abilities for the transfer 
of R factor from K-12 R+, whereas all clones, as far as 
studied, from the samples without NG treatment gave low 
recipient abilities comparable with the origmal LT-2 cys 
D-36. We refer to those mutants as LT-2 Rferl (fer= 
fertile) and the orgmal LT-2 cys D-36 as LT-2 Ronfer 
(infer = infertile) 

In the next step, ıt was attempted to isolate mutants 
with better recipient abilities from LT-2 Rferl about 
10° cells of a logarithmic phase culture of LT-2 Rferl were 
suspended in 10 ml of ‘Penassay’ broth containing 40 ug/ 
ml of NG These cells were incubated with aeration at 
37° C overnight (it was found that treatment with NG 
in saline for 1 h did not give satisfactory results) After 
washing the cells by centrifugation, they were suspended 
in ‘Penassay’ broth and grown to about 65 x 10? cells/ml 
by aerating at 37° C The procedure thereafter was 
identical to that in the first step Mutants isolated by the 
second step procedure had higher recipient abilities than 
Rferl These mutants are referred to as LT-2 Rfer2 The 
donation of R factor from Æ cola to Salmonella did not 
result in the transfer of chromosomal markers to a measur- 
able extent when studied for lactose and cysteine markers 

The frequencies of transfer of R factor from CSH-2- 
(222) to various Salmonella mutants and the frequencies 
of recombinants between K-12 Hfr and various Salmonelia 
mutants are shown in Tables 1 and 2, respectively Table 
3 shows the efficiencies of plating (eop) on various Sal- 
monella mutants of phage P22 (a clear mutant) grown on 
various Salmonella derivatives LT-2 Rferl and Rfer2 as 
well as LT-7 fer gave the highest eop of phage P22 grown 
on any strain, while the eop of phage P22 grown on these 
strains were about 10-4 on LT-2 Rinfer and LT-7 mutt as 
compared with the eop on Rfer| and Rfer2 strains The eop 
of phage P22 grown on LT-2 Rinfer and LT-7 mutt were 
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about equal on all the strains The modification of phage 
P22 grown on LT-2 Runfer and LT-7 mutt was completely 
lost within one cycle of growth of the phage in LT-2 
Rferl or Rfer2 There was no difference ın the adsorption 
to various Salmonella mutants of phage P22 grown on any 
of these strans Degradation of DNA of %P-labelled 
phage P22 grown on LT-7 fer occurred up to 40 per cent 
in the infection of LT-7 mutt or LT-2 Runfer® These 
findings indicate that the mutations leading to Rferl are 
modificationless and restrictionless as to phage P22 

In the transfer of R factor 222 from CSH-2(222), LT-2 
Rferl(222) or LT-2 Rfer2(222), LT-2 Runfer was a very 
poor recipient (the frequency of transfer was about 
10-‘/donor) When LT- 2 Rinfer (222) was used as a donor. 
LT-2 Renfer was a better recipient (the frequency of 
transfer was about 10-‘/donor) These results indicate 
that Rfer2 as well as Rferl and E colt K-12 1s restriction- 
less and modificationless ın contrast to Renfer which 1s 
considered to be positive m host-controlled restriction and 
modification 


Table 1 FREQUENCIES OF TRANSFER OF AN R ACTOR 222 FROM E colt 
OSH-2(222) TO VARIOUS MUTANTS OF S typhimurium LT-2 


Fertility No of Frequency of 
of reciprent strain R transfer 

Rinfer LYT-2 cys D-36 10x10'4ml 
Rfert 40-4 29x 108 
Rfer2 1-11 14x 105 
Rfer2 2-41 35x10! 
Rfer1 3-41 23x 10° 
Rfer2 4-51 24x10 
Rfer2 5-51 60x 104 
F- (wild type) W3102/ar 28x 108 


Mating conditions are described in the text Duration of mating was 8 h. 
173102/ a" is a galactose-negative, A-resistant, 7-#~ substrain of E coh K-12. 


Table 2 FREQUENCIES OF RECOMBINANTS IN THE CROSSES 0} Æ coh W2252 
(Hfr) WITH VARIOUS SUBSTRAINS OF $ typhimurium 


Recipient 
IT-2 LT-2 LT -2 LT-2 LT-7 = W677/Sn 
Ronfer Rfer1 Rfer2 Rfer2 Jer F- 
Selected 
marker Dactoset Tactose+ Lactose+ Proline+ Lactose+ Prolinet 
Frequency 
per donor 
cell <60x10- 10x10 10x107 28x107 30x107 20x10* 


The procedure for conjugation was that of Sanderson and Demerec'* 
W677/Sm 18 a threonine, leucine, and thiamine-requiring, mannitol, xylose, 
maltose, galactose, and lactose-non-fermenting, streptomvern-resistant. 
F- derivative of E cols K-12 


IPFIOIENCIES OF PLATING OF A CLEAR MUTANT OF PHAGE P22 ox 
VARIOUS SURSTRAINS OF S typhimurium 


Efficiency of plating of phage P22 grown on 
LT-7 LT-7 I 


Table 3 


LT- T'-2 LT-2 ET-2 

Indicator Jer mut mutt Ranfer Rferl Rfer2 

LT -7 fer 10 10 10 10 10 10 
LT-1 mut 100x104 40x10 73x10- 21 56x107 12x107 
LT-7 mut* 30x10 13x10- 72x107! 14 61x105 11x104 
IT-2 Rinfer 60x10 20x107 11 14 78x10 11x107 

LT-2 Rferl 12x10- 384x107 12 65x10" 7x107 10 
LT-2 Rfer2 50x10- 36x10-! 25x10- 10 38x107 44x107 


During this investigation, we have found that Rfer2 
mutants are sensitive to cohphages 73, T7, W-31 (ref 12) 
and P1 to all of which Rinfer and Rferl strains are 
resistant Most Rfer2 strains were resistant to phage P22 
and rough in their colonial morphology These coliphage- 
sensitive mutants could also be isolated in a single step 
from LT-2 Rınfer by the second method referred to 
The sensitivity to phage P1 of these mutants has made 
possible the transduction with P1 m S typhimurium and 
between Æ colt and S typhemurwum The transduction 
in S typhimurium as well as the phage sensitivity patterns 
of these mutants will be reported in a later paper 

Rferl mutants, after transfer of R factor and before 
its elimination, could be easily screened with a spot test 
by their sensitivity to phage P22 grown on Runfer (modified 
P22) and by the absence of their restrictions of P22 grown 


856 


on Rferl (non-modified phage). Rfer2 mutants could be 

easily screened by their sensitivity to the coliphages 
Moroyuxi OKADA 
Tsuromu WATANABE 

Department of Microbiology, 

Keio University School of Medicine, 

Tokyo, Japan. 
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Combined Inhibition of Influenza Virus 
Reproduction in Cell Culture using 
Interferon and Amantadine 


AMANTADINE hydrochloride ıs the first synthetic anti- 
influenza, compound which has been successfully tested 
in human beings':? Results of an vestigation showed 
that none of its derivatives was more effective than 
amantadine itself Thus attempts to increase the anti- 
viral prophylactic activity of amantadine and to reduce 
1ts dosage in order to dimmiush the toxicity’ are necessary 

The simultaneous admimstration of amantadine with 
the other virus inhibitors which interfere with intra- 
cellular stages of virus—cell interaction can help to solve 
both the problems Our experiments have shown that 
the combmation of amantadine with an imlbitor of 
nucleic acid synthesis (5-fluorouracil) used against n- 
fluenza A/WSN virus‘, and with a moderate mnhibitor of 
protein synthesis (D,L-ethionine) used against fowl plague 
virus, could produce an additive effect on the reproduction 
of the viruses ın chick embryo cells 

A further experiment on combination was undertaken 
using amantadine and interferon Amantadme has been 
shown to slow down or block the penetration of mnfluenza 
A virus particles inside the cells, mterferon induces the 
synthesis of hypothetical “translation inhibitor protem”! 
and finally reduces the number of newly formed viral 
particles?’ The addition of these two activities was 
expected to produce a mutual enhancement of the anti- 
viral effect Furthermore, prophylactic anti-influenza 
properties of human interferon ın volunteers! indicated 
that such a combmation was of practical terest. The 
results of experiments with the two inhibitors on chick 
embryo cells infected with mfluenza A/WSN virus are 
presented here 

The assay of multiplication of WSN virus in chick 
embryo cells, and the procedure of preparation and 
tatration of crude allantoic interferon from chick embryos 
infected with the same virus have been deseribed® 

When cultures treated with interferon were moculated 
with 10- plaque forming units (pFu)/cell, the replication 
of virus was mbhibited to a certain extent, especially 
during the first 48 h after moculation (Table 1) 
The simultaneous introduction of amantadine with the 
moculum also decreased the yields of virus In the 
presence of both mhibitors the infectious virus was not 
detected in cells or medium The addition of interferon 
and amantadine to the medium 1 h after moculation did 
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not prevent weak virus multiplication during the first 
48 h, but practically stopped 1t after 72h The mhuibitors 
produced only a marginal provisional effect when added 
m combination 24 h after moculation In these con- 
ditions, the separate use of mhibitors was not effective 
(Table 1) In reduced doses the inhibitors were less 
effective, but their additive effect was well expressed in 
spite of some rise in the multiplicity of mfection (Table 1, 
experiment 3) 

‘An additive effect of interferon and amantadine on the 
cumulation of haemagglutmms was also observed in 
cultures infected at a high input multiphety (Table 2) 

Table 3 presents the proportion of infected cells ın the 
cultures infected at the multiplicity of 10-* pru/cell The 
“infectious centres” technique was used The rate of 
cumulative inhibition was almost ten times higher than 
could be expected from the product of separate effects of 
mterteron and amantadine The sum of the mhıbıtors 
also prevented more effectively the development of cyto- 
pathic changes (Table 3) 


Table 1 INFLUENCE OF INTERFERON AND AMANTADINE ON THE YIELDS OF 


INFLUENZA A/WSN VIRUS IN CHICK EMBRYO CELLS 
Dose of Concentra- 


Time of interferon tion of Exper- Virus titre (log Pru/m} ) 
introduction (umtsof amantadine ment Time after moculation (h) 
ofinhibitor activity)* (ug/ml) No 1 24 48 72 
Control 0 0 1 22 33 64 61 
2 <10 49 67 69 
Before 8 0 1 <10 21 29 46 
adsorption t 2 <10 28 26 36 
0 25 1 <10 32 45 56 
2 <10 25 49 658 
& 25 1 <10 <10 <10 <10 
2 <10 <10 <10 <10 
1 h after 8 0 2 — — 40 39 
inoculation $ Q 25 2 — 32 48 61 
8 25 2 _ 17 27 <10 
24 h after 8 0 2 — —~ >63 >63 
moculation t 0 25 2 — — >63 >63 
8 25 2 — — 53 >63 
Before 0 0 3 13 68 71 — 
adsorption t 2 0 3 — 50 565 — 
0 5 3 — 55 66 — 
0 2 3 — 67 71 — 
0 1 3 — 55 68 — 
2 5 3 — 43 44 — 
2 2 3 — 47 47 — 
2 1 3 — 49 60 — 


Multiplicity ofinfection exper:ments (1) and (2) 10- prv/cell, experiment 
(3) 5 x 10- pru/cell 

* One unit of interferon activity 1s the dilution necessary to inhibit 50 per 
cent PFU of WSN in chick embryo cells 

ł Interferon was introduced 24 h before inoculation of virus removed 
during the virus adsorption period, and then added again so that it was 
present in the maintenance medium until the end of the experiment Aman- 
tadine was introduced simultaneously with the virus inoculum, removed with 
it after 1 h of adsorption at 37° C, and then a new dose was added to the 
maintenance medium 

t Interferon and amantadine were added to the ma:ntenance medium 


Table 2  OUMULATION OF VIRAL HAEBMAGGLUTININS IN THE PRESENOE OF 
INTERFERON AND AMANTADINE 
Haemaggelutination titre 

Inhibitor Haemagglutinins Time after inoonlation h), 
None Extracellular — 256 128 
Intracellular — 256 64 

Interferon Extracellular — 32 32 
Intracellular — 32 32 

Amantadine Extracellular — 64 64 
Intracellular — 32 32 

Interferon plus Extracellular — 8 16 
amantadine Intracellular ~~ 16 16 


Multiphcity of infection 2 x 10? pru/cell 
The doses and :ntroductions of inhibitors as ın experiment 1 of Table 1 


Table 3, THE PROPORTION OF INFECTED OCELLS IN THE PRESENOE OF 

INTERFERON AND AMANTADINE 

Ratio of the infectious centres 
number the number of cells In Cytopathogentc 
Inhibitor chickembryo cell culture (per cent)* effect 
Time after inoculation (h) 

1 24 48 24 48 
None 0 04 100 0 1000 1+ 2+ 
Interferon 004 15 17 _ 1+ 
Amantadme 0 004 85 770 _ 1+ 
Interferon plus 

amantadine 0 005 0 013 0031 _ _ 


Multipheity of infection 10-2 pru/cell. 
Doses and introductions of the inhibitors as in experiment 1 of Table 1 
* Average of two cultures 
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Cessation of the process of mfection (Table 1, experi- 
ments I and 2) and the degree of reduction of the pro- 
portion of ımfected celis ın the presence of the two 
inhibitors dicate a synergistic action of interferon and 
amantadine This can be explained by the nature of the 
inhibitory action of the preparations Interferon reduces 
the quantity of virions released from the mfected cells, 
the number of which has already been reduced by the 
action of amantadime (Table 3) The released particles 
after adsorption on intact cells are subjected to the 
action of amantadine, and inhibition of the two phases 
of virus—cell interaction agai occurs It seems hkely that 
1f the dosage of inhibitors ıs sufficient to reduce the 
number of released and adsorbed viral particles to less 
than the initial number, the constant presence of the two 
inhibitory activities and a low multiplicity at the start 
will lead practically to cessation of the infectious process 
The mhibitors could not stop the infection when most of 
the cells were infected or when the doses were low and 
produced only an additive effect 
The method of approach described here can be exam- 
ined in human volunteers experimentally mfected with 
influenza A2 or else it can be tested during an influenza 
A2 epidemic Furthermore, in combination with inter- 
feron, amantadine can become active against infections 
caused by viruses which are sensitive to 1t only n vitro 
such as rubella and parainfluenza?+!! 
S V Lavrov 
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V D Sotovirv 
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IMMUNOLOGY 


Regeneration of Bone Marrow Cells 
and Thymus induced by 19S Alpha-2 
Globulin in Irradiated Mice 


THE 19S alpha-2 globulin isolated by us from the alpha-2 
globulin fraction of human serum (obtained from Mann 
Res Lab, New York) by the procedure of Schonenberger 
et al) and identified by electrophoresis on polyacrylamide 
gel? and ultracentrifugation was found to stimulate the 
regeneration of bone marrow cells m X-irradiated mice 
(C571/6) A sample (0 5 mg) of the 19S alpha-2 globulin 
myected intraperitoneally mto 33-35 day old mice withn 
an hour of exposure to 170 r produced a significant 
speeding up in the incorporation of *H-thymidie mto 
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Fig 1 Effect of human serum 19S alpha-2 globulin on incorporation of 
*H-thymidine into DNA of bone marrow cells of C57B1/6 mice after a 
single exposure to 170 r of X-rays Cells from the tibia and femur of five 
mice frum each group were collec ted daily and pooled in 4 ml of Tyrode 
solution and 1 ml samples in duplicate were incubated with 18 mCi} 
mmole of *H-thymidine at 38° C for 3 h Nucleic acids were extracted 
and incorporation measured with a ‘Tri-Carb’ scintillation counter® Solid 
lines and circles represent the results of the irradiated and saline-treated 
control animals, and broken lines and squares represent 19S alpha-2 
globulin-injected, irradiated mice The incorporation of 7H-thymidine 
1m the unirradiated controls is presented at dav 0 (triangle) Each point 
1s the mean of the duplicate samples Whose values differed by less than 
pe icen 


bone marrow cells, as compared with that in radiated 
animals mjected with saline (Fig 1) Seven days after 
irradiation 198 alpha-2 globulin-injected animals showed 
an actual overshoot ın number of cells of femoral and 
tibial bone marrow (55 x 10%/mouse), as compared with 
unirradiated controls (42 x 108/mouse) and irradiated but 
saline-injected controls (41x 10%/mouse), respectively 
The total DNA content of bone marrow cells at this stage 
showed a simular picture, the femoral and tibial bone marrow 
cells of mice mjected with 19S alpha-2 globulin containing 
527 ug of DNA, while the irradiated (saline-injected) 
controls contamed 410 ug and the non-irradiated controls 
contained 414 pg of DNA 

With four irradiations (170 r once a week), and 0 5 mg 
of the 19S alpha-2 globulin mjected 1 h after each irradia- 
tion, the regeneration effect of the protein fraction was 
enhanced as compared with a single treatment (Fig 2). 
Other protein fractions isolated from the alpha-2 globulins 
of human serum seemed to have marginal or no effect 
on the regeneration of bone marrow cells after simular 
radiation treatment. 

The same 19S alpha-2 globulin also had a stimulating 
effect on the regeneration of the thymus In mice exposed 
to 170r once a week for 4 weeks, myjection of 5 ug or more 
of the globulin after each exposure produced, 3 weeks 
after the last mjection, a significant increase nm thymus 
weight Here again, other fractions isolated from the 
alpha-2 globulins of human serum had less or no effect. 
The results of two experiments are presented in Fig 3, in 
which the effect of 0 5 and 0 1 mg of 198 alpha-2 globulin 
on the regeneration of the thymus 1s compared with two 
other protem fractions These two fractions (B and ©) 
represent a mixture of various proteins which remaimed 
in the solution after precipitation of 198 alpha-2 globulin 
at pH 51 at low ionic strength! To this solution ammo- 
nium sulphate was added until] 60 per cent saturation was 
reached Precipitate B was still found to contam some 
195 alpha-2 globulin, detectable on electrophoreograms 
The higher concentration (0 5 mg/injection) therefore stall 
had a stimulating effect on thymus regeneration At the 
lower concentration (0 1 mg/injection) at which the 198 
alpha-2 globulin fraction had an effect on thymus regen- 
eration, fraction B was ineffective The supernatant (C), 
obtained after treatment with ansmonium sulphate, had 
no significant effect on thymus regeneration at either 
concentration tested. 
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Extracts of sheep spleen had previously been shown to 
have a stimulating effect on thymus regeneration in mice 
treated as already described* By comparing different 
fractions isolated from sheep spleen, ıt was found that 
only those which contamed 198 alpha-2 globulin (detect- 
able by gel electrophoresis) had a stimulating effect on 
the regeneration of thymus m irradiated muce These 
preparations also hastened bone marrow regeneration, 
preceding the thymus regeneration 

This imvestigation arose imdiurectly from previous 
studies on the mhibitory effect of RLP—a protein factor 
derived from sheep spleen—on radiation leukaemogenesis 
ın O57Bl mice®-’, and from subsequent mdications that 
alpha-2 globulin fractions of human serum had simular 
effects? The effect of 199 alpha-2 globulin on radiation 
leukaemogenesis m C57Bl mice is now being investigated 
Preliminary results mdicate that radiation leukaemo- 
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Fig 2 Effect of human serum 19S alpha-2 globulin on incorporation of 
5H-thymidine into DNA of bone marrow cells of C57Bl/6 mice after four 
X-ray exposures (170 r once a week) Experimental procedure as 
described in Fig 1 The incorporation of *H-thymidine (unbroken line) 
and DNA content (dashed line) of aliquots of tibial and femoral cells 
from the 19S alpha-2 globulin injected mice (squares) and saline Injected 
mice (circles) ıs shown during 8 days after the fourth irradiation The 
incorporation of "H-thymuidine in unirradiated controls 1s represented 
by a triangle at day 0 Hach po:nt ts the mean of the duplicate samples 
whose values differed by less than 10 per cent 
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Fig 3 Effect of various fractions isolated from human serum alpha-2 
globulins on the weight of the thymus of irradiated mice 3 weeks after 
the fourth X-ray exposure, Each column represents the mean value of 
the thymus weight of seventeen mice Confidence intervals (95 per cent) 
for the means of each group are presented. 06 mg (shaded columns) 
and 0 1 mg (blank columns) of proteins were injected after each irradia- 
tion 198 alpha-2 globulin (4) and two other fractions described in the 
text {B and C) were tested The controls were injected with saline 
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genesis 1s inhibited by 198 alpha-2 globulin, as by RLP 
derived from sheep spleen 
Recently, Hanna et al”? demonstrated a protective 

effect of 19S alpha globulin, isolated from mouse and rat 
serum, against the lethal action of X-irradiation m mice 
If this will prove to belong to the alpha-2 globulim group, 
their results, together with those presented here and else- 
where®, will support the idea of the special physiological 
role of 198 alpha-2 globulin 
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Failure to induce Transplantation 
Resistance against Polyoma Tumour 
Cells with Syngeneic Embryonic Tissues 


Many tumours contain new transplantation antigens not 
present in the host tissue of anımals in which they arise 
This applies particularly to those tumours induced by 
certain oncogenic viruses and chemical carcmogens! It 
is not known whether the factor determining these anb- 
gens origmates ın new nucleic acid derived by viral 
infection or induced mutation or whether the antigens 
arise through some type of derepression of normal cellular 
genes The latter hypothesis suggests that tumour and 
embryo may share antigens Preliminary data? have shown 
that some of the so-called tumour-specific transplantation 
antigens of sarcomas mduced by 3-methylcholanthrene 
may be found m embryomas, thus lending support to the 
derepression hypothesis 

To mvestigate the relationship of embryonic antigens 
and tumour specific antigens mduced by oncogenic 
viruses, we have chosen two tumour cell lines induced by 
polyoma virus The origins, properties and tumour 
specific transplantation antigens of polyoma tumour cells 
4198 (orgmated in C3H;/HeN mouse) and polyoma 
tumour cells 89 (orginated m C57Bl/Ka mouse) were 
reported previously’. 

Adult mice (1—2 months old) were given syngenere 10 
day old minced embryos or homografts of polyoma 
tumours (4198 tumour to C57Bl mice or 89 tumour to 
C3H muce) three times within an interval of 2 weeks A 
third group of mice was given polyoma virus Two weeks 
after the last inoculation, all mice were challenged sub- 
eutaneously with syngeneic polyoma tumour cells, 

The results m Table 1 show that mice immunized with 
syngeneic embryos failed to develop transplantation 
resistance against syngeneic polyoma tumour cells 
Strong resistance was induced m mice moculated with 
virus The results concerning resistance mduced by 
homografts or polyoma tumours were similar to those 
reported previously, that 1s, a moderate degree of resist- 
ance was induced in C57Bl mice and weaker resistance 
m C3H recipients? 
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Table 1. GROWTH OF SYNGENEIC POLYOMA TUMOUR CELLS IN MICE IMMUNIZED 
WITH SYNGENEIC EMBRYOS, HOMOGRAFTS OF POLYOMA TUMOUR CELLS AND 
POLYOMA VIRUS 
No of mice developing tumours 
No of mice challenged 





Reciplentand Challenging dose of syngeneic polyoma tumour cells 
treatment 5 x 105 5x 104 5 x 10° 
CB7BI 6/6 (48 31-56) 6/6 (69 58-72) 3/6(84 58~107) 
067Bl+ embryo 6/6 (51 48-52) 5/5 (62 48-70) 4/5 (89 70-110) 

C57Bit+homograft 5/5 (54 45-66) 3/5 (65 57-72) 1/6 (88) 

C57 Bl + virus 3/5 (57 44-86) 1/6 (78) 

C3H 5/5 (24 16-36) 5/5 (82 28-50) 5/5 (42 86-48) 
03H + embryo 4/4 (23 17-24) 5/5 (39 25-51) 5/5 (46 38-80) 
O3H + homograft 5/6 (82 25-40) 4/5 (38 25-49) 2/5 (48 43, 54) 
C3H + virus {5 (48 47, 50) 0/5 0/5 


Figures ın parentheses are average time of death and range in days 


In the discussion of Prehn’s paper, Defend: has stated 
that he has tested two hamster embryo hnes transformed 
by polyoma and one rat polyoma tumour by Prehn’s 
method and obtained negative results, however, no data 
were presented Our results also failed to confirm the 
notion that tumour-specific transplantation antigens in- 
duced by polyoma virus may arise through derepression 
of antigens present in embryonic tissue 

R C Tine 
National Cancer Institute, 
Bethesda, Maryland 
Received January 28, 1968 
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Role of X, Y and Z Cells in Secondary 
immunological Response 


ACCORDING to many authors!, the secondary ımmuno- 
logical response should consist of responses of cells endowed 
with immunological memory (Y cells ın the scheme of 
Sercarz and Coons?) acquired during contact with antigen 
administered ın the previous mmmunization, and of cells 
which had come into contact with the antigen for the 
first tıme (X and Z cells according to Sercarz and Coons) 

Recently the term “net excess secondary response” 
has been introduced for the determination of that part 
of the response which arises out of the reaction to the 
antigen of cells endowed with mmunological memory 
(Y cells) The “net excess secondary response” 1s calcu- 
lated by subtracting from the total secondary response 
the quantity of antibody, which 1s obtained ın control 
animals when the antigen 1s administered for the first 
time! This calculation 1s based on the assumption that 
the dose used for secondary immunization will produce, 
on & particular day, the same reaction arising from the 
inclusion. of X cells m animals mmmumzed for the first or 
second time ‘This assumption, however, mvolves the 
risk of error, because the antigen, when introduced into 
the organism for the second time, encounters antibodies 
which were absent after the first treatment or present in 
a neghgible amount (natural antibodies) These anti- 
bodies probably have a marked influence on the fate of 
the admimistered antigen and consequently on the course 
of ummunization Their effect ıs probably similar to 
that of passively introduced antibodies 

To explain the mfluence of antibodies on the course 
of immunization, experiments have been carried out with 
adult rabbits 1 h after an intravenous mjection of sheep 
red blood cells as antigen—serum from rabbits mmmunized 
with sheep red blood cells (SRBC) was injected One 
group of rabbits received myjections of serum drawn from 
a rabbit on the seventh day after a single mmunization, 
this serum contained mainly 19S antibodies In another 
group, serum from a rabbit which had been immunized 
once a week for 7 months was injected; this serum con- 
tamed only 7S antibodies Antigen only was given to 
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Fig 1 Dynamics of PEC formation in the blood of rabbits a, Injected 

antigen only (3 mi of 10 per cent SRBC), b, injected antigen and homo- 

logous serum 19, c, injected antigen and homologous serum 78 Fach 
point represents the average of two rabbits. 


the control group The haemolytic and haemagglutina- 
tion titres of the two injected sera were identical. 

Plaque formmg cells (PFC) were determined by Sterzl’s 
modification’ of the Jernes’s method! (direct. haemolytic 
agar—plaque technique), and antibodies were determined 
by the method described by Adler? 

Plaque forming cells were examined using the buffy 
coat of the peripheral blood, because previous observa- 
tions (partially described ın ref 8) of more than fifty 
rabbits have shown that the appearance of PFC, their 
peak and disappearance run parallel to the time course 
of the PFC in the spleen 

Results are shown in Fig 1 The peak of PFC ın control 
rabbits was on the fourth day, and ın rabbits which 
received antigen and homologous antibodies the peak 
was after 7-8 days—it took nearly twice as long. The 
peak was also lower, although to a different degree with 
different antibodies It was markedly reduced by a 
serum contamıng 7S antibodies, in agreement with the 
results of other nvestigators®:!° 

The mechanism of these phenomena probably depends 
on a decrease in the quantity of antigen caused by the 
added homologous serum The two sera used contamed 
different types of antibodies, although they were equal 
titres Thus they decreased the amount of active sheep 
red blood cells to different degrees!! Experiments to 
examine the mfluence of different doses of antigen on 
immunization have shown a decreased and delayed 
reaction of the formation of antibodies when the doses 
had been reduced? 

The results in Fig 1 suggest that, when antibodies 
produced actively act similarly to those produced 
passively, the peak of cells producing antibodies after a 
second mtroduction of antigen should also be delayed 
by 7-8 days This has been confirmed in experiments 
with rabbits from which blood samples were taken daily 


Table 1 PLAQUE FORMING CELLS IN RABBITS AFTER SECOND IMMUNIZATION 
Rabbit Days after second immunization i 
No o* 1 2 3 4 5 6 7 8 9 10 11 
1 5¢ 3 148 1,523 96 B 0 35 0 0 ‘ 

2 3 87 512 2,984 270 52 38 165 8 8 
3 0 9 42 211 55 63 65 121 37 7 3 
4 6 2 180 1,360 5 181 24 9 3 0 
5 812 280 40 1,800 680 383 39 51 21 8 5 
6 5 31 49 707 97 219 0 24 0 4 
7 O 42 153 590 116 70 2 130 7 6 
8 0 3 213 420 50 127 0 43 4 7 
9 24 2 73 #910 31 27 36 59% 3 
10 152 66 82 3,405 77 121 62 90 7 9 
11 -33 129 675 2,154 73 431,479 173 77 
12 141 0 222 2286 79 31 6 0 
13 194 40 148 1,408 1,243 229 50 90 
14 0 0 115 940 820 563 26 20 0 0 
15 0 0 -5 367 54 20 87 3 0 0 
18 0 0 46 48 i) 43 120 32 8 0 
17 0 0 0 0 0 13 0 10 0 2 
18 240 3830 21 2 2 64 8 4 


Only eighteen of the twentv-five rabbits examined are included ın the table, 
because the remaining seven had received various doses of antigen 

* 5-15 mm before second immunization a 

+ Numbers of plaque forming cells/10* of blood leucocytes 
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Fig 2 Dynamic of PFC in the blood and of antibody formation m the 
serumoftworabbits Columns, PFC, O, agglutinins, A, haemolysins 
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for 9-10 days after the second injection of antigen. 
Most of the twenty-five rabbits examined showed, as 
well as a high peak of PFC on the third day after the 
second injection of antigen, a second peak usually smaller 
than the first peak, on the seventh (seldom on the sixth or 
eighth) day (Table 1) Antigen was administered again 
several days (1-7, sometimes 14) after the first ınjection 
An early mjection of antigen elicits a secondary response 
producing chiefly IgM antibody, and so the direct method 
of detecting PFC can be used here? Results of experi- 
ments with two peaks of PFC are illustrated in Fig 2. 

In the next expermment, 6-mercaptopurme was given 
to rabbits rmmunized once and twice with SRBC. 6-Mer- 
eaptopurme was given daily in doses of 6 mg/kg of 
body weight throughout the experimental period begin- 
ning on the day of myection of the antigen In rabbits 
immunized for the second time, the administration of 
6-mercaptopurine began on the day of the second injec- 
tion of antigen. In such a dose this compound has a 
much more inhibitory effect on the primary than on the 
secondary response!*1s 

The primary response ın two rabbits which had received 
6-mercaptopurine was quite low (one animal 8 per cent, 
the second 25 per cent of the average value for PFC) 
while rabbits bemg 1mmunuzed for the second time showed 
the first peak only, on the third day, at a rather lower 
level than in the rabbits not given 6-mercaptopurine 
The second peak was not observed ın any of the three 
rabbits examined 

These experimental results suggest that the secondary 
response consists of two parts, which differ in the time of 
appearance of cells producing antibodies and 1n the height 
of the peak of these cells The first part 1s probably 
Nossal’s “net excess secondary response”, m which 
Y and Z cells are meluded, and this part ıs the true 
secondary response. On the other hand, X, Y and Z 
cells participate in the second part, which resembles the 
reaction takmg place after the first mjection of antigen 

J. A 

Department of Microbiology, 
Pomeranian Academy of Medicme, 
S§zezecm, Poland 
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PATHOLOGY 


Specificity of the Agglutinin in 
Extracts of Wheat Germ 


Exrracts of wheat germ prepared to contain lipase have 
been shown to have the additional property of agglutinat- 
ing mammalian cells?! This agglutinin is heat stable, 
and thus distinguishable from the lipase, which is destroyed 
by heating to 65°C Aub etal suggested that the agglu- 
tinin would agglutinate tumour cells more strongly than 
the equivalent normal cell!-? The implication that 
extracts of wheat germ contain an agglutinin speerfic for 
tumour cells 1s not upheld by the experiments described 
here, and which involve the ability of extracts of wheat 
germ to agglutinate red cells and to produce mixed cell 
agglutination, and the ability of various sugars and salivas 
to inhibit this agglutmm. Wheat germ lipase (10 mg/ml., 
Sigma and Calbiochem) was heated at 65° C for 15 mm 
to destroy lipolytic activity’, the preparation was centri- 
fuged for 10 min at 3,500 rpm to remove the denatured 
protein, and kept frozen at — 20° C 

Sılıconed glassware was used throughout. To prevent 
cells from sticking to the glass, they were suspended 
ın a 002 per cent solution of crystalline bovine serum 
albumin in phosphate buffered saline. The cell hnes 
used were kept frozen m liquid mitrogen. A mouse 
mammary tumour, which arose spontaneously in a C3H 
mouse ın August 1962, was obtaimed from King’s College 
Hospital, London 

Wheat germ extract was titrated m two-fold dilutions 
(0 1 ml. amounts), and an equal volume of 2 per cent red 
blood cells was added. After thorough mixing, the cells 
were allowed to react for a mmimum of 60 min at room 
temperature. Agglutmation was read macroscopically. 
The mixed agglutination test was carried out as described 
by Swinburne, Frank and Coombs‘, except that 0 02 per 
cent crystalline bovine serum albumin ın buffered saline 
was used as a diluent instead of diluted normal rabbit 
serum 

Direct agglutination was inhibited by mixing equal 
amounts of wheat germ extract and mbhuibiting agent 
(molar sugar solution, salivas) and allowmg the mixture 
to stand at room temperature for 10 mm before addmg 
red blood cells These tests were done as chequer board 
titrations. Mixed agglutmation was inhibited by mixing 
equal amounts of wheat germ extract and mnhibiting agent 
(molar sugar solution, salivas) for 10 mm This mixture 
was then used for sensitizing buccal cells 

Wheat germ lipase extraet was found to agglutinate 
the most common types of human red blood cells (A, B, 
O, AB); also A, (one example), Aintermediate (one example), 
Ai (two examples) to almost the same titre (1-4 or 1: 8). 
Strong mixed agglutination (to a titre of 1:32) was 
observed with buccal epithelial cells from secretor and non- 
secretor individuals of blood groups A, B and O and 
human group O indicator red blood cells 

Using cultured human diploid tassue cells and O mdi- 
cator cells a different pattern was observed For no 
obvious reasons the strength of the reaction varied from 
completely negative to strongly positive Both of the 
established human cell lines (Detroit 98 and HeLa 229) 
gave a very strong mixed agglutination reaction up to a 
titre of 1 8 Normal mouse spleen and bone marrow 
preparations gave an extremely strong reaction up to a 
titre of 1:32 The reaction between normal mouse 
lymph node cells and wheat germ extract was much less 
strong but definitely positive in a dilution of 1 2. All 
mouse cell Imes (LM, C57, C3H) and the Ehrlich ascites, 
BP8, and mammary mouse tumours gave a mixed agglutin- 
ation reaction up to a titre of at least 1.8 Sarcoma I 
celis, however, although from a transplantable mouse 
tumour, failed to give a positive reaction on several 
occasions when mouse red blood cells were used as indi- 
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cator cells. When human group O cells were used, the 
reaction was positive to a titre of 1 2. 

Direct agglutmation of human red blood cells (groups 
A, B and O) by wheat germ extract was completely 
imhibited by human secretor salivas (of blood groups 
A, B and O) The salivas of non-secretor individuals 
behaved differently; some mbhibited the reaction com- 
pletely whereas others mhibited 1t only partly. The 
agglutinm m wheat germ lipase extract (Sigma) was 
partly inhibited by p-galactose and L-fucose, ıt was com- 
pletely inhibited by N-acetyl-p-glucosamme No inhibi- 
tion was observed with N-acetyl-p-galactosamine 

No imhibition of mixed agglutination was obtemed 
with either wheat germ preparation using D-galactose 
and L-fucose as inhibiting agents N-Acetyl-p-galactos- 
amine partially mhibited wheat germ extract (Sigma) and 
completely mbhibited wheat germ extract (Calbiochem). 
N-Acetyl-p-glucosamine completely mhibited both wheat 
germ extracts 


Tablel REACTION OF WHEAT GERM AGGLUTININ WITH TISSUE CELLS DETECTED 
BY MIXED AGGLUTINATION 


Tissue cells Indicator cells Reaction 
Human buccal epithehtal cella A B,O Human O + 

Detroit 98 Human aneuploid line » O (++)1 8 
HeLa 229 Human aneuploid line a O ++ 18 
MRCY Human diploid cell strain » Oo + 12 
HF2 (human foetal skin) » O Weak 1 2 
HF? (human foetal skin) an Q + 18 
H F?A (human foetal skin) » O 012 
Kidney I (human adult kidney) » 0 (++)1 8 

Norma! mouse spleen cells Mouse + 1 32 

Human O + 1 32 

Normal mouse bone marrow cells Mouse + 1 32 

uman O + 1 32 
Normal mouse lymphoid cells Mouse + 12 
Human O + 12 

LM (mouse cell line) Mouse + 1 32 
Human O + 18 

C57S (mouse cell line) Mouse + 1 32 
Human O + 18 
OSHS (mouse cell line) Mouse + 18 
Human O + 18 

Ebriich ascites (mouse tumour) Mouse +++ 1 32 
Human O ++ 18 
ECH (mouse tumour) Mouse ++ 18 
Human O (+) 1 8 
Sarcoma I (mouse tumour) Mouse 0 12 
Human O (++) 1 2 

BP8 mouse tumour Mouse +++ 1 32 
Human O ++ 18 


Aub et al! suggested that tumour cells were 
more readily clumped by an agglutinin present in 
the supernatant of heated wheat germ lipase extract 
than were the homologous normal tissue cells Our 
study of wheat germ agglutmin was undertaken in the 
hope that this might eventually be used as a reagent to 
detect specific cell surface components. The results, 
however, suggest that the wheat germ lectin 1s capable of 
reacting with a wide range of normal and abnormal, adult 
and foetal cells of human and murme origm The fact 
that ıt agglutiates normal red blood cells and normal 
tissue cells, and fails to agglutmate some tumour cells, 18 
not consistent with the hypothesis of tumour specificity 
put forward by Aub etal In fact, they themselves showed 
that the lectin reacted with normal mouse red cells and 
spleen cells It should be pomted out that Aub et al, 
investigated not the combmation of wheat germ lectin 
with cells but the direct agglutination of tissue and 
tumour cells by wheat germ extract Direct agglutination 
of cells will be affected by many factors such as distribu- 
tion and amount of the combing site, dispersal and size 
of the electrocharge, and ıb 1s possible that the difference 
between tumour and normal cells described by Aub et al 
is governed by these factors, and that ıt 1s mcorrect to 
interpret their results as demonstrating a combmuing site 
on tumour cells which 18 absent from the homologous 
normal cell. Extracts of wheat germ contam a lectin 
which reacts with a combiming group which Js very com- 
mon, and which occurs erratically on a wide variety of 
cells. The fact that the reaction of the lectin 1s mhibited 
by N-acetyl-p-glucosamine suggests that this sugar or 
some similar sugar plays a part at the wheat germ lectin 
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combiming site This seems to be the first example of a 
‘non-specific’ lectin which 1s mhibited by N-acetyl-p- 
glucosamine’. 
Rosemary LISKE 
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University of Cambrıdge 
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Human Case of Piroplasmosis 
(Babesiosis) 


INFECTIONS with the protozoon Babesia occur frequently 
m wild and domestic animals, but human beimgs are 
apparently very rarely affected In the British Isles, 
cattle are the most commonly mfected animals and may 
develop red water disease. The following case 1s only 
the third in the world recorded ın a human and the first 
in the British Isles. It 1s significant that all three patients 
had previously undergone splenectomy? *, 

The patient was a 48 year old deep-sea fisherman from 
Northern Ireland who had never been abroad. He was 
admitted to the Renal Unit, Belfast City Hospital, m a 
moribund state on September 2, 1967. On August 29 
he had become vaguely unwell and had passed blood- 
stained urme By the followmg day he was jaundiced 
and a day later he was admitted to Downe Hospital, 
Downpatrick, m a very 1l condition, now deeply jaundiced. 
He seems to have passed urne only once after arrival m 
hospital The specimen contained urobilin but there was 
no report of the presence of blood or haemoglobin He 
had a pyrexia of 103° F and marked conjunctival injec- 
tion The haemoglobm level was 7 2 g/100 mi and the 
specimen. was grossly haemolysed. A presumptive 
diagnosis of Weil’s disease was reached and he was trans- 
ferred to the Renal Unıt because of the anuna. 

On arrival he was too ill to gwe a history. He was 
deeply jaundiced and hypotensive There was a nght 
paramedian abdominal scar with a transverse extension 
to the left 

On September 3 the patient’s haemoglobin level had 
fallen to 462/100 ml and 2 days later ıt was 4 0 g/100 ml. 
Both specimens were markedly haemolysed The blood 
urea, was 312 mg/100 mi, CO, combming power 13, 
Na 120, K 53 and Cl 85 mequiv jl, respectively. The 
total bilirubin was 5 4 mg (direct 1-1 mg)/100 ml , thymol 
turbidity 2 U and serum transaminase 820 v. The agglu- 
timation test for Weil’s disease was negative 

At this pomt the diagnosis was thought to be serum 
hepatitis, because the patient had received several blood 
transfusions about 4 months earlier m connexion with a 
difficult gastroenterostomy and vagotomy, durmg which 
the spleen had inadvertently been ruptured and removed 

The blood count findings on September 5 (haemoglobin, 
40 g/100 ml.) were red cells 1-0 x 10¢/mm, haematocrit 
12 per cent, mean corpuscular haemoglobin concentration 
32 per cent, mean corpuscular volume 120 n°, reticulo- 
cytes 25 per cent The white cells numbered 46,500/mm5, 
with a differential count of myelocytes 22 per cent, meta- 
myelocytes 19 per cent, neutrophils 47 per cent, lympho- 
cytes 12 per cent The direct antiglobulm (Coombs) test 
was negative There were thirty-six nucleated red cells 
per 100 leucocytes The red cells showed macrocytosis 
and polychromasia Fragmented forms were conspicuous, 
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but the outstanding feature was the presence of numerous 
intra-erythrocytic organisms These were often ewoular 
and frequently vacuolated to form small rings measuring 
up to 25y ın diameter and contamed one or sometimes 
two chromatin dots A variety of shapes, »ncluding some 
buddmg forms, was noted and oceasionally extended 
loops were seen Infected red cells frequently contained 
more than one organism, up to eight bemg present in a 
single cell 
The diagnosis was now considered to be a gross haemo- 
lytic anaemia secondary to P faleyparum malaria, the 
infection probably having been transmitted in a blood 
transfusion He had been treated by peritoneal dialysis, 
massive doses of penicillin and hydrocortisone, and an 
exchange transfusion was in preparation The patient, 
however, died that day, the third after admission to the 
Renal Unit 
At autopsy there was profound bile steaming of all 
organs The spleen was absent and the gastroenterostomy 
was free of ulceration The Indneys were markedly 
swollen and the bladder contained 25 ml of black urine 
No malanal pigment was found n any of the usual sites 
The typical changes of a haemoglobmuric nephrosis were 
seen in the kidneys All vascular spaces, especially those 
m the brain, contamed numerous immature granulocytes 
and nucleated red corpuscles 
The intra-erythrocytic organisms were later identified 
as a piroplasm, Babesa dwergens. This tick-borne 
infection was possibly picked up during a caravan holiday 
m mid-August 
We thank Professor P C C Garnham and Mr P Q 
Shute who made the diagnosis We thank also Dr © F 
Brennan who referred the patient to us 
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RADIOBIOLOGY 


Low Oxygen Enhancement Ratios for 
Radiosensitive Bacterial Strains, and 
the Probable Interaction of Two 
Types of Primary Lesion 


WEEN exposed to ionizing radiation, bacterial strains 
which are deficient in ability to by-pass or repair damage to 
nucleic acid have lower oxygen enhancement ratios 
(OERs) than ther more radioresistant parents’ This was 
predicted from a model in which the principal responsibil- 
ity for the oxygen effect 1s attributed to a primary lesion. 
of “type O”, whereas a different primary lesion, “type N”, 
1s more easily repaired or by-passed by some strains’ than 
others With certain strams, notably Escherichia cole B, 
the lethal effects of type N lesions are readily modified 
by post-irradiation culture conditions The greater the 
extent of repair of type N damage, the higher the 
OER?8 E f 
Results have been extended by the use of a number of 
radiosensitive mutants of E colt B, selected by Hull, who 
showed that there was no -obvious correlation betweert 
sensitivity to ultraviolet ight and mabihty to -perform 
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“host cell reactivation” (HCR) on ultraviolet irradiated 
bacteriophages‘ By using these and other mutants of 
the parent strain, we have found that the OER 1s nega- 
tively correlated with sensitivity to ultraviolet hght, 
whether or not the strain is HCR- (Table 1) 

If variation im radiosensitivity within a group of strains, 
or with culture conditions for a single strain, depends 
only on the reparabilhty of type N lesions, and if these 
operate independently of type O events, m (the OER) and 
Do (the dose to give an average of one lethal event per 
cell) are Imearly related by the expression 


m= My + (Mo — my) ao Do (1) 


where mo and my are the OERs pertaimng to type O and N 
events, respectively, and o ıs the sensitivity to type O 
events The value of my was found to be 1 5 for H cols B, 
and this was supported by calculations, on these assump- 
tions, from undependent observations?.? 


Table 1 OXYGEN ENHANCEMENT RATIOS, X-RAY DOSES (UNDER ANOXIA) TO 

GIVE AN AVERAGE OF ONS LETHAL EVENT PER BACTERIUM (THAT IS VALULS OF 

Do), AND DOSES OF ULTRAVIOLET LIGHT TO GIVE 10 PER OENT SURVIVAL FOR 
ELEVEN VARIANTS OF E coh B 


Ultraviolet 
HCR Oxygen Do dose for 
Variant + or ~ enhancement (krads) 10% survival 
ratio (ergs/mm*) 
Bs-12 ~- 117 261 18 
Bs-1 — 177 278 49 y 
Bs-11 + 2 22 3 20 31 
Bas i 2 33 of Bt 
3 - 10 81 
BirWP,her- - 242 12 6 7 
Bs-8 - 2 52 118 85 
B + 274 93 286 
Fa h 334 is 400 
s, 80 
Bjr P hert + 3 27 179 8380 


Bacteria were cultured before irradiation in Difco broth with 6 g/l of 
sodium chloride, and plated on sold medium of the same composition 
Survival curves for X-rays allowed the fitting of slopes from which Do 
could be calculated For ultraviolet irradiation, however, survival curves 
differed greatly m shape In some cases (for example, B/r) a large fraction of 
the dose to give 10 per cent survival was accounted for by the shoulder, 
whereas in others (for example, B, Bs-12) survival curves were steepest at 
zero dose and became progressively less steep “Sensitivity” to ultraviolet is 
therefore not definable by a single parameter and the last column must be 
regarded as 4 rough gude 4 


The data of Table 1 for a group of mutants of H. colt B 
are plotted ın Fig 1, which shows that the data fit roughly 
with a straight line relationship, but the pomt for one 
strain in particular—the highly sensitive Bs-12—falls well 
below the hne Furthermore, its oxygen enhancement 
ratio of only about 12 1s significantly less than what 
should be the mmmum possible value, 1 5, if the model 
and the mferred value for my were correct The model 
therefore evidently requires modification 

The evidence of correlation between the sensitivity of 
a famuly of strains to ultraviolet light and to X-rays m 


B/c WP, her 






a 
: Bs-8 7 
B/r WPa her ~ x 


Bs-3 


Oxygen énhancement ratio 


| i j 
5 10 0 B 20 
Do for anoxic conditions (krads) 





Fig 1 Oxygen enhancement ratio against No for X-rays in anoxit 
conditions, for eleven variants of E colt B Vertical and horizontal lines 
show 95 per cent confidence limits For most strains, two or more ~ 
observations were made (eight for-Bs-12) ’ Data for B/r are from one ! 
observation only, and the confidence limits computed for the date from 

i that experiment = 
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anoxic conditions, and the negative correlation between 
OER and radiosensitivity, add to the plausibility of mfer- 
ring that type N primary lesions occur m nucleic acids’, 
and that these primary events have only a minor responsi- 
bihty for the oxygen effect No such clear inference can 
be made ın respect of primary events of type O These 
are events which must have at least four to five times the 
probabihty of becoming lethal when oxygen 1s present 
during irradiation® Lipids are readily peroxidized under 
X-uwradiation®, and so 1b may well be that type O events 
are to be associated with damage to “unit membranes” in 
the cell The idea that radiation might, by its effect on 
membranes, cause cell death by the release of lytic 
enzymes 1s by no means new, and evidence of such action, 
direct® or circumstantial’, 13 accumulating 

A difficulty in attibuting a ‘component of sensitivity” 
to membrane damage is, however, the nature of dose- 
effect relationships observed with ionizing radiation, which 
strongly suggest that damage to a unique “target”? may 
be caused by one or a few energy loss events; and ıb 18 
difficult to envisage that a “hit” ın a membrane, or the 
release of a few enzyme molecules, could satisfy this 
requuement This difficulty would be resolved xf the 
release of lytic enzymes resulted m attack on potentially 
lethal lesions in the most plausible “vital target” of the 
repheating cell, the DNA ‘Thus ıt may be envisaged 
that there 1s mteraction between the consequence of 
primary type O events and some of the type N events 
which would not be lethal without this interaction 

If these primary events result m mteraction the simple 
treatment set out here can be only a first approximation 
Various assumptions could be made from which relation- 
ships between m and Do could be predicted, but there 
are too many possibilities to make this adequately heuristic 
For example, ıt could be that the presence of oxygen 
affects the probability of lethal interaction, as well as the 
probabilities that type N and type O events are mde- 
pendently lethal It may, however, be mterestmg to 
derive an expression for change in m with a change in 
probability that type N events are independently lethal 

In anoxic conditions, let Aw and A, represent respectively 
the sensitivities to potentially lethal events of type N 
and type O In anoxic conditions, let P1, 2, Pa and Pı 
represent probabilities as follows: 


Pı type N events independently lethal 
Pa type N events lethal as a result of interaction 
ps type O events independently lethal 
p, type O events lethal as a result of mteraction 


In the presence of oxygen, these probabilities become 
Pı MN; Pe MN, Pa Mo and py Mo Thus the overall sensi- 
tivities in the absence and presence of oxygen are 


A= Pr An + PeParwho+Pyho= 1/Do 
MA =Ma Pı An + MNMop2P4Awho + Mops ho 


In‘this case, even 1f p, and p, are constant, A 18 not lmearly 
related to p,, because p, may increase as p, decreases 
For example, effective repair processes would reduce the 
probability that type N events could be imdependently 
lethal, but additional lesions might then be available for 
mteraction If the two equations are combined, we have 


Pian _Ps ao) Dp, AnMn + DsA0Mo 
À A À 


If p, and p, are small, A approaches P:p4ànño, and m 
approaches mymo. If p, 1s near to 1, p, 1s small, and 





M=MnMo fi- 


A=P AN + Psio MA =P, Ann + Ps iomo 


giving 
m= My + Ps A0(mo— Mmn)Do 
Thus, as in the previous treatment, m cannot be less than 


my, though my can be less than 1 A possible relationship 
between m and Do 1s shown by the dotted line of Fig 1 
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Besides the evidence from strain Bs-12 that the value 
15 for my 1s too high, Davies® has reported a stram of 
Chlamydomonas (U VS1) which has an OER of 1 (m terms 
of the slopes of the survival curves) To account for this 
observation, Davies put forward a model which he de- 
scribed as an alternative to the one based on two types of 
primary event with different mtrinsicOERs He described 
this “alternative model” in terms of differential repara- 
bility of lesions incurred ın the absence and presence of 
oxygen, and proposed that the UVS1 strain of Chlamydo- 
monas was deficient m a repair system operating specific- 
ally on lesions meurred m the absence of oxygen (for 
example, cross-linking) but not in 1ts presence Davies’s 
model ıs, ın effect, no different from the one described 
here, for differences from strain to stran in the reparability 
of lesions of different types are mpheit m the values of the 
exponents: that 1s, Ay, 70, my Aw and mo Ao m my original 
model, or these parameters with their associated probabili- 
ties in the modified version Whichever way the model 1s 
described, 1b 18 a requirement that, to accommodate a 
strain which has an OER of 1 or less, there must be a 
form of damage which 1s less reparable after irradiation 
in the absence of oxygen than m its presence, which 
suggests a value of my less than 1 It may yet prove 
necessary to mvoke comparison with the phenomenon 
long ago observed with bacteriophage, and the kappa 
particle of Paramecvum, namely, that m aqueous suspen- 
sion they are protected by oxygen against the lethal 
effects of radiation!-12, so that presumably the overall 
lethal damage to the nucleic acid core 1s reduced in the 
presence of oxygen 

I thank Dr J L Moore, Dr A J Forage and Mrs B 
Knowles for their help I also thank Dr Ruth Hill for 
sending me various radiosensitive mutants of E. cole B 
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PHYSIOLOGY 


ABO Blood Groups, Secretor Status, 
and Intestinal Mucosa! Concentrations 
of Alkaline Phosphatase 


Human serum alkaline phosphatase from some mdividuals 
can be separated by starch gel electrophoresis into two com- 
ponents The faster moving zone has the electrophoretic 
characteristics of Iver and bone alkaline phosphatase! 
and, like liver alkaline phosphatase, ıt is only slightly 
inhibited by treatment with phenylalanine. By contrast, 
the slower moving zone has the electrophoretic charac- 
teristics of small mtestinal alkalme phosphatase? and 
its activity is markedly wnhibited by phenylalanme*® 

The oceurrence of this imtestmal band of alkalne 
phosphatase activity m the serum has been found to 
depend on the ABO blood group and ABH secretor status 
of the mdividuals* The zone 1s rarely found m the 
serum of those who are non-secretors, whatever thew 
ABO blood group In secretors, actrvity 1s seldom found 
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mn those of blood group A, more often in those of group 
AB, and frequently in those of groups O or B 

It ıs not known, however, whether the transfer of 
alkaline phosphatase activity from the mucosa to the 
blood reflects differences in the rate of formation of the 
enzyme in the mucosa by individuals of varying ABO 
blood group and secretor status or some other process, 
such as variations m the rate at which alkaline phosphat- 
ase leaks out of the intestinal cell To mvestigate this 
problem further, we have measured the concentration of 
alkaline phosphatase in small intestinal mucosal specimens 
obtained at operation from ındıvıduals of known ABO 
blood group and secretor status 

Small strips of jejunal mucosa were obtaimed from 
patients undergomg operations, such as Polya partial 
gastrectomy, which involved the opening of the small 
mtestine and formation of a gastrojeyunostomy 

The mucosal specimens were freed of any submucosal 
tissue and kept at —20°C until they were analysed, 
preliminary work having indicated that there was no loss 
of activity during storage After freeze-drying for 12 h, 
duplicate mucosal samples of about 40 mg were weighed 
exactly and the alkalme phosphatase was extracted by 
Ahmed and King’s modification of Morton’s butanol 
extraction procedure41*_ The tissue was homogenized 
with 25 ml of n-butanol for 3-5 min, the tubes being 
surrounded by ice The butanol extract was then emulsi- 
fied with water and centrifuged at 3,000 rpm for 15 min 
before the enzyme-rich water layer was removed. 

Alkaline phosphatase activity m the samples was 
measured by the method of Kind and King® using phenyl 
phosphate as substrate, and the results were expressed as 
King—Armstrong (KA) units per g of dry weight of tissue 
ABO blood groups were determined by standard agglutina- 
tion techniques and secretor status by the method of 
Boyd and Shapleigh* 

Jeyunal mucosal samples were obtained from thirty- 
five patients of known ABO blood group, and saliva 
samples for determmation of secretor status were obtained 
in twenty-nine Of those remaimung, four died after their 
operation before saliva samples could be collected and two 
were considered, from knowledge of their red cell Lewis 
groups, to be ABH secretors. 


Table 1 MEAN MUCOSAL ALKALINE PHOSPHATASE CONCENTRATIONS IN 
INDIVIDUALS OF DIFFERING ABO BLOOD GROUP AND SDCRETOR STATUS 


No of Tissue alkaline phosphatase 
Genetic category samples in KA units/g dry weight 
obtained Mean Range SEM 
Group O and B 21 645 111-995 52 
A 13 534 164-828 54 
AB 1 387 ~~ — 
Group O and B secretors 14 725 847-995 52 
A secretors 7 552 298-828 61 
AB secretors 1 387 — — 
All non-secretors 9 425 111-818 81 


Table 1 shows the distribution of the results according 
to ABO blood group and secretor status The same 
categories as have been found to be relevant to studies of 
serum intestinal alkaline phosphatase concentrations have 
been used in this mvestigation 

Mucosal alkaline phosphatase concentrations tended to 
be higher in mdividuals of blood groups O and B than in 
those of group A (mean concentrations 645 and 534 KA 
umits per g dry weight, respectively), but this difference 
could well have been due to chance (t, 141, P, 016) 
When secretor status was taken into account, however, 
a gracient was found with the highest mean value being 
obtamed in O or B secretors (725 KA umits), an mter- 
mediate value (552 KA units) in group A secretors, and 
the lowest m non-secretors (425 KA units) Fig 1 shows 
the distribution of the individual results This gradient 
of activity reflects the patterns previously delineated by 
starch gel electrophoresis of human serum The low 
mucosal alkalme phosphatase concentration (387 KA 
units) found in the single individual of blood group AB, 
which was judged by red cell Lewis grouping to be a 
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Fig 1 Distribution of mdividual measurements of tissue alkaline 
phosphatase concentration according to genetic category, mean con- 
centrations in each group are indicated by horizontal bars 


secretor, was an exception to the trend, for serum intes- 
tinal alkaline phosphatase activity in group AB secretors 
tends to be mtermediate between that of group O or B 
secretors and that of group A secretors Even when this 
anomalous result 1s taken into account, however, a non- 
parametric test for trend shows that the observed gradient 
1s very unlikely to be due to chance (P <0 01) (ref 15). 

At least two factors apart from ABO blood group and 
secretor status could affect the jejunal alkaline phosphat- 
ase concentration; these are feeding and the anatomical 
site high or low in the mtestine from which the mucosa 
was removed. Serum intestinal alkalme phosphatase 
activity 1s known to nse in the period following a fatty 
meal'8-18, the change being greatest in O and B secretors 
and least ın non-secretors—changes which presumably 
could reflect alterations ın mucosal phosphatase output. 
All the patients from whom our mucosal samples had been 
obtamed had fasted for at least 12 h before operation and 
therefore it ıs unlikely that the patterns of enzyme activity 
found reflect differences in feeding 

Alkalne phosphatase concentrations m human ileal 
mucosa are, as in the rat, much lower than those m the 
jeyunum (our unpublished observations) All the mucosal 
specimens obtained in this study were taken during a 
standard operative procedure, gastrojeyunostomy, and 
it 18 unlikely that the site of operation would have varied 
consistently in individuals of different genetic constitution. 

The patterns of intestinal mucosal alkaline phosphatase 
activity found are therefore likely to reflect real varıa- 
tions in enzyme concentration between imdrividuals of 
differmg ABO blood group and secretor status In an 
earlier study, Shreffler?® was unable to show any consistent 
variation in mucosal alkaline phosphatase concentration 
between individuals of different ABO blood group and 
secretor status His results, however, were obtained on 
mucosal specimens removed at post-mortem examination, 
and autolysis of the tissues could well have obscured any 
real variation present The finding of high mucosal 
enzyme concentrations m those individuals who by genetic 
constitution would be expected to show most intestinal 
alkaline phosphatase activity ın their serum supports the 
hypothesis that ABO blood groups and secretor status 
affect the rate of production of alkaline phosphatase by 
the mucosal cell If blood groups and secretor status 
primarily affected the rate of enzyme leakage from the 
intestinal cell, then mucosal alkaline phosphatase con- 
centrations might be expected to be highest ın non- 
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-seeretors and lowest in O and B secretors, the opposite of 
the gradient found. Another possible explanation of the 
serum enzyme variation is that blood group and secretor 
status affect the rate of removal of intestinal alkaline 
phosphatase from the circulation. If this were the case, 
however, then mucosal enzyme concentrations would be 
unlikely to show any gradient according to the genetic 
constitution of the individuals. 
The precise metabolic role of intestinal alkaline phos- 
phatase is not understood. The rise in the serum con- 
“centration of the enzyme after a fatty meal suggests that 
| ib may play a part in fat absorption or transport, which 
` therefore might be affected by the ABO blood group and 
-- geeretor status of the individuals. It has been claimed 
from studies of blood lipid concentrations in twins that 
day-to-day variation in free serum cholesterol levels is 
-affected by ABO blood group®. On the other hand, the 
` inerease of serum turbidity after a fatty meal has not been 
¿found to differ with the ABO blood group or secretor 
- status of the individuals. These observations could be 
reconciled if genetic characteristics affected transport of 
some specific class of lipid. 
We thank the surgeons of the Central Middlesex, Guy's, 
St. James's, St. Olave’s and University College Hospitals 
for help in obtaining the mucosal specimens. 
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Storage of Carbon Dioxide in Muscle 


Waen ventilation is suddenly arrested, the carbon dioxide 
produced by the body is stored within the body tissues 
as bicarbonate and dissolved carbon dioxide. It has been 
suggested that this storage of carbon dioxide does not 
proceed uniformly in all tissues. Rather it has been pro- 
posed that the body can be conceived as being composed 
of multiple compartments which store earbon dioxide at 
different rates. 

In the multicompartment model of carbon dioxide stores 
proposed by Fahri and Rahn, during apnoea, muscle— 
because it has a low ratio of perfusion per unit volume— 
acts as a repository for carbon dioxide produced by other 
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organs. When there is no ventilation, therefore, the 
carbon dioxide content of the venous blood should be 
less than the carbon dioxide content of the arterial blood 
—the reverse of the usual situation. 

To test this prediction, we measured the carbon dioxide 
and oxygen tension, the hydrogen ion concentration and 
the haematocrit of blood from the femoral artery and 
vein, and calculated carbon dioxide contents in nine 
anaesthetized and paralysed dogs during apnoea. 

After the paralysed dogs had been ventilated with 100 
per cent oxygen for 30 min, arterial and venous blood was 
obtained from one hind limb, and carbon dioxide produc- 
tion was measured. Apnoea was produced by stopping 
artificial ventilation. During the apnoeic period, blood. 
samples were obtained at intervals of 1 or 2 min while the 
trachea of the dog was connected to a spirometer which 
contained oxygen so that full arterial saturation could be 
maintained. In three dogs, blood flow in the opposite 
limb was measured with a rotameter. 


Table 1. FEMORAL ARTERIAL AND VENOUS CARBON DIOXIDE TENSIONS AND 
CONCENTRATIONS DURING APNOEA IN NINE DOGS (MBAN + STANDARD ERROR) 


CO, concentration difference 


Time (min) CO, tension (mm Hg) (vol. per cent} 
Artery Vein Vein-artery 

9 3544 4045 +2107 

1 4744 4444 -14403 

2 5245 4744 — 25+ 0-6 

4 6346 6345 -33409 

8 7346 6+5 -33 +06 


The carbon dioxide production of the dogs during the 
control period of artificial ventilation averaged 74 ml./min 
(standard error, +4). The mean blood flow in the femoral 
artery was 135 ml./min in the control period but decreased 
to an average of 92 ml./min during apnoea. Table 1 shows 
the carbon dioxide tensions and the venous minus the 
arterial carbon dioxide concentration differences observed 
during apnoea. During artificial ventilation the venous 
carbon dioxide tension exceeded the arterial by 5 mm of 
mercury while the carbon dioxide content of the vein was 
2-1 vol. per cent greater than the artery. After 1 min 
of apnoea, these gradients were reversed and the venous 
carbon dioxide tension and concentration were less than 
those of the artery. At 6 min of apnoea, the average 
venous carbon dioxide tension was 13 mm of mercury less 
than that measured in the artery while the carbon dioxide 
concentration was 3-3 vol. per cent less. 

The result of multiplying the average blood flow of the 
femoral artery by the mean venous-arterial carbon 
dioxide concentration differences shows that, during each 
minute of apnoea, muscle stores about 3 ml. of carbon 
dioxide produced elsewhere. This is about 4 per cent of 
the total production of carbon dioxide by the body each 
minute. 

According to the multicompartment theory, carbon 
dioxide is stored in different tissue compartments, each 
with its own level of perfusion, metabolic rate and dis- 
sociation curve for carbon dioxide?. Ventilation changes 
produce rapid alterations in carbon dioxide content in 
richly perfused tissue such as the brain, but only slow 
changes in tissues with a large volume but a relatively 
poor perfusion such as muscle. The results of this study 
agree with the idea that muscle carbon dioxide reaches 
equilibrium sluggishly after a change in arterial carbon 
dioxide tension, thus producing the reversal of the usual 
venous-arterial concentration differences. 
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Induction of Hyperluteinization and 
Precocious Opening of the Vagina 
in Rats with a Transverse Cut in 
the Hypothalamus made shortly 
after Birth 


THERE have been several reports that electrolytic lesions 
in the hypothalamus of infantile rats result in a precocious 
opening of the vagina and eventually in an early luteiniza- 
tion of the ovary!-5, It seems that in all cases when the 
ovaries of animals bearing hypothalamic lesions contained 
corpora lutea at puberty there was no more than the 
usual number of these bodies, 

In a series of experiments, one transverse cut was made 
in the hypothalamus of thirty-six female random bred 
albino rats not more than 24 h old, and of six rats not 
more than 36 h old; a pointed, fine gauge steel needle 
(3-2 en long and 0-5 mm in diameter) was used. (‘To make 
mechanical lesions in the hypothalamus of adult rats 
Halász and Gorski® used a double-edged knife fixed in 
the holder of a stereotaxic instrument.) The operation 
was performed by hand and without anaesthesia. The 
object of the experiment was to place the cut at about the 
level of the arcuate nucleus, transect all the antero-lateral 
connexions to the median basal hypothalamus and follow 
the effects of the lesion on the ovary for longer periods. 
In most of the animals the lesion involved the mammillary 
body. 

Twelve sham operated rats and eighty-three normal 
animals served as controls. Into the sham operated rats 
we inserted the point of the needle far enough to perforate 
the tissues of the skull, carefully avoiding injury to the 
brain mass. Both experimental animals and controls 
were isolated from the males. The animals were killed at 
various times between 3-5 and 12 months old. 

Thirteen rats had ovaries with scores of luteal bodies 
(Fig. 1). In eight of these the lesion extended posteriorly 
to include a portion of the mammillary body. The remain- 
ing five rats are still alive. In two animals, the lesion was 
made behind the origin of the pituitary stalk. The left 
ovary was removed from one of the latter on the day the 
vagina opened—the twenty-seventh day after birth. The 
ovary contained numerous medium sized follicles but no 
corpora lutea, and weighed 5:4 mg. When it was 10 
months old this animal was killed. Its remaining ovary, 
which was enormously enlarged and weighed 200-8 mg, 
contained innumerable small and medium sized luteal 
bodies (Fig. 2a and b). 





Fig. 1. 
cut through hypothalamus, killed 10 months after birth. 


Numerous corpora lutea in the ovary of a rat with a transverse 
The ovary at 


killing weighed 86-4 mg. (x9) 
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Fig. 2. 
operated as described, 
vagina opened and killed when 10 months old. 


a, “Innumerable” luteal bodies in the right ovary of a rat, 
unilaterally ovariectomized on the day the 
At death the ovary 
weighed 200:8 mg. (x9) b, Histological section through the same 
ovary, showing closely packed corpora lutea and one medium sized 
Graafian follicle. (x 42.) 


The number of corpora lutea in the ovaries bearing a 
large number of them seems to remain constant for 
many months, although on the day of vaginal opening, if 
they were present, no more than the normal quota was 
to be found. This seems to be in agreement with the 
situation found by the authors already mentioned. The 
increase in number of corpora lutea seems therefore to 
be a result of repeated luteinization. Fresh corpora lutea 
had a normal histological structure. 

Daily examinations of the vaginal smear for several 
weeks after the opening of the vagina revealed, in all the 
rats with supernumerary corpora lutea, repeated cycling 
periods, sometimes regular and sometimes irregular. The 
same can be said for the three rats from which daily 
vaginal smears were taken for 50 consecutive days begin- 
ning with the eighth month of their post-natal life. As 
well as numerous luteal bodies a few Graafian follicles, 
large and medium sized, were found in the ovaries of 
these rats. Burst follicles were also found in the ovaries of 
two animals. When confined with sexually mature males, 
these rats failed to mate. 

Table 1 gives mean values (+ standard deviation) for 
the age and body weight of experimental animals and for 
normal and sham operated controls on the day the vagina 
opened. As can be expected, there are individual varia- 
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Table 1 
No, of Age Body weight 
; rats (days) (g) 
With hypothalamic lesions 42 37°245°98 754211 
Shain operated 12 41-0 + 2-38 100+ 58 
-Normal controls 83 44-044-75 108+ 14-1 


tions, but the precocity of the appearance of the pheno- 
menon in the operated rats compared with normal controls 
is demonstrated both by the number of individuals (in 
six rats the vagina opened before they were 30 days old: 
in one on day 26, in one on day 27, and in four on day 29) 
and by the mean value for all rats. In normal rats we 
never observed this phenomenon earlier than day 32, 
regardless of season. Oddly enough, the opening of the 
vagina in sham operated rats was also significantly ad- 
vaneed (Table 1). A lag in the rate of gain of body weight 
regularly follows the injury to the hypothalamus, but this 
does not seem to affect seriously the precocity of the 
opening of the vagina. At death or after repeated laparo- 
tomies, that is, any time between 3 and 12 months after 
birth, the ovaries of all the rats in which the vagina opened 
precociously contained numerous corpora lutea, but this 
holds for an even larger number of rats in which the 
vagina opened within the interval characteristic for normal 
controls. 
Peran N. MARTINOVITCH 
OLIVERA K. IVANIŠEVIĆ 
Jovan V. MARTINOVIČ 
Boris Kidrič Institute of Nuclear Sciences, 
PO Box 522, 
Belgrade, Yugoslavia, and 
Ynstitute for Biological Research, 
29 Novembra 142, 
Belgrade, Yugoslavia. 
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Continued Cleavage of Fertilized 
Bovine Ova in the Rabbit 


Frrrinizep sheep ova have been shown to continue 
cleavage to the early blastocyst stage after transfer to 
the reproductive tract of the female rabbit?. This in vivo 
culture technique has facilitated the long distance trans- 
port of sheep ova’. This report suggests that a similar 
technique may be applied to cattle ova. 

During 1967, cattle ova were recovered from the fal- 
lopian tubes of one hundred and forty cattle after super- 
ovulation treatment with placental gonadotrophins, Cul- 
ture studies were made on five hundred of these ova. In 
vitro culture of ova in media based on cattle blood serum 
has not been successful. This agrees with previous re- 
ports’. Continued but limited cleavage to the 24-blasto- 
mere stage has been achieved in bovine follicular fluid. 
This supports the findings of other work}, 

In transferring cattle ova to the pseudo-pregnant 
rabbit, we have had limited success after using cattle 
serum as the recovery and transfer medium. We trans- 
ferred one hundred and five fertilized ova using serum; 
fifty-one of these developed further. The maximum 
cleavage stage reached was nineteen blastomeres. We 
had better results after using bovine follicular fluid for 
recovery and transfer. 

Seven sexually mature cattle were treated with 3,000 ru 
pregnant male serum gonadotrophin (PMSG) to induce 
superovulation on the sixteenth day of the oestrous cycle. 
The cattle were slaughtered 3 days after breeding and 
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injection of 2,000 ro human chorionic gonadotrophin 
(HCG), Fifty-six of the fifty-nine ova recovered from 
these cattle were fertilized; thirty-two of these were 
used in transfers to seven pseudo-pregnant rabbits. 
Within 20 min of the slaughter of the cattle we began to 
recover the ova from their fallopian tubes using bovine 
follicular fluid. We then studied the ova within a tem- 
perature controlled cabinet (26-7° C). 


Table 1. DEVELOPMENT OF CATTLE OVA IN THE RABBIT 


Fertilized ova Initial Culture 
Heifer Rabbit Trans- Re- cell Final period 
identn, identn, ferred covered stages cell stages h) 
98 B43 6 5 x5- 4x 80+ 98 
x10 1x ruptured 
ovum 
104 B7 6 1 x4— 1x 60+ 955 
x10 
112 B9 4 2 x6- 1x 100+ 98 
x10 1x19 
114 B5 4 3 x8- 2x 100+ 94 
x16 1 x degenerate 
ovum 
124 B42 3 3 x i= 3x 90+ 04 
x 
129 BÈ 1 1 x8 1x 904 06 
139 B28 8 4 x5- 1x90+ 
x10 3x 100+ 116-25 


The fertilized ova were transferred in bovine follicular 
fluid to the ligated fallopian tubes of the rabbits, which 
had been injected 20-47 h previously with 30 10 of 
HCG. Four days later, the rabbit oviducts were removed 
and nineteen ova were recovered. Results of the transfers 
given are in Table 1. Seventeen ova had developed to the 
early blastocyst stage; in one instance the zona pellucida 
had ruptured and one ovum was degenerate. After 
recovery from the rabbits, the ova were fixed in acetic 
acid alcohol and stained with lacmoid solution. The high 
power of the microscope was used to estimate the number 
of nuclei in each blastocyst. On the basis of evidence for 
the early stages of the bovine ovum’, the stages of cleavage 
reached by the cultured ova seem compatible with normal 
development. 

This work is part of a research programme in cattle 
reproduction supported by the Department of Agriculture 
and Fisheries and the Agricultural Institute. 

J. SREENAN 
P. SCANLON 
Faculty of Agriculture, 
Lyons Experimental Farm, 
University College, 
Dublin. 
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Effect on the Guinea-pig Taenia Coli 
of the Substitution of Strontium or 
Barium lons for Calcium lons 


Tue spontaneous discharge of the taenia coli of the 
guinea-pig is not inhibited by even a high concentration 
of tetrodotoxin (5x 10-* g/ml.), but it is blocked by a low 
concentration of ionic manganese (0-5 mM}, which is 
known to be a specific inhibitor of the calcium spikes in 
crustacean muscle? and also in barnacle muscle fibres*. 
These facts suggest that in the smooth muscle of taenia 
the membrane current during the action potential is 
carried principally by calcium ions. This would explain 
earlier findings that spike generation continues in solu- 
tions which are deficient in or free from sodium** and that 
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Fig. 1. Suerose-gap records from the isolated taenia coli of the guinea- 

pig: spontaneous action potentials (upper tracings) and development of 

tension (lower tracings). Records were taken: (@) in normal Locke solu- 

tion; (b) 80 min after replacement of calcium ions by an equivalent 

amount of strontium ions; (c) 60 min after the substitution. Note the 

decoupling of excitation and contraction in calcium-free medium which 
contains strontium, 


spike height is almost independent of the external con- 
centration of sodium ions*. Both the spontaneous activity 
and the potassium contracture are depressed by several 
transition metal ions such as manganese, nickel, cobalt 
or iron. The contraction induced by acetylcholine in 
normal Locke solution or in potassium-rich medium is 
also blocked by these divalent ions. The block is com- 
petitively antagonized by raising the external concentra- 
tion of calcium, which supports the view that the entry 
of calcium ions across the membrane acts as a trigger for 
contraction’, 

We have examined the effect of substituting strontium 
or barium ions for calcium ions. Membrane potential and 
tension were recorded by a sucrose-gap method similar to 
that used by Bilbring and Burnstock*. The experiments 
were carried out on taenia coli of the guinea-pig at room 
temperature (23°-25° C), GEDTA (0-1 mM) was added to 
calcium-free solution to eliminate residual calcium ions. 

Replacement of calcium ions in normal Locke solution 
(1-8 mM) with an equivalent amount of strontium or 
barium ions resulted in a depolarization of about 10 mV 
and an increase in spike frequency and tension. The 
tension, however, was not maintained for more than 20 
min and it fell to less than one-tenth, in spite of the 
continuation of high frequency spike discharge (Fig. 1). 
Intracellular microelectrode measurements showed that a 
five-fold increase in the concentration of strontium or 
barium ions resulted in repolarization to almost the 
normal resting potential (stabilization) and in prolongation 
of the spike duration (probably because of a decrease of 
potassium permeability). In these media, the relation 
between spike frequency and tension was variable, but 
nearly normal tension was obtained in some cases, 

The decoupling of excitation and contraction in calcium- 
free solution containing other alkaline-earth metal ions 
is understandable if it is assumed that the calcium ions 
which entered the cell during an action potential exert a 
direct influence on the contractile proteins and that other 
alkaline-earth metal ions have a relatively weak effect on 
the smooth muscle actomyosin system. Information on 
the sensitivity of intestinal smooth muscle proteins to 
divalent cations is not yet available, but according to 
8. Ebashi (personal communication), strontium and 
barium ions have very little effect on the superprecipitation 
of chicken gizzard actomyosin—one-twentieth and one- 
two-hundredth of that of caleium ions, respectively. This 
indicates that strontium and barium ions cannot be 
effective substitutes for calcium ions in triggering con- 
traction. This is probably also true with the taenia coli 
of the guinea-pig, so the dissociation of spike discharge 
from the development of tension strongly supports the 
view that the calcium which carries the electrical current 
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during the action potentials acts directly on the contrac- 
tile mechanism. The possibility still remains, however, 
that the release of calcium from intracellular binding 
sites plays some part in contraction which has been 
demonstrated for the tonic phase of the potassium 
contracture’, 

In media containing strontium or barium ions, as in 
normal Locke solution, tetrodotoxin (10-5 g/ml.) had no 
inhibitory effect on the spikes, but the transition metal 
ions retained their suppressive effect on the spikes. The 
excitation mechanism in a calcium free medium con- 
taining strontium or barium seemed therefore to be essen- 
tially the same as that in normal Locke solution. 

Acetylcholine (10-8 g/ml.), which in normal conditions 
invariably induces depolarization, increase in spike 
frequency and contraction, had surprisingly little effect 
on membrane potential and tension when caleium ions 
were substituted by strontium ions (Fig. 2). Similar 
results were observed with histamine (10-* g/ml.) and 
angiotensin (10-7 g/ml.), and even ten to one hundred 
times the usual concentrations of these drugs had very 
little effect. The loss of the effect was reversed in pro- 
portion to the amount of calcium ions that was restored 
to the medium. The effect of these substances on potas- 
sium depolarized taenia coli also became negligible when 
the external calcium ions were replaced by an equivalent 
amount of strontium ions, and completely disappeared in 
a solution in which barium ions replaced calcium ions. 
The inability of the ileum of guinea-pig to respond to 
acetylcholine in a medium containing strontium ions is 
also suggested by the data given by Johnson during his 
study of the release of acetylcholine from nerve endings. 

In the absence of calcium ions, noradrenaline (10-6 g/ml.), 
adrenaline (10-6 g/ml.) and isoprenaline (10-7 g/ml.) lost 


Ca 











Fig. 2. Sucrose-gap records showing the effect of acetylcholine (left) 
and adrenaline (right) on the taenia coli of the guinea-pig. The dots 
indicate the time of drug applications for 308. The upper records show the 
effect of acetylcholine (10-* giml.) and adrenaline (10-* gimi.) in normal 
Locke solution. The middle records show the ineffectiveness of both 
drugs after exposnre for 20 min to ealciumi-free-solution containing 1-8 
mM strontium. The lower records were taken after an interval of 6 min, - 
when both drugs were applied in a concentration of 10-* g/ml. in solution 
containing strontium. 
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‘their ability both to hyperpolarize the membrane and 
to inhibit the spontaneous discharge of “barium ion- 
spikes’. The effect of these catecholamines often re- 
mained in a solution containing strontium (Fig. 2), but if 
the tissue was washed by calcium ion-free Locke solution 
containing 1 mM GEDTA for several minutes beforehand, 


the effect almost disappeared in media containing stron- 


tium ions. Schild has recently demonstrated the special 
role of calcium in the relaxation of the depolarized rat 
uterus induced by isoprenaline™. 
-> The ineffectiveness of the drugs after the substitution 
of strontium or barium ions for calcium ions is the result 
not of depolarization nor of the presence of high frequency 
discharge for the following reasons: (1) the results are 
essentially the same even if the membrane potential is 
maintained at its normal value by increasing the con- 
centration of strontium or barium ions to 7-2 or 18 mM; 
(2) the spike frequency is initially high in media containing 
strontium or barium ions, but it gradually declines to 
less than normal in an hour. In spite of this slowing, the 
ineffectiveness of drugs remains unchanged throughout 
the experiment. 
These results suggest that calcium ions, as the charge 
carrier during the action potential in the taenia coli of 
the guinea-pig, can be replaced by other alkaline-earth 
metal ions, although strontium and barium ions have a 
weaker stabilizing action than calcium ions, and that 
barium and strontium ions are weak substitutes for 
calcium ions in triggering contraction. Calcium ions seem 
to play an essential part in the actions of certain drugs. 
Various normally excitatory or inhibitory drugs have 
little effect when calcium ions are replaced by other alkaline- 
earth metal ions, even though a normal excitation 
mechanism is maintained. 
We thank Professor §. Ebashi, Dr M. Endo and Dr Y. 
Nonomura for their advice and discussion. This work was 
supported in part by a grant from the Pharmacological 
Research Foundation, Tokyo. 
Y. Horra 
R. Tsvuxur 

Department of Pharmacology, 

Faculty of Medicine, 
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Amphetamine Anorexia by Direct 

Action on the Adrenergic Feeding 
System of Rat Hypothalamus 

Ir has been suggested that amphetamine causes loss of 
appetite by direct chemical interaction with the hypo- 
thalamic feeding system. This is based on the observation 


that intraperitoneally injected amphetamine is less 
- effective in depressing food intake in rats when they have 


lateral hypothalamic lesions and have recovered from 


the post-operative aphagia’. Such evidence is not con- 
clusive, however, because of the possibility that anorexia 
arises from the action of amphetamine on a part of the 
-system which is necessary to feeding in the normal rat, 
but which is not necessary to the elicitation of eating by 
food deprivation in rats which have overcome the aphagia 
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Food intake (percentage of intake after saline injection) 





OL 1 10 
Dose of amphetamine (zmoles/kg) 


Fig. 1. Dose-response relationships for depression of food intake over 

90 min after 6 h of food deprivation and injection of amphetamine by 

various routes. x, Intraperitoneal injection (N = 40); solid symbols: 

“eaters” to noradrenaline; open symbols: “non-eaters”; W, preoptic 

cannulae (2); @, anterior hypothalamic cannulae (2); G, posterior 

hypothalamus or diagonal band; A, A, anterior bypothalamic cannulae 
with surrounding lesion. 


resulting from the lesions. Amphetamine raises the 
current threshold for elicitation of eating by electrical 
stimulation of the lateral hypothalamus*?; this indicates, 
also indirectly, that it acts there or on efferent systems. 
Determination of the behavioural effect of administering 
amphetamine directly into the lateral hypothalamus is a 
necessary part of establishing the suggestion that anorexia 
arises primarily from its action there. 

It has been stated that erystalline amphetamine placed 
in the lateral hypothalamus does not affect food intake”. 
Unilateral injection of 0-6 yl. of 65 mM d-amphetamine 
into the anterior lateral hypothalamic area does not elicit 
feeding in satiated rats‘. Our data show. however, that 
both bilateral (Fig. 1) and unilateral (Table 1) injections 
of solutions of amphetamine into the lateral hypothalamic 
area, depress food intake in deprived rats. 

Various concentrations of d-amphetamine hydrochloride, 
made isotonie with sodium chloride, were injected in a 
volume of | yl. into the left side of the hypothalamus of 
300-400 g Sprague-Dawley albino rats after 6 h of food 
deprivation. Each concentration was given twice. 
Injections followed a counterbalanced sequence and were 
at least 2 days apart. The injection needle was guided 
to the site by a stereotactically implanted cannula (outer 
diameter 0-4 mm)! the location of which was then histo- 
logically checked. At the time of implantation, an 
electrolytic lesion (1 mA, 30 s) had been placed in the 
classical hypothalamic feeding area (lateral part of the 
lateral hypothalamic area at the level of the dorsomedial 
nucleus) on the right-hand side of six of the rats. Access 


Table 1. CHANGE IN FOOD INTAKE AFTER INTRAHYPOTHALAMIC INJECTION 
` BEFORE ACCESS TO FOOD 


Food Mean change from 1 h intake without injection — 
deprivation Saline dl-Noradrenaline d-Amphetamine 
th) g P g P g P 
0 ~002 n.s, 2-28 0-001 ~O031 n8 
6 -010 ns. 0-86 0-01 —1:24 0-05 
22 -049 ns. —1-73 0-05 —2:32 O01 
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to Jaboratory chow pellets was given immediately after 
injection. Food intake during the next 90 min is plotted 
in Fig. 1 as a percentage of the intake after intrahypo- 
thalamic saline injection. 

Two pairs of rats showed very similar dose-response 
relationships: one pair had cannulae in the anterior 
preoptic area, above the olfactory tubercle (solid squares) ; 
the cannulae of the other pair ended at the root of the 
atria medullaris in the anterior lateral hypothalamic 
area. The dose-response lines are approximately parallel 
to that obtained for amphetamine hydrochloride or 
sulphate by the intraperitoneal route in forty rats from 
the same batch (crosses, Fig. 1), but are about ten times 
lower: the difference in depression of intake between the 
hypothalamic and the peritoneal routes was statistically 
reliable (P< 0-01) at the dose of 0-47 umoles/kg. Each 
of these four rats ate over 2 g more chow within 30 min 
after injection of 0-6 ul. of 65 mM noradrenaline than 
after the control injection. The other two of this 
group of six rats did not eat after noradrenaline: one 
cannula was in the posterior hypothalamus, the other was 
at the base of the brain in the diagonal band of Broca. 
The dose-response curve was reliably higher for this pair 
of “non-eaters” than for the two pairs of “eaters” 
after noradrenaline (P<0-05 at 0-47 ymoles/kg) and 
was not significantly different from the intraperitoneal 
dose-response. 

Two more rats kad a lesion placed in the left hand 
anterior lateral hypothalamic area and a cannula im- 
planted with its tip at the same site. One rat ate more 
after noradrenaline than after saline and had more of 
the substantia innominata spared by the lesion than 
did the other, which did not eat more after noradrenaline. 
Each of three doses of amphetamine was injected through 
each cannula on three occasions after 6 h of food depriva- 
tion just before access to food. The dose-response curve 
for the “eater” (solid triangles, Fig. 1) was lower than 
that of the ‘‘non-eater” (open triangles; P < 0-05). 

The consistency of the correlation between the effective- 
ness of a cannula in guiding noradrenaline to elicit eating 
and as a route to the site through which amphetamine 
ean elicit anorexia is direct evidence in support of a 
proposal that amphetamine depresses appetite by chemical 
interaction with the hypothalamic feeding system'* and 
in particular the adrenergic portion of that system which 
is anterior to the classical feeding “centre”. Amphet- 
amine seems to have several different central actions’, 
and although it has yet to be shown to have central 
adrenolytic effects such an action would explain disruption 
of the adrenergic feeding system. If it can be shown 
that amphetamine causes anorexia by postsynaptic 
blockade in the rat, there would then be reason to believe 
that the feeding system was adrenergic in all species 
showing amphetamine anorexia. This would be despite 
the failure of noradrenaline to elicit eating in species 
other than the rat’, which may be attributable to inter- 
fering effects of intrahypothalamic noradrenaline such as 
those evident in the rat only after 24 h of starvation 
(Table 1). 

Table 1 summarizes the effects of unilateral injections 
(l ul.) of 155 mM sodium chloride with sodium replaced 
by amine to 65 mM in the case of noradrenaline and 
amphetamine. These fourteen rats had cannulae with 
tips in the anterior lateral hypothalamic area and no 
lesions. Because the effect of noradrenaline on feeding in 
satiated rats is diminished in rats deprived for 6 h and 
reversed in rats deprived for 24 h, it is conceivable that 
amphetamine causes anorexia by the release of endogenous 
noradrenaline it is known to cause centrally’, the release 
being sufficiently great or rapid to disrupt the adrenergic 
feeding system or another connected system in the same 
brain region. 

Obviously, proof that the anterior diencephalon con- 
tains the most sensitive site for amphetamine depression 
of feeding needs a survey of all the brain. Even then, the 
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strictest criterion of localization of function requires 
double dissociation between the site of elicitation of 
anerexia and the site of some other action of amphetamine 
such as stereotypic motor movement by way of the 
caudate nucleus’, temporal discrimination deficite!® or 
centrally elicited autonomic or electroencephalogram 
reactions. So far the adrenergic feeding system in the 
rat has been localized only by single dissociation?) 
If the biochemical pharmacology of amphetamine 
anorexia differs from the release of dopamine in the 
caudate which mediates stereotypy, then even ‘triple 
dissociation” might be possible. 

I thank Miss E. Sherwood for performing the surgery. 
Work here was supported by the Medical Research 
Council, and the work done in Yale University Psychology 
Department was supported by a US Public Health Service 
grant to Professor N. E. Miller. 
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BIOLOGY 


Halogen Derivatives of 4-Hydroxybenzoic 
Acid as Root Growth Stimulants and 
the Importance of Light in this 
Response 


Tuer discovery by one of us! of the selective herbicidal 
activity of 3,5-diiodo-4-hydroxybenzonitrile (ioxynil) and 
its dibromo- analogue (bromoxynil) has led here to a num- 
ber of other developments. Thus the high activity of 
these compounds in uncoupling oxidative phosphoryla- 
tion? resulted in the finding that they are potent molluse- 
icides!, Again, the demonstration that iodide ion is 
liberated when ioxynil is metabolized in soils and plants 
led to the discovery that inorganic iodides are useful 
and highly selective herbicides?. A further development 
from the ioxynil work was the examination of certain 
2,6-disubstituted phenols as plant growth regulators‘. 
Some of these were found to be highly active and equal to 
2,4-dichlorophenoxyacetic acid (2,4-D) in certain tests>. 
We now report another development from our research on 
ioxynil, 

In a study of related compounds, the product of hydro- 
lysis of ioxynil, 3,5-diiodo-4-hydroxybenzoic acid (DIHB) 
was prepared. This acid, although not appreciably phyto- 
toxic when applied to most plant species, was, however, 
very damaging to certain legumes. In particular, dwarf 
bean plants sprayed with a 500 p.p.m. solution of the 
sodium salt of the acid, or watered with this solution, 
were eventually killed. We have attributed this toxicity 
to the effect of the iodide ion which was found to be 
liberated during metabolism. The translocation of 
DIHB was then examined. In these experiments, in which 
seedlings were grown with their roots immersed in dilute 
solution of the compound, there was a marked stimulation 
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Fig. 1, Stimulation of root growth of cress seedlings (Lepidium sativum 
L.) by treatment with 10+ M 3,5-diiodo-4-hydroxybenzoie acid, Control 
seedlings are on the left. 


of root growth®?. The effect was shown to be particularly 
striking with seedlings of cress (Lepidium sativum L.) 
where treated roots up to three times as long as control 
roots were obtained (Fig. 1). Similar stimulation of 
root growth was demonstrated with the seedlings of 
other plant species including rice (Oryza sativa) (variety 
‘Jao Leuang II’), although this compound has been 
reported to be inactive in tests with cucumber seedlings’, 
Tho nature of the stimulatory response was further investi- 
gated by estimating the number of cells in treated and 
control rice roots and also the mean length of samples 
of these cells. No evidence was obtained that treatment 
with DIHB produced an increase in cell number (Table 
1); the mean length of treated cells, however, was about 
twice that of control cells. 

Increases in root length resulting from chemical treat- 
ment have previously been reported. Thus it has been 
shown® that 3,5-dibromosalicylie acid and 3-nitro-4- 
fluorobenzoie acid are active in producing increased root 
elongation in cucumber seedlings. These compounds 
were therefore re-examined, together with the three 
3,5-dihalogeno-4-hydroxybenzoic acids, in a test using 
cress seedlings carried out as follows. 

Cress seeds were sown on ‘Terylene’ net floating on a 
solution of inorganic salts containing the test compound, 
and grown in controlled environmental conditions with 
l4 h of white light per day. After 64 h the mean length 
of treated roots was compared with that of roots grown 
on nutrients alone. The results are expressed as (length of 
30 treated roots)/(length of 30 control roots) x 100 and 
are presented in Table 2. 

It will be seen from Table 2 that all three dihalogen 
substituted 4-hydroxybenzoic acids are active in stimulat- 
ing cress seedling root growth, the order of activity 


Table 1. MPFECT ON RICK ROOTS OF TREATMENT WITH 5 x 10-* Mw DIHB POR 


VARIOUS TIMES 
Period of treatment (days) 
4 5 6 


3 7 
Root length 158 214 200 189 202 
Cell count 90-4 92-3 85-3 104-0 82-3* 


Results are expressed as a percentage of control roota. 
* Significant at the 5 per cent probability level, 


Table 2, ROOT GROWTH STIMULATION INDUCED BY CHEMICAL TREATMENT 
Concentration (M) 
Compound &x10? 10° 6x10" 10% 5x10~ 

3,4-Dilodo-4-hydroxybenzoic 143* 175 285¢ 381¢ 217¢ 
acid (DIHB) 

3,5-Dibromo-4-hydroxy benzoic 110 120 210t 234$ 2612 
acid. 

3.P-Diohloro-4-hydrörybenzo ie 162 126 160* 176+ 218¢ 
aci 

3,5-Dibromosalicylic acid 128 i44* 131 108 71 

3-Nitro-4-flucrobenzoic acid 93 121 129 185+ 2225 

8,6-Dilodotyrosine 119 125 165* 152* 121 


Resulte significant at: * 5 per cent probability level; f 1 per cent prob- 
ability level; {0-1 per cent probability level, 
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Table 3. EFFECT OF DIHB TREATMENT (10* M THROUGH THE ROOTS) ON THE 
GROWTH OF THE ROOTS OF CRESS SEEDLINGS IN THB LIGHT AND IN THE DARK 


Mean root length (mm) 


Experi- Light AT! 
ment No. Treated Control Percent Treated Control Percent 
of control ofcontrol 
I 32-8 13-6 247* 29-2 31:3 104 
34-7 13-8 32-5 27-9 we 
I 32-8 9-9 332* 81-3 28-9 u0 
34-3 10-1 318 28-4 
ur 31-1 88 353* 30-8 26-6 316 
86-1 30-6 


* Significantly different from control at 0-1 per cent probability level. 


being iodine > bromine > chlorine. Furthermore, the 
salicylic and nitro-fluorobenzoic acids are both less active 
than the diiodo and the dibromo-hydroxybenzoic acid 
in this test. 3,5-Diiodotyrosine, which has been reported 
to stimulate root growth in rice seedlings’, was also 
included in our experiments; this was found to be less 
effective than the three 4-hydroxybenzoic acids (Table 2). 

Further work with DIHB established that the promo- 
tion of root elongation did not occur when cress seedlings 
were grown in soil or sand. Because in this case the roots 
were in darkness it was decided to investigate the res- 
ponses of cress roots to DIHB treatment in conditions 
where both roots and shoots were either in light or dark. 
The seeds were germinated in darkness for 16 h and then 
maintained either in total darkness or exposed to con- 
tinuous white light (200-300 I/ft.2) for the remainder 
of the growth period. The lengths of the roots were then 
recorded. The results of three experiments showing the 
growth of seedlings in nutrient solution alone and nutrient 
containing DIHB (10-5 M) are given in Table 3. 

From these results it is clear that light inhibits the 
growth of control roots, and that this inhibition is removed 
by treatment with DIHB. The results also explain 
why the response is not shown with seedlings growing 
in sand or soil where the roots are not exposed to light. 

The metabolic fate of DIHB in the roots of cress and 
rice seedlings has been investigated using the usual 
chromatographie techniques. It was established with 
cress that after growth for 64 h in a solution containing 
DIHB (10 M) none of the compound could be detected. 
in the roots whether these had been exposed to light or 
not. A new substance (Rp value of 0-45 on paper chrom- 
atograms developed in 2 per cent acetic acid) was, how- 
ever, shown to be present. This compound, which was also 
found in the experiments with rice seedlings, yielded 
DIHB and glucose on both acid and alkaline hydrolyses 
and showed other properties which indicated that it was 
a glucose ester. 

It is clear from this work that 3,5-dichloro, dibromo 
and diiodo-4-hydroxybenzoic acids are all capable of 
modifying the normal responses of roots to environmental 
conditions. One of these has been shown to be light. 
We have evidence, however, that other factors operate 
in this system and these aspects of the work will be 
described later. 

R. L. Warn 
H. F. TAYLOR 
P. [STARAKOSIT 
T. G. D. SHANNON 
ARC Plant Growth Substance and 
Systemic Fungicide Unit, 
Wye College (University of London), 
Ashford, Kent. 
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Atlantic Salmon Disease Fungus 


INITIAL reports of the salmon disease from Ireland sug- 
gested that the problem was purely bacteriological. This 
was despite the fact that the presence of a fungus, Sapro- 
legnia, constituted the only clear outward symptom by 
which the disease was recognized. Stuart and Fuller have 
discussed the possible role of the fungus more realistically 
and have given details of their mycological researches'. 
With the advent of the disease to the English Lake District, 
especially in the autumn of 1967, I have also had the 
opportunity to make observations, and these to some 
extent parallel those of Stuart and Fuller. Further details 
of the fungus have, however, become known. Saprolegnia 
isolates were made from diseased salmon, trout and char 
(Salvelinus willughbii) netted in Windermere, and from 
further specimens of the latter which succumbed in 
hatchery ponds immediately adjacent to our laboratory. 
The water supply for the hatchery ponds derives directly 
from Windermere and is untreated. Using GYS-tellurite 
agar, a medium previously employed for ecological studies 
on the Saprolegniaceae?, the isolates were soon free of 
bacteria and sterilized hemp seeds were added. These 
were removed after 8 h and transferred to dishes of sterile 
lake water where they grew abundant fringes of the 
fungus, ‘These growth fringes produced sporangia releas- 
ing zoospores, but not oogonia. In the absence of these 
any specific epithet which may be applied to the purely 
asexual condition (for example, Saprolegnia parasitica) 
can have little or no meaning or usefulness. Accordingly 
attempts at oogonial induction were set in hand, using 
oatmeal and cholesterol? agars of different strengths with 
single or paired isolates. Isolates were also paired in 
simulated natural conditions in contact with sterile mud 
or soil, following the method of Sherwood! for Dictyuchus. 
All these attempts were unsuccessful. 

An unexpected by-product of these otherwise abortive 
researches was the observation that the isolates produced 
sporangia directly on dry cholesterol agar (Fig. 5); thus 
this particular medium may prove to be of value for 
isolating and recognizing fish saprolegnias from mixed 
populations of fungi in nature. The hemp seed cultures 
in water were kept for several weeks, with repeated 
removal and replacement of the dish lids in order to make 
low power observations. Aerial fungal contaminants 
{especially of Penicillium), sustained by liquid nutrients 
in the dishes, became established on the surface meniscus 
in some cases. These contaminated dishes were not 
discarded because experience has shown that aquatic 
micro-organisms may give rare fruiting effects in such 
conditions. Recently, for example, an aquatic actinomy- 
cete of the family Actinoplanaceae formed sporangia in a 
liquid culture contaminated by a Penicillium, while un- 
contaminated cultures were quite devoid of them. This 
time the fruiting effect has involved the production of 
sexual structures. Of nine separate isolates under exam- 
ination four formed oogonia, and these were all in con- 
taminated cultures. For each of the four productive 
isolates there was at least one parallel uncontaminated 
culture and this material was all asexual only. The 
possibility of placing oogonial induction observations such 
as these on a more strictly scientific basis is encouraged 
by the work of Park’. He has shown that fungus inter- 
action phenomena can be reproducible and even follow 
logical patterns of prediction. Despite its occurrence 
oogonial material has been very meagre, averaging only 
about five mature structures per dish, and a detailed 
description must be very tentative at this stage. An- 








theridia are probably diclinous, investing the oogonia so ee ai 
closely that their entire surface is often covered (Fig. 1). Fig. 1. Large oogonium with orra Frovden antheridial attachment 

x = Š $ 4 x e. 473 

i es > “te y ` : Pen x : fs 5 
D fficulties of interpretation are increased by the frequent Fig. 2. Portion of same at higher magnification showing oospore 
germination of zoospores on or near these structures (for structure. Germinated zoospore low left (x e. 1,135). 
example, Fig. 2). Oogonia usually terminate main hyphae a e and k jomal complete oogonia (x e. 1,135). 

: ` g. 5. Growth on cholesterol agar showing fully formed sporangia, 

and are spherical to clavate, the former 30-1204 in Zoospores encysted in them are sprouting (x ¢. 95), 


NATURE, VOL 217. MARCH 2, 1968 


diameter The wall ıs smooth and unpitted Oospores are 
subcentnc 15-254 m diameter, most bemg 18p, and be- 
tween four and a hundred or more per oogonium (Figs 
2-4) Chlamydospores were rarely observed in these par- 
ticular hemp seed cultures although they had been formed 
abundantly when paired isolates were grown on sterile 
mud An outstandmg feature is the small size of the 
oospore These details suggest that the salmon disease 
Saprolegnia cannot be placed ummediately ın any existing 
species but may prove to be more closely related to the 
S dehea-S diclina complex than to the S ferar-S 
monowa The fungus which Huxley! reported and figured 
from the previous British salmon disease outbreak in 
1877 is beheved by Coker? to have been Saprolegnia 
monorca, although by modern standards the description 1s 
quite madequate The fact that he apparently obtained 
oogoma so readily, contrary to the experience of other 
contemporary investigators, casts some doubt on the 
whole account 

Work by many mvestigators on the Saprolegmaceae has 
drawn attention to “non-fruiting”’ (that 1s, non-oogonial) 
forms in several genera While ın the case of Saprolegnia 
itself these have traditionally been associated with isola- 
tions from fish, there 1s evidence that they constitute a 
definite proportion of the general saprobic mucroflora 
also On Fordwood Beck, a small afferent stream of 
Blelham Tarn (English Lake District), they were recovered 
m quantity from a sewage effluent derived from an aerobic 
percolating filter system? Until such forms can be 
adequately characterized and their distribution patterns 
examined more closely their full biological significance 
in the freshwater environment will not be known 

I thank Miss J Hardman and Miss D J Usher for 
allowing me to observe and examine fish ın their care 
and Mrs § M Smith for photography 

L G WiLOUGHBY 

Freshwater Biological Association, 
Amblesıde, Westmorland 
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Stimulation of Transpiration by 
Cytokinins 
Cyroxinins! have received considerable attention from 
plant biologists because they play key parts ın systems 
that regulate growth** These compounds influence 
physiological processes such as the mduction of cell 
division, retardation of senescence, promotion of seed 
germination and promotion of bud developments®* We 
have already observed that cytokinins mitiate another 
physiological process—transpiration This observation is 
sunilar but not identical to a report? concerning the 
stimulation of transpiration of primary barley leaves 

Our results mdicate that cytokmm stimulates transpira- 
tion and induces cell division by a simular, 1f not the same, 
imtiator system This communication describes similarities 
between stimulated transpiration and induced cell 
division and reports the reaction of a number of plant 
species to the former 

The techmque used to assess the activity of various 
compounds has already been described’, but a brief 
description of the method 1s given here Basal ends of 
leaves from oat plants (Avena satwa L ) were trimmed to 
30 cm and severed ends were placed in an aqueous solution 
of the compound to be tested Leaves were maintamed 
in. the solution for 24 h under continuous fluorescent light 
(400 ft -candles), and transferred to 15 ml calibrated 
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centrifuge tubes (two leaves ın a tube) containing dıs- 
tilled water Treated leaves were placed under contmuous 
fluorescent light for 24 h, and the amount of water lost 
from the tube was recorded The difference between the 
water loss from tubes contaimg treated and untreated 
leaves was a measure of the quantity of cytokmm im the 
test solution 

Effects of cytokmins on transpiration (Table 1) show 
that zeatin (supphed by Dr © O Miller of Indiana 
University) 1s more active than kinetin and kinetm 1s more 
active than N*-phenylammopurme Furthermore, the 
order of sensitivity of the carrot phloem test? 1s srmuar to 
the transpiration test—both are more sensitive to zeatin 
than to kmetm In the cell division® and transpiration 
tests, N*-hexylaminopurine is active but N*®-dimethyl- 
ammopurine is not Furthermore, our dosage response 
curves for N*-(2-butoxyethyl) ammopurine in the trans- 
piration test were similar to those obtained by Rothwell 
and Wnght}* in the tobacco pith test Results indicate 
a similarity between cytokinin-stimulated transpiration 
and induced cell division 

Several compounds were tested to identify those that 
stimulate transpiration Certain substituted ammopurmes 
(zeatin, kmetin, N*-benzylammopurme, N*-phenylammo- 
purine, N*-hexylaminopurine) increased transpiration, 
but others (N*-methylammopurine, N*-dimethylamino- 
purine, 6-mercaptopurme) did not Recently we learned of 
some new synthetic compounds that possessed cytokimin 
activity (private communication from Professor R. L 
Wain, Wye College, who supplied compounds) These 
cytokinms were of mterest because the N*-substituted 
groups are straight chans (alkoxyalkyl) Two of these 
compounds (N*-2-ethoxyethylammopurine, N*%-2-butoxy- 
ethylaminopurme) were tested, and found to be active in 
the transpiration test Activity of the butoxyethyl 
derivative was twenty-fold greater than that of the 
ethoxyethyl derivative (Table 1) 


Table 1 RANGE OF DETECTABLE CONCENTRATIONS OF OYTOKININS USING 


THE OAT LEAF TRANSPIRATION TEST 


Cytokinin Range (ug/ml ) 
Zeatin 0 001- 100 
Kınetın 0 005- 8 00 
N°-Benzviaminopurine 0 005- 8 00 
N°*-Phenylaminopurine >001 -10 00 
N*-(2-Butoxyethvl) amınopurnne >005 — 400 
N*-Hex) lamimopurine 010 -10 00 
N*-(2-Ethoxyethyl) aminopurme 100 ~ 200 


Structural requirements for stimulated transpiration 
were similar to those required for induction of cell division 
In all cases, a substituted purine skeleton was essential 
The substituent group may be a saturated or unsaturated 
ring or a straight cham The length of the carbon chain 
seemed to influence activity This suggestion was made 
because N®-dimethylammopurine was not active, m the 
transpiration tests, but N*-(2-ethoxyethyl) ammepurine 
was shghtly active and N®-(2-butoxyethyl) amimopurine 
was very active It appears therefore that straight chain 
substituents must have at least four carbon atoms. 

Indoleacetic acid, 2 4-dichlorophenoxyacetic acid, 
sym-diphenyl urea and sym-diphenylthio urea as well as 
adenine, benzylamine and phenylamine did not merease 
transpiration Furthermore, gibberellic acid did not 
stimulate transpiration of excised oat leaves This was 
surprising because a previous report? mdicated that 
gibberellic acid stimulated larger increases ın transpiration 
of excised barley leaves than kinetin We observed no 
quahtatrve difference m stimulated transpiration within 
the family Grammeae If gibberellic acid does mduce 
transpiration of primary barley leaves, Avena species 
possess a higher degree of speerficity for cytokinins than 
Hordeum species 

Although it 1s difficult to visualize a relation between 
cell division and transpiration, results suggest that this 
1s the case This relation seems more feasible ın view of 
a recent report by Meidner™, who observed a rapid m- 
crease in the metabolisms of barley leaves treated with 
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kmetins Although an exception (lack of kmetm—indole 
acetic acid synergism m the transpiration test) to the 
positive correlation between stimulated transpiration 
and cell division was observed, numerous similarities 
warrant attention to this phenomenon It 1s therefore 
suggested that increased transpiration, of species of 
Gramineae, be considered as one of the biological activities 
for eytokmmns 

Variation m cytokinin-stimulated transpiration was 
noted among various species of grasses®, and so several 
dicotyledonous species were tested Varieties of Vagna 
sinensis (Torner) Sav: (blackeyed peas), Phaseolus lunatus 
L (speckled butter beans), P vulgaris L. (pinto and 
kidney beans), Glycine maz (L ) Merr (soybean), Helianthus 
annus L (sunflower), and Cucurbua pepo L (sugar pump- 
kin) were grown m a growth room and treated as described, 
except that excised plants were used mstead of excised 
leaves None of these exhibited increased transpiration 
when treated with various concentrations of kmetin 

Excised leaves of Acer saccharinum L (silver maple), 
and Ingquidambar styraciflua L (sweet gum), collected 
from field-grown plants, did not respond to kinetin treat- 
ment Excised leaves of field-grown Lohum multiflorum 
Lam (ryegrass), however, showed an mecrease mn trans- 
piration when treated with kinetin 
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Historical Zoogeography of Antelopes 


Srupies of the Bovidae of the later Miocene of Fort 
Ternan, Kenya', and of the lower Phocene of Samos are 
producing interesting zoogeographical findings In this 
communication, names above the species level are from 
Simpson? 

Two groups among the Samos antelopes have special 
relevance, those of the Palaeoryx group, and various 
spirally horned antelopes which have been associated 
with Prostrepseceros m the tribe Tragelaphim (Strepsi- 
cerotini of Simpson*) 

Antelope “species” in Palaeoryx, Protoryx and Pachy- 
éragus, and ın the smaller Mecrotragus, Leptotragus and 
Pseudotragus, have been regarded as Hippotragin1 Some 
show clearly, others less clearly, however, resemblances 
to Caprin. the short braincase (all except Protoryæ 
longiceps Pilgrim and Hopwood), pronounced bending 
of the bramcase on the facial axis ın side view; an anterior 
surface (Microtragus) or an anterior keel on the horn cores 
(Pachytragus crassicornis Schlosser) , rather abrupt bending 
back of the horn core tips (Protoryx longiceps); the lower 
edge of the auditory bulla passing downwards posteriorly 
to meet the paraoccipital process (Palaeoryx pallasz 
(Wagner) and Protoryx longeceps—the only two in which 
this character 1s visible), a long narrow ethmoidal fissure 
alongside the nasals (Pachytragus crassicornes, Protoryx 
longiceps), diminished basal pillars on the molar teeth 
(less in Palaeoryx palias: than others), emphasized styles 
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flanking weak ribs on the upper molars (Pachytragus 
crassicornis, Protoryx longiceps), short premolar rows 
(not Palaeoryx pallası) and small anterior premolars 
Some characters of later Caprini are mssing—for example, 
widely set anterior tuberosities of the basioccipital, 
moreover, no Bovid metapodials at Samos are as short as 
in modern goats, which seems to indicate occupation of 
different adaptive zones I would not assert that none 
of the Palaeoryx group could possibly be related to 
Hippotragim, but the evidence strongly favours ther 
assignation to the Caprim, and they have no characters 
unequivocally resembling Hippotragini 

Many names exist for Pliocene and Pleistocene spirally 
horned antelopes with anticlockwise torsion m the right 
horn core from the base upwards ‘The three Samos 
species may be called Protragelaphus skouzes. Dames, 
Prostrepsiceres woodwardi Pilgrim and Hopwood, and 
Palaeoreas lindermayers (Wagner) Pilgrim? and Pilgrim 
and Schaub‘ transferred Protragelaphus from Tragelaphin 
to Antilopm, and I now suggest the same course for 
Prostrepsiceros and Palaeoreas Prostrepsiceros, in which 
I include Hemistrepseceros, differs from Tragelaphmi by 
having its parieto-frontals suture not disappearmg early 
m ontogeny, its braicase more bent on the facial axis 
in side view, the orbital surface of the lachrymal bone 
not at such a wide angle to the plane of its facial surface, 
and by having a preorbital fossa Palaeoreas shows the 
last three differences and a deep lateral postcornual 
groove not found in Tragelaphini It also much resembles 
Protragelaphus, which has such non-Tragelaphine charac- 
ters as a short basioccipital, an occipital surface with a 
curved instead of a squared upper edge, and small foramina 
ovales 

Thus the Tragelaphm: and Hippotragimi are absent 
from Samos, the Bovids there being wholly Boselaphim, 
Antiloprm, Ovibovini and Caprini Wells’ concluded 
10 years ago that the Cephalophim, Neotragim and 
Alcelaphini were “essentially African” tribes The 
Tragelaphini can now be added to this group, but the 
Hippotragini, although now becoming almost totally 
African, occur in Arabia as Oryx leucoryx (Pallas) and also 
with Reduncin: and an Alcelaphine, ın the later Phocene 
and early Pleistocene of the Indian and Pakistan Siwaliks® 

Revision of the Samos Bovidae 1s thus accentuating the 
division of the family between Hurasiatie and African 
forms The family contains Tragelaphini, Cephalophim, 
Redunemi, Alcelaphm: and Neotragini which, except 
for the Sıwalıks record of two of them, are wholly African; 
and Boselaphini, Saigm, Rupicaprim and Ovibovini 
which are absent from sub-Saharan Africa The remaining 
Bovim, Hippotragim, Antilopmi and Caprini occur both 
in Eurasia and sub-Saharan Afmca, but in this group 
Gentry’ could not trace phylogenetic connexions between 
African and Eurasiatie Bovini Also the Antilopm: can 
be divided into a Eurasiatic spirally horned group, and 
into a group of African genera, an exception to this beng 
the widely distributed Gazella (including Procapra) 
The Caprini are entirely Eurasiatic and North American 
except for Capra wale Ruppell in Ethiopia 

Some fossils relevant to these conclusions remain for 
future consideration, for example, Bohlin’s* Chinese 
“Hiıppotragını” related to Protoryx, Schlosser’s® small 
Samos species T'ragoreas oryxoides and Pilgrim’s’® Chinn 
“Tragelaphine” Swvoreas and his Dhok Pathan supposed 
Reduncini and Hippotragini, the affinities of Schlosser’s 
and Pilgrim’s forms are unclear 

It becomes of great interest to see whether Fort Ternan 
shows us an earlier phase in the history of the African 
Bovidae At least four antelopes occur there A species 
of the Boselaphine Protragocerus 1s distinct from P 
chanireı Depéret of the European Tortonian and Sarma- 
tian, and from another species in the Chinn and earhest 
Nagri of Pakistan to which Pilgrim™ applied several 
names including Strepsyportax gluten (see also Themus?!) 
Second, there 1s a new species of Caprim generically 
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mseparable from Puilgrim’s!? Qzoceros(?) grangert from 
the Tung Gur Miocene, Mongola Pavlovič and Themus!‘ 
mention a similar form from Yugoslavia Ovoceros{ ?) 
lamb bones at Fort Ternan show more cursorial adapta- 
tions than Protragocerus These two species constitute 
about 90 per cent of the recognizable Bovid remains at 
Fort Ternan Also present ıs a species agreeing closely 
with a frontlet from the Nagri gen indet (cf Tragoreas) 
potwarrcus!® The fourth species 1s a Gazella with medio- 
laterally compressed horn cores, rather brachyodont 
cheek teeth and long premolars The relative smallness 
of the Fort Ternan antelopes, vestigial alveoh for upper 
canines m FP? otragocerus, the resemblance of the Ovoceros( 2) 
to the Tung Gur species, and the brachyodonty of the 
gazelle give them a more archaic aspect than those of 
Samos What ıs most interesting 1s their relationship 
at the generic and higher levels to Eurasiatic forms, but 
not, apparently, to the later antelopes characteristic of 
Africa 

The presence of Boselaphini and Caprim: in the late 
Miocene of equatorial East Africa upsets the strictly 
geographical part of the concept of Eurasiatic and African 
divisions of the Bovidae We must evidently allow for 
past fluctuations of faunal boundaries, and, following 
Wells, can refer to such divisions as “essentially Eurasia- 
tic”? and “essentially African”? Only in the Tatrot and 
Pinjor of the Siwaliks ıs any mixing of the divisions 
known, apart from that along the wide boundaries of 
the Palaearctic and Ethiopian realms Unanswered 
questions include Where did the essentially Afiican 
Bovidae evolve ? Why are they absent from Fort Ternan 
but not from the later Pliocene and early Pleistocene of 
the Siwalks ? Could more mixing of the divisions be 
found from further excavations or from further studies 
of puzzling fossils ? 

A W GENTRY 
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Saprolegnia parasitica Coker 
in Estuaries 


In a recent article Stuart and Fuller! question whether 
Saprolegnva parasitica Coker should be regarded as a 
freshwater fungus or a fungus capable of growing and 
sporing in both freshwater and estuarme environments 
I find that their review of data concerning the tolerance 
of Saprolegniaceae to saline environments is misleading 
because (a) they fail to point out the discrepancy m the 
literature between the influence of temperature on spore 
production m the freshwater and saline environments, 
and (b) they do not distinguish between vegetative growth 
with asexual sporulation and the mere presence of viable 
but unidentified propagules 

Some Saprolegniaceae such as Leptolegma balica 
Hohnk and Vallin? appear to be adapted to hfe ın shghtly 
saline (4-6°/99) conditions Te Strake? states that the 
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Saprolegniaceae which she isolated from estuarme water 
of salinity up to 2 8/9 would tolerate greater salinities 
im vegetative culture at higher temperatures, but that 
asexual sporulation occurred ın the higher salinities only 
at temperatures above 20°C At 15°C sporulation did 
not occur above a salinity level of 0 3°/,, The temperature 
data for asexual sporulation quoted by Stuart and Fuller 
refer to freshwater environments and may not, therefore, 
be relevant 

It ıs unfortunate that ın their pure culture experiments 
Stuart and Fuller did not use fungi freshly isolated from 
their fish or the estuaries where they were workmg, and 
that they failed to give the temperature at which their 
experiments were carried out (What 1s the maximum 
water temperature of, for example, the Shannon estuary °) 

Te Strake’s work shows that viable propagules, which 
are not identified, are present in estuarine sites The 
presence of propagules m moving water does not neces- 
sarily mdicate their site of production This applies 
to spores of Oomycetes just as much as to spores of Fungi 
Imperfecti14 Until the site of production 1s established 
comments on “‘habitat nomenclature” have no founda- 
tion® 

To demonstrate that Saprolegnia parasitica 1s not 
confined to the freshwater environment for vegetative 
growth and the production of zoospores, 1t 1s essential 
to answer the following questions (1) Does the fungus 
sporulate equally well in freshwater and estuarine water 
at temperatures and salinity values comparable with those 
in the natural environments under mvestigation? (2) 
Do the zoospores remain motile for the same length of 
time m both environments? (3) How long do the motile 
or encysted zoospores remain viable in freshwater and 
estuarine water? (4) Will oospores germinate equally 
well m both environments? (5) Is the colonization of the 
substrate (living or dead) comparable ın both environ- 
ments? (6) What is the computed propagule density 
required to cause disease ın particular hosts in a given 
environment (river, estuary or the open sea)? 

If this fungus should prove to be a primary parasite 
rather than a facultatrve wound parasite, is ıt not more 
important to establish the origin and size of the potential 
spore inoculum and the survival rate of the inoculum m 
saline conditions, rather than the vegetative growth of 
the fungus in saline media at unspecified temperatures ? 

M W Diox 
Department of Botany, 
University of Reading 
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Chlamydomonas: Adaptation 
Phenomena in Phototaxis 


THE omented movement of umeellular algae, such as 
Chlamydomonas, 1s usually regarded as being either 
positive or negative, when evoked by light of a fixed 
intensity Until recently it has been difficult to measure 
phototactie responses of algae quantitatively and rapidly, 
but methods have now been desembed for following 
the phototactic response of a population of algae}? 
These methods are based on a photoelectric monitormg 
of the distribution of the algae in a suspension, during 
exposure to light which evokes oriented response We 
have adopted the method of Femleib and Curry? essentially 
unmodified to follow the mitral response of cultures of 
Chlamydomonas reinhard (WT +2) The experiments 
were undertaken to study the variability of the photo- 
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Fig 1 Phototactic response of a 2 day old culture of Chiamydomonas rewnhardu 
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negative, (2) response after 3 min strong light followed by 12 min in the dark, (3) response after further 
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and 12 min in dark Recorder speed was 10 in jh Orienting hght was 540 ft -candles, white light, 
fallmg on blue green filter (Corning 9782) During the dark period the cells were exposed to weak red 
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tactic response of cultures of Chlamydomonas which we 
previously observed?:4 We will show that the same 
culture of Chlamydomonas can be negative or positive in 
its response to a given fixed intensity of orienting hght 
The organism seems to adapt rapidly to conditions 
prevailing before measurement Cultures were grown as 
described before** im continuous light ın an morganic 
medium’, with constant stirrmg by a magnetic stirrer 
The phototactic response of the cultures immediately 
after the orienting light was switched on was observed 
Cultures frequently did not respond in a clear cut manner, 
a slight positive response was often followed by a negative 
one. If cultures were exposed to light ın the apparatus 
for mcreasing periods of the time and their phototactic 
responses were measured periodically, the mmitial positive 
response increased and the subsequent negative one de- 
creased (Fig. 1) These results indicated that the cells 
were adapting to the lhght so that their phototactic 
response changed. The following experiment was there- 
fore undertaken. A culture was selected the iutial 
response of which was negative This culture was now 
illummated for 2 h with 200 ft -candles light from an 
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Fig 2 Phototactıc response of 4 day old culture of Chlamydomonas 

remnhardw (1) Initial response, (2) response after exposure for 2 h to 

incandescent light (200 ft -candles), (3) response after additional period 

75 minin dark The orienting light 1n all cases was monochromatic blue- 

green light (Corning filter No 9782) Intensity was 250 ft -candles, white 

hight before filter Recorder speed wae 30in fh $, Inght on, $, recorder 
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incandescent lamp and its response again measured. The 
culture which had shown a strong and immediate negative 
response now responded positively to the same hght 
intensity The culture was now returned to darkness 
for 75 mm and its response was measured again As 
Fig 2 shows, 16 now responded negatively 

These results clearly show that a culture of algae can 
rapidly change its phototactie response to a given fixed 
light intensity from negative to positive and vice versa 
It can be assumed that the algae adapt ther phototactic 
behaviour ın response to the light intensity to which they 
are exposed before measurement This adaptation 1s 
probably caused by metabolic changes which take place 
during the period of adaptation, and they are possibly 
connected with photosynthesis The cultures have a 
generation time of more than 12 h and were not synchron- 
ized, so division of the cells 1s not likely to be involved 
Microscopic observation gave no indication that the algae 
were dividing durmg the period of adaptation No 
changes in the pH of the medium could be observed during 
adaptation 

These results indicate the extreme caution which must 
be exercised when referrmg to algal cultures as positive 
or negative in their response to hght The nature of the 
response to a fixed intensity of orienting hght can change 
rapidly, depending only on treatment immediately before 
measurement No absolute positive or negative responses 
seem to exist It seems to us that the diurnal upward 
and downward movement of algae in their natural environ- 
ment, which has been ascribed to positive and negative 
phototexis (ref 5), must also be re-examined 
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Light Induced Uptake of Potassium and 
Chloride by Chlorella pyrenoidosa 


RECENT studies of mechanisms of ion transport across 
the membranes of isolated mitochondria and chloroplasts 
have been designed to show whether the energy 1s derived 
directly from electron transport or from high energy 
chemical intermediates!:? A similar argument concernmg 
the active transport of ions across the protoplasmic 
membranes of intact animal and plant cells? has also 
been considered for many years Perhaps the most con- 
vinemg evidence that the active transport of an ionic 


NATURE, VOL 217. MARCH 2, 1968 


100 


g 


Percentage of control 
a 
S 


p 
© 


107 5x107 10- 


DCMU concentrations (M) 
Fig 1 The effect of low concentrations of DCMU on the influx of potas- 
sium (@), chloride (O) and oxygen evolution (A) The results are 


presented as the percentage of the controls and the standard errors of the 
Tegression lines are given for the tracer experiments 


5x10 


species 1s mtımately lmked with electron transport has 
come from studies on the giant cells of Natella translucens’ 
and Hydrodictyon africanum? In these algae, 1t has been 
shown that the hght stimulated influx of chloride, unlike 
the uptake of potassium, 1s independent of photophos- 
phorylation and seems to be associated with the oxygen 
evolving system 2 of photosynthesis 

This communication reports some work on Chlorella 
pyrenordosa to test whether the light promoted uptake of 
potassium and chloride into these cells ıs driven by two 
different energy sources as suggested for the vacuolated 
coenocytes ‘The unidirectional fluxes of these 1ons were 
measured using potassium-42 and chloride-36 and all the 
experments were conducted in culture medium The 
mternal radioactivity was assayed, after sedimenting the 
cells on ‘Mullipoie’ filters and washing, by means of an 
end-window Geiger tube 


Table 1 LIGET AND DARK INFLUKES* OF POTASSIUM AND CHLORIDE INTO 


Chlorella pyrenoidosa 
Influxes from culture medium f 


Ion uu moles/s § mm? packed cells gu Moles/s cm? 

Dark gh Dark Dy 
K 34401 (19) 19141 0 (31) 018+0 01 103+010 
Cl 0 35+0 01 (6) 23240 26 (9) 0019+ 0 006 0124002 


Results are quoted as + standard error of the mean, number of experi- 
ments on which mean is based ıs given ın parentheses The cells were 
Mluminated by white light from an incandescent source at an intensity of 
about 500 ft -candles 

* Unidirectional influxes in the absence of net 10n movement 

+ The culture medium (pH 6 8) contained (mM) KNO, 500, Na, HPO, 
2H,0 050, KH.,PO, 050, MgSO, 7H,0 200, Ca(NO,), 4H,0 025, KCl 
1 00 and trace elements, 2 ml /] as given by Hutner eż al € 


Table 1 shows the mean values of the light and dark 
influxes and gives an estimate of each flux ın terms of 
unit area of cell surface It can be seen that the action 
of hght 1s to stimulate the influx of these ions by a factor 
of about sıx. Such a sensitivity to ight does not neces- 
sarily suggest that an active pump 1s mvolved. It has 
been possible, however, to obtain a direct measurement 
of the potential difference between the interior and 
exterior of these cells when bathed in culture medium 
This procedure will be reported elsewhere, but the results 
strongly indicate that potassium and chloride are trans- 
ported into Chlorella against the electrochemical potential 
gradient A mean potential difference (+S HM) of 
~40+2 mV was obtained from sixty-five cells while the 
Nernst equilibrium potentials, calculated from the dis- 
tribution of these ions, were —71 mV for potassrum and 
+8 mV for chlomde Thus ıt would seem that, with 
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respect to the direction of active transport of these two 
ions, Chlorella shows the same characteristics as Natella 
and Hydrodictyon. 

The sensitivity of these apparent active hght strmulated 
influxes to 3 - (3,4 - dichlorophenyl) - 1,1 - dimethylurea 
(DCMU) can be seen m Fig. 1. Oxygen evolution, as 
measured with a platinum polarograph, was partially 
mbibited by concentrations of 10-7 to 10-6 M while 
complete mhibrtion occurred at 5x10-° M. Over the 
same concentration range, the nfluxes of potassium and 
chloride, measured by double labelling, were reduced by 
equal amounts with about 40 per cent of the uptake of 
both 1ons persisting at concentrations of DCMU which 
totally mhibited oxygen evolution Such findings are 
quite different from those obtamed with the two co- 
enocytic algae, m which the influx of chloride was much 
more sensitive to this herbicide than was the potassium 
influx 

The results suggest that both these photostimulated 
fluxes nto Chlorella contain components which are 
independent of net electron flow and pseudocyclic flow. 
Such components could derive their energy from eyclic 
photophosphorylation m a manner similar to that sug- 
gested for glucose assumilation by this same alga’. Indeed, 
1t was also found that when the cell suspensions were 
gassed with nitrogen free of carbon dioxide the mfluxes 
of the two 1ons were reduced to approximately 50 per 
cent of the aerobic controls To test whether these 
DCMU resistant and anaerobic components were par- 
tially or wholly dependent on cyclic electron flow, some 
experiments using the cytochrome b inhibitor, antimyem 
A, were carried out and the results shown ın Fig 2 It 
can be seen that both these components were inhibited 
by this antibiotic, with the chloride influx showing the 
greater sensitivity Thuis difference in the response of the 
two ions to mereasing concentrations of the poison may 
simply reflect a larger passive component of the potassium 
influx as compared with the chloride uptake Neverthe- 
less, 1b 1s clear that both ionic influxes show some require- 
ment for the participation of cyche electron flow 

Further experments usung the uncoupler carbonyl 
cyanide m-chlorophenyl hydrazone (CCCP) also showed 
the light stamulated aerobic uptake of potassium and 
chloride to be equally inhibited, with a maximum effect 
at concentrations of about 10-5 M. Moreover, when the 
relative quantal efficiencies of the fluxes were measured 
for cells Wluminated by 680 and 705 mp light, the same 
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Fig 2 The effect of various concentrations of antimycin A (AA) on the 

anaerobic hght stimulated uptake of potassium and chloride and also 

the effect of this antibiotic on the DOMU resistant influx components of 
these twoions The standard errors of the regression lines are given 
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values were obtaimed for both 1ons The measurement of 
oxygen evolution in the same lighting conditions, how- 
ever, suggested that the two photosystems had not been 
separated This ıs m agreement with Hommersand®, who 
encountered the same difficulty with this strain of 
Chlorella (stock number 252, Culture Collection of Algae, 
Indiana University) and who concluded that the overlap 
of the two pigment systems was better than usual 

The only obvious difference between the influx of 
chloride and potassrum mto Chlorella found during this 
work was the hght mtensity at which the maximum 
rates were obtained The chloride uptake saturated at 
an intensity which was 25 per cent of that needed to 
saturate the rate of potassium uptake With an mcan- 
descent light source, the chloride uptake saturated at 
15x 104 ergsjem? s, while both photosynthesis and the 
potassium influx saturated at 55x 104 ergs'cm? s 

In summary, 1t ıs most probable that the hght stimu- 
lated uptake of potassrum and uptake of chlomde by 
Chlorella are actrve processes There 1s no clear evidence, 
however, that these two fluxes are dependent on different 
sources of energy It also seems unlikely that they obtain 
the necessary energy directly from electron transport but 
possibly utilize ATP derved from cycle and non-cyclic 
photophosphorylation. The close association of active 
chloride mfluxes with oxygen evolution may be a feature 
only found with vacuolated cells, although some recent 
work on Elodea densa?’ does not support this 
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Action of Potato Peel Extracts 
in modifying Tuber Dormancy 


Dirrerences in length of tuber dormancy which are 
related to mineral content have been found durmg work 
on the effect of the mineral nutrition of the potato plant 
on the performance of its progeny To relate these 
differences to tuber biochemistry, ıt was necessary to 
know the effect of tuber extracts on the dormancy of 
whole tubers Previous attempts to control dormancy 
by treating potato pieces with either tuber peel extracts 
contammg the inhibitor-8 complex! or with one of its 
components, abscisic acid, have failed®, although the dis- 
appearance of this complex from the tuber has been 
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ments are Rr 0 1-1 Oofchromatograms of tuber peelextracts X, Rr 0 2, 


04 and 07 combined, GA, 1 ppm gibberellic acid * Depression, 
significant at 5 per cent level, when compared with control 


correlated with the breakmg of dormancy? It ıs also 
known that cutting a tuber causes a wound reaction which 
leads to the breakmg of dormancy’. Furthermore, the 
practice of soaking tubers m concentrated solutions for 
up to 24 h produces anaerobie conditions which could 
have effects on dormancy as great as those of the extract 
bemg supplied 

I felt that a more realistic technique would be to use 
whole tubers which were m contact with a very dilute 
solution for a long period but only partly immersed, so 
preventing anaeroby Accordingly, whole mature non- 
sprouting tubers each weighing 50-90 g were used as 
assay material ın this experiment, 

The peel from 25 kg of freshly collected mature tubers 
was extracted with 80 per cent methanol, filtered, and the 
filtrate was reduced under vacuum The resulting aqueous 
solution was acidified to pH 3 and partitioned with ethyl 
acetate The reduced ethyl acetate fraction was separated 
by descending paper chromatography usmg an isopropanol: 
ammonia, water (10 1 1) solvent system Thirteen 
unrepheated treatments were used, comprising the 10 Rr 
strips from the chromatograms, a combination of strips 
of Rr 02, 04 and 07, gibberellic acid and a blank strip 
control The strips were placed 1a polythene bags and to 
each was added 100 ml of distilled water and nine potato 
tubers except for the treatment with gibberellic acid in 
which a 1 ppm solution of gibberellic acid was used 
instead This method of application 1s a modification of 
Goodwin’s technique for breaking dormancy® 

After 8 days in the dark at 13° C, many of the tubers 
had developed “‘soft-rot”’ (also noted by Goodwm), but 
the extent of this varied with the treatments (Table 1). 
There was no rottmg of tubers treated with strip Rr 07 
which 1s the Ry at which the mhibitor-8 complex usually 


Table 1 THE EFFECT OF TUBER EXTRACTS AND GIBBERELLIC ACID ON THE SPROUT GROWTH OF WHOLE TUBERS 


Treatment 01 02 03 04 05 
No of tubers remaining healthy 
after 8 days 8 5 5 3 5 
Totaleye No on remaning tubers 63 58 36 30 46 
Percentage eyes sprouted after 
21 davs 27 5 28 33 41 
Total sprout length (mm) per 
tuber after 29 davs 16 10 31 33 15 
33 davs 23 18 39 57 21 
36 dava 25 18 40 58 22 


Total sprout dry weight (mg) per 
tuber after 36 dava 30 


* X, Mixture of Rr 0 2,04 and 07 


167 52 61 21 


Rv Control 


Gibberellice 


06 07 08 09 10 water X* acidippm 
6 9 7 4 6 4 4 1 
49 68 75 29 58 33 33 10 
49 6 52 41 47 73 24 90 
44i 8 17 21 14 28 17 139 
58 15 22 25 1s 34 22 102 
59 17 2 26 20 35 24 164 
50 19f 23 82 22 43 34 64 


+ Decrease significant at 5 per cent level, when compared with control 
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occurs in this system The rotten tubers were discarded 
and the healthy ones removed from the bags and placed 
in trays. 

After 21 days sprouts had become visible and were 
recorded. Very few eyes were sprouting under treatments 
Er 0-2 and 07, but almost half were sproutmg under 
treatment Rr 0-6 and nearly three-quarters ın the control 
Rr 02 and 06 represent the areas where a neutral in- 
hibrtor and gibberellic acid are usually found m this 
system 

Records were made of total sprout length for each tuber 
after 29, 33 and 36 days, and total sprout weight for each 
tuber at 36 days All mdicated a substantial reduction 
in sprout growth produced by treatments Rr 02, 05 
and 07 when compared with the control Saheyhe acid, 
a mild inhibitor, usually occurs at Rr 0 5 in this system 
There were increases in sprout lengths produced by Rr 0 3, 
04and06 The mixture of Rr 0 2, 0 4 and 0 7 produced 
growth intermediate between the extremes given by 
treatments Rr 0 4 and 0 7, which suggests that the aux 
usually found m Er 0 4 (ref 6) will releve the mlubition 
produced by the compounds at Rr 0 2 and 07. 

These prelimmary results suggest that the mhibitor-@ 
complex does prolong dormancy, the evidence for which 
until now has been circumstantial A considerable effect 
was also produced by treatment Rr 02 This ıs the area 
of the chromatogram where neutral inhibitors noted by 
Varga and Ferenczy occur® Although these mhibitors 
do not disappear at dormancy break’, this demonstration 
of what must be presumed to be a dormancy prolonging 
activity suggests an indirect role m the maintenance of 
dormancy which has still to be elucidated 

This work was carmed out durmg the tenure of the 
H J Hemz Research Scholarship 
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Vulval Bodies in Certain 
Species of Heterodera 


DIFFERENCES ın the vulval region of the Tylenchid 
nematodes of the genus Heterodera are of considerable 
systematic value!-* The “bullae”, knob-like structures‘ 
not present im all species, are of particular importance 
They seem to be endocuticular, but ther function 1s 
unknown This communication reports the presence m 
the four species so far examined of other endocuticular 
bodies closely associated with the vulva itself My atten- 
tion was directed to them by Dr C. Ellenby, who first 
observed them m sectioned matenal of H rostochiensis 
and H tabacum (unpublished work) 

The ‘‘vuival bodies”, as 1t 1s proposed to call them, are 
clearly shown in Fig 1, a longitudinal section of a white 
cyst of H rostochwensts They have also been found ın 
H schachin, a bullate cyst with vulval cone, and mn H 
caci, an abullate cyst with vulval cone In both these 
species the vulval bodies are apparently less well developed 
than in H rostochensis and H tabacum It 1s too early 
to say, however, whether the apparent differences in size 
between the vulval bodies of different species are of 
systematic value 
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habta E panate: 
Fig 1 Longitudinal section of white cyst of H rostochiensis showing 
vulyal bodies A, Vulva, B, anus, Ç, vulval bodies (Scale=10z ) 


The vulval bodies are embedded ın hypodermis, and in 
all the species examuned they are closely associated with 
the fenestra, the thi peri-vulval region, it would be 
more correct to say that they are attached to the fenestra, 
because if this ıs detached from the cyst wall by manipu- 
lation, the vulval bodies are detached with ıt Their 
function 1s unknown If detachment of the fenestra of the 
fully formed cyst ıs vital for the emergence of larvae}, 
then perhaps the vulval bodies may be mvolved in some 
way ın this process. They do not seem to be involved m 
mating, for comparison of fertilized and non-fertilized 
cysts showed that the vulval bodies increased in size 
after fertilization m the former, but showed no such 
change ın the latter 

This work was supported by grants from the Science 
Research Council and the Agricultural Research Council. 
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University of Newcastle upon Tyne 
Received January 29, 1968 
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Dry Season Biology of Anopheles 
gambiae Giles in the Sudan 


COLLECTIONS of mosquitoes have been made regularly 
throughout the dry season in the desert west of Omdur- 
man, Sudan, by means of pyrethrum-spraying, well-traps 
and hand catching The results mdicate that adult 
female Anopheles gambiae (sp B ?) Giles survive through- 
out the dry season, but with a change in their physiology 
and behaviour The msects were found to hide in dwellmg 
huts (87 7 per cent), ın cracks down dry wells (8 5 per cent), 
im disused or ruined houses (3 2 per cent) and in rabbit 
and rodent burrows (05 per cent) Dissection showed 
that 771 per cent of the nulliparous females captured 
were engorged with blood Of these, 90 6 per cent contamed 
human blood The ovaries evidently undergo only one 
gonotrophic cycle durmg the dry season, developing 
extremely slowly so that, when the rains come, the gravid 
females are ready to oviposit These mosquitoes are 
apparently unable to lay eggs during the dry season 
Laboratory studies have also been carried out on 
mosquitoes bred in an insectary About 10 per cent of 
nulliparous females, kept from the beginning of the cool 
dry season ın conditions of temperature and humidity 
approximating to natural conditions, lived for periods 
up to 206 days Those maintained m similar conditions 
from the begmning of the hot dry season lived for a 
maximum of 51 days Individuals reared towards the 
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end of the hot dry season did not hvelong The ovaries 
of these expermmental individuals did not mature, although 
the msects took frequent blood meals Some of them 
survived for as long as 59 days’ fasting By weighing 
starved females before and after feeding, ıt was found 
that they took imcomplete blood meals Gonoactive 
females, reared ın the insectary, however, took complete 
blood meals Incomplete blood meals in gonoactive 
females evidently result in the failure of ovarian develop- 
ment 

Laboratory expermments also showed that low tempera- 
tures (20° + 0 5° C) and a low threshold of relative humidity 
(10-20 per cent) mduce a state of arrested development 
Low humidities at normal temperature produce an 
mhibition of oviposition in gravid females for 4-14 days 

This work was supported by the World Health Organiza- 
tion, Division of Malaria Eradication, and the practical 
work was carried out by one of us (S M O) 

Satan M Omer 
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University of Khartoum 
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ANIMAL BEHAVIOUR 
Specific Habituation by Chicks 


CERTAIN changes ın the sensory input of an animal are 
ummediately followed by a reaction from that animal 
which 1s the same for a variety of different changes This 
orientation reaction was first described by Pavlov!, who 
referred to observable changes ın posture such as turning 
the head to look or listen in a particular direction Many 
other changes within the animal have been found to 
comeide with such movements and are therefore con- 
sidered to be part of the orientation reaction? Lynn? 
has summarized the various components of the reaction 
which have been measured 

Repetition of a change in environment leads to reduction 
in the duration and extensiveness of the orientation 
reaction and, as far as present recording techniques can 
determine, to its final disappearance. After an environ- 
mental change has occurred at intervals until the dis- 
appearance of the orientation reaction, slight modification 
of that change may be followed by the reappearance of 
the reaction? The degree of modification necessary for 
such a reappearance depends on various factors and 1s 
hmited by the acuity of the sensory system concerned 
Sokolov? has described expermments ın which animals 
habituated to a tone of a particular pitch or duration 
showed a reaction, measured physiologically m various 
ways, when the pitch or duration was altered To explain 
such results, Sokolov has proposed that with repeated 
presentation of a stimulus a “neuronal model”, related to 
it, 18 gradually formed Responses to subsequent stimuli 
depend on a comparison between the stimuli and the 
model If that further mput corresponds exactly with 
the model, no reaction occurs, but a mismatch of any sort 
1s followed by an orientation reaction and, presumably, 
by a modification of the model 

This and other theories of the mechanisms of habitua- 
tion are reviewed by Lynn? The physiological mech- 
anisms suggested by Sokolov? to account for his observa- 
tzons have recently been questioned by Horn‘, who points 
out that some aspects of habituation can be explamed 
without postulating an active gating process after the 
matching of model and stimulus Horn also quotes 
evidence, for some situations, against Sokolov’s state- 
ment? that the model and matching system are located 
in the cortex, and that the afferent signal to the reticular 
formation, where the behavioural change 1s presumed to 
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be mmitiated, 1s controlled by fibres onginating ım the 
cortex Horn’s proposals do, however, include a model 
forming system, which in the case of time dependent 
experiments may be two-stage, and thus do not conflict 
with Sokolov’s behavioural hypothesis, only with some of 
the mechanisms he suggests 

The aim of this study was to test Sokolov’s general 
hypothesis using behavioural measures and to see whether 
the theory applied also to birds The reactions shown by 
young domestic chicks to a regularly repeated light flash 
and the effects of varying the duration of that flash are 
described 

Chicks were reared from hatching singly in grey-walled 
pens® with a 63 V torch-bulb present on the wall This 
bulb could be silently lumimmated by an automatic tammg 
mechanism The observer was never seen or heard by 
the chicks The birds were watched mdividually and 
their behaviour was recorded contmuously using a moving 
paper event recorder Every muitiation, termmation or 
change of direction of a movement, and the bout length 
of the fifteen most frequent measures of behaviour, were 
recorded 

When the seventeen chicks used in the experiment 
were 2-3 days old, the torch-bulbs were illuminated on 
a regime of 10s on, 20s off This was the first Jlummation 
change seen by the chicks since being placed ın the pens 
Each bird was watched for 25 mın before and for 
25 min after the imtial Ulumimation The regime was 
maintained for 18-24 h, after which the chicks were 
watched for a further 2 5 min and then for 15 min while 
the duration of the bulb-on period was altered at intervals 

The changes ın the behaviour of chicks which result from 
the Ulumination of a torch-bulb ın their home pen have 
been reported elsewhere’ A major change m behaviour 
during the 3 s after the first bulb lumination was shown 
by 94 per cent of the chicks watched in this expermment 
The exact nature of the change varied from one individual 
to another, but any call, jump, head-shake, head turn so 
as to fixate the bulb, or abrupt termmation or change in 
direction of an activity, ıs referred to here as a major 
change The beginning or end of bouts of frequently 
occurring activities are called mmor changes in behaviour 
A comparison of the 25 min before the muitial bulb-on 
with the 2 5 mm after, using two-tailed Wilcoxon matched 
pairs tests, showed increases 1n calling loudly and jumping 
{P <0 01), fixating the torch-bulb (P< 0 01), and moving 
close to the torch-bulb (P< 0 05) 

When each chick was watched for 25 mm after the 
regime had been operating for 18-24 h, no bird showed an 
unportant change in behaviour during the first 3 s after any 
bulb-on, and minor changes occurred ın only 2 per cent 
of these 3 s periods Thus the reaction to the light flash, 
as assessed by measurement of overt behaviour, had 
disappeared 

The illumination regime was then altered in one of two 
ways (Fig 1) The 30s period which included 10s bulb-on 
and 20 s bulb-off became (a) 5s on, 25 s off (n=8); or 
(b) 15 s on, 15 s off (n=9) After one such alteration, the 
previous regime was reimstated for five 30 s periods 
before another change of the same type This procedure 
was repeated so that each bird was subjected to the 
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changed regime five times at 3 mm intervals The only 
change detectable by the chicks was m flash duration, 
for the timer controllmg the regime was maudible to 
them, being ın a different room, and the use of a constant 
voltage supply prevented any change ın bulb brightness 

If a model of the regular input were formed and an 
overt reaction occurred when the subsequent input did 
not match that model, 1t would be expected that the 
behaviour of the chicks would show a change in group (a) 
at 5 s after bulb-on, that is to say, when the bulb went 
off too early, and in group (b) at 10 s after bulb-on, that 
is to say, when the bulb would normally have been ex- 
tinguished but was not Such changes should be apparent 
within 3 s, so that data from the record of continuous 
observation which are quoted here are for 5-8 s after 
bulb-on ın group (a) and for 10-13 s in group (b) 

During the five 30 s periods before the alteration in 
flash duration, none of the chicks m group (a) showed a 
major change in behaviour between 5 and 8 s after bulb- 
on, and none of those in group (b) showed a major change 
between 10 and 13 s after bulb-on In the five periods 
during which the flash duration was altered, however, 
major behaviour changes were shown by 83 per cent 
of group (a) birds between 5 and 8 s after bulb-on and by 
100 per cent of group (b) birds between 10 and 13 s after 
bulb-on 

The most obvious changes ın behaviour were the 
fixation of the bulb for at least 2 s and a sudden shake 
of the head or whole body accompanied by a brief cessation 
of whatever activity was being performed Other frequent 
changes included the initiation of a series of rapid pecks 
directed at the ground or the wall or sudden isolated 
pecks, scratches, calls or preening Some birds walked 
towards or away from the bulb A comparison of the 
frequency of major changes ın behaviour before altering 
flash duration and ın the five successive periods in which 
the duration was altered ıs shown in Table 1 


Table1 INCREASE IN BEHAVIOUR CHANGES AFTER ALTERING FLASH DURATION* 
Before altering flash After altering flash duration 


Group n duration ‘ota, 
0-38 5-88 10-1838 % Ist 2nd 3rd 4th 5th 
9 8 6 0 2 50 75 63 50 33 0 
(b 9 0 2 0 49 44 83 56 44 67 


* Each figure is the percentage of major behaviour changes during 3 s 
observation 

“Before altering flash duration” figures are for the 3 s starting at bulb on, 
and 5 and 10safter "After altering flash duration” figures are for 5-8 s after 
in group (a) and 10-13 sın group (b) The total percentages for all five periods 
and the figures for successive periods are shown. 


For group (a), a comparison of the behaviour of each bird 
in the 5-8 s after bulb-on durmg the five periods before 
altermg flash duration, with the corresponding time 
during the five periods in which the duration was altered, 
gave a two-tailed value for P of 0 02 (Wilcoxon matched 
pairs test) For group (b), m a similar comparison but 
for the 10-13 s after bulb-on, P <0 01 two-tailed 

In group (a), 75 per cent of the chicks reacted to the 
early extinction of the bulb when this first occurred, but 
none reacted to the fifth duration change This change 
from a 10 to a 5s flash ıs presumably large enough to be 
readily detected as a discrepancy between previous and 
present input but, as far as is apparent from behavioural 
observation, the “model” ıs modified rapidly Fewer 
birds reacted initially to a change from a 10 to a 15 s 
flash, but the total percentage of reactions over the five 
changes was almost the same ‘This change may be less 
easily detected than that from 10 to 5 s and the “‘model” 
1s not modified as rapidly 

The recording was continuous, so 1b was possible to 
look for behaviour changes durmg periods other than 
those m which the flash duration was altered The chicks 
often showed changes in behaviour when the bulb was 
illuminated as usual in the 30 s period following that of 
altered duration For both group (a) and group (b), ın 28 
per cent of the bulb-illumimations followmg periods in 
which flash duration had been altered, major changes 
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in behaviour occurred im the first 3s Results of Wilcoxon 
tests comparing these 3 s periods with the corresponding 
periods before altermg the duration for both major 
changes, and major and minor changes combined are as 
follows group (a), major change P>005, major or 
minor change P=0 05, group (b), major change P=0 05, 
major or minor change P=0 01 (all two-tailed) This 
effect of an environmental change on subsequent reactivity 
to a regular change ıs sumilar to some of those described 
for various mammals? 

Using entirely behavioural measures, these results 
support the hypothesis that the mechanisms underlymg 
such reactions mclude the formation of a model of the 
repeated sensory input and some system for comparmg 
subsequent mput with that model This comparison 
could be active, as required by Sokolov, or passive as 
suggested by Horn A mismatch may be followed by 
an overt reaction, a change ın the likelihood that the 
animal will respond to further mput, and modification 
of the model 

I thank Professor W H Thorpe for facilities at the 
Sub-Department of Animal Behaviour, University of 
Cambridge, Professor R A Hinde for much advice and 
Dr G Horn for discussion of the manuscript The work 
was supported by a grant from the Science Research 
Council 
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APPLIED SCIENCE 


Argon Sorption at 77-4" K 
on a Microporous Glass 


Puysicau adsorption should be a fast process, but several 
glasses have been observed to interact with gases—both 
inert? and otherwise*"—slowly, the process taking a very 
long time During recent vestigations into the structure 
of glass fibres using a selective leaching techmque, we have 
prepared a porous glass, predominantly silica in composi- 
tion, which exhibits slow sorption of gases over long periods 
of time These sorption properties can be very greatly 
modified by thermal pretreatment 

A typical characterization of a porous product of a 
leaching process would mvolve the measurement of a 
pore size distribution and a surface area, and their varia- 
tion as a function of thermal treatment This was found 
to be meffective for the system studied because the 
adsorption isotherms of the usual probe gases showed a 
marked dependence on time A certain degree of charac- 
terization of the silica fibre properties was possible by 
observing the rates of mert gas sorption as a function of 
uptake and thermal treatment 

The sorption kinetics of argon by the microporous glass 
were followed gravimetrically using a vacuum micro- 
balance Before the sorption experiments, the samples 
were heated on situ at the required temperature for at least 
16 h at pressures of less than 10-*mm of mercury Further 
treatment at the same temperature did not normally 
result ın any further loss of weight or change m the 
sorption kmetics 

The rate of sorption of argon was found to be virtually 
independent of pressure in the relative pressure range 
005 to 05 at 774° K but to be strongly dependent on 
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Fig 1 Argonsorption by a microporous glass produced by acid leaching 
Argon pressure ~08cm of mercury Temperature 77 6° K + 885° © 
(16h), x, 200°C (18h), O, 5 200° C (Zh), A, 120° C (16 b) 


thermal treatment and history Adsorption experments 
carried out with benzene at 26° C also showed some time 
dependence, but the rates were of the order of 104 times 
smaller and outside the hmut of sensitivity of the 
apparatus 

The krypton surface area was determined by using a 
volumetric technique and was found to agree to withm 
5 per cent with the value found for the original glass. 
The method was not of sufficient sensitivity to investigate 
slow processes The interaction of water with the therm- 
ally treated sample was quite complex and mvalidated 
its use as a molecular probe, because the structure of the 
microporous glass was izreversibly altered durmg an 
absorption experiment 

Figs 1 and 2 show the results of a series of sorption 
experiments on the microporous glass after a variety of 
pretreatments It ıs evident that water has had a smnter- 
ing effect on the structure Fig 3 ilustrates the sintermg 
effect of temperature on the structure, in that the rate of 
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Fig 3 The influence of thermal treatment and associated weight loss on 


the rate of argon sorption at 77 4° K at constant uptake 


O, 0 375 u 
A, 0 625 ug cm s 


em, x, 05 ugem, 
argon sorption at constant uptake increases progressively 
as the temperature increases up to 450° C, and then 
sharply decreases, virtually ceasing below 600° C This 
behaviour 1s mirrored m the dimensional changes observed 
in the samples as a function of temperature, and is in 
contrast to the behaviour observed in porous ‘Vycor’ 
glass‘, where no appreciable consolidation occurred below 
900° C 

The evidence pomts to the existence of an mterior 
volume within the silica fibres, the entrance to which 1s 
controlled by fine pores of dimensions similar to the size 
of the argon molecule, for krypton and benzene are 
apparently excluded or have a very much slower sorption 
rate If its behaviour is compared with that of the 
molecular sieve chabazite, which shows a simular type of 
slow sorption process with hydrocarbon molecules®, ıt 
would be necessary to assume a smaller controlling pore 
diameter than that present ın chabazite because the 
latter shows no slow sorption with argon It would 
require a pore diameter in the region of 3 84 A or less to 
produce the required time dependent sorption and, 
according to Kington and Laing’, 1t 1s more likely that a 
diameter of 31 A or less would m fact be necessary to 
cause the movement of argon to become an activated 
process ın a porous system 

The mechanism of sintermg of the porous product of 
selective leaching of various glasses is to be studied in 
more detail with particular emphasis on the effects of 
water vapour and thermal pretreatment 
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BOOK REVIEWS 


PROBLEMS OF THE QUASARS 


Quasi-stellar Objects 
(A Series of Books m Astronomy and Astrophysics ) 
By Geoffrey Burbidge and Margaret Burbidge. Pp vin+ 
235 (San Francisco and London. W. H Freeman and 
Company, 1967) 70s 


Some five years ago several papers were published ın one 
issue of Nature, and they were the first to imtroduce 
quasars to astronomers and to the scientific public In 
his contribution Cyril Hazard showed how the position of 
the two parts of the radio source 30 278 fitted exactly 
on to the position of the corresponding optical object In 
another paper Maarten Schmidt explamed the emission 
spectrum of part B of the object by assuming that 1t had 
been red-shifted by an amount z=016 Since then 
astronomers have been wrestlmg with the problem of the 
quasars 

The observers have made astonishing progress m their 
work Identifications have been made for well over a 
hundred quasars, with red-shifts that range up to z= 2 22 
The radio astronomers have measured angular diameters 
and found that many quasars have unresolved components 
smaller than 001 seconds of arc Infrared observations 
have shown that 30 273, at any rate, emits most of its 
energy at sub-muillimetre wavelengths Most puzzling 
of all 1s the discovery that many quasars are variable, 
with relatively abrupt brightenings and darkenings that 
sometimes occur within one or a few days Finally, some 
of the more highly red-shifted objects were found to have 
absorption as well as emission lines, and although z 
emission 18 usually close to z absorption the two values of 
z seem never quite to comeide 

Clearly the observers have done a vast amount of work, 
and Margaret and Geoffrey Burbidge, in particular, have 
contributed very largely to our knowledge of the observed 
properties of quasars In this book they have collected 
together and assessed all the accessible observational 
results found by themselves and by other astronomers 
All future investigations must begin with selected readings 
of Burbidge and Burbidge to find out what is already 
known—or rather what was known in early 1967 

But Quast-siellar Objects goes further than this. In 
addition to deseribing the observations, the Burbidges 
give a full account of the attempts of theoreticians to 
explam the phenomena If the reader comes away with a 
confused impression, then this only shows how well the 
authors have done their work No one can even be sure 
how to interpret the red-shifts Are they cosmological ? 
If so, the energy output of the typical quasar must be 
exceedingly great and its life-trme perhaps as long as a 
mulion years One would expect such an object to be 
quite large; on the other hand the rapid fluctuations in 
bnghtness mdicate that m an important sense ıt has an 
underlying structure with a much smaller bnear scale 

Are the red-shifts gravitational ? Schmidt and Green- 
stem long ago showed that the emission spectra cannot 
arise on the outside of a body that is massive enough 
The resultant gravitational red-shift z would be too small 
even for 3C 273 To make the gravitational theory work 
one would have to postulate a structure of almost 
Byzantine complexity and of rather doubtful stability. 

Are the red-shifts due to the Doppler effect m a set of 
local objects rapidly receding from the vicmity of our 
Galaxy? If so, who can magme the dynamics of the 
explosion that sent off mdividual masses with speeds 
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up to 082 c, but did not completely disrupt them ? 
Further, where are the groups of quasars surrounding 
other galaxies, many of which should look to us much 
brighter than our own quasars and should show con- 
siderable blue-shifts ? These are only a few of the argu- 
ments that the theoreticians have been volved in The 
Burbidges give a very good account of them, even if some- 
times they plead a little too much on behalf of their own 
favourite view 

The theoretical situation 1s indeed fluid, even turbulent 
By the discovery of quasars the observers have shown the 
astrophysicists how far they are from understanding the 
Universe, just when they were beginning to feel a little too 
satisfied with their recent successes. Long may such 
observers continue to provide us with such surprises 

F D Kaan 


SPECIAL RELATIVITY 


Elements and Formulae of Special Relativity 

(The Commonwealth and International Library of Science, 
Technology, Engineering and Liberal Studies Physics 
Division) ByE A. Guggenheim Pp.x+63 (Oxford, 
London and New York Pergamon Press, 1967) 21s net, 
$4 50 


Tuis book gives an account of the essentials of special 
relativity theory Aberration, mechanics, hydrodynamics, 
electromagnetism are all covered at a simple level, as 
deductions from the Lorentz transformation, which 18, 
however, not proved The book 1s compact and will suit 
those who want a compendium of formulae but who do 
not wish to enquire too deeply mto conceptual problems 
such as why do we need a relativity of simultaneity, 
anyway ? I have one reservation concerning the author’s 
five and a half page chapter on relativistic thermodynamics. 
He treats 1t as if everything were cut and dried in this 
field This is, however, misleading, and there 1s a body 
of opmion which would not accept all the formulae 
derived in this chapter P T. LANDSBERG 


POLYMER RELAXATIONS 


Anelastic and Dielectric Effects in Polymeric Solids 
By N G McCrum, B E Read and G Willams Pp. 
xv+617 (London and New York John Wiley and Sons, 
1967) 160s 


Were it not for the development of polymer science, 
through exploratory polymer chemistry in particular, the 
subject of viscoelasticity might have remaimed little more 
than an interesting and mathematically speculative 
curiosity With the tremendous output of new products 
in recent decades, albeit often within, rather than from. 
the research laboratory, there has been a corresponding 
availability of materials which exhibit this phenomenon 
to a substantially marked degree and thereby allow for a 
more extensive study Perhaps not surprisingly, from the 
touchstone of the vamed demands of characterization, 
there has been at least a dualistic expermental approach 
to the subject of viscoelasticity, with some workers on 
the one hand concentrating more on mechanical features, 
whereas others have found dielectric properties of greater 
imterest This book makes a serous attempt to unify the 
two approaches, and even the nomenclature, by an 
mtegration of the relevant mechanical and dielectric 
aspects of lnear viscoelasticity m such a way that it will 
be of interest not only to chemusts and physicists but also 
to researchers ın the fields of chemical, electrical and 
mechanical engineering 

Followmg an mtroductory chapter and a general one 
on the chemical and physical structure of polymeric solids, 
there are three, mainly theoretical, chapters on theories 
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of the lumtmg moduli: and the static dielectric constant, 
phenomenological theories of mechanical and dielectric 
relaxation, and molecular theories of relaxation including 
an account of secondary relaxations m solids Two useful 
chapters on experimental methods, mechanical and dielec- 
tric, conclude the first two-fifths of the book The rest 1s 
devoted to chapters on results obtamed on mdividual 
classes of polymers, including methacrylate and related 
polymers, polyvinyl esters and related polymers; hydro- 
carbon polymers; halogen polymers, polyamides and 
polyurethanes, polyesters and polycarbonates, and, 
finally, oxide polymers A reference section containing 
more than 800 references in alphabetical sequence, many 
of recent origin, an author index and subject index com- 
plete the publication 

The overall impression 1s of an authoritative account, 
agreeably printed and adequately supplemented with 
tables and figures—and not one spring or dashpot in 
sight—presented with a textual precision which permits 
a high content of detailed mformation Perhaps because 
of this, readers from one diserphne may wish for a httle 
elaboration on some parts which will be sufficient for 
those from another, and yet there will be no difficulty for 
the serious reader in seeking appropriate mformation, 
whether ıt be theoretical or experimental Here it should 
be pomted out, as the authors admit, that the subject 
matter 1s such that 16 will be of more immediate mterest 
to the researcher rather than to, say, the practising 
engineer Nevertheless, herem he many of the explana- 
tions for the often mahgned properties of polymers which 
have been used in the wrong context, and to this end I 
feel that the book, or its contents, may profitably be 
reported outside the research laboratory This 1s a 
valuable publication and, although there may be one or 
two books ıt will not supplant, except m date, there are 
many accounts ıt will, and it 1s therefore strongly recom- 
mended both as a textbook and reference book for the 
serious reader and researcher m polymer science 

R P SHELDON 


LAYERED ROCKS 


Layered Igneous Rocks 

By L R Wager and G M Brown Pp xv+588 (Edm- 
burgh and London. Olver and Boyd, Ltd, 1968) 
168s net 


THe phenomenon of layering in igneous rocks has fasem- 
ated petrologists for many years and the name of Professor 
Wager has been associated with the subject, ın particular 
with the Skaergaard Intrusion of Hast Greenland, for 
some thirty of them. It 1s fortunate that he had com- 
pleted his contribution to this book before his sudden 
death in 1965 and that Professor Brown was able to carry 
the book to publication 

The first part, written by Professor Wager, gives a 
very detailed account of the Skaergaard Intrusion which 
serves as a basis for comparison with the other layered 
complexes The account 1s systematic and commences 
with a general introduction to the characteristic features 
of the complex. Having done this, the mmerals and the 
rocks composing the layered series are described. The 
chemistry 1s given meticulous coverage and equal attention 
18 paid to the mechanism of differentiation of the layering 
While putting forward a theory, the authors do not agree 
that an explanation for one locality may necessarily 
satisfy another, and pomt out (page 338) that “No single 
theory 1s capable of explamung, for all layered mtrusions, 
the origin of a feature such as rhythmic layermg, because, 
despite overall similarities, the details differ from one 
intrusion to another” 

The second part of the book, written by Professor 
Brown, 1s devoted to the other layered complexes of the 
world and ın particular to the Bushveld, Stillwater and 
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Rhum Intrusions In each case the treatment 1s the same, 
which makes comparison easy The form of the intrusion 
1s described together with an account of its minerals 
present, the princrpal subdivisions of the mtrusions are 
discussed and finally the crystal history ıs grven In the 
case of the Bushveld, this 1s probably the most up to date 
general account smce Hall’s memoir of 1924 In all cases 
reference 1s made back to Skaergaard and poimts of 
similarity and dissimilarity are noted 

Other types of basic layered mtrusions described include 
the Cuillins of Skye, Kap Edvard Holm, Hast Greenland, 
Duluth, Minnesota, and the Great Dyke of Southern 
Rhodesia Deserıbed ın less detail are twenty-nine smaller 
layered and fractionated intrusions, which are grouped 
by continents They melude Ardnamurchan, the Lizard 
and Dawros from the British Isles, several examples 
from North America and Africa and three from Russia 
A short chapter 1s included on Differentiated Sills and 
there ıs also one dealing with layering in syenites and 
granites 

This 1s a very comprehensive work—a compendium of 
layered intrusions m fact—which has been brought to- 
gether ın one volume for the first time The detail 1s 
such that ıt will be of most use to the advanced student 
and postgraduate, although students of even first year 
level may derive benefit from reading the first and last 
chapters on general aspects of layermg It will be, and 
deserves to be, a classic textbook and ıt 1s a fitting tribute 
to Professor Wager’s work. J R V Brooxs 


CELLS IN PAPERBACK 


The Cellular Role of Macromolecules 
(Serres i Undergraduate Biology, Vol 2) 
Jelunck Pp 117 (Glenview, Ill 
Company, 1967) $2 25 


THERE have been considerable changes in the teaching of 
biology recently, both at school and ın the university, and 
there is a demand for suitable books particularly at the 
elementary level Publshers have met this need with 
textbooks of wide coverage and uneven quality, which are 
often characterized by redundant illustration There has 
also been a tendency for the production of paperback 
series which, while certainly no cheaper in aggregate, allow 
mdividual selections A narrower coverage also provides 
the opportunity for two essential features of any elemen- 
tary monograph which is to mterest and educate a 
student: an informed selection from the vast amount of 
material available, and a coherent view of the subject by 
the author 

These desirable but elusive features are not always 
found in every volume of a series “The cellular role of 
macromolecules” 1s a large subject and may be difficult to 
cover adequately, but this book makes the attempt It 
begins with the desemption of various cells, then covers 
dynamic aspects of biological systems, before proceeding 
to a discussion of intermediary metabolism, biosynthesis 
and regulatory mechanisms. 

Unfortunately ıt ıs not always very accurate For 
example, Gurdon’s work on nuclear transplantation ind1- 
cates a position very different from that of Briggs’s and 
King’s Transcription of RNA from one strand only of 
the DNA double helix clearly was not first shown from 
the poly dAT experurent quoted, nor does the evidence 
quoted show that transcription occurs “within the mmor 
groove” of the DNA helix. 

The book 1s probably the better for not being lavishly 
illustrated, although the whole page diagram of the 
reactions involved im Irpid biosynthesis would not be very 
clear to an elementary student and certainly fails to com- 
pensate for the two short paragraphs on the subject 
Holley’s work on transfer-RNA sequence 1s mentioned, but 
no comment is made on the secondary structure, with 
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which it 1s compatible, the hairpin configuration 1s still 
discussed and illustrated 

There are liberal quotations from many research workers, 
which may, as the author hopes, illustrate their contri- 
bution and philosophy, unfortunately they often punc- 
tuate the narrative flow and sometimes illustrate a turgid 
style Students may hke to read these extracts and 1t 1s 
certainly helpful to mention the authors of various experi- 
ments, although I am puzzled by the subtle gradations 
which have decreed that some have Chmstian names, 
others initials and a few neither 

This book does not supersede other simlar paperbacks 
m this well-publicized field, despite several useful features. 

P M B. WALKER 


BIOLOGICAL PROBLEMS 


Problems in Quantitative Biology 

(Biological Science Texts) By J F. Eggleston Pp 
1x+226 (London The English Universities Press, Ltd , 
1968) 22s 6d 


THis collection of numerical examples is mtended to 
promote the teaching of biology as an exact science by 
providing exercises which grve sixth form and first year 
university students experience m handling quantitative 
biological information, and help them to apply mathe- 
matical skills and assess the error and degree of significance 
involved. It might ın some ways be regarded as an 
English counterpart of Joseph Schwab’s Inuitatens to 
Enquiry 

The book 1s organized ın two sections. The first part 
comprises eight groups of analytical and numerical 
problems concerning physiological processes ın plants 
and animals These groups deal severally with respiration 
and gaseous exchange; photosynthesis, water relations 
of animals and plants; 10n uptake and loss ın animals and 
plants, muscle and skeletal physiology, kidney and 
excretion; and statistics and genetics The second part, 
printed on distinguishing green paper and coded to correlate 
easily with the first part, claims to give a detailed consider- 
ation of the problems posed in the first part, together 
with their solutions To a professional mathematician 
the explanations might appear somewhat imprecise and 
inadequate 

It ıs a truism that the quality of learning 1s determined. 
by the quality of the teacher, certainly the educational 
use of this book calls for knowledge, skill and discrumina- 
tion of a high order on the teacher’s part It would be his 
task to select the problems appropriate to his pupils’ 
sophistication both m biological concepts, facts and 
principles and m mathematical expertise, unless the text 
were to provide merely a collection of arid exercises 
Such a concentration of examples might well daunt those 
who take a more broadly humanistic view of the biological 
sciences than is at present fashionable, though the 
insufficiently numerate biology teacher might well find 
some reassurance in the second part of the book 

There 1s certainly wide variety m the problems posed 
and this gives a helpful idea of the many aspects of biology 
which lend themselves to numerical treatment, neverthe- 
less, mathematical problems should come into biology 
only if they elucidate a particular aspect of the subject 
Too often these problems seem artificial, thought up to 
mvolve some mathematical skill or physico-chemical 
consideration 

Far from “spreading alarm and despondency” as the 
author fears, the mtroduction of materal from orgmal 
papers and advanced texts 1s a welcome and redeeming 
feature of the book It is certamly m accord with the 
current demand for relevance at all educational levels 
Unfortunately, the text lacks documentation and, 1f the 
author’s hope that pupils will be stumulated to refer to 
reference books 1s to be fulfilled, an adequate bibliography 
1s essential 
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Mathematics ın the forms suggested by this book can 
indeed be e most useful precision tool for occasional use 
by a knowledgeable and discrimmnating practitioner, but 
as a “weapon in his armoury” the average teacher might 
well find such a concentrated device as this rather danger- 
ously two-edged 

Problems wm Quantitatwe Brology should be regarded 
with caution as a teacher’s reference book rather than 
adopted unreservedly as a student’s text 

E J VINNICOMBE 


GENETICS REVIEWED 


Annual Review of Genetics 
Vol. 1. Edited by Herschel L Roman m association with 
Laurence M. Sandler and Gunther S Stent Pp. 334 
(Palo Alto, California Annual Reviews, Inc, 1967) 
np 
Tms volume inaugurates a new member of the Annual 
Reviews series The usual two questions arise 18 it 
required, and if so, ıs 16 good? For once the answers can 
both be m the affirmative. Though most first issues 
manage to be good, this 1s exceptionally so The quality 
and composition of the editorial commuttee—Crow, 
Luria, Owen, Rhoades, Roman and Tatum-—promise 
that the standard will contnue H L Roman’s editor- 
ship, ın association with L M Sandler and G S Stent, 
is further guarantee 

Genetics has at last permeated the whole of biology. 
Often unaware, now every biologist “does” some genetics 
The result is that those more primarily terested ın the 
genetic aspects of any one problem are faced with the 
difficulty of scattered hterature An Annual Renew of 
Genetics 1s required to make this task easier 

The first issue covers both highly specialized and more 
general topics Pickmg and choosing the chapters on 
“Human Genetics” by H E Sutton and “Population 
Genetics” by R C. Lewontin stress the generality of 
balanced polymorphism from man to Drosophila A 
masterly article by C Yanofsky reviews the five principal 
sources of evidence—two from bacteriophage and three 
from Escherichia colta—which have demonstrated the 
co-lmearity between the nucleotide sequence of a gene 
and the amino-acid sequence of the polypeptide chain 
encoded in that gene S Emerson, in “Fungal Genetics”, 
stresses the unique contribution of tetrad analysis to the 
investigation of the mechanisms of recombination As 
to “Developmental Genetics”, H Ursprung stresses the 
change from the analysis of developmental pathways 
disrupted in mutants to that of sequential activity of 
genes m terms of messenger production 

Those mentioned are only five of the thirteen review 
articles of this volume, all of which are valuable 

G PONTECORVO 


TAXONOMY OF PLANTS 


Plant Variation and Classıfication 

By Ritchie C. Bell (Fundamentals of Botany Series ) 
Pp witi35 (London Macmillan and Co, Ltd, 1967) 
12s 6d 


Tus 18 a typical “curate’s egg” book, the sections on 
variation are very well done, while those on classification 
are weak m a number of places It suffers all the way 
through, also, by leanmg too heavily on theoretical 
examples where a little searching through the hterature 
would have revealed actual ones of much greater mterest 
and value to the student 

After an mtroductory chapter on variation and classi- 
fication the author goes on to discuss nomenclature and 
keys, this chapter is reasonably well done, but at least 
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seven errors occur m Table 2-1, where the translations of 
certain. specific epithets are given 

The historical chapter on botanical classification 1s 
interesting and of considerable value until a discussion of 
phenetic and phylogenetic classifications 1s embarked on 
Here, the author ıs led into serious errors, for example 
(page 36) “In the phenetic system, the arrangement of 
the taxa of plants according to their relative evolutionary 
position is made on the basis of the apparent relationships 
observed among available plants or plant materials” 
This is far from the truth, for the whole purpose of a 
phenetic system 1s to classify on the basis of observed 
characters, without any reference to evolutionary position 

On the other hand, the fourth and fifth chapters are well 
reasoned and clearly wmtten The fourth chapter deals 
with variation patterns, isolating mechanisms, aneuploidy 
and polyploidy. The fifth chapter describes the sources of 
variation, clearly differentiating phenotypic from geno- 
typic variation and dealing well with each 

Taxonomic characters are listed ın the sixth chapter, 
but the author has not really been allowed enough space 
to do justice to these, especially to the newer techniques 
of chemotaxonomy and serotaxonomy, while studies on 
fine structure are not mentioned at all The seventh 
chapter deals with the evaluation and presentation of 
data and mentions hybrid mdices, polygonal graphs and 
scatter diagrams Brief notes on numerical taxonomy are 
also meluded. 

Fmally, the eighth chapter gives short descriptions, 
illustrated by drawings and diagrams of twenty-five 
flowering plant famihes, with an average of one family 
per page ‘These are quite well presented, though of 
course not much can be said about each family ın such a 
short space and only the plants thought of as “typical” 
can be mentioned at all Incidentally, the so-called 
angiosperm classification on page 96, modified from that 
of Bessey, 1s not really a classification but a phylogenetic 
tree, and as such might be rather confusing to the student, 
for whom this book 1s intended 

The suggestions for further reading are far ranging in 
subject, but of the thirty-four references to books (exclud- 
ing state floras) only six were published outside the 
United States, while only one of the eleven periodicals 1s 
a non-American one There 1s no bibliography as such, 
even though the text has numerous references to authors 
and dates of publication 

No doubt the author was strictly limited by the size of 
this book, which forms part of a series, and for that 
reason could not hope to go into greater detail m all the 
aspects of taxonomy he has tried to cover It would 
surely have been better, however, to omit the descriptions 
of the twenty-five families ın the eighth chapter altogether 
and to have used the space so provided to enlarge other 
sections The chemotaxonomy, serotaxonomy and taxo- 
metrics sections would well repay expansion and ıt would 
be valuable to provide more actual examples of the points 
described, and surely, in a book of this sort, species 
concepts ought to be discussed or at least receive passing 
mention J G Hawkes 


PRODUCTIVITY OF FORESTS 


Methods for Estimating the Primary Production of 
Forests 

By P J Newbould. (International Biological Programme 

Handbook No 2) Pp vi+62 (Oxford and Edmburgh 

Blackwell Scientific Publications, 1967) 7s 6d 


Tuts booklet consists of forty-seven pages of text and ten 
pages of references, it 1s mtended to serve as a guide to 
the methods that may be recommended “to scientists 
who themselves do not thmk that they have better 
methods” (as E B Worthington says in the foreword) 
for the “general investigations of primary production” 
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m woodlands which form part of the International 
Biological Programme, thus 1t concerns the annual yield 
of timber, branches, leaves, roots, and so on The recom- 
mendations are mostly sound, as mdeed they ought to 
be m view of the many specialists who contributed to the 
original draft, and should be useful to the planner of 
investigations mto such matters, provided that he makes 
full use of the references, heeds the many important but 
often mconspicuous warnings that are issued by Professor 
Newbould, and has a sound grasp of the statistical prn- 
eiples of sampling 

Perhaps a fuller discussion of the relative importance 
of the various sources of error would have been welcome, 
and also a clearer relation of method to purpose, for 
example, tables which ıb ıs both legitimate and desirable 
to use when ascertaming relative yields of a single plot 
durmg successive periods of tıme may be grossly mislead- 
ing if used for comparing the yields of plots ın different 
environments Agam, it is suggested that a period of 
between three and five years is probably adequate for 
measuring the growth of all-aged forest, ıt all depends 
on the purpose In Europe a period of ten years 1s no 
more adequate for giving a reliable estimate of mean 
increment than ıt would be for giving a reliable mean 
rainfall This, however, may be asking for too much in 
so small a space, and the critic 1s disarmed by the admission 
that the work could undoubtedly be improved, together 
with a request for suggestions to this end 

Here, then, are some suggestions The old and well- 
tried method of measuring the volume of irregular branches 
by immersing them ın water 1s worth mentioning. There 
is a large amount of information available on the pattern 
of density of wood m tree boles, and this should be con- 
sulted before sampling them for density, partition mto 
sapwood and heartwood 1s not necessarily the best pro- 
cedure Foresters, when measuring sample plots, usually 
measure the volume of bole and, sometimes, of branches, 
greater than some conventional “timber size” (in Britain 
95 m girth), 16 would be useful if biologists, when 
measuring the amount of wood m a forest, measured 
separately from the rest the same components as those 
measured by local forest research departments, this 
would facilitate the comparison of foresters’ and biologists’ 
work, greatly to the advantage of biologists 

Eustace W JONES 


VEGETATION MAPPING 


Vegetation Mapping 
By A W. Kuchler Pp vi+472 
Ronald Press Company, 1967) $15 


Wirn few exceptions, mainly in Europe, mapping of 
vegetation has proceeded largely ın isolation from other 
ecological activities This book will probably bring to 
the notice of many ecologists for the first time the amount 
and interest of the work that has been going on in this 
field It ıs therefore welcome ın a broader context than 
1s indicated by its ostensible purpose of providing a 
handbook and guide to the procedures and technicalities 
of producing vegetation maps 

The author of this book ıs a leading practitioner of 
vegetation mapping, who 1s particularly well qualified to 
bring together the diverse literature of the subject He 
has succeeded in producing what will be a definitive guide 
to this field, at least m English speaking countries, for 
some time 

The book opens with an interesting “Historical Sketch” 
of the development of vegetation cartography The 
second section of the book ıs concerned with “Some Basic 
Considerations” This ıs somewhat disappointing Before 
units of vegetation can be mapped, a clear conception of 
the nature of these units 1s necessary and one expects 
some discussion of the thorny problems that surround 


(New York The 


NATURE, VOL. 217, MARCH 2, 1968 


concepts of the plant commumty These problems are 
scarcely mentioned and one looks m vam m the extensive 
bibhography for many of the names of those who have 
figured ın discussion of them Tansley, Clements and 
Curtis recerve incidental mention in this connexion but 
without indication of the fundamental differences between 
their pomts of view, others, for example Gleason and 
Ramensky, are not mentioned at all. Classification 1s 
likewise treated rather superficially. The author nightly 
emphasizes that only two types of features are available 
as criteria in the classification of vegetation (as opposed 
to classification of sites)—structure and floristic com- 
position—but there ıs httle discussion of what aspects of 
the floristic composition should recerve most weight and 
there ıs no consideration at all of the development of 
numerical techniques that has been such a promiment 
feature of phytosociology ın the past decade 

The third section of the book deals with “Technical 
Aspects”, covermg such questions as choice of scale, use 
of aerial photographs, choice of colour and symbol, the 
lay-out of maps and accompanying texts, and so on 
This section raises few points of fundamental controversy 
(though many will consider the relegation of “Boundaries 
and Transitions” to a technical aspect somewhat sur- 
prising) These technical aspects are clearly and inter- 
estingly presented and treated im a well-balanced 
manner 

The fourth, and longest, section deals with the practice 
of mapping ın various conditions and according to various 
schools This account will be invaluable both to those 
considering possible methods to use in vegetation mappmg 
and to those concerned to make use of vegetation maps 
emanating from different schools 

The final section 1s concerned with “Application of 
Vegetation Maps” In addition to the use of vegetation 
maps as tools m ecological and geographical research, 
examples, actual or hypothetical, are given of their use 
as climatic records, in pedology and geology, agriculture, 
forestry, land management and planning, education, for 
commercial engineering and fiscal interests, and ın relation 
to military activities This is a most impressive hst If 
only a small proportion of the suggested potential uses 1s 
realized, there ıs ındeed a strong case for extensive 
allocation of resources to vegetation mapping 

A bibhography of some 600 references ıs particularly 
valuable for its coverage of hterature ın French and 
German There are few references after 1963 

In spite of the reservations indicated here, this 1s a 
valuable and timely book, although few will go all the 
way with the author ın assigning a central role in the 
understanding of vegetation to vegetation mappmg The 
author 1s an enthusiast for his subject and his enthusiasm 
makes his book a pleasure to read, even when we may 
disagree with what he has to say It 1s written in an easy 
and informal style and well produced, though the price, 
by European standards, seems rather high 

P Grere-Smire 


PARENTS ARE DIFFERENT 


Influences on Parent Behavior 

By Lois Meek Stolz (Stanford Studies ın Psychology ) 
Pp wii+355 (London Tavistock Publications, Ltd , 
1967) 65s net 


Ir 1s well accepted that parents, even when social variables 
such as religion or social class are controlled, will vary 
considerably in their child-rearmg behaviour. The author 
of this lengthy book 1s concerned to isolate some of the 
factors—either conscious or easily recalled smee uncon- 
scious ones are inaccessible by social research—which may 
influence them 

Repeated interviews were carried out with both parents 
m thirty-nine families Most fathers were interviewed by 
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men and most mothers by women. Four mam groups of 
influences were described (1) values, that is goals, 
(2) beliefs, that is (2) mstrumental (children obey their 
fathers because they respect them), or (b) descriptive 
(girls seem to like horses), (3) others—(a) past and present 
experiences, (b) communications, mass and personal, and 
(c) behavioural settings. 

It might have been better, m view of the omginal 
assumption that famles vary m spite of social homo- 
geneity, to have selected a group who were simular ın all 
major respects Instead the author took pains to keep 
the group as disparate as she could ‘There are some 
suggestive findings here, but the work ıs based on too 
shght information to prove ultimately reliable There ıs 
a great overlap of mfluences described which can only be 
assigned weighted importance with a much moro selective 
approach and with a larger sample The book 1s too long 
for easy reading and would benefit by good cutting and 
editing ANNETTE Lawson 


HANDBOOK REVISED 


Handbook of Chemistry and Physics 

A Ready-reference Book of Chemical and Physical Data 
Editor-in-chief, Robert C Weast Forty-eighth edition 
(Cleveland, Ohio The Chemical Rubber Co ; Oxford 
Blackwell Scientific Pubhcations, 1967) 170s 


TuE Handbook of Chemisiry and Physics has progressed 
a long way since its first appearance as a pocket edition 
in 1913 Now im the 48th version, the handbook has 
gamed so many tables over the years that it might be 
more appropriately labelled ‘‘satchel sized”, but 1t never- 
theless remains true to 1ts description of a “ready reference 
book of chemical and physical data” 

Information 1s classed into one of sıx sections, which 
cover mathematical tables, elements and morganic 
compounds, organic compounds, general chemical con- 
stants, general physical constants and muscellaneous 
Nearly 2,000 pages provide more than 550 tables, seven- 
teen of them new, and more than eleven revised Informa- 
tion that has been included for the first tıme covers 
absolute viscosity of hquid sodium and potassrum, con- 
stants for satellite geodesy, factors for conversion of 
logi. to RTlogeX, mfrared correlation, far infrared 
vibrational frequency correlation and _ characteristic 
frequencies between 700-300 cm-? New charts also 
give characteristic nuclear magnetic resonance spectral 
positions for hydrogen in organic molecules, ionization 
constants for deuterrum oxide from 10° C to 50° C, heats 
of combustion, density and composition of sulphuric acid, 
thermal conductivity of certam metals, liquids and gases 
and solubility products There 1s a supplementary table 
of diamagnetic susceptibilities of organic compounds, and 
a table, of particular mterest to bearded scxentists perhaps, 
of mechanical and physical properties of whiskers 

The rate at which scientific knowledge increases these 
days must give the editors of a handbook like this rather 
a headache, for now 1+ must be more a question of what 
to leave out than what to put im, 1f the book 1s to remam 
a manageable size It has been thought mpossible to 
produce one volume to cater for the biological as well as 
the physical sciences, but although concentrating on the 
physical sciences the editors have been conscious of the 
growing interdiseiplinary attitude ın science, and have 
meluded tables that extend beyond the physical field 
The mathematical section has been growing steadily 
over the years to keep pace with the growing complexity 
of modern chemistry and physics, largely at the suggestion 
of users of the handbook A large editorial board is 
imvolved ın its production, with Robert © Weast as 
editor-in-chief, so the handbook ends up full of information 
for the scientists, by the scientists, giving a vast quantity 
for the money ELISABETH LEWIS 
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University News : Edinburgh 


Proressor J I G Capoaan, at present Purdie professor 
of chemistry in the University of St Andrews, has been 
appointed to the Forbes chair of organic chemistry on the 
retirement of Professor E Hirst 


Announcements 


Tur Council of the Edmburgh Geological Society has 
awarded the Clough Medal for the period 1967-68 to 
Dr A G MacGregor in recognition of his contributions to 
Scottish geology, particularly in the fields of voleanology, 
tectonics and metamorphism 


TuE Paul Instrument Fund Committee, which 1s com- 
posed of representatives of the Royal Society, the Institute 
of Physies and the Physical Society and the Institution of 
Electrical Engmeers, and was set up m 1945 “to receive 
applications from British subjects who are research 
workers ın Great Britain for grants for the design, con- 
struction and maintenance of novel, unusual or much 
improved types of physical instruments and apparatus 
for mvesvigations ın pure or applied physical science”, 
has made the following grants 

£2,000 to Dr A P Anderson, lecturer in the department 
of electronic and electrical engineering m the University 
of Sheffield, for the construction of an instrument for the 
measurement of energy in laser beams, £1,500 to Dr 
W J Jones, demonstrator in the department of physical 
chemistry, University of Cambridge, for the construction 
of a spectrometer employing frequency selective intensity 
modulation, £1,830 to Mr A R Luzmoore, division of 
civil engineering, University College of Swansea, for 
continuation of the construction of a ‘Monré-scope’ for 
which he received a grant of £5,000 m November 1965 
and £1,980 in June 1967, £6,250 to Professor J D McGee, 
professor of applied physics at the Imperial College of 
Science and Technology in the University of London, for 
continuation of his work on the development of a photo- 
electronic image device for time mages for which m 
December 1964 he received a grant of £8,100 over three 
years, £4,000 to Dr K I Mayne, senior lecturer in the 
department of natural philosophy in the University of 
Edmburgh, for the construction of a polamzed electron 
source. 


Wotrson Foundation Grants for Technological Projects 
On October 14, 1967, the Wolfson Foundation made 
public its decision to set aside, ın principle, up to £500,000 
a year ovor the next five years to support large projects 
at universities ın fields of applied science which, in the 
judgment of the trustees, would be most hkely to improve 
the economic position of the United Kingdom and help 
the modernization of British mdustry Subsequently all 
umiversities and colleges of technology were mformed 
of this decision The foundation now announces that 
applications ın support of projects which conform to its 
intentions should be sent, mm appropriate detail, to the 
foundation offices (Universal House, 251 Tottenham 
Court Road, London, W1) by July 1, 1968 It ıs hoped 
that ıt will be possible to decide by early October which 
schemes the foundation will support Applications will 
be judged in competition with each other on the basis 
of their technical merits Favourable consideration will 
be given to projects which are hnked to mdustry Appli- 
cants who feel they require information about the relevance 
of possible projects should get m touch with the director 
of the foundation 


Aw experimental Information Centre on Intestinal Absorp- 
tion has been set up at the University of Sheffield with a 
grant from the Office for Scientafic and Technical Informa- 
tion (OSTI) The project, imtiated by Professor D H 
Smyth, 1s a jot venture of the Department of Physiology 
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and the Postgraduate School of Librananship and In- 
formation Science (director, Mr W L Saunders) At 
present the centre has a staff of three A monthly bulletin 
of literature references with biief abstracts ıs produced 
The emphasis 1s on mechanisms of transport across the 
absorptive epithehum, a field ın which Professor Smyth’s 
department ıs very active and has much experience 
References are collected both by conventional methods 
and by the computer services ASCA, CBAC, Chemocal 
Titles and MEDLARS Author and subject indexes are 
produced using a computer n conjunction with offset 
lithography The aims of the project are 1, to vestigate 
information needs of workers ın this field and services 
already available, 2, to mdicate ways m which a centre of 
this kind can provide improved information services, 
3, to investigate the benefit, to users, of the association 
of the centre with an active group of research workers, 
4, research and development m methods of mnformation 
handling 

During 1968 the service will be free, users will be asked 
to help to umprove the service by providing details of 
their information requirements Further details may be 
obtaimed fiom Mı J K Barkla, Biomedical Information 
aoe Department of Physiology, University of Shef- 

eld 


Meetings 


Brotocicat Semiconductors, April 1-3, University of 
Nottingham (Dr J B Finean, Department of Medical 
Biochemistry and Pharmacology, The University, PO 
Box 363, Birmingham 15) 


Heavy Particle Collisions, April 1-3, Queen’s University 
of Belfast (The Conference Secretary, The Institute of 
Physics and the Physical Society, 47 Belgrave Square, 
London SW1) 


Business Information, April 8-9, University of Aston, 
Brmingham (The Education Officer, Aslib, 3 Belgrave 
Square, London SW1) 


Some Aspects of Heterocyclic Sulphur Chemistry, April 
9-10, University of Salford (Drs O Meth-Cohn and B 
Iddon, Department of Chemistry, University of Salford, 
Salford 5, Lancashire) 


SPECTROSCOPY, April 17-19, Brighton (The General 
Secretary, Institute of Petroleum, 61 New Cavendish 
Street, London W1) 


Erratum In the mtroduction to the article “Multi- 
phase Development of the Lunar Crater Tycho” by R G 
Strom and G Fielder (Nature, 217, 611, 1968) it was 
stated that Orbiter V landed on the Moon, which 18, of 
course, wrong—the satellite orbited the Moon 


CORRESPONDENCE 


Inside Plants 


Srr,—When I read a review such as that which you pub- 
lsh for Plant Anatomy (by Professor A Fahn) in Nature 
(216, 522, 1967), I realize how low the intellectual level 
1s sinking and the disservice which is propagated It was 
a sad day when Nature forsook Wordsworth’s advice*, 
for this meanness would never have been reached 





Yours truly, 


E. J H Corner 
Botany School, 
Downing Street, 
Cambridge 


*Nature used to bear the legend 


“Toe the sold 
the mind that builds for aye ’ solid ground of Nature trusta 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the public) 


Monday, March 4 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 10a m —Colloquium on “Pulsed Code Modulation” 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 4 pm -—Professo. R D Girdwood “Folie 
Acid Deficiency” 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, SW)), at 5 30 p m —Informa] Discussion on “The Organization of 
me Fort aang Team and the Role of the Engineer”, introduced by Mr 

p almer 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5 30 p m —Discussion Meeting on “The Need or Otherwise for Suppression 
HS Harmomos Generated by Convertor Equpment” opened by Mr H J 

eppar 


UNIVERSITY OF LONDON (at the Royal Free Hospital School of Medicine, 
8 Hunter Street, London, WC1), at 530 pm —Docent Annica Dahlstrom 
(Stockholm and Goteborg) ‘Monoamine-contau ing Nenrones in Mammals 
I Monoanne-containing Neurones ın Mammals as Studied by Fluorescence 
Microscopy” * 


INSTITUTION OF MECHANICAL ENGINEFRS, APPLIED MECHANICS GROUP 
(at 1 Birdcage Walk Westminster, London, SW1), at 6 p m —Discussion 
Meeting on ‘Designing Components Subjected to High Surface Pressure” 


SOCIETY OF ENGINBERS (at the Geological Societv, Burlington House, 
Piccadilly, London, W1), ab 6 pm —Mr F W Hyde “Progress in Radio 
Astronomy” 


SOCIETY OF CREMICAL INDUSTRY, LONDON SECTION (jot meeting with the 
Chemical Fngneerirg and Heavy Organic Chemicals Groups, at 14 Belgrave 
Square, London, SW1), at 6 30 p m —Sir Kenneth Hutchison, CBE “New 
Sources of Natural Gas for Britain” (Jubilee Memorial Lecture) 


Tuesday, March 5 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT IEE/IERE 
COMPUTER GROUPS (at the Institution of Electrical Engineers, Savoy Place, 
London WC2), at 10 a m —Colloqmum on “Large Scale Integration” 


CHEMICAL SOCIETY, CHEMICAL CRYSTALLOGRAPHY GROUP (at the Geological 
Societv, Burlington House Piccadilly, London, W1), at 2 p m —Duiscussion 
Meeting on ‘‘Penta-Co-Ordination” 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, SW1), at 530 pm—-Mr P H Steel “The Bristol Regional Foul 
Water Drainage Scheme” 


INSTITUTION OF ELECTRICAL ENGINEERS (Joint meeting with the Auto- 
matic Control Group of the I Mech E , and the Institute of Measurement and 
Control, at Savoy Place, London, WC2), at 530 pm—MrI V Idelson 
“Towards Control Theory in Warehousing” 


UNIVERSITY OF LONDON (at the Roval Free Hospital School of Medicine, 
8 Hunter Street, London, WC1), at 5 30 pm —Docent Annica Dahlstrom 
“The Monoamine-containing Neurones in Mammals FI Distribution and 
Sie of Noradrenaline and Storage Granules in Sympathetic Adrenergic 
eurones” 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
MECHANICS GROUP (at 1 Birdcage Walk, Westnunster, London, SW1), at 
6 p m —Discussion meeting on “How Shall We Use North Sea Gas ?” 


Wednesday, March 6 


Roya, INSTITUTION, History OF SCIENCE Discussion GROUP (at 21 
Albemarle Street, London W1) atl pm—DrN E Butcher “Geology as 
an Appled Science in the Nineteenth Century” * 


COLOUR GROUP (Great Britain) (in the Physics Department, Imperial 
College, London, SW7) at 230 pm —Meeting on “Thin Films” Dr A 
Thetford ‘Interference Filters—Theory”, Mr H A Macleod “Inter- 
ference Filters—Manufacture” 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W1), 
at 5 30 p m —Mr D W N Dolbear “Vocational Training for Graduates in 
Exploration” 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 5 30 p m —DrC L Cope “Steroids and Stress” (Last 
of three lectures on “The Scientific Basis of Dentistry” organized by the 
British Postgraduate Medical Federation )* 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, WC1) at 6 pm —Mr B Greenhill “Sources of Maritime 
Archaeology —The Building of Schooners” * 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, EC4), at 6 30 p m —Discussion 
ane on “Automatic CH N Analysers”, introduced by MrT R F W 
Fenne 


SOCIETY OF ENVIRONMENTAL ENGINEERS, PACKAGING GROUP (at the 
Euston Tavern, 73 Euston Road, London, NW1), at 630 pm —Mr A 
Thompson ‘“Ta:loring Foums for Package Cushioning ” 


PHARMACEUTICAL SOCIET) OF GREAT BRITAIN (at 17 Bloomsbury Square, 
London, WC1) at 7 p m —Professor Maurice Leclerc (Faculte de Pharmacie, 
Paris) ‘ Therapeutic Use of Anticoagulants” 


Thursday, March 7 


UNIVERSITY OF LONDON Gin the Anatomy Theatre, Umversity College 
London, Gower Street, London, WC1), at 120 pm —Dr O C J Lippold 
“Art in Scientific Research” * 


ROYAL Sacrery (at 6 Carlton House Terrace, London, SW1) at 430 pm 
—DrG D H Bell FRS “Plant Breeding for Crop Improvement in Britain 
—Methods, Achievements and Objectives” (Review Lecture) 
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INSTITUTION OF CIVIL ENGINEERS, EDUCATION AND TRAINING GR 
Srat, George Street, Westminster, London, SW1), at 530 pm SHE (at 
on on e Higher National Dipl af n 
dueed by eR J yee ploma in Civil Engineering”, intro: 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 


at 530 pm —Discusston meeting on “Research in th 
Industry” opened by Dr L Rotherham, FRS 2 Mlectrioity Suppi 


UNIVERSITY OF LONDON (in Mechanical Engineering Lecture Theatr 
imperial College, London, SW7), at 5 30pm -Professor A Gansser pai 
Evolution of the Himalayas” (further lecture on March 8) * 


INSTITUTE OF REFRIGERATION (at the Nattonal College for Heat: = 

ang, Refrigeration oe Fan Engineering, Southwark Bridge arms AAAA 
N pm-—Mr ‘empleton an J H M ” 

Connections for Vertical Plate Freezers” PEro Teata on cd 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMMUNICATION 
GROUP (at the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street, London, WCT), at 6 pm—Mr W D Benson and 
MrB Buchingham “Integrated Circuits for Radio Recetvers” 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 1 
Birdeage Walk, Westminster, London, SW1 sat 6pm— 
on “Steam Generation from Refuse” ) ? Digouamon meeting 


Friday, March 8 


SOCIETY FOR WATER TREATMENT AND EXAMINATION (at the Colle: 
Preceptors, 2 and 3 Bloomsbury Square, London, Wes), at 9 30 foie 
Technical Sessions of the Sixteenth Annual General Meeting 


Royal INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 pm—Dr A D Osborne ( een 
Species tn the Flash Photoly sis of Some Dyes” * 


INSTITUTION OF ELECTRICAL ENGINEERS, HISTORY OF TECHNOLOG 
GROUP (at Savoy Place, London, WC2), at 530 pm—Mr R J rats 
“British Contributions to Telecommunication” 


ROYAL INSTITUTION (at 21 Albemarle Street, L ndon, WL — 
MrC Maxwell Cade “Seeing by Heat-Waves” ° wee 


Saturday, March 9 


INNER LONDON EDUCATION AUTHORITY (at the Ho 
London Road, Forest Hill, London, S Epa at 330 pm Mr eung, 
Turner “The Canals of London” * 


Monday, March 11 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint meet 
yiti ie aouo {apd Surface Chemistry Group, at 14 eean Square 

ondon a pm—Dr F aydon “Some R ~ 
ments n the Study of Biomolecular Lipid Filme” = Recent Develop 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Auto- 
matic Control Group of the I Mech E ,and the Institute of Marine Engincers, 
at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m -—Meeting on 
"Roll Stabiagation and Auto Pilots ıu Marme Engineermg Application” 


Monday, March 1!—Thursday, March 14 


INSTITUTE OF METALS (at Church House, Great Smith Strect, London, 8W1) 
—Spring Meeting g 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appoimtments on or before the 
dates mentioned 

SENIOR LECTURER (with research interests In some branch of soha 
mechanics) IN APPLIED MaTHEMATICS—The Registrar, University of Strath- 
clyde George Street, Glasgow, C1 (March 9) 

LECTURER or ASSISTANT LECTURER (graduate) IN BoTaNy—The Secretary, 
peaton, ponere (University of London), Regent's Paik, London, NW1 

arc 

LECTURER or ASSISTANT LECTURFR (preferably candidate working in the 
fields of helicopter dynamics or mathematical physics) in APPLIED MATHE- 
maTi¢cs—The Registrar and Secretarv, The University, Leeds, 2, quoting 
Ref No 68/21/83 (March 11) 

LECTURER IN PALAEONTOLOGY AND STRATIGRAPHY at the University of 
Durban, Natal—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (South Africa and 
London, March 15) 

LECTURERS IN APPLIED MATHEMATICS in the fields of continuum mechanics, 
control theory or other branches of mathematics of practical importance— 
ane Repitrar, University of Warwick, Coventry, CV4 7AL, Warwickshire 

arch 15 

LECTURER or ASSISTANT LECTURER (with a special interest in developmen- 
tal problems) IN PLANT PHYSIOLOGY—The Registrar, University College of 
Wales, Aberystwy th (March 18) 

LECTURFR IN MECHANICAL ENGINEERING—The Secretary, The University, 
Dundee Scotland (March 21) 

ASSISTANT E\PFRIMENTAL OFFICER (with a degree in chemistry or an 
equivalent qualification) to supervise chemical analyses and to take part 
in research projects related to the chemical aspects of quality tn agricultural 
crops—The Secretary, Plant Breeding Institute, Mars Lane, Trumpington, 
Cambridge (March 23) 

RESEARCH DEMONSTRATORS (with qualifications in muicrobiologv, bac- 
tertology, biochemistry or related subjects) IN THE DEPARIMENT OF MICRO- 
BIOLOGY—The Assistant Bursar (Personnel), Umversity of Reading, Reading, 
Berks (March 25) 

I ECTURER IN Borany—tThe Secretary, University College, Cork, Republic 
of Irelard (March 29) 

UNIVERSITY TECTURER (with a good degree in an anthropological subject 
with sound truning experience and teaching experience in material culture, 
including technology) in ETHNOLOGY in the DEPARTMENT OF ETHNOLOGY 
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AND PREHISTORY—The Secretary of Faculties, Umversity Registry, Broad 
Street, Oxford (March 30) . 

SENIOR LECTURER or LECTURER in the DEPARTMENT OF VETERINARY 
MEDICINE, University of Ibadan, Nigeria—The Inter-University Council, 33 
Bedford Place, London, WC1 (April 1} 

"ASSISTANT PROFESSORS (3) in the DEPARTMENT OF GEOLOGY Haile Sellassie 
I University, Ethiopia—The Inter-University Council, 33 Bedford Place, 
London, WCi (April 15) 

CHAIR OF MEDICAL PROTOZ00L0GY at the London School of Hygiene and 
Tropical Medicine—The Academic Registrar, University of London, Senate 
House, London, WC1 (April 30) 

CHAIR OF TROPICAL HYGIENE and the London School of Hygiene and 
Tropical Medicine—The Academic Registrar, University of London, Senate 
House, London, WC1 (Apri! 30) 

SECOND CHAIR oF CHEMISTRY——The Secretary, University of Lancaster, 
University House, Bailrigg, Lancaster (April 30) 

ASSISTANT PROFESSOR (biochemist or plant physiologist) ın the Division 
of Plant Physiology and Biochemistry, Faculty of Agriculture—Head, 
Department of Plant Science, University of Alberta, Edmonton, Alberta, 

anada 

CURATORIAL ASSISTANT (with a BSc or MSc in earth sciences, and preferably 
some artistic talent) to act as Museum Guide for school groups, and to assist 
im organization, care and display of rock muneral and fossi! collecttons— 
Chairman, Museum Committee, Department of Geology, University of 
Alberta, Edmonton, Alberta, Canada 

READERS, SENIOR LECTURERS, LECTURERS IN PHYSICS, CHEMISTRY, 
BIOLOGY or MATHEMATICS, with opportunity for Professorship—The 
President, Hacettepe University, Ankara, Turkey 

RESEARCH ASSISTANT (preferably with experience in one of the following 
fields gas dynamics, electrical discharges, combustion) to study electro- 
gasdvnamic power generation—Dr J Lawton, Department of Clerical 
Engineering and Chemical Technology, Imperial College, London, SW7 

SENIOR LECTURER, LECTURER or ASSISTANT LECTURER IN ASTRONOMY— 
The Academic Registrar, Hatfleld College of Technology, Hatfield, Herts 


REPORTS and other PUBLICATIONS 


(not included rn the monthly Books Supplement) 


Great Britain and Ireland 


Cotton Research Corporation Progress Reports from Experiment Sta- 
tions, Season 1965-66 Tanzania—Coastal Regions By F E Tollervey 
and J S Watson Pp 23 2s 6d ‘Tanzania—Western Cotton Growing 
Area Pp 36 23 6d (London Cotton Research Corporation, 1007) [1812 

The Schools Council Working Paper No 14 Mathematics for the 
Majority. a Programme in Mathematics for the Young School Leaver 
Pp v+45 (London HM Stationery Office, 1967) 5s net {1812 

BBC Engineering Monograph No 71 The Programme Effects Generator 
By H Davies Pp 19 (London British Broadcasting Corporation, 1007) 


58 
Atomic pnergv, Research Establishment, Health Physics and Medical 
Division AERE-R 5575 Radioactive Fallout in Air and Rain—Results to 
the Middle of 1967 By R S Cambray, Miss E M R Fisher, W L Brooks 
and D H Peson Pp 40 (Harwell UKABA, 1967 Available from H M 
Stationery Office ) 78 net {1912 

The Science Undergraduate a Study of Science Students at Five Enghsh 
Universities Bv Donald Hutchings Pp 80 (Oxford University of 
Oxford Department of Education, 1967) 146 6d (2012 

Water Resources Act, 1963 Fourth Annual Report of the Water Re- 
sources Board for the year ending 30th September, 1967 Pp vu+é60 
(London HM Stationery Office, 1967) 7s 9d net (2112 
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Other Countries 


Geological Society of America Memoir 98 Caribbean Geological Investi- 
gations By H H Hess, Carl O Bowin, Thomas W Donnelly, John T 
Whetten and E R Oxburgh Pp 310 $18 Memoir100 Texas Mojsiso- 
civzunae (Ammono:dea) and the Zonation of the Fredericksburg By Keith 
Young Pp vin+225 (38 plates) $675 Memoir 101 Ostracoda from 
the Gulf of California By Frederick M Swain Pp 1x+139 (9 plates) 
$675 Memoir 102 Brachiopoda of the Keyser Limestone (Silurian- 
Devonian) of Maryland and Adjacent Areas By Paul Bowen Pp vn 
+103 (8 plates) $675 Special Paper 86 Scapolite in the Belt Series in 
the St Joe Clearwater Region, Idsho By Anna Hietanen Pp 56+8 
plates $5 Special Paper 91 Petrology of Cornucopia Tonahite Unit, 
Cornucopia Stock, Wallowa Mountains, Northeastern Oregon Bv Wiliam 
H Taubeneck Pp 56+2 plates $3 Special Paper 87 Abstracts for 
1965 Abstracts of papers submitted for sıx meetings with which the Society 
was associated Pp 366 $7 Special Paper 92 The Damaran Episode in 
the Upper Proterozoic-——Lower Paleozoic Structural History of Southern 
Africa By Tom N Clifford Pp 100 $475 Special Paper 93 Hydrology 
of Limestone Terrains ın the Coastal Plain of the Southeastern United 
States By V T Stringfield and H E Le Grand Pp 46 $2 Special 
Paper 94 Loess Deposits of Mississippt By E L Krinitsky and W J N 
Turnbull 64+-6 plates $350 Special Paper 97 Time and Space Rela- 
tionships of the Taconic Allochthon and Autochthon By E-an Zen Pp 
107+38 plates $550 (New York The Geological Society of America, 
1966 and 1967 ) (2112 

United States Department of the Interior Geological Survey Profes- 
sional Paper 581-A Seismic Reflection Profiles along the Drill Holes on the 
Continental Margin Off Florida By K O Emery and B F K Zarud7ki 
a (Washington, DC Government Printing Office, ee 


East African Common Services Organization Annual Report of the East 
African Freshwater Research Organization 1966 Pp 46 (Jinja, Ugands 
East African Freshwater Fisheries Research Organization, 1967 ) 63 [2212 

Bulletin of the Museum of Comparative Zoology, Harvard University 
Yol 186, No 6 (November 14, 1967) Delimitation of the Genus Ceraces 
(Coleoptera Cudae) with a Revision of North American Speries By John 
F Lawrence Pp 91-144 (Cambridge, Mass Museum of Comparative 
Zoology, Harvard University, 1967 ) 2212 

Institutt for Atomonerg: Kjeller Research Establishment Kjeller 
Report 121 A Model for the Dynamics of Nuclear Reactors with Boiling 
Coolant with a New Approach to the Vapour Generating Process By P 
Bakstad and K O Solberg Pp iv+68 (Kjeller, Norway Institutt for 
Atomenergi, Kjeller Research Establishment, 1967 ) 2212 

United States Department of the Interior Geological Survey Profes- 
sional Paper 557 eology of the Connors Pass Quadrangle, Schell Creek 
Range, East-Central Nevada By H Drewes Pp iv+93+plates 1-3 
(Wishington, DC Government Printing Office, 1967 ) (2212 

Douglas Advanced Research Laboratories Research Communication No 
25 (Douglas Paper 4491) Sonoptography By A F Metherell, H M A 
El-Sum, J J Dreher and L Larmore p xu+47 (Santa Monica, Cali- 
fornia Douglas Aircraft Company, Inc , 1967 ) {2712 

World Meteorological Organization Technical Note No 89 Meteoro- 
logical Problems in the Design and Operation of Supersonic Aircraft By 
R F Jones, R M MeInturffandS Teweles Pp x+71 (Geneva World 
Meteorological Organization, 1967) 9 Sw francs 2712 

World Health Organization Equivalence of Medical Qualifications and 
the Practice of Medicine a Survev of Existing Legislation Pp 47 (Orig- 
Inallv published in the International Digest of Health Legislation, 1967, 18, 
459-503) (Geneva World Health Organization, London H M Btabionery 
Office, 1967 ) 3 Sw francs, 5s, $1 [271 

United States Department of the Interior Geological Survey Water- 
Supply Paper 1851 Surface-Water Hydrology of California Coastal Basins 
between San Francisco Bay and Eel River By S E Rant7 and T H 
Thompson Pp iv+60+plate1 (Washington,DC Government Printing 
Office, 1967 ) {2712 
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peratures down to —8° C For a 
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fuging requirements of the average 
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selection of rotors and adapters 
available Naturally the machines 
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control, brake, safety lock and revo- 
lution counter They are outstand- 
ing in workmanship and finish 
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controlled 
High capacity-High speed 6x 500 
ml --69,500 max g For the con- 
centration of culture liquids, 
bacteria, virus, enzyme prepara- 
tions, production of serum, vac- 
cines, enzymes, nucleic acids, 
proteohormones and other anti- 
biotic substances Preparation 
and purification of organic high 
polymers 
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Elsevier’s journal for papers at the forefront 
of research on protein fine structure and 
conformation 


BIOCHIMICA ET BIOPHYSICA ACTA 


PROTEIN STRUCTURE 


Isolation and covalent structure - solution prop- 
erties - subunit dissociation and interaction - im- 
munochemistry - probing of active sites - magnetic 
and spectroscopic analysis of metallo- and pigment- 
bearing proteins - electron microscopy of proteins 


A sample of forthcoming papers 
Ahexapeptide from pig neurohypophysis - A V Schally & 
JF Barrett (New Orleans, USA) 


Die Ammosauresequenz des Mureins von M lacticum - 
K.H Schleifer, R Plapp & O Kandler (Munchen, 
Germany) 

Reversible acetoacetylation of protems - A Marzotto, 
P. Pajetta, L Galzigna& E Scoffone (Padova, Italy) 

Q;-acid glycoprotem variants -K Schmid, T Okuyama & 
H Kaufmann (Boston, USA) 

Amino acid content of hyaluronic acid - DA Swann 
(Boston, USA) 

Chemical characterization of HbMexico and HbChiapas - 
RT Jones, B. Briimhall & R Lisker (Portland, USA) 

The associating subunit of d,,-casein- DG Schmidt & 
BW Van Markwyk (Ede, Netherlands) 


Molecular weight and subunit structure of human serum 

high-density lipoprotein after chemical modification by 

succinic anhydride - A. Scanu, W. Reader & C Edelstein 
(Chicago, USA) 

ESR of four human hemoglobins - G Bemski & R L Nagel 
(New York. USA) 


Proton magnetic relaxation of lamprey hemoglobins - 
S Mančıć & N M. Rumen (Philadelphia, USA) 


The interaction of troponin with F-actin and its abolition 
by tropomyosm-W Drabikowski& Y Nonomura (Tokyo, 
Japan) 


Ordered as a part subscription to BBA, a personal 
or departmental ‘Protein Structure’ costs US$54.00 


Subscription details for 1968 
BBA-Protein Structure Vols P4, PS & P6 
9 issues, total price US$54.00, Dfl 195 00 
(post-free) Airmail surcharge for USA and 
Canada US$0 90 (total) 


Back volumes (1967) 
BBA-Protein Structure Vols P1, P2 & P3 
(Biochim. Biophys Acta, Vols. 133, 140 & 
147) Total US$60 00 or Dfl 216 00 (post- 
free) 


Send orders to your regular bookseller or to’ 


ELSEVIER PUBLISHING COMPANY 
PO BOX 211, JAN VAN GALENSTRAAT 335 
AMSTERDAM (THE NETHERLANDS) 





« Elsevier 
Publishing 
Company 
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APPOINTMENTS VACANT 





UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, NAIROBI 
Anvnheations are invited for the following ap- 
pointments 

(a) Semor Lectureship ın ARCHITECTURE 
Applicants should offer as their special fie.ds of 
mterest either (1) Paystcs of Human Environment 
or (1) Advanced Building Technology and Build- 
mg Design Management 

(b) Lectureship in ARCHITECTURE  Appoin~- 
tee requred to organize courses in fundamental 
draughtsmanship 

Appointees to (a) and (b) required to take 
charge of one year of the course and set and 
supervise studio programmes 

{c) Lectureship in INORGANIC or ANALYTI- 
CAL CHEMISTRY 


(d) Senior Lectureship in GEOGRAPHY 


(e) Lectureship in GEOLOGY Appointee will 
teach branches of Geophysics 


(Ð Lectureship in MECHANICAL ENGIN- 
EERING Candidates should possess good aca- 
demic qualifications with industrial, research or 
teaching experience Special interest and experi- 
ence should be in the fields of Mechanical Design, 
Production Engineemmg or Dynamics 


Salary scales Senior Lecturer, £EA1 950 to 
£EA2615 per annum, Lecturer, £EAI 350 to 
£EA2 230 per annum (one EA shilling=Is 2d 
sterling) Salary supplemented ın appropriate 
cases under British Expatriates Supplementation 
Scheme if range £345 to £505 per annum (sterl- 
ing) Expatriates are usually appointed on two- 
year tours F.SSU Subsidised accommodation 
Passages for appointee and family (up to five 
adult passages) on appointment and termination 


Detailed applications (six copies) naming three 
referees by March 31, 1968, to In er-University 
Council, 33 Bedford Place London, WC 1, from 
whom paruculars are available (910) 


UNITED BRISTOL HOSPITALS 
BRISTOL ROYAL INFIRMARY 
RESEARCH ASSISTANT IN HOSPITAL 
BIOCHEMISTRY 


Applications are invited from science graduates 
{or those expecting to graduate in 1968) for the 
post of Research Assistant in the chemical patho- 
logy sectton of the clinical pathological labora- 
tory of the United Bristol Hospita's The work 
will involve development of methods of satura- 
tion analysis and in particular the radiommmuno- 
assay of hormones in the blood The salary will 
be according to qua ificattons and experience 
within the scale for basic grade hospital bio- 
chemists (from £963 for firsi- or second-class 
honours graduates or £855 for others up to 
£1210) Opportuniy for taking higher degree 

Applications with the names of two referees 
to Dr K G McGowan, Department of Chnical 
Pathology, Royal Infirmary, Bristol, 2 (882) 


SOUTHAMPTON GENERAL 
HOSPITAL 
(586 beds) 


TREMONA ROAD SHIRLEY, 
SOUTHAMPTON S09 4XY 


Science Graduate or Medical Laboratory Tech- 
mician required for new Endocrine Laboratory 
within a Group Pathology organization Work 
in the radioummunoassay of peptide hormones 
particulary parathyroid hormone and in associ- 
ated research Previous practica] experience de- 
sirable Envtsaged grading ts that of Basic Bio- 
chemist or Senior Ki Medical Laboratory Tech- 
mcan 

Further information obtainable from Dr R M 
Buckle Department of Endocrinology Applica- 
uons to the Hospital Secretary at the above 
address (879) 





CSIRO BIOCHEMIST 


AUSTRALIA 
DIVISION OF PLANT INDUSTRY 


MICROBIOLOGY SECTION 


GENERAL The Division of Plant Industry of the Commonwealth Scientific and Industrial 
Research Organization which has regional laboratories and expertment stations in many 
parts of Australia and a large staff of experimental and research scientists, carries out research 
in a wide range of plant sciences on problems fundamental to agricultural production The 
research staff of the Microbiology Section of the Division 1s working in a variety of fields 
including physiology and brochemistry of disease resistance, biochemistry of nitrogen fixation, 
serology and immunochemistry of Rhizobium species and biochemistry of spore germination 
in fungi The Sector has a wide range of equipment available and has access to CERES, 
the Diviston’s Phytotron 


DUTIES The appointee will join a research group investigating the physiological and 
biochemical basis of disease resistance in plants using model host-pathogen systems He will 
be expected to undertake a research programme investigating the underlying biochemical 
and enzymological reactions in plants which, in response to fungal infection and to certain 


fungal metabolites, lead to the production in the plant of antifungal defence compounds 
(phycoalexins) Opportunities exist for independent and team research both with this 
group and with other biochemists and molecular biologists in the Division 


QUALIFICATIONS Applicants should have a PhD degree, or relevant postgraduate 
research experience of equivalent standard and duration, supported by satisfactory evidence 
of research abilicy Prior experience tn the metabolism and regulatory mechanisms of plants 
would be an advantage 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary ranges of Research Scientist, $A5,250-$A6,622 p a , or Senior Research 
Scientist, $A6,892-$A7,974 pa Salary rates for women are $A428 pa less than the 
corresponding rates for men 


CONDITIONS The duration of the appointment will be determined in consultation with 
the successful candidate, some applicants may prefer a fixed term appointment of three 
years 


Fares paid for the appointee and his dependent family If the appointee ts at present domi- 
ciled outside Australia, return fares will be pa d at the conclusion ofa fixed term appointment 
Applications (quoting Appointment No 130/896), and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
expertence, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach —~ 


Mr R F Turnbull, 

Chief Scientific Liaison Officer, 

Australian Screntific Liaison Office, 

Africa House Kingsway, 

LONDON, W C 2 by the 29th March, 1968 








UNIVERSITY OF GUELPH 


The University of Guelph wishes to appoint a 


DIRECTOR 


of the Institute of Biomedical Research 


The Institute 1s now in the planning stage, and the early appointment 
of the Director ıs desirable so that he can participate in all aspects of 
planning The Institute, under the administration of the University of 
Guelph ıs intended to serve the biological and medical sciences at Guelph 
and at the other Universities in Ontario 


The Institute will provide facilities for the production of laboratory 
animals and for an active educational programme in laboratory animal 
medicine and technology The director will be expected to imtiate and 
stimulate research and educational programmes in comparative medicine 


The Director will be a member of the faculty of the University of 
Guelph with an academic appointment in an appropriate department 

Applicants must have advanced training ın biological and medical science 
and, preferably, considerable experience in comparative medicine 

Applications and enquiries should be addressed to the Assoctate Dean 
(Research), Ontario Veterinary College, Umiversity of Guelph, Guelph, 
Ontario, Canada, is 
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AGRICULTURE 


General agriculturists and agricultural specialists of many kinds 
are frequently required in the effort to match the large demand 
from the developing countries The cacancies advertised below 
are a selection from the many openings which exist now While 
they are being filled, other vacancies are arising Salarres within 
the ranges quoted are assessed on qualifications and experience, 
and the terms of most appointments include free or subsidised 
accommodation, education grants, family passages, good leave 
on full pay, etc Most appointments are amited to nationals of 
the { nefed Kingdom or the Republic of Ireland who are normally 
resident in those countries 


AFGHANISTAN 


Cotton Adviser RC 213/2/02 


Duties To advise on the development and expansion of cotton production, 
mainly in the Helmand Valley, to design, carry out and analyse experiments, 
to train technical assistants and give advice to Government officials and 
farmers 

Qualifications A good degree in agriculture or related science, with 
experience of the experimental agronomy of tropical field crops, especially 
cotton 

Salary £3,000-4,000 a year, according to experience subject to British 
income tax, plus a variable tax-free foreign service allowance ranging at 
present from £345-£880 a year, depending on marital status Contract 
2 years 


BOLIVIA 


Animal Husbandry Expert 
(British Tropical Agricultural Mission) RC 213/22/05 


Duties To advise and work in collaboration with Bolivian technicrans on 
all aspects of the improvement of ranch management 

Qualifications A degree in agriculture, preferably with a post graduate 
qualification or specialisation m the animal husbandry field, and ten years’ 
experience in cattle ranch management 

Salary £2,500-£3,100 a year, depending on qualifications and experience, 
subject to British income tax, plus a variable non-taxable overseas allow- 
ance currently payable at rates from £540~-£1,310 a year depending on 
marital status Contract 2 tours of 18 months 


BOTSWANA 


Insecticide Formulations Expert RC 213/19/07 


Duties To work on toxicity of insecticides on various pests on formulation 
deposits and residues, to undertake work for the protection of stored 
grain and to tratn a local officer 

Qualifications and Terms An Honours Degree in either Zoology or 
Chemistry A practical knowledge of both subjects and an interest in the 
practical application of pesticides for crop protection ts desirable 

Basic salary Rands 4,200 (£ sterling 2,450) plus an inducement allowance at 
present £ Sterling 312 Terminal gratuity 25% of basic salary and induce- 
ment allowance Contract 2-3 years 


ETHIOPIA 


Lecturers RC 213/58/04 


Lecturers in Agricultural Science, Agricultural Mechanics, Agronomy or 
Farm Management are required to teach at the Jimma and Ambo Agri- 
cultural Schools 

Qualifications and Terms A university degree with practical and teaching 
experience 

Salaries £1,760-£2,700 a year, subject to British income tax, plus a variable 
non taxable overseas allowance ranging from £750~£1,580 a year, depending 
on marital status Contracts 3 years 
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MALAWI 


Agricultural Research Officer RC 213/134/016 


Duties To draw up and execute a programme investigating all aspects of 
rice agronomy under rain fed and irrigated conditions 


Qualifications and Terms A degree in Agriculture and 5 years’ experience 
in rice agronomy under tropical conditions 


Salary £1,485~£2,600 a year, in addition a supplement of £100 a year is 
payable direct to the Officer s bank account outside Malawi and Rhodesia 
Tax free terminal graturty of 15% to 259% Contract 24-36 months 


MALAYSIA 


Oil Palm Development Adviser RC 213/106/01 


Duties To formulate an oi! palm planting programme for the Federal Land 
Development Authority 


Qualifications and Terms At least 15 years’ practical and commercial 
experience in oil palm production A degree in agriculture is desirable 


Salary £2,900-£3,000 a year subject to British income tax, plus a variable 
non-taxable overseas allowance ranging from £425~£1,275 a year depend- 
tng on marital status Contract 2 years 


SABAH 
Agricultural Research Officers (Plant Breeders) 


RC 213/150/03 


Duties To deal with the selection and breeding of oil palm and 
throughout the State of Sabah : P Se ERNER 
Qualification and Terms An Honours degree tn Natural Science with 
2 years’ post graduate training A good general knowledge of the subject 
is essential Field experience desirable 

Salary $9,000-$17,040 a year (£ Sterling 1,226-2,321 a year} plus an in- 
ducemenc allowance at present in the range of £ Sterling 739-1,206 a year 
Terminal gratuity approximately 20% of bastc salary and inducement 
allowance Contract 24-36 months 


TRISTAN DA CUNHA 


Agricultural Officer RC 213/179/01 
Duties To stimulate agriculture and encourage young farmers 


Qualifications A degree or diploma tn agriculture with a good farming 
background and preferably some experience in dealing with small tsland 
communities 


Salary £1,420-£1,966 a year 12}9% gratuity Contract 2 years 


UGANDA 


Principal/Senior Research Officer RC 213/183/05 


Duties To take charge of a small section of scientists investigating the 
breeding and selection of food crops 

Qualifications and Terms At least a second class honours degree in Botany 
or Agricultural Botany with post-graduate training in plant breeding, and 
overseas experience 

Basic Salary £ Ugandan 1,839-2,175 a year (£ Sterling 2,145-2,537) lable 
to Uganda income tax In addition an allowance normally tax free at 
present in the range of £ Sterling 888-936 a year will be pard by the British 
Government on behalf of the Uganda Government, direct to an Officer's 
bank accountin Uganda 25% gratuity Contract 21-27 months 


For further particulars of these vacancies and an application form 
please write gring your full name, age and brief details of profes- 
stonal guahfications and experience, and quoting appropriate 
reference number, to the Appointments Officer, Room 324/N/14 
Mumustry of Overseas Development, Eland House, Stag Place, 
London, S W 1. 


MINISTRY OF 
OVERSEAS 
DEVELOPMENT 


(922) 
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THE MEDICAL RESEARCH COUNCIL 


invite applications for a newly established 


SENIOR POST 


ın a group working on the 
aetiology of tumours with special reference to man. 


Applicants may be either scientifically or medically qualified and research 
experience in immunology, virology or genetics would be an advantage 
The unit has good access to clinical material and also has facilities for 
experimental work im virology, cell biology and biochemistry _ In addition 
to working ın collaboration with other members of the group the successful 
candidate will be expected to develop orginal lines of research in this field 


The salary 
on qualifications and experience 


will be in the range £1,905 to £2,630 per annum, depending 


Applications giving a full curnculum vitae should be sent to the 
Admumistrative Officer, Medical Research Council, Clinical and Population 


Cytogenetics Research Unit, Western General Hospital, Edinburgh 4 





(862) 





MEDISCHE FACULTEIT ROTTERDAM 


The Laboratory of Pathology of the Medical Faculty Rotterdam has 
available the following vacancies for senior staff-members 


1. Chief morbid anatomy service 


2 Chief surgical pathology service and 
senior consultants in charge of 


3  Cardiopathoiogy 


4. Pathology of the lung 
5. Tumour pathology 


Qualified pathologists seriously interested in taking the respon- 
sibility for one of these functions are invited to send full information 
concerning their training and qualifications including a list of 
publications to Prof Dr H E Schornagel and Prof Dr M J de 


Vries, Academisch Ziekenhuis Dijkzigt, Dr 


Rotterdam, the Netherlands 





UNIVERSITY STAFF 
CALGARY, ALBERTA 


The Geology Department expects to make 
appointments of one of the following specialists 

GEOPHYSICIST Person expected to develop 
research and courses with emphasis on explora- 
tion for metallic mineral deposits 

ENGINEERING GEOLOGIST Person expec- 
ted to develop research and courses in engineer- 
tng geology Experience in ground water hydro- 
logy and surficial geology an asset 

Level of appointment for above positions would 
be commensurate with ability and experience 
Applicants with PhD degrees will receve pre- 
ference Presently the Department has 11 staff 
members and modern faciliues Calgary is 40 
miles east of the Rocky Mountains, has 2 popu- 
Jation of 360000 and ıs the centre of the ot] 
industry in Canada 

Submit applications, with résume and names 
of three referees to Dr P S Simony, Geology 
Department, The University of Calgary, Calgary, 
Alberta, Canada (603) 





CANADA 
THE UNIVERSITY OF MANITOBA 
Invites applications from 
LOW ENERGY NUCLEAR PHYSICS 
THEORISTS 
DUTIES Teaching and Research 
SALARIES Probably $12,000 to $18,000 per 
annum depending on qualfications All fringe 
benefits apply 
FOR FURTHER INFORMATION WRITE 
Dr A H Mormish, 
Head 
Department of Physics, 
University of Manitoba 


Winnipeg 19 Manitoba (498) 


Molewaterplein 40, 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF ANATOMY 


Applications are invited for a LECTURE- 
SHIP (Grade ID) in the above Department, 
available from Apni 1, 1968 The duties 
of the post will be mainly concerned with 
the teaching of genera] and dental anatomy 
to dental students A good dental, medi- 
cal or science degree 1s essential, teaching 
experience and abrlity in mdependent re- 
search would be an advantage Good 
facilities for research are available in the 
Department 

Initial salary within the range £1,470 to 
£2,630 per annum, according to qualifica- 
tuons and experience 

Applications (eight copies), together with 
the names of not more than two referees, 
should reach the Registrar, Senate House, 
Bnstol, 2, from whom further particulars 
may be obtained not later than Monday, 
March 18 (Quote reference ALi) (919) 





WOLVERHAMPTON HOSPITAL 


MANAGEMENT COMMITTEE 
BIOCHEMIST 


Applications are invited for the post of Bo- 
chemist (Basic Grade) Candidates should possess 
an Honours Degree in Chemistry or Biochemistry 
or equivalent qualhficatons in Chemistry In 
addition to routine work opportunities exist for 
mstructon in background pathology and for re- 
search Candidates may vist the Laboratory by 
arrangement with Dr G Walters at New Cross 
Hospital, Wolverhampton 

Applications, with names of two referees to 
the Group Secretary, Royal Hospital, Wolver- 
hampton (918) 





UNIVERSITY COLLEGE OF 


NORTH WALES 
BANGOR 


MARINE SCIENCE LABORATORIES 
DEPARTMENT OF MARINE BIOLOGY 


Applications are invited for three teach- 
mg posts in zooplankton, phytoplankton 
and marine microbiology The posts will 
be offered on one of the following scales 

Demonstrator (two posts) £865 per 
annum 

Assistant Lecturer £1,105 by £75 to 
£1,180 by £80 to £1,340 

Lecturer £1,470 by £90 to £2,010 by £85 
to £2,180 by £90 to £2 630 

In addition there will be FSSU bene- 


ts 
Applicants for the Demonstratorships 
should have a good Honours degree in an 


appropriate subject The successful candi- 
dates may register for a higher degree of 
the University of Wales 

Applicants for the post of Lecturer or 
Assistant Lecturer must have relevant re- 
search experience 

Two copies of the application, with the 
names of three referees, should be sent, not 
later than March 11, 1968, to the Registrar, 
University College of North Wales, Bangor, 
from whom further particulars may be ob- 
tained (843) 


UNIVERSITY OF LAGOS 
NIGERIA 
FACULTY OF ENGINEERING 


Applications are invited for the followimg posis 
aie from September, 1968, or soonest there- 

ter 

(a) Civil Engineering (D Chair (D) Senor 
Lectureships or Lectureships in the followmg 
fields G) Hydraulics and Hydrology and (i) 
Transportation 

(b) Electrical Engineering (D Chair (ID Senior 
Lectureships or Lectureships in the following 
fields (1) Control, (u) Power, and (th) Tele- 
communications 

(c) Mechanical Engineering (D Char (OD 
Senior Lectureships or Lectureships in the follow- 
ing fields ©) Thermodynamics and (u) Fluid 
Mechanics 

Salary scales Professor £N3,000 per annum 
Senior Lecturer, £N2,275 to £N2,575 per annum 
Lecturer, £N1,200 to £N2,175 per annum (£N1 
equals £1 3s 4d sterling) Salary supperannua- 
tion in range £240 to £600 per annum (sterling) 
1n appropriate cases under British Expatriates 
Supplementation Scheme Family passages ; 
various allowances, superannuation scheme 

Detailed applications (6 copies) naming three 
referees, by April 22 1968 to Inter-University 
Council, 33 Bedford Place London WC 1, from 
whom particulars are available (886) 


UNIVERSITY OF 


THE WEST INDIES 
TRINIDAD 


Applications invited for (a) Senior Lectureship 
or (b) Lectureship in Agricultural Economics in 
Department of Agricultural Economics and Farm 
Management Competence in production econ- 
omics advantageous but extreme specialisation 1s 
not sought Salary (a) £2250 to £3,405 per 
annum, (b) £1,550 to £2630 per annum Child 
allowance FSSU Family passages 

Detailed applications (6 copies) naming three 
referees by April 1, 1968 by persons living ın 
the Americas and the Caribbean area, to Secre- 
tary, University of the West Indies, St Augus- 
tine Trinidad, and by all others to Inter- 
University Council, 33 Bedford Place, London 
WCi1 Further particulars may be obtained 
similarly (887) 


UNIVERSITY OF ST. ANDREWS 
LECTURESHIP OR ASSISTANT 
LECTURESHIP IN PHYSICS 
Applications are invited for the post of LEC- 
TURER OR ASSISTANT LECTURER IN 
EXPERIMENTAL PHYSICS Candidates should 
have special qualifications or interests ın one of 
the following fields Low Temperature, including 
solid state , Laser Physics , X-ray Crystallography 
Further information from Professor J F Allen, 
Department of Physics Salary scales Lecturers 
£1470 to £2,630, Assistant Lecturers, £1105 to 
£1,340 , starting salary in each case according to 
qualifications and experience FSSU , grants 

towards expenses of furniture removal 

Five copies of applications, with the names of 
three referees, should be lodged with the Secre- 
tary of the University, College Gate, St Andrews, 
by March 23, 1968 (856) 
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È BEECHAM RESEARCH 
TP LABORATORIES 


have a vacancy for a 


TECHNICIAN FOR THE TOXICOLOGY UNIT 


The successful applicant will be required to work primarily on serum biochemical determina- 
tron, mcluding enzyme techniques, in a variety of animal species He or she should have had 
some experience of routine hospital or other pathology laboratory techniques and should have 
reached the intermediate IM LT. standard Experience of automated or work simplification 
methods would be an advantage, but is not essential 


Applications are invited from young men or women, who would be given the facilities of day 
release 1f required These laboratories are recognized by the IM LT for the purpose of study 
for further qualifications 


An attractive starting salary ıs offered and reviewed regularly, along with generous fringe 
benefits including sick pay, profit sharing, and non-contributory pension with life assurance 
schemes 


Please write, stating briefly age, qualifications and experience, to The Personnel Officer, 
Beecham Research Laboratories, Brockham Park, Betchworth, Surrey. 


UNIVERSITY OF EXETER 


CHAIRS IN BIOLOGICAL 
SCIENCES 


Applications are itvited from suitably 
quabfied persons for two Chants from Octo- 
ber, 1969, when, following the returement 
of Professor Caldwell and Professor Harvey, 
the existing Departments of Botany and 
Zoology will be merged ito a Depart- 
ment of Biological Sciences The Pro- 
fessors-~Designate will in 1968/69 be ex- 
pected to act in a consultative capacity in 
relauon to planning courses and accommo- 
dation 

The salary will be not less than £3,570 
per annum 

Further particulars may be obtained from 
the Secretary of the University, Northcote 
House, The Queen’s Drive, Exeter to whom 
applications should be submitted (fourteen 
copies one copy from candidates overseas) 
by April 1, 1968 (846) 


UNIVERSITY OF 
NOTTINGHAM 


Applications are invited from Honours 
graduates in Zoology, Entomology or Agri- 
cultural Zoology (including 1968 graduands) 
for DEMONSTRATORSHIP IN AGRI- 
CULTURAL ZOOLOGY ın the Depart- 
ment of Physiology and Environmental 
Studies, Schoo! of Agriculture Sutton Bon- 
ington Candidates should preferably be 
interested in Soil Zoology, Acarology or 
Nematology Salary scale £800 by £25 to 
£850 per annum 


Conditions of appomntment and forms of 
application, to be returned by March 4, 
1968, from the Registrar, University of Not- 
ungham University Park, Nottingham, 
NG7 2RD (842) 


© Organic 
Chemists 

Vacancies exist ın our Process Development Department for 
Organic Chemists (preferably 24 to 27 years of age) with PhD 


degrees or equivalent research experience, and a lively interest in 
synthetic organic chemistry 


The work is largely concerned with the development of processes 
for new medicinal products, and covers a wide field of organic 
chemistry The Department 1s closely associated with both 
Research Department and the Plant, and ıs housed ın modern, well 
equipped laboratories ın pleasant surroundings 


The attractive conditions of service would be discussed at inter- 
view The successful candidates, if married, may receive a reason- 
able refund of removal and travel expenses and, if necessary, 
assistance ın house purchase 


Applications giving brief details of age, qualifications and experi- 
ence should be addressed to 


G W Peters, 

Senior Personnel Officer, 
IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, 
PHARMACEUTICALS DIVISION, 
Alderley House, Alderley Park, 
Macclesfield, Cheshire 





XXX 
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A large industrial Company in 
the North of England has a 
vacancy for an experienced 


APPLIED 
MATHEMATICIAN 


of high ability to work on selected projects of great 
mathematical interest. It is expected that the first 
project will be the construction of a highly sophisticated 
mathematical model of a tidal river. The successful 
applicant would find himself a member of a substantial 
mathematical group inside a keen technical manage- 
ment team, and would have easy access to first class 
computer facilities. The starting salary would be 
negotiable , a salary above £2,500 pa could be 
offered to a highly qualified and experienced applicant 
Please apply to Box No 951, Nature, T G Scott & Son 
Ltd, 1 Clements Inn, Strand, W.C 2 


for Industrial Research 


Gillette Research Laboratories have a vacancy for an electron 
microscopist to work on hair structure and polymers 

The work entails the use of ultra-thin sectioning techniques, as 
well as general electron microscopy Experience in one or both 
of these fields will be required, and candidates should be qualified 
to HNC, BSc, or equivalent standard 

Please write with details in confidence to, 


Dr. N C. Welsh (Ref N.4401), Head of Laboratory, 


Gillette Research Laboratory, 
454 Basingstoke Road, Reading, Berks. 


(938) 





UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


LECTURERS AND ASSISTANT 
LECTURERS IN CHEMISTRY 


Applications invited for a number of 
posts vacant now or from October 1968 
It is hoped to make at least one appoint- 
ment in each of the fielcs inorganic, 
organic theoretical No field of interest 
excluded from consideration Salary ranges 
per annum Assistant Lecturer, £1105 to 
€1340, Lecturer, £1,470 to £2,630 
FSSU 


Particulars and apphcation forms (re- 
turnable by March 22) from the Registrar 
Quote ref 20/68/Na (914) 


NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 


Applications are invited for the under- 
mentioned vacancy 


SCIENTIST 
Vacancy B 13/18/66/533 
Plant Chemistry Division, Department of 
Scientific and Industrial Research, 
Palmerston North, New Zealand 


Salary Up to $6,830 per annum 1s avail- 
able according to quahfications and experi- 
ence 

The position would swt either an estab- 
hshed Scientist or a recent graduate with 
training im microbiology with interests in 
one of the following fields—ruminant diges- 
tion, microbial ecology or ruminants, pre- 
gastric fermentation, biochemistry of pure 
species of rumen bacteria and protozoa or 
rhizobium research These are established 
lines of work within the Division m which 
an intensified effort is required 

Passages Fares for appointee and his 
wife and family, if marned, will be paid 

Incidental expenses Up to £35 for a 
single man and £100 for a married man can 
be claimed to cover the cost of taking per- 
sonal effects to New Zealand 

Application forms and general informa- 
tion are available from the Hgh Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, SW 1 with 
an applications will close on March 27, 

Please quote reference B 13/18/66/533 
when inquiring (915) 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF ANATOMY 


It 1s hoped to appoint two LECTURERS 
(Grade ID in the above Department after 
May 1, 1968 A good medical, dental or 
science degree is essential together with 
teaching experience and ab lity in indepen- 
dent research (eg, neurobiology cyto- 
aaa electron microscopy, histochem- 
Is sry 

Imual salary within the range £1 470 to 
£2,630 per annum, according to qualifica- 
tions and experience 

Apphications (eight copies), together with 
the names of not more than two referees, 
should reach the Registrar, Senate House, 
Bristol 2, from whom further particu ars 
may be ob amed, not later than Monday, 
March 18, 1968 (Quote reference AL23 ) 

(920; 





SIMON FRASER UNIVERSITY 


(Located in the Vancouver area of 
Briush Columbia, Canada) 


Department of Chemistry currently 24 
faculty members has senior-level! vacancy 


for a BIOCHEMIST or PHYSICAL 
ORGANIC CHEMIST 

Enquires to Brian D Pate, Head, 
Department of Chemistry Simon Fraser 
University, Burnaby 2, BC, Canada cs 
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UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 
SENIOR LECTURER 


Applications are invited for the post of 
Senior Lecturer in the Department of Bio- 
chemistry Candidates should have a wide 
expertence in the teaching of biochemistry 
and have a research interest in pharmaco- 
logical biochemistry and/or biochemical 
methodology 

The commencing salary will be at an 
appropriate point on the Senior Lecturer 
Scale £2520 to £3 150 (bar) to £3415 per 
annum with a deduction of 5 per cent for 
superannuation (FSS U) 

Applications together with the names 
and addresses of not more than 3 referees 
should be received not later than March 15 
1968 by the Academic Registrar (LFG), 
University of Surrey Battersea Park Road 
London SW I1 from whom further par- 
tculars may be obtained 





UNIVERSITY OF OXFORD 
LECTURESHIPS IN EXPERIMENTAL 
PHYSICS 


Applications are invited for University Lecture- 
ships in Experimental Physics (pure or app ied) 
In the Clarendon Laboratory and in the Depart- 
ment of Nuclear Physics which may be hcid m 
conjunction with Fellowships at Magdalen College 
or St Edmund Hall or (for a woman) at St 
Anne's Co lege 

Applications (four copies) with a statement of 
career and qualiications and the names of three 
referees musi be received by April 15 1968 
For the Universuy Lectureships further details are 
available from the Secretary of Faculues Uni- 
versity Registry Broad Street Oxford, for the 
College Fellowships from the President Magda'en 
College, The Principal St Edmund Hall, The 
Principal, St Anne's Col ege, Oxford (881) 


MAGDALEN COLLEGE OXFORD 
OFFICIAL FELLOWSHIP IN PHYSICS 


The Governing Body proposes to appoint an 
OFFICIAL FELLOW IN EXPERIMENTAL 
PHYSICS from October 1 1968 The post may 
be held in conjunction with one of the Univer- 
sity Lecturestips currently advertised by the 
Clarendon Laboratory and the Department of 
Nuclear Physics from the same date 

Applications, with a brief statement of academic 
record research interests and names of three 
referees should be sent, not later than April 15, 
1968, to the President Magdalen Colege Ox- 
ford from whom further details may be ob- 
tained (880) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 
Vacancy for 
SCIENTIFIC INFORMATION OFFICER 


Commonwealth Bureau of Sois, 
Harpenden Herts 

Duties include preparing abstracts for the 
abstracting journal SOILS AND FERTILIZERS, 
which covers the world scienufic literature on 
soils and soil/plant relationships dealing with 
scien ifie inquiries within these fields Essential 
qualificauons a degree in agricultural science or 
m sciences basic to ability to write good 
English Reading knowlcdee of foreign languages 
and experience or training in information work 
would be advantages Salary in scale £926 to 
£2431 with provision for superannuation Start- 
mg salary according to qualifications experience 
and age Two extra increments after two years’ 
satisfactory service for applicant aged 32 or 
under on date of appointment 

Application forms and full particulars from 
Director Commonwealth Bureau of Souls Roth- 
amsted Experimental Station, Harpenden, aa 











POSTGRADUATE STUDIES 
IN PHYSICS 
UNIVERSITY OF VICTORIA 

VICTORIA BRITISH COLUMBIA CANADA 

The Department of Physics offers assistantships 
for students working towards MSc and PhD 
degrees in Physics Fieds of research include 
theoretical physics astrophysics physics of fluid 
geophysics and nuclear physics Financtal assist- 
ance 1s avatlable in the range from $2300 to 
$4 600 per annum 

Details of this assistance and of the fields of 
research may be obtained from Professor J L 
Climenhaga, Head, Department of Physics Um- 
versity of Victoria, Victoria, Briush Columbia, 
Canada (873) 
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Scientific Officer, 


Senior Scientific Officer 
Metallurgy Division » A.E.R.E. Harwell 


Many challenging scientific problems remain to be solved ın the develop- 
ment of advanced reactor systems In particular, a better understandıng 


is needed of irradiation effects m high temperature alloys and ceramic 
fuels Also there ıs need to apply the latest ideas to develop materials with 
improved mechanical properties and corrosion resistance for use in nuclear 
technology A vigorous research programme on these topics 1s ın progress 
in the Metallurgy Division at Harwell and we have a vacancy for a 


scientist, with energy and imagination, in each of the two research teams 
engaged on these studies The work ıs closely linked both to more applied 
studies in the Authority’s Reactor Group and to more fundamental studies 
at Harwell and ın the universities 


The facilities at Harwell for carrymg out this work are among the best 
in the world and include three research reactors, post-irradiation examina- 
tion cells, particle accelerators, computers, electron microscopes, (a 1 MeV 
microscope will be installed ım 1969), electron microprobes, a scanning 
electron microscope, low-energy electron diffraction sets, field ion micro- 
scopes, and a wide range of mechanical! testing equipment 


Candidates should have a first or good second class honours degree, 
preferably in physics, metallurgy or engineering Previous experience in 
these fields ıs not essential but some experience of the mechanical and 
physical properties of solids is desirable There 1s ample opportunity to 
keep abreast with modern developments by attending Colloquia and courses 
run by the Harwell Post-Graduate Education Centre. 


Starting salary will be at a point on the scales £995 to £1,685 or £1,870 to 
£2,310 depending upon age and experience Married officers hving beyond 
daily travelling distance will be eligible for Authority Housing or Assisted 
House Purchase 


Application forms and further details may be obtained from 


Appointments Section ‘A’, A 523034 
AER.E, Harwell, DIDCOT, Berks. 





SIMON FRASER UNIVERSITY 


Research Opportunities 
in Chemistry 


The Department of Chemistry of this rapidly growing umversity, which 1s 
situated on the outskirts of the City of Vancouver, has openings for 


suitably qualified students in the graduate programme leading to the degrees 
of MSc and PhD Qualified honours degree in Chemistry, or ARIC 
Financia] assistance in the form of teaching asststantships and research 
assistantships, to the value of $3,100 per annum in the first year, will be 


available to suitable candidates The trimester system in operation at 
Simon Fraser University allows students to enter the graduate programme 
in September or January 


Interested persons should write 1 the first place to 
The Chairman, Graduate Admissions Committee, 
Department of Chemistry, 


Simon Fraser University, 
Burnaby 2, B.C. CANADA 
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SGIENTIFIG 


INFORMATION OFFIGER 


(Female) 


The Industrial Hygiene Research Laboratones of Imperial Chemicai 
Industnes Limited, situated at Alderley Park in Cheshire, are 
responsible for determining the toxicological hazards of the chemicals 
used by the manufacturing divisions of the Company As part of 
this service there 1s an Information Bureau staffed by female 
graduates who index items of toxicological interest ın the literature 
and answer enquiries on toxicological subjects 


Applications are invited for a vacancy in this department Candi- 
dates should be up to 30 years of age and graduates ın chemistry 
(with a biological subsidiary subject), biochemistry, pharmacy or 
zoology (with chemistry as the subsidiary) Previous experience in 


information work is not essential 


Progressive salary plan 
surroundings 


profit sharing scheme pleasant rural 


Applications and enquiries should be addressed to OQ. B. Sayer, 
Assistant Staff Manager, I C.I. Limted, Fulshaw Hall, Wilmslow, 


Cheshire. 


ANIMAL HEALTH TRUST 


Applications are invited from registered 
members of the veterinary profession for 
the post of DIRECTOR of the Trust's 
Small Animals Centre at Lanwades Park 
Kennett, near Newmarket, Suffolk The 
applicant should have had research experi- 
ence relating to the improvement of health 
and the control of disease in dogs cats and 
other small animals He should be capable 
of directing the work of a small but busy 
centre dealing with these species 

Salary according to qualifications, com- 
mencing in the range of £3600 to £4 100 
per annum Superannuation under FSS U 

Further pariculars and form of applica- 
tlon may be obtained from the Secretary, 
Animal Health Trust, 14 Ashley Place, 
London, SW 1 {799) 


UNIVERSITY OF EXETER 


ASSISTANT LECTURER IN 
PSYCHOLOGY 


Applicatiens are invited for a post of 
Assistant Lecturer in Psychology tenable 
from October 1, 1968 

Postgraduate training or research in €x- 
perimental or clinical psychology is re- 
quired 

Salary scale £1,105 by £75 to £1,180 by 
£80 to £1,340 per annum Initial salary 
will depend upon qualifications and experi- 
ence 

Further particulars may be obtained from 
the Secretary of the University, Northcote 
House, The Queen's Drive Exeter Closing 
date for apphcauons (eight copies one 
copy from overseas candidates) April 16, 
1968 (898) 


(840) 


UNIVERSITY OF 
EDINBURGH 


Chair of Geophysies 


Applications are invited for the Char of 
Geophysics, tenable from October 1, 1968, 
or from a date to be arranged The Pro- 
fessor will be Head of a newly estabhshed 
department Salary within the professonal 
range with membership of F SSU 


Further particulars may be obtained from 
The Secretary to the University, Old Col- 
lege, South Bridge, Edinburgh, with whom 
applications (twelve copies), giving the 
names of three refe.ces, should be lodged 
not later than April 1, 1968 Overseas 
candidates need submit only one copy of 
their application (853) 


UNIVERSITY COLLEGE OF 


WALES 
ABERYSTWYTH 


DEPARTMENT OF AGRICULTURAL 
BOTANY 


Applications are invited for the post of 
ASSISTANT LECTURER in the above De- 
partment with a special interest in Genetucs 
and Biological Statisucs Postgraduate 
experience desirable 

Application forms are obtalnable from 
the Registrar, to whom all applications 
Should be sent by Apri 1, 1968 (746) 
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UNIVERSITY OF EAST AFRICA 


MAKERERE UNIVERSITY COLLEGE, 
UGANDA 


Applications are invited for a Readership in 
the Department of Zoology Appointment may 
be on permanent terms (East African citizens 
only) or on contract terms Appointee must 
have interests in fresh water ecology hydro- 
biology and/or ichthyology Salary scale £EA2 540 
to £EA2 825 per annum (one EA shilling equals 
Is 2d sterling) Salary supplemented in range 
£495 to £485 (sic) per annum (ster ing) ın appro- 
priate cases under British Expatriate Supplemen- 
tation Scheme Part-furnished quarters at rent 
not exceeding £EA114 per annum Expatnate 
appointees receive up to five adult economy class 
air passages on appointment and leave, up to 
five adult sea passages on terminauon addi- 
tional children’s air passages for children edu- 
cated overseas, leave of 3 months after 21 
months 

Detailed applications (6 copies) naming three 
referees, by April 11, 1968 to Inter-University 
Council 33 Bedford Place, London WC 1, from 
whom particulars may be obtained (888) 


UNIVERSITY OF EAST AFRICA 


MAKERERE UNIVERSITY COLLEGE— 
UGANDA 


Applications are imvited for (a) Lectureship or 
(b) Assistant Lecturestup m Geography avaiable 
from July, 1968 Specialists ın any fields con- 
sidered existing knowledge of East Africa ad- 
vantageous Salary (a) £EA1,350 to £EA2,230 per 
annum, (b) £EA1,125 to £EA1245 per annum 
(one EA shilling==1s 2d sterling) Salary supple- 
mented ın appropriate cases under British Ex- 
patriates Supplementation Scheme in range £265 
to £410 per annum (sterling) FSSU Family 
passages , biennial overseas leave 

Detailed applications (six copies), naming three 
referees by April 5 1968, to , Inter-University 
Council, 33 Bedford Place, London, WC 1, from 
whom particu'ars are obtainable (925) 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, NAIROBI 


Applications are mvited for the Char of 
Physics Salary £EA3,150 per annum (one BA 
Shiling=1s 2d Sterling) Salary supplemented 
ın appropriate cases by £505 per annum (Sterling) 
urder British Expatrates Supplementation 
Scheme Expatnates are usually appointed on 
two-year tours FSS U Subsidised accommo- 
dation Passages for appomtee and family (up 
to five adult passages) on appointment and ter- 
mination 

Detailed applications (sıx copies), naming three 
referees by March 31, 1968, to Inter-University 
Council, 33 Bedford Place, London, WC1 
from whom particulars are available (909) 


UNIVERSITY OF THE 


WEST INDIES 
TRINIDAD 


Applications are invited for (a) Lectureship or 
(b) Assistant Lectureship in Agriculture, Depart- 
ment of Crop Science Applicants should possess 
a degree in agriculture (or its equivalent) and 
preferably some experience in teaching and re- 
search Tropical experience very desirable but 
not essential Salary scales (a) £1 550 to £2,630 
per annum (b) £1,250 to £1,410 per annum 
Child allowance FSSU Family passages 
Triennial study leave 

Detalied appheations (6 copies), naming 3 
referees by April 5, 1968, by persons living 10 
the Americas and Caribbean area to Secretary, 
University of the West Indies, St Augustine 
Trinidad, and by all others to Inter-University 
Council, 33 Bedford Place, London, WCi 
Further particulars obtainable similarly (924) 


CAMBRIDGE UNIVERSITY SCHOOL OF 
Agriculture Applications invited for posts of 
University Demonstrator and Farm Demonstrator 
Qualificauons an honours degree in Agriculture 
or Agricultural Science or an honours degree in 
pure science followed by an adequate postgradu- 
ate qualification in Agriculture For University 
Demonstrator, candidates should also have had 
postgraduate experience in research and/or teach- 
ing For Farm Demonstrator, preference will be 
given to candidates with previous traiming in field 
experimentation Salary scales University 
Demonstrator, £1,260 by £80 to £1,420 by £50 to 
£1 470 by £90 to £1,650, Farm Demonstrator, 
£1,050, £1 105, £1,180 by £80 to £1,420 Starung 
point according to age quahfications and experi- 
ence Both posts pensionable under FSSU 
Contnbution may be made towards removal ex- 
penses Further details on request—Apply in 
writing giving full persona! particulars and names 
and addresses of not more than three referees, 
to the Secretary, School of Agriculture, Cam- 
bridge, 1 ot later than March 28, 1968 ($05) 
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Can Europe Stay the Same? 


Tae third meeting of science ministers which the OECD 
18 promoting in Paris next week will return to a theme 
which has not been very far beneath the surface m the 
past decade—the supposed technology gap between 
Europe and the United States This 1s perhaps 
mevitable, if only because the mmusters who will be 
meeting ın Paris are almost all of them conscious of the 
need somehow to justify their expenditure m economic 
terms, which 1s often taken to imply that the object of 
European policies ın science and technology should be 
somehow to make Europe as prosperous as the United 
States On this occasion, ıt is also possible that 
discussion of the technology gap will provide a con- 
venient means by which the Mister of Technology, 
Mr Wedgwood Benn, can explain just what 1s to be 
understood by the recently canvassed concept of a 
European Institute of Technology This imstitute, 
still nebulous, seems to be most of what 1s left of the 
brave talk a year ago of how the United Kingdom 
would with the mainland of Europe forge what was 
fondly called a European Technological Community 
Other governments than the British will no doubt be 
fascmated to know whether the institute which the 
Ministry of Technology has ın mind will be a kind of 
academic body or whether, as has sometimes been 
suggested, the institute would emerge as Mintech writ 
large, and presumably diffuse At the same time, ıt will 
not necessarily be a pomtless exercise 1f they are 
induced by circumstances to consider yet again the 
contrast between the two sides of the Atlantic, for there 
18 no question that Europe has much to learn 

But what? The greatest danger is that, m makmg 
the necessarily somewhat hackneyed comparisons with 
the United States which have almost become second 
nature, Europeans may be tempted to consider, as 
harbingers of mdustrial change and economic pros- 
perity, attributes of the industrialized American society 
which are, mn reality, no more than consequences For 
one thing, it ıs not a trivial question to ask which 
comes first, the technology gap or the prosperity gap 
There may even be something in the view that research 
and development are not only preconditions for pros- 
perity but also luxuries which only the well-to-do can 
properly afford Certamly 16 1s no accident that both 
Japan and Italy, when bent on really rapid economic 
progress, chose to rely much more heavily on licences to 
exploit other people’s inventions than on research and 
development of ther own And which but the most 
prosperous nation m the world would have been able 
to afford the exploits of the National Aeronautics and 
Space Administration this past decade’ The trouble 
18 that this plam truth and others lke 1t have not been 
nearly as widely appreciated as they should have been 
In Britain and elsewhere, there has been quite a 





clamour m favour, for example, of emulatmg the 
United States m unrestramed expenditure on space 
research and development in the fond belief that this 
will somehow create prosperity To be sure, this 1s a 
trap which almost everybody should be able to avoid, 
but many other traps are much more carefully con- 
cealed 

The chances are that Europe has ın any case already 
done a great deal to learn one of the most important 
lessons to be learned—the need to make Europe com- 
mercially competitive with the United States In part, 
this objective raises problems of scale On the mamland 
there 1s the EEC, which will m time become a powerful 
device for mcreasmg mdustrial production and thus, 
m the end, for supportmg a buoyant and stimulating 
effort in research and development Positive feedback 
1s what the electrical engmeers would call it In Britain, 
mergers between previously competing companies have 
become the order of the day, legislation on monopolies 
notwithstanding, ın part at least because people seem 
to recognize that ıt has become difficult for small 
companies to be at once progressive and comprehen- 
sive To the extent that the Ministry of Technology 
has deliberately created the climate m which mergers 
have become fashionable, Mr Wedgwood Benn will 
be able to preen himself a httle m Pars But everyone 
will recognize that problems of scale are not the 
only ones to be resolved before the technology gap 
will disappear Management—ats quahty and skill— 
should come high on the list of lessons appreciated but 
not yet learned Fimancial institutions will also have 
to change, and this 1s hkely to be painfully slow So, 
too, will governments and, in the long run, 16 1s more 
than probable that Europe will not be able to close 
what seems to be the technology gap until the whole 
fabric of society has been m some way touched 
Science and technology have an important part to play, 
and without them nothing would be possible, but 1t 
1s folly to expect that they can be the mainsprings of 
the changes which the mmusters wish to see 

The general truth of this proposition 1s splendidly 
illustrated by the perceptive study of the relationship 
between Fundamental Research and the Universities 


INSTRUMENTATION 


This ıs the time of the year when British universities make 
plans for spending money on equipment The Labex 
exhibition was held in Manchester last month and next 


week there will be the annual exhibition of the Institute of 
Physics and the Physical Society at Alexandra Palace To 
mark these events, this issue of Nature includes two articles 
on recent developments in laboratory technique (page 913) 
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which has been prepared by Professor Ben-Davıd of 
the University of Jerusalem as one of the documents 
for the meeting of ministers To summarize his per- 
suasive argument 1s almost unjust, but 1t goes some- 
thmg bke this The disparity between the United 
States and Europe which Europeans are willmg enough 
to acknowledge where the application of science 18 
concerned 1s also now apparent m basic and funda- 
mental science, however those terms are defined 
Professor Ben-David splits a few hairs m adding up 
Nobel Prizes and published papers m the learned 
journals, but the essence of his case 1s qualitative and 
not arithmetical American science 1s vigorous and 
creative because of the way m which 1t 1s organized, 
with plenty of opportunities for teams of people to 
compete against each other and to seek out new 
problems to solve Not merely are there competmg 
sources of funds for the support of research, but a 
variety of institutions m which people can pursue 
their scientific ends Professor Ben-David calls this 
entrepreneurship, and m his view Europe falls behind 
the United States because ıt lacks the kind of 
institutional framework within which this kind of 
activity can be carried forward. 

The most distinctive part of Professor Ben-David’s 
argument consists of a plea for the removal of the 
hierarchical structure of European universities In 
his view, Britain is a kind of half-way house between 
the rest of Europe and the United States, and what he 
calls the Cambiidge-Oxford-London triangle is in 
every way comparable with the Cambridge complex m 
Massachusetts The concentration around Paris of 
universities and other mstitutions for research 1s a 
similar hotbed of ınnovatıon, particularly because of the 
way the Collége de France provides an analogue for the 
reputable institutes for advanced study which have 
sprung up in the United States But exceptions to the 
general rule that European science 1s organized too 
rigidly, and that it is as a consequence too constramed 
and even too mbhibited, are at once fewer and less 
effective than they might be 

In the past few months in Europe, this has become 
a famihar cry With luck, 1t may become a clamour 
in the years ahead, and there ıs every chance that 
Professor Ben-David’s tract will have an important 
influence His statement of the need for a structural 
upheaval of the admmustration of academic stitutions 
18 persuasive and subversive (which 1s, no doubt, why 
the OECD’s mtroduction emphasizes that Professor 
Ben-David’s views are not official policy) The truth 
18, of course, that even m Britam, which is only com- 
paratively enlightened m these things, there ıs a 
tendency to assume that existing mstitutions must 
continue to exist substantially unchanged. 

In this climate, for example, new kinds of university 
departments can be created only with the funds 
which are not required for established disciplinary 
structures It1s hard to shut down laboratories which 
already exist but which have outlived their immediate 
usefulness, but extremely difficult to embark on 
laboratories which the European Molecular Biology 
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Organization would like to estabhsh Broodmg over 
all of this 1s a sophisticated system of committees 
which has become increasingly devoted to the belei 
that ıt 18 possible to make supposedly judicial decisions 
about the spending of money in circumstances when 
it may well be that the only meaningful decisions 
are those which enable vigorous people to keep on 
beng vigorous And if this complaint is valid in 
Bnitam, Professor Ben-David 1s right in saying that 
Britam and France are luckier than most other Euro- 
pean nations He 1s also mght to ımply that 1t would 
be possible for Europe as a whole to attend to these 
structural problems without compromising its attitude 
towards other aspects of the comparison between 
Europe and the United States The pomt ıs that a 
more flexible, and a more European, framework for 
the administration of fundamental research in Europe 
18 desirable in 1ts own right The fact that ıt would 
help to close whatever gap there may be across the 
Atlantic 1s an extra benefit 


Science Policy Meeting 


On March 11 and 12, ministers of science and educa- 
tion from 22 different countries will be meetmg m 
Paris at the headquarters of the Organization for 
Economic Co-operation and Development Represent- 
mg Brita will be Mr Patrick Gordon Walker and Mr 
Anthony Wedgwood Benn Among other subjects 
scheduled for discussion 1s one of Europe’s recurrent 
preoccupations, the technological gap between Europe 
and the Umted States The ministers will be discussing 
a report produced by OECD which sets out to estab- 
lish the factual basis for the technological gap The 
report, which will not be published ın full until after 
the Paris meetmg, studies nine sectors of mdustry— 
computers, scientific instruments, pharmaceuticals, 
plastics, non-ferrous metals, man-made fibres, iron 
and steel and machine tools The report assesses 
the performance of the various industries both as 
performers of research and development and as indus- 
trial innovators, and attempts to relate these to 
industrial prosperity 

The muimiusters will also be discussing fundamental 
research policy, and scientific and technical information 
systems and policies The discussion on fundamental 
research will hmge on several reports published by 
OECD in recent years, the most recent 1s an mde- 
pendent survey carried out for the organization by 
Professor Joseph Ben-David, professor of sociology 
at the Hebrew University of Jerusalem Professor 
Ben-David concludes that European universities are 
inefficient, this, he says, ıs because chairs are estab- 
hshed on the assumption that one man 1s capable of 
representing, more or less on his own, an entire disci- 
pline for about the lifetime of a generation ‘This, 
Professor Ben-David says, 18 palpably out of date, and 
he suggests mstead the formation of large multi- 
disciplinary research mstitutes able to award at least 
research degrees Professor Ben-David recognizes 
the danger that matitutes of this kind, far from bemg 
centres of mnovation, often become bulwarks of tradi- 
tionalism, and he suggests that they should be experi- 
ments in the true sense of the word ‘Whatever 
schemes are adopted or considered, the expected 
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objects should be defined and the results tested and 
published” The discussion next week 1s intended to 
make these ideas more precise, and the OECD ıs 
certainly hopmg that a pilot scheme for a project of 
this sort may be approved 

The final discussion will be on the problems of infor- 
mation retrieval As well as the technical difficulties 
of retrieval, there are distinct dangers that the various 
types of retrieval system now being developed will be 
incompatible If the United States devises a retrieval 
system which Europe ıs unable to plug into, many 
of the advantages of the system will be lost 


Not Enough Uranium 


THe rapid expansion of nuclear power has meant that 
electrical utilities, particularly m the United States, 
have had to take a hard look at the supphes of uramum 
Like most mineral resources, the stocks seem to be 
limited Some argue that this will enforce a much 
greater reliance on coal fired stations—or, at the other 
extreme, on the successful development of fusion 
reactors More optimistic observers pomt out that 
this fear of shortage 1s a familar part of miming 
operations, without which no mmmg company would 
ever feel hke prospecting Between 1935 and 1965, 
for example, petroleum reserves ranged from ten to 
fourteen times annual requrements Despite or, some 
might argue, because of the potential shortage, explora- 
tion kept ahead of demand 

The European Nuclear Energy Agency and the In- 
ternational Atomic Energy Agency have now got 
together to produce revised estimates of uranium 
resources Briefly, the conclusion ıs that not enough 
has yet been found Substantial new reserves are 
needed 1f estimated demand is to be met The report 
says that “there 1s no reason to suppose that such 
deposits will not be found ıf a massive, well-financed 
and well-conceived prospecting effort 1s undertaken 
However, the magnitude and urgency of the effort 
that will be required cannot be too strongly emphas- 
zed” 

Uranium is widely distributed throughout the world, 
although Canada, the United States and South Africa 
have the hon’s share The report estimates that the 
amount of uranium available at a sensible price—less 
than $10 per lb of U,0,—1s8 about 7,000 short tons, 
with a further 126,000 short tons available as 
by-products of other mdustrial processes For a 
higher price, of course, much more 1s available In 
the range between $10 and $30 per Ib, there are prob- 
ably a further 1,400,000 short tons For comparison, 
the US Atomie Energy Commission estimated ım 
1966 that the probable world demand for U,0, would 
be 65,000 short tons by 1980 Assured reserves at a 
fair price probably therefore represent ten to fifteen 
years supply, and the estimate means that annual 
production will have to be more than trebled by 1980 

All this ıs gomg to make uranrum miming a growth 
industry over the next ten years. On the face of 1t, 
there 1s no great cause for alarm—large areas of the 
world have yet to be thoroughly prospected, and httle 
18 known in the West about reserves m Communist 
countries The sea may also provide an alternative 
source of uranium, and the United Kingdom Atomic 
Energy Authority has estimated that the sea contains 
some 4,000 million tons of the mineral. This could be 
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extracted at a price, although 1t seems to be too great 
a price to make the process immediately attractive 
Technological development will also help, and the 
most important element m this is hkely to be fast 
breeder reactors, which will make much better use of 
uranium-238, converting ıt to plutonium and burning 
that as fuel While modern water reactors reflect a 
dollar ıncrease m the price per lb of U,0O, by an m- 
crease in generation cost of 008 mill per kWh, fast 
breeders will be less sensitive to raw material costs, 


Science School 


THE Science Foundation for Physics withm the Univer- 
sity of Sydney is to hold :ts second International 
Science School for high school students from August 
26 to September 6 this year The school, directed by 
Professor H Messel, who first conceived the idea, will 
be on the general theme, “Man m Inner and Outer 
Space” Twenty students from the United States, 
Japan and Britam will jom one hundred and four 
students from Australia and New Zealand for the course 
of twenty lectures given by Australian and overseas 
scientists—seven of the lectures, for some reason, 
will be on America’s projected manned Moon landing 

Overseas scholarships were first offered last year 
to ten American students This year 1s the first time 
that the scholarships have been extended to Britain 
and Japan The ten American students will once again 
receive their awards personally from President John- 
son Similarly, the Japanese Prime Minister, Mr 
Ensaku Sato, will sponsor the five Japanese representa- 
tives The British students, on the other hand, wl! 
have to be content with the Royal Institution, under 
the patronage of the Duke of Edmburgh The five 
British recipients of the scholarships will be known 
as the “Royal Institution Australian Science Scholars” 
The five lucky students were chosen from schools all 
over the country with the assistance of the Association 
for Science Education. All the wmners will get a 
round-the-world air ticket with a two-week stay m 
Sydney for the Science School 


More Chemists Needed 


How ıs industry to attract its fair share of science 
graduates? The chemical industry is tackling this 
problem by orgamizmg a conference with the theme 
“Modern Chemistry in Industry”, to be held at East- 
bourne between March 11 and 14 An attendance of 
about 1,000 1s expected at the conference, mceluding 
representatives from mdustry, government and the 
trade unions, but the majority will be science teachers 
and lecturers from the schools and universities. 

The problem to be faced is two-fold—the flow of 
school leavers into the sciences needs to be increased, 
and more graduates must be encouraged to work ın 
industry The organizers of the conference point to a 
lack of balance m the educational system. The drift 
away from science m the schools continues, leaving 
unfilled places in university science departments, 
while the arts faculties are having to turn away highly 
qualified candidates Even if the school leaver can be 
persuaded to enter a university science department, he 
is likely to fall prey to the notion widespread among 
graduates that research by imdustrial organizations 
18 in some way inferior to that done ın the unversities 
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` The conference will try to improve mdustry’s 
scientific reputation among science teachers, m the 
hope that some of their enthusiasm will filter through 
to their pupils To this end the conference will mainly 
consist of a series of lectures on various aspects of 
contemporary industrial chemistry, designed to llus- 
trate the volume and quality of mdustrial research 

The Royal Society 1s sponsoring the meeting through 
the British National Committee for Chemistry The 
majority of the speakers come from the chemical and 
allied mdustries, which are also paying for the confer- 
ence The speakers mclude Lord Beeching, a deputy 
chairman of ICI, Lord Sherfield, chairman of the 
Industrial and Commercial Finance Corporation, and 
Dr M E Spaght, a managing director of the Royal 
Dutch Shell Group The president of the conference 
1s Lord Todd, professor of organic chemistry at the 
University of Cambridge 

This 1s not the first conference to be held along these 
lines The Science Research Council, in association 
with the Careers Research and Advisory Centre, staged 
an experimental summer school in Oxford last year 
to persuade postgraduate students carrymg out 
research ın university science departments to consider 
management as a career The students and the 
managers from industry who attended must have 
benefited from the free exchange of ideas encouraged 
by a summer school 

Tt 1s difficult to see how a similar exchange of views, 
essential if managers are to become more aware of the 
academic scientist’s impression of industry, will be 
possible within the formal framework of the East- 
bourne meeting The chemical industry 1s nevertheless 
probably correct ın realizing the 1mportant part played 
by the schools m influencing choice of careers If 1b 
can demonstrate to the teachers that mdustrial research 
is as challenging and as intellectually demanding as 
academic work, ıt may go some way towards helpmg 
its own recruitment of scientists 


Whence Foot and Mouth? 


Lams from Argentina was the probable source of the 
British foot-and-mouth epidemic that first broke out 
on a Shropshire farm last October and has since led 
to the slaughter of some 443,000 animals This con- 
clusion—hotly disputed by the Argentinian Embassy 
in London—is made ın the report compiled by the 
Ministry of Agriculture and published this week 

The report bases 1ts case on the circumstantial 
evidence that Argentine lamb was supplied to the 
farm where the epidemic first began, and on the failure 
to discover any other possible source of mfection In 
an admurably thorough piece of detection, Mr John 
Reid, the Ministry’s chief vetermary officer, has estab- 
lished that the disease could not have been troduced 
to the Shropshire farm by the movement of humans or 
animals, and he considers that, although there were 
3,000 cases of the disease last year m Western Germany, 
1t could not have been transmitted either by the wmds 
or by birds “The distance 1s too great for the disease 
to have been brought from Germany to Shropshire by 
birds”, he says, and presumably—though this 1s not 
stated m the report—the route does not correspond to 
any migratory pattern 

Rulmg out imported hay and a previous outbreak 
of the disease m Warwickshire, Mr Reid narrows down 
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the possible source of infection’to imported meat 
The butcher who supphed meat to the Shropshire 
farm received New Zealand lamb and Argentine lamb 
from his distmbutor It 1s not known which kind of 
lamb the farm received, but New Zealand 1s free from 
foot-and-mouth whereas ın Argentina the disease 1s 
endemic The owner of the farm fed bones to his dogs 
and although he boiled them first he “did not claim 
that this was always done effectively”. The disease 
first broke out in two gilt pigs and the bones fed to the 
dogs “could have been carried mto the yard or neigh- 
bouring fields where the gilts had been” From this 
reconstruction of the crime, the report says, “It was 
not possible to establish conclusively that imported 
frozen lamb carried foot-and-mouth disease virus to 
the farm, but, as all other generally recognized sources 
of infection had been eliminated, it remamed the most 
probable vector” The majority of subsequent out- 
breaks were probably the result of carriage by birds 
and the wind, but the large number of cases which 
occurred simultaneously over a wide area suggests a 
common primary cause The Argentine lamb supplied 
to the Shropshire farm came from a consignment of 
770 carcasses, all from a particular establishment in 
the Argentine, which was distributed over a wide area 
of the country This was the area of the greatest con- 
centration of the infection ın the first month of the 
epidemic 

The only type of virus isolated ın the epidemic was 
O, Although this type 1s prevalent in South America, 
1t 18 not yet known whether rt 1s prevalent in the area 
which supphes the establishment from which the 
suspected consignment was supplied 

How did the virus bypass the measures for its 
detection ? The Argentiman Embassy in London has 
pomted out that there 1s a permanent vetermary staff 
attached to the Bntish Embassy in the Argentine which 
collaborates with the local authorities in inspecting 
hygienic conditions m canning factories and slaughter 
houses The staff was established on the recommenda- 
tion of the Gowers Report, presented in 1954 after the 
last serious outbreak of the disease m Britain, but it 
has no power to sample carcasses intended for export 
to Britain for the disease This, the British Mistry 
of Agriculture has stated, 1s the responsibility of the 
Argentiman Veterinary Service It is impracticable 
to sample the carcasses coming mto Britam because 
the heads and feet, which bear the most obvious signs 
of the disease, have been removed 

The most recent cases of the present epidemic 
occurred on February 21 The Ministry of Agriculture 
hopes that these will be the last, but is keeping 1ts 
fingers crossed until the three-week meubation period 
of the virus has passed 


Carnegie Research 


A REviEW of the research bemg done at the sıx research 
departments of the Carnegie Institution of Washington 
1s given in the mstitution’s latest annual report for 
1966-67 The departments concerned are the Geo- 
physical Laboratory and the Department of Terrestrial 
Magnetism, both m Washmgton, DC, the Depart- 
ment of Plant Biology at Stanford, Calforma, the 
Department of Embryology at Baltimore, Maryland, 
the Genetics Research Unit, Cold Sprmg Harbor, New 
York, and the Mount Wilson and Palomar Observa- 
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tories, Pasadena, California, operated jomtly with the 
Califorma Institute of Technology 

Research in the astronomical field durmg the year 
meluded the discovery of more mformation about 
quasars, and the discovery of a probable physical 
mter-galactic connexion between our galaxy and the 
Magellanic Clouds—scientists from the Instituto Argen- 
tmo de Radioastronomia working at the radio telescope 
constructed by the mstitution at La Plata, Argenta, 
mvestigated what seems to be a bridge of neutral 
hydrogen between the Milky Way and the small 
Magellanic Cloud 

Workers at the Department of Terrestrial Magnetism 
have found that the Earth’s crust 1s very thi around 
Washington, DC They have constructed a map show- 
mg the thickness of the crust from North Carolina to 
central Pennsylvania The map shows that the crust 
varies in thickness from 30 to 60 kilometres, with the 
thinnest area underlymg Washington and adjacent Vir- 
gina, and the thickest areas beneath the Appalachian 
Mountains. The Biophysics Section of this same 
department 1s interested ın the biochemistry of evolu- 
tion It has reported work on the search for repeated 
DNA sequences in different species representing all 
the main forms of hfe, from viruses to humans The 
investigators found that fifty-five different DNAs from 
plants and ammals showed DNA sequence repetition 
In other words, in each case, a large fraction of the 
genetic material consists of many copies of short DNA 
sequences or packets of genetic 1nformation—only 
bacterial and viral DNA failed to show sequence 
repetition It ıs believed that the repeated DNA 
sequences are slowly mutated or changed during the 
course of evolution Thus the copies (members of 
families of repeated sequences) do not remain identical 
The degree of divergence may be a measure of the age 
of the family of nucleotide sequences—this divergence 
may be very relevant to evolutionary history From 
time to time certam segments of DNA are copied 
and new families of many identical members are 
produced 

Among other research reported 1s the discovery at 
the Department of Plant Pathology of the way to make 
some common plants double their growth by reducing 
the amount of oxygen ın the air surroundmg them 


New Research Rocket 


THE proving trials of a new British research rocket 
have been completed and a series of test flights have 
started m which scientific experiments are carried 
The rocket 1s the Petrel, a small solid fuel vehicle 
designed to provide high altitude research facilities, 
mainly for universities, at low cost It was developed 
for the Science Research Council by the Ministry of 
Technology’s Rocket Propulsion Establishment, the 
Atomic Weapons Research Establishment and Bristol 
Aerojet Ltd Petrel can reach altitudes of up to 
140 km and can carry a payload of 13 kilograms, 
which has to be reduced if telemetry facilities are 
required 

The first of the series of test fights was launched 
successfully on February 3 and a second firmg took 
place on February 29, both from the South Uist range 
in the Hebrides The experiments carried on these 
flights were designed by the Radio and Space Research 
Station at Slough to mvestigate high speed electrons 
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from space bombarding the atmosphere The flights 


were tests in the sense that their purpose was primarily 
to evaluate the behaviour of the rocket rather than to 
gather scientific mformation 

Several more Petrel rockets are planned to be 
launched from South Uist this spring, carrying experi- 
ments for university research groups These include 
payloads from Birmmgham University to mvestigate 
ions and electrons m the atmosphere, from Southamp- 
ton to study sporadic layers of ionization and from 
Sheffield to study fine structure effects m the 1ono- 
sphere 


Rules for Heart Transplants 


Tue Board on Medicine of the US National Academy 
of Sciences has issued a set of guidelines for heart trans- 
plants In a statement published on February 28 it 
says that because cardiac transplantation m man 
cannot yet be regarded as an accepted form of therapy, 
but only as a scientific exploration of the unknown, the 
operation should only be carried out m institutions 
where a special set of criteria can be met The surgical 
team, the statement says, should have extensive 
laboratory experience of heart transplantation and a 
thorough understandimg of the biological processes 
involved m rejection and its control—immunologists 
should be readily available to collaborate m the 
operation 

The statement goes on to say that the primary justi- 
fication for transplanting hearts, with respect to donor 
and recipient, 1s that the knowledge so gamed will be 
of benefit to other members of society The ethical 
issues involved are part of the whole problem of the 
ethics of human experrmentation, which are at present 
bemg studied intensely, as the statement says, by a 
number of well-qualified groups m the United States 
and other countries Until some ethical guidelinés are 
available the Board on Medicine can only advise every 
institution to assure itself that 1t has protected the mter- 
ests of all parties mvolved to the fullest possible extent. 
The donor, the board says, should be unanmmously 
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selected by doctors who are not directly mvolved m the 
transplantation effort Their opinion as to the accept- 
abihty of the donor should be based on crucial and 
irreversible bodily damage and imminent death The 
prospective recipient should also be exammed by an 
mdependent group of doctors, mcluding a cardiologist 
and an immunologist Their decision should be based 
on all the evidence, including the presence of advanced, 
reversible cardiac damage and the likehhood of 
benefit from the procedure 


School Leavers 


VorumE 2 of Statistics of Hducateon—one of at least 
five volumes covering different educational subjects— 
has been published this week by HMSO (price 20s ) 
This particular volume deals with General Certificate 
of Education exammations, Certificate of Secondary 
Education examimations, and school leavers 

From the numerous lists of figures, a rising trend in 
the number of students qualified m GCE can be seen 
In fact, during the ten years ending m 1966, the number 
of passes at O-level almost doubled The biggest 
increases were m economics (and associated subjects)— 
490 per cent—and im the other social science and 
vocational subjects group—200 per cent Naturally 
enough, the greatest number of entrants were in 
English and mathematics, with geography and French 
not far behind Physics also seems to have been 
popular, with an average of 54 7 per cent passes Suc- 
cesses m the A-level exammmations showed an mcrease 
of nearly 150 per cent during the last decade and the 
only decrease was m botany which fell by 9 per 
cent English literature and physics were the two 
most popular subjects The total of 140,000 CSE 
candidates for 1966 was more than twice the number 
for 1965, with entries for boys averaging 4:3 subjects 
each and for girls 3 2 subjects each 

In 1965-66, 385 per cent of all leavers attempted 
O-level, and of these 21 per cent obtained five or 
more passes Of over 15 per cent who attempted A- 
level, 11 per cent obtamed two or more passes The 
data also show that 16-5 per cent of leavers went on 
to further education 75 per cent each to universities 
and to other full-time further education, and 15 per 
cent to colleges of further education 

Regional statistics show that the proportion of all 
leavers gomg to full-time further education was above 
the national average in Wales and m the south of 
England except Greater London, and that the number 
leaving with two or more A-levels was highest m 
south-east and south-west England A similar trend 
was shown for those leaving with five or more A-levels, 
with a percentage of 247 per cent for Wales closely 
followmg the figures of 268 and 264 for the south- 
east and south-west respectively 


Committee on Education 


Tae British Parhament has now proceeded with the 
plan to set up a specialist committee of the House of 
Commons to deal with educational topics The member- 
ship of the committee, announced last week, meludes 
ten Labour members, seven Conservatives and no 
others, a source of some frustration to the dozen 
Laberals ın the House of Commons As well as bemg 
large, the select committee 1s also emment. It 
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includes a former Conservative Minister of Education, 
Sr Edward Boyle, and a former Labour Munuster, 
Mr Fred Willey, who was Minister of Land and 
Natural Resources until that mmustry disappeared 
Before that he was for many years a Labour spokesman 
on education The Labour Party, with almost as many 
teachers in the House of Commons as the Conserva- 
tives have lawyers, ran the risk of turning the com- 
mittee mto little more than a teachers’ lobby. This 
seems to have been resisted, although several of the 
members are former teachers—Mr Christopher Price, 
Mr Trevor Park and Mr Richard Mitchell have all 
taught at schools, and Mr Stanley Henig 1s a former 
university lecturer Among the Conservatives there are 
no former teachers, except Mr Richard Hornby, who 
taught for two years at Eton There ıs, however, Mr 
Esmond Wright, who until his election as member for 
Glasgow Pollock was professor of modern history at the 
University of Glasgow 

The final terms of reference of the committee are a 
compromise In its origmal form, the motion establish- 
ing the committee put down by Mr Richard Crossman, 
Leader of the House of Commons, did not mention Scot- 
land, and the committee had no Scottish members This 
was later changed, and the committee 1s now empowered 
to examine the activities of the Scottash Education 
Department as well as the Department of Education 
and Science It now has two Scottish members But 
this has not satisfied members from Scotland, 
who are hard to satisfy They say, quite truthfully, 
that Scotland has an entirely separate system of 
education, and deserves a committee to itself—a 
committee empowered to examine the work of the 
Scottish Office as a whole 

Mr Crossman has made ıt quite clear that the com- 
mittee 1s not a committee on education. Rather, 1b 18 a 
committee charged to examme the activities of the 
Department of Education and Science and the Scottish 
Education Department—at 1s a departmental rather 
than a subject committee. Mr Crossman already seems 
halfway to admitting that 1t was a mistake to establish 
the committee on this basis “It 1s arguable that 
subject committees are, on the whole, better and 
easier to work It may be ın the final resort that we 
come only to subject committees, but we were pledged 
to try out a departmental committee” There 1s now a 
select committee on agriculture and one on education, 
both orgamized on departmental hnes This has been 
done, 1t 1s thought, because Mr Anthony Crosland and 
Mr Fred Peart were the two mimisters mutially most 
enthusiastic about specialist committees Mr Crosland 
has now moved on to the Board of Trade, leaving Mr 
Patrick Gordon Walker, still having an unhappy time 
as a minister, to handle the select committee as best 
he can Mr Peart, still Minister of Agriculture, is 
probably finding the committee on agriculture more of 
a problem than he bargamed for. 

The committee will be meetmg m public, and its 
chairman will be Mr Fred Willey As 1s first subject, ıt 
has chosen to examine the Inspectorate of Schools 
This ıs the body which certifies the standards of all 
schools in Britain, and 1s likely to prove a tepid subject 
pohtically The committee has clearly decided to play 
itself in gently, and ıs likely to start the examina- 
tion by summoning civil servants rather than 
ministers from the Department of Education and 
Science 
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New Degrees 


Reres from the permissive society are beginning m 
Britam. to be felt ın the strict world of the PhD degree, 
where ordmances are bemg revised Bristol is the 
lates’ university to relax its requirements so that 
graduates of Bristol of exght years standing can now 
submit “substantial published work pursued ın the 
university or elsewhere” for a PhD These conditions 
supplement and do not replace the conventional 
supervised postgraduate work ın the university 

Other universities have already mtroduced similar 
schemes That at Cambridge has been m action for 
more than a year and a considerable number of applica- 
tions and enquiries has been received The idea 1s to 
provide some kmd of recognition for the work that 
individuals, such as teachers or imdustrial research 
workers, have published, often as a result of studies 
in their spare time 


Mathematics for All 


One of the principal recommendations of the Danton 
Report, published on February 29, ıs that all pupils 
should study mathematics until they leave school 
It seems from the report that a high proportion of 
pupils with O-level passes in this subject abandon it 
m the sixth form, but the Damton Committee suggests 
that the overwhelming majority are capable of benefit- 
wg from its contimued study It considers that 
mathematics 1s a “key factor” ım restormg flexibility 
to the present situation, and stresses that England and 
Wales are exceptional ın western Europe in abandoning 
science and mathematics for a significant proportion 
of those ın school over the age of 15 

One difficulty with this proposal may be the shortage 
of science teachers paragraph 86 of the report itself 
states that there 1s a shortage—especially ın mathe- 
matics How then is mathematical teaching to be 
mereased when teachers are themselves in short 
supply ? The latest available figure for the number of 
mathematicians whose qualifications can be regarded as 
equivalent to a degree who are teaching mathematics 
m schools 1s 11,033 for 1965—an merease of only 
252 over the figure of 10,781 for 1962 Moreover, m 
a sample of secondary schools, 36 per cent of mathe- 
matics teaching was given by teachers with no qualifica- 
tions in mathematics But the report stresses that the 
way mn which these teachers are used and the support 
they are given 1s probably as important as their actual 
supply It also emphasizes the encouraging fact that 
recent policies for the recruitment of young scientists 
mto teaching have been quite successful, a survey mn 
1965 showed that 40 per cent of science teachers 
(mecluding mathematics) with second class honours 
were under 30 compared with 33 per cent for languages 

Dr Bryan Thwaites of Westfield College, this year’s 
president of the Institute of Mathematics, feels sure 
that the various professional mstitutes will back up 
the proposal, and mamtams that ıt 1s right both 


EMPLOYMENT OF MATHEMATICS GRADUATES IN MAINTAINED 
AND DIRECT GRANT SCHOOLS—-UNIVERSITY GRADUATES ONLY 


1962 1963 1964 

1st class honours 512 504 507 
2nd class honours 1,523 1,581 1,663 
3rd class honours 3,445 3,434 3,432 
Total 5,480 5,519 5,602 
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educationally and from the pomt of view of manpower 
supply He 1s surprised, however, at the committee’s 
assurance that the quality of science teachers 1s bemg 
maintamed, instead of declining In his experience, 
at least one headmaster has suggested that he could 
not obtain science teachers of sufhciently high quality 

The headmaster of the City of Bath Boys’ Grammar 
School, Mr L H Scott, thinks that “everyone ought to 
know the language of mathematics”, but thinks that 
a great many pupils will not be willmg to be pushed 
into 1t He emphasizes the necessity for a new type of 
course, particularly ın the sixth form Like Di 
Thwaites, he believes that there 1s a definite fall in 
the quality of science teachers and expressed concern 
that the shortage 1s hkely to become more acute withm 
the next ten years—a study of the age distribution of 
teachers has shown that a igh proportion of those 
with first class honours are approaching retirement 
He thinks that teachers in this age bracket are still to 
a large extent holding the fort 

Professor Sir Nevill Mott of the University of Cam- 
bridge is also an advocate of a new mathematics course 
What the report fails to bring out, he suggests, 18 that 
pupils are unhkely to study mathematics beyond O- 
level unless they are good at 1t, for the simple reason 
that they do not think ıt will help them ın securing a 
university place He suggests that there should 
be a new, less advanced mathematics course which 
makes use of mechanical aids and films, and that 
universities should be encouraged to accept reasonable 
performance m such a subject offered by pupils hoping 
to read biological subjects at university 


Parks and Countryside 


THE eighteenth report of the National Parks Comms- 
sion for the year ended September 30, 1967, has 
recently been published (HMSO, 8s. 6d) This 1s 
probably the last time that the report will appear 
in its present form, for the commission’s functions will 
be altered when the Government’s Countryside Com- 
mission comes into bemg—though when this will be 
1s uncertam, for a parlamentary standing committee 
1s still considering the Countryside Bull which had its 
second reading m November 1967 The National 
Parks Commission, which reports to the Minister of 
Housmg and Local Government and the Secretary of 
State for Wales, gives the :mpression in its report that 
1t does not welcome the proposed Countryside Com- 
mission with open arms—‘‘it seems certain that the 
Bill will not give us all that we asked for ın the way of 
financial and executive independence The com- 
mission, however, “looks forward” to the wider 
responsibilities umpheit ın the new Bill 

At present, the National Parks Commission 1s 
continumg its job of preserving the ten National Parks 
and other “areas of outstanding natural beauty” ın 
England and Wales Last year, orders designating two 
new areas—Anglesey and the South Hampshire coast 
—were made by the commission, and plans were ad- 
vanced for further areas including the Kent Downs, 
the Norfolk coast and Dedham Vale Some of these 
orders have smce been confirmed Early in 1967, 
when a large estate m the heart of the Snowdoma 
National Park came on to the market, the commission 
urged the Government to purchase an area to which 
public access could be secured Though the estate was 
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sold privately, the Secretary of State for Wales 
announced m November 1967 that the Government had 
purchased from the new owners a critical area of some 
13,000 acres includmg the summit of Snowdon and 
Llanberis Pass. The Countryside Commission will 
replace and extend this work of the National Parks 
Commission in the context of the promotion of the 
countryside generally The National Parks Com- 
mission seems to thik, however, that the National 
Parks will contmue to occupy a central position in 
the new organization The progress made m each park 
during the year 1s recorded in the report 

During the year under review, links with the Council 
of Europe were strengthened by the appomtment of 
the National Parks Commission as the United King- 
dom correspondent to a new European Information 
Centre on Nature Conservation As a result of the work 
of the Standmg Committee set up by the second 
“Countryside m 1970” conference, the commission has 
also been invited to act as the United Kingdom “focal 
pomt” for all mformation activities relating to the 
countryside 

One of the functions of the commission 1s to make 
proposals for the creation of long-distance footpaths 
and bridleways In this connexion the commission 
submitted mformation and recommendations to the 
Committee on Footpaths appomted by the Govern- 
ment in 1967. An important job of the commission 
is the consideration of proposals for development 
affecting the landscape in designated and other areas 
of coast and countryside During the year, 302 such 
proposals were considered, of which one-third were 
within areas of outstandmg natural beauty One of 
the most important of the proposals was one for 
a North Sea gas terminal at Bacton on the Norfolk 
coast (see Nature, 217, 10, 1968) At the public 
mquiry, at which the commission was represented, 
the Minister of Housing and Local Government agreed 
that the works proposed would involve “a massive 
and alien mtrusion ito the coastal landscape”. He 
allowed the development, however, to the “great dis- 
tress” of the commission The commission points out 
that the inquiry did at least establish the technical 
possibility of taking sea gas treatment plant away 
from the coast, previously considered umpractical 


Science in Parliament 


Tas Parlamentary and Scientific Committee, an 
organization which sets out to keep both Houses of 
the British Parlament informed on scientific and tech- 
nological subjects, has elected a new chairman He 
is Mr David Ginsburg, Labour Member of Parliament 
for Dewsbury since 1959, and he takes over from 
Mr Arthur Palmer Mr Ginsburg, who 1s 47 this year, 
was educated at Umversity College School and Balhol 
College, Oxford, where he got a degree in politics, 
philosophy and economics For some years he was 
secretary of the research department of the Labour 
Party. Mr Ginsburg, whose political views are m the 
mainstream of the Labour Party, has been a member 
of the Select Committee on Science and Technology 
since its formation Huis contributions to the sessions 
of the committee are always pleasant and well informed, 
which suggests that he 1s admirably equipped to be 
charman of the inter-party Parliamentary and 
Scientific Committee 
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Parliament in Britain 
from our Parliamentary Correspondent 


Mr Rozsert Woor, a mnmg Member of Parliament, 
won a tiny victory on February 23, when he asked the 
Minister of Power which nuclear power station he 
expected to be producing electricity at 0-54d per unit 
by 1970. Mr Marsh had to admit that none would, 
and was generous enough to pomt out that the best 
coal-fired stations, Ratchffe and Cottam, coming on 
stream ın 1968, would generate at 054d and 0-56d 
per unit respectively Dungeness B, the advanced 
gas cooled station due to start m 1971, would produce 
power at 057d per umt (Written answer, Feb- 
ruary 23) 


Concorde 

Mr Wepewoop Benn, Minister of Technology, an- 
nounced approval for the production financmg of the 
Concorde supersonic airlmer The amount of money 
would be large, he warned The net workmg capital 
needed over the next five years would be of the order of 
£100 to £125 million, and the companies were arranging 
for their banks to advance up to £25 million, which 
the Government would guarantee Mr Benn said that 
the rate of production would be three a month, although 
it depended to some extent on firm orders Only Mr 
Hugh Jenkins struck a dissident note Did the minister 
not agree that the proposal was a gross misuse {of 
public funds? That depended, Mr Benn said, on 
whether it was a success If ıt was a great success, 
he said, 1t would be a profitable mvestment (State- 
ment, February 27 ) 


Bristol Siddeley 

LATER m the week, Mr Benn made a statement about 
the report of the committee of inquiry mto the pricing 
of contracts made with Bristol Siddeley Engines The 
committee, under Sir Roy Wilson, said that the com- 
pany had budgeted for, and achieved, exorbitant 
profits on overhaul contracts “The approximate 
extent of the profitability on these contracts was, at 
the tıme, known to the company at all levels of man- 
agement We do not accept that the overcharging 
has been justified by any of the arguments put forward 
by the company” The negotiations amounted to 
mtentional misrepresentation, despite this, Mr Benn 
said that the Attorney General, after consultation 
with the Director of Public Prosecutions, had decided 
that the evidence did not justify proceedings The 
company had already paid back some £396 mullion 
(Oral answer, February 27 ) 


Chapelcross Breakdown 

Mr Tom Swar asked the Minister of Technology how 
long ıt would be before the nuclear reactor at Chapel- 
cross would be mm operation agam It was shut down 
after an accident in May 1967. Mr Benn said that 
remedial work was making good progress, but the 
Atomic Energy Authority could not say how soon the 
station would be back on stream The loss of sales of 
electricity up to the end of February had cost £0-8 
milion Mr Benn also told Mr Swain that the growing 
volume of exploration work should ensure enough 
uranium for the United Kingdom nuclear power pro- 
gramme at reasonable prices A price variation of 
10 per cent meant a change of 1 25 per cent in generat- 
ing costs, he said (Written answer, February 29) 
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NEWS AND VIEWS 


Biosatellites are a Waste of Money 


TuE National Aeronautics and Space Admmuistration 
(NASA) 1s currently askmg the United States Congress 
for $325 mullion to finance bioscience programmes 
during the fiscal year 1969 It1s perhaps no coincidence 
that NASA also convened a symposium at the National 
Academy of Sciences in Washington on February 23 
and 24 to publicize the prelimmary results of the 
Biosatellite II mission, even though the data from 
most of the experiments were still only mcompletely 
analysed and essential post-flight controls had not 
even begun That might not have mattered, of course, 
1f there had been particularly exciting results But 
there were not, and the proceedings of the symposium 
are unlikely to win the biosatellite programme many 
new friends among the scientific community Indeed, 
they give more ammunition to the many and emment 
biologists who beheve Biosatelites I and II were a 
waste of money and time Congress, however, even 
though ıt is cutting the budgets of many government 
agencies, may not thmk the same way 

Biosatelite II was essentially a repetition of 
Biosatellite I, which was successfully launched in 
December 1966 but which, because of a failure m retro- 
rocket ignition, was not recovered And as the NASA 
engineers and administration explained in the first 
session of the symposium, Biosatellite II has also had 
its technical problems First, during the final count- 
down on September 7, 1967, there was a delay of about 
three hours because of mmor faults m the spacecraft and 
launching vehicle which unfortunately meant that the 
biological experiments were kepton the Earth threehours 
longer than expected This greatly reduced the value 
of an experiment with fertilized frogs’ eggs Second, 
although the satellite was successfully launched into a 
nearly circular orbit at 315 km, the planned three-day 
flight had to be curtailed to 45 hours because of a 
storm threatening the recovery area m the Pacific 
so that the experiments were not run to completion. 
Third, and most important, the vibrations to which the 
satelute was subjected during the launch were appar- 
ently greater than anticipated, so that the pre-launch 
controls of the effects of vibration and acceleration on 
the experrments have to be repeated at the Ames 
Research Center beginning on March 12 

The thirteen experiments which were flown m Bio- 
satellite II were apparently selected from some two 
hundred proposals submitted to NASA, and they fall 
into two main classes Furst, those designed to study 
the effect of weightlessness (or, more accurately—at 
least until the effects of vibration have been cleared 
up—space flight conditions) on the growth and develop- 
ment of the plants and frogs’ eggs The rationale 
behind these experiments 1s clear, because both plant 
growth and frog embryogenesis are known to be sensi- 
tive to gravity The second class of experiments was 


designed to tell whether organisms are more deleteri- 
ously affected by radiation under space flight conditions 
than on Earth Presumably the expermmenters argued 
that 1f weightlessness has any effect on cellular meta- 
bolism, this might show up as an increased mutational 
rate which 1s indicative of an upset ın the cellular 
repair mechanisms 

Without going into great detail—the full symposium 
proceedings are to be published m Bioscience later 
this year—the results of the first class of experiments 
involving plants can be summarized briefly All the 
responses during the flight, the epinasty of pepper 
plants, the growth and orientation of wheat root and 
coleoptiles, the behaviour of the so-called statolith 
starch granules m wheat seedlings as revealed by 
histochemistry and the distribution of a few enzymes 
m wheat seedlings, also occurred m controls on klmo- 
stats on the Earth’s surface As Dr K. V Thimann, 
the general chairman of the symposium, said im his 
summary, there 1s no real basis for believing that zero 
gravity causes any responses different from those due to 
balanced gravity Equally, space flight has no effect 
on an experiment to measure the growth, feeding and 
cel] division of the multimucleate amoeba Pelomyxa 
carolinensis 

Perhaps the most interesting experiment flown on 
Biosatelhte IT was the one intended to find out whether 
frogs’ eggs (sp Rana pipiens) develop normally under 
zero gravity Since Schultze’s classic experiment ım 
the late nineteenth century, evidence has accumulated 
that gravity plays a part m determming bilateral 
symmetry and normal development of the embryo 
The stage of development most sensitive to disorienta- 
tion with respect to gravity 1s immediately after 
fertilization, and sensitimty decays steadily durmg 
the onset of the first cleavage The best experiment 
for Biosatellite IL would clearly have been to fertilize 
the eggs ın space This apparently was too difficult, 
so eggs were fertilized before launch, held at 6° C and 
then heated ın space Unfortunately, the three-hour 
delay m the launch was critical to the experiment 
It meant that by the time the eggs were in orbit, they 
had reached the middle of the first cleavage stage, 
although they had not completed cleavage The result 
of the experiment was that the eggs developed quite 
normally from this stage during the flight and subse- 
quently after recovery  Weightlessness and the 
vibrations durmg launching do not therefore affect 
development beyond the first mid-cleavage stage That 
1s not a trivial statement, but because of the three-hour 
delay the most gravity sensitive period mn development 
was not tested 

The six expermments designed to test for an enhance- 
ment-effect between radiation and space flight condi- 
tions mvolved a fairly wide range of organisms two 
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plants, Tradescantia and Neurospora, and three 
insect: species, Drosophila, the flour beetle Tribolium, 
and a parasite wasp Habrobracon As expected, the 
response of cells to radiation ın space flight varies 
greatly from one type of cell to another depending 
on the metabolic state of the cells, just as on Earth. 
But what was not expected was that there does seem 
to be a shght but statistically significant mcrease in the 
sensitivity of some cells to radiation damage under 
space flight conditions The biggest effect detected 
was with Drosophila scored for ‘dumpy wing” muta- 
tion The flight group had 14 mutants out of the total 
20,562, whereas the ground control had 4 mutants 
out of a total of 24,838 Strontium-85 ın the satellite 
was the source radiation in all these experiments 

These radiation experments at first sight do suggest 
that weightlessness has some enhancing effect on radia- 
tion damage, but the mterpretation 1s complicated 
because vibration or some other factor ın the space 
flight environment may be responsible Clearly there 
can be no definite conclusion until thorough post-flight 
vibration tests have been performed at the NASA 
Ames Laboratory And NASA might be more highly 
respected xf, mits public statements on Biosatellite II, 
16 had not tried to gloss over this and other problems 
NASA blandly asserts that “the only condition 
fight organisms experienced was weightlessness”, yet 
Dr O E Reynolds, Director of Bioscience Programs, 
m his summary of the symposrum m Washington, 
said the immediate problem was to clear up the vibra- 
tion radiation interaction problem which he described 
as the “‘muddiest issue” Similarly, the NASA public 
statement asserts that “all 13 expermments carned 
on the satellite were successful”, but does not mention 
the critical three-hour delay which greatly reduced the 
significance of the experiment with frogs’ eggs 

Have the results of the Biosatellite II justified the 
cost of the mission? And what implications do they 
have for future biosatellite programmes? Dr C A. 
Wilson of the Ames Research Center, who was m charge 
of the Jaunchings of Biosatellites I and II, estimated 
that about three-quarters of the NASA bioscience 
programme budget was being spent on _biosatellites 
and that the combmed cost of Biosatellites I and IL 
was $50 million But according to at least one of the 
experimenters, this 1s a conservative estimate Obvi- 
ously 1t 1s impossible to get a unanimous decision about 
how much money any particular scientific fact or piece 
of research 1s worth, but the $50 milhon NASA has 
spent has really shown only two things First, zero 
gravity and balanced gravity have the same effect 
on plant growth and development, and, second, that 
some factor in the space flight environment appears to 
enhance the deleterious effect of radiation on some cell 
types There 1s always the argument that 16 1s impos. 
sible to predict the effects of space flight, so the experi- 
ments had to be done once But how many biologists 
honestly believed that $50 milton would not have 
produced far more significant mformation if it had 
been spent by the National Science Foundation, 
the National Institutes of Health or even on the exo- 
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biology sponsored by NASA? Dr Thimann must 
surely have been voicing the thoughts of most American 
biologists, cluding many of the most emment, when 
he said forthrightly at the end of the symposium 
that there was no real basis for requesting further 
flights carrying experiments similar to those on Bio- 
satellite II Unfortunately, that 1s unlikely to deter 
NASA 

What implications do the results of the Biosatellite 
TI have on the four biosatellites that are scheduled for 
fight m the next three years ? Dr Reynolds said there 
was nothmg m the results of Biosatellite IT which 
suggested to him that the experiments already 
scheduled for the next four fhghts should be changed 
That may well be true for the two thirty-day missions 
to study the physiology of Macaque monkeys durmg 
space flight Those are legitimate expermments m 
which the bioscience programme could contribute 
significantly to the manned space flight programme, 
space medicine and basic physiology What other 
justification can there be for the biosatellite pro- 
gramme, especially at a time when the budgets for 
NSF and NIH are being held back? The two other 
flights already planned, however, are for 21 days, and 
two of the proposed experiments must surely be critic- 
ally re-examimed The first 1s to observe the morpho: 
genesis of the plant Arabidopsis thahana under weight- 
less conditions, and the second 1s to study the effect of 
weightlessness on human cells in tissue culture In 
the light of the Biosatellte IT results, can either of 
these experiments be justified ? If NASA really wants 
its biosatelhte programmes to be taken seriously by 
the scientific community, and that 1s certamly not the 
case so far, ıt would do well to abandon both these 
experiments, possibly replacing them by a proper 
expermment on frog embryogenesis with fertilization 
during fight If NASA perseveres with its biosatellrte 
programme unchanged, ıt can only expect that most 
biologists will remam determmed not to be associated, 
no matter how big a financial carrot 1s dangled in 
front of them 


Earth Mounds 


Picrures of sand dunes formed in the lee of a hedge 
during a Yorkshire dust storm and reproduced recently 
m Nature (216, 20, 1967) have stimulated Harold A 
Gangmark and F Bruce Sanford of the United States 
Bureau of Commercial Fisheries, Seattle, to write m 
support of their theory for the formation of earth 
mounds (Fishery Bulletin Vol 6, No 1) These earth 
mounds can be found im the flood zones of mvers in 
many parts of America and probably other parts of 
the world, but none of the many theories of how they 
are formed has yet been unrversally accepted. Mr 
Gangmark and Mr Sanford, as fishery biologists, are 
interested in flooding and soil erosion because of the 
effect on fish and incubating spawn, and believe that an 
explanation of the way m which mounds are formed 
will indicate how streams behave and which one will 
be most suitable for fish rearmg. 

Plants such as brickellbush growmg m the flood 
path of a stream are believed by Mr Gangmark and 
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Mounds near Red Bluff, California. 





Silt being deposited downstream of a plant. 


Mr Sanford to be the primary cause of the mounds. 
During flooding, the plants slow down the stream to 
such an extent that the mud being carried along is 
deposited and a pile of silt builds up in an elongated 
shape downstream from the plants. The stream flow 
produces ellipsoidal mounds with their axes parallel 
in the direction of flow. Any plant in a flood plain is 
thought to produce the beginnings of a mound, but 
only brickellbush and other plants with strong roots 
and long lifespan will stand up to continuous pressure 
to form large mounds, some of them more than three 
feet high and twenty feet long. Mounds have been 
found in places where streams no longer run, even 
when in flood. In many cases this change of environ- 
ment kills the plant which caused the mound, leaving 
no visible remains, but Mr Gangmark and Mr Sanford 
have found old roots at the upstream end of all the 
mounds investigated. 

This theory for the method of formation of the 
mounds is reinforced by comparison with the dunes 
formed in dust storms. The transport medium is 
different: air for dunes and water for mounds, but the 
dunes build up in ellipsoidal shapes behind clumps of 
hedge like large-scale mounds, suggesting that the 
methods of formation are similar. 
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Rare Horses 


Tus Przewalski horse, one of the rarest mammals in 
the world, has excited interest for several reasons. It 
is believed to be the horse pictured in the Caves of 
Lascaux by Stone Age man ten to fifteen thousand 
years ago and it is considered by most authorities to be 
the ancestor of modern breeds. At one time herds 
roamed wild over Europe and Central Asia, but the 
numbers gradually declined as civilization spread, 
The modern form was found less than a century ago, 
in 1879, by Colonel N. Przewalski in a restricted area 
in the region of the Gobi Desert on the borders of China 
and Outer Mongolia. 

It was named Equus przewalskii by Poliakof in 1881 
to distinguish it from the modern domestic horse, 
E. caballus. Unfortunately, once discovered, the 
numbers of Przewalski horses in the wild declined 
further. Many were captured and sent to zoos. Quite 
recently it was thought that the truly wild horse had 
become completely extinct and the species was only 
to be found in captivity—even those in zoos are not all 
true Przewalski horses, becaus2 many of those origin- 
ally captured were thought to have been hybrids 
between Przewalski horses and Mongolian ponies run 
wild. There may still be some horses left, however, 
for in 1966 a herd of eight (a stallion and seven mares) 
was sighted in Mongolia near the Chinese border. 
Unfortunately, the herd galloped off into China and so 
little may be known about it for some time. Several 
skeletons of course remain, and zoos have bred from 
the original captured horses. The latest International 
Zoo Yearbook gives figures of 64 male and 83 female 
Przewalski horses living in 35 zoos between February 
and August last year. The mare and foal pictured here 
are in the Zoological Society of London’s garden. The 
foal was born in 1966, but it is not certain whether it is 
a true Przewalski horse as it has a lighter mane and 
tail than usual. 

There have been several papers and books written 
on the Przewalski horse and its phylogenetic relation- 
ships. The Prague Zoo has been outstanding in keeping 
records of the horse, and a pedigree book is compiled 
there every year. Dr R. M. Stecher of the Western 
Reserve Medical School, Cleveland, Ohio, has been 
particularly concerned with the anatomical character- 
istics of Æ. przewalskii which distinguish it from other 
Equidae. In a recent paper (Acta Zoologica et Patho- 
logica, No. 43, 45 ; 1967) he gives results of vertebrae 





Przewalski mare and foal (The Zoological Society). 
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counts from spines of 61 skeletons of the Przewalski 
horse and he correlates these with counts from four 
other horses—the domestic horse (E. caballus), mule 
(E. caballus x E. asinus), donkey (E. asinus), and 
hemione (E. hemionus). He has found that Przewalski 
horses are differentiated from other Equidae by having 
the longest thoracic segment of the spine, the next-to- 
the-longest lumbar segment, the shortest sacral 
segment and the next-to-the-smallest number of 
lateral joints in the lumbar region. Stecher attempts to 
correlate the spinal characteristics of the five horses 
with their chromosomal complements. The chromo- 
somal counts of the horses are found in the following 
descending order: Przewalski horse 2n = 66, E. przewal- 
skii x E. caballus 2n=65, E. caballus 2n=64, E. 
caballus x E. asinus 2n=63, E. asinus 2n=62, and E. 
hemionus 2n=54. Stecher has found that there is a 
complete correlation between the decreases in chromo- 
some counts and the decrease in presacral vertebrae. 
There is also a partial correlation with the increase in 
the anatomical as well as the functional length of the 
sacrum, additions to the functional length of the 
sacrum by ankylosis of caudal vertebrae, and the 
increase of lateral joints in the lumbar region. It may 
be, therefore, that in the course of equine evolution the 
chromosome number and the number of presacral 
vertebrae have decreased, and the numbers of sacral 
vertebrae and lateral joints have increased. 


More Plant Taxonomy 


Some of the latest developments in plant taxonomy 
were discussed on March 1 when the Experimental 
Plant Taxonomy Group of the Linnean Society held 
its tenth annual symposium. 

The section Eu-Cochlearia of the genus Cochlearia, 
scurvy-grass, has always given trouble; Linnaeus 
described four species and since then there has been 
considerable taxonomic confusion. Mr J. J. B. Gill 
of the department of genetics in Liverpool has been 
investigating cytologically the relationships between 
thirteen species of Cochlearia. Within these species 
chromosome numbers of 12, 14, 25, 26, 36, 42 and 48 
occur, and Mr Gill has found that hybridization between 
chromosome levels is easy, except when crosses are 
made between diploids (2n=12 or 2n=14) and octo- 
ploids (2n=48). Analysis of chromosome pairing in 
hybrids showed Mr Gill that all the diploid species 
which he examined are essentially the same; the species 
with two sets of seven chromosomes have arisen from 
those species with two sets of six, by aneuploidy— 
one chromosome has been added to the basic number 
of six. Evidence for this comes from intercrossing 
these species, when at meiosis the chromosomes show 
three pairs and one trivalent or six pairs and one 
univalent. 

Mr Gill found that all thirteen species of Cochlearia 
are related, and that autoploidy has been very impor- 
tant in their evolution. For example, C. officinalis 
(2n=24) when crossed with a 2n=12 species shows 
between one and six trivalents, and in a cross between 
two populations of C. officinalis, one from Sweden 
and the other from Italy, there was strong secondary 
association of bivalents. This clearly suggests that C. 
officinalis developed by autoploidy from a 2n=12 
species, 

Miss Brenda Matfield of the department of botany 
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at Westfield College, London, has been hybridizing 
species of the sub-series Tormentillae of the genus 
Potentilla. The species concerned are P. reptans 
(2n=28), P. erecta (2n=28) and P. anglica (2n=56). 
The last is thought to be an alltetraploid of the other 
two—st meiosis it shows only trivalents—but Miss 
Matfield has so far been unable to synthesize it. Hexa- 
ploid natural hybrids are common and three have been 
given binomials: P.X. suberecta (P. anglica x P. erecta), 
P.X. italica (P. erectax P. reptans) and P.X. mizta 
(P. anglica x P. reptans). Experimental hybridizations 
have indicated that P.X. mixta may arise in two ways, 
by hybridization between P. anglica and P. reptans, or 
by the fusion of an unreduced gamete of P. reptans 
with a reduced gamete of P. erecta. Miss Matfield has 
shown, by backcrossing P.X. suberecta with the parent 
species. that introgression is theoretically possible from 
P. erecta to P. anglica through the hybrid, although 
this is not known in the field. 

Attempts to hybridize P. erecta and P. reptans were 
unsuccessful, and Miss Matfield suggests that P.X. 
italica is not a separate species and that the name is a 
synonym for P.X. mixta—the descriptions for the two 
are very similar. 

Dr M. J. Lawrence, Dr J. S. Gale and Mr A. E. 
Arthur at the department of genetics in Birmingham 
have been investigating the causes of genetic diversity 
in Papaver dubium, the long-headed poppy. The 
character which they have studied is time of flowering, 
and for the purpose they set up a synthetic natural 
population in 1964. In this, natural conditions were 
simulated as nearly as possible—hand raking and light 
weeding were carried out in the autumn, but no fertilizer 
was used. Outbreeding was dismissed as a possible 
cause of genetic diversity when no overall difference 
between the mean expression of flowering time was 
found between crossed and selfed progeny of seven 
plants sampled from this population. The possibility 
that genetic variation is a result of environmental 
heterogeneity of habitat was also discounted when 
poppies were sampled from a fairly wide climatic 
range and showed no correlation of climate with 
flowering time. 

The third possible cause of the genetic diversity is 
selection, and Dr Lawrence and his colleagues have 
found that this is the operative factor. They found 
that early flowering poppies seem to be the fittest in 
that they produce the most viable seed, but popula- 
tions do not become uniformly early flowering because 
dormancy is also involved. 

Some of these poppies germinate in the autumn and 
some in the spring, and many of the former are the 
early flowering types. Thus when the winter is mild 
and many autumn germinators survive, these will be 
the fittest, but when the winter is severe there will be 
more spring germinators, and these, which will in 
this case produce the most viable seed, will be the fittest. 
Because the selective advantage fluctuates from one 
season to another, progress towards the fixation of 
one genotype with respect to flowering time is retarded 
and genetic diversity is maintained. 


Voltes Face 


from our Molecular Biology Correspondent 


Last week (Nature, 217, 803; 1968) I described three 
papers dealing with the sub-unit structure of aspartate 
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transcarbamylase and its relation to the function of the 
enzyme The central finding (Gerhart and Schachman, 
Biochemstry, 7, 538, 1968) was that there are six sub- 
units, two bearing catalytic and four bearing regulatory 
sites This unique situation was considered mn terms 
of an allosteric scheme for the enzyme Hard on the 
heels of these papers comes a study of the same enzyme 
by Weber (J Bool Chem , 248, 543, 1968) from which 
it appears that these results are m error, inasmuch as 
aspartate transcarbamylase has m fact a rather more 
commonplace constitution, bemg made up of four 
regulatory and four catalytic sub-units 

Whereas Gerhart and Schachman worked with the 
fragments obtained when the enzyme ıs dissociated 
by treatment with an aromatic mercurial, and assumed 
these products to represent monomeric chams, Weber 
performed molecular weight determimations m 8 M 
urea Sedimentation equilibrium led to values of some 
42,000 and 23,000, respectively, for the catalytic and 
regulatory chams These results were supported by 
N-terminal residue determinations and amino-acid 
analysis one N-terminal alanme and one threonme 
were found for an equivalent weight of 73,000, and 
the amino-acid compositions for the two sub-units 
together reproduced closely the composition of the 
intact enzyme It therefore now seems safe to conclude 
that the protem 1s an octamer and that the catalytic 
and regulatory chams each possess one active site 
The number of sites (four of each kind m the native 
enzyme) was reported by Changeux, Gerhart and 
Schachman, who have discarded an earlier estimate 
of eight regulatory sites 

The moral yet again would seem to be that it 1s 
hazardous and unnecessary to assume that monomeric 
chains are present under any but extreme denaturmg 
conditions Numerous molecular weight determinations 
of protems in guanidme hydrochloride solutions—the 
use of which has been urged notably by Tanford and 
by Harrington—are now known to have given correct 
monomer molecular weights, and 1b 1s, one must sup- 
pose, an indication of the success of this approach that 
its re-discovery on this side of the Atlantic should al- 
ready have been described (Ullmann, Goldberg, Perrin 
and Monod, Biochemistry, 7, 261, 1968) 

It may be mentioned that Sia and Horecker (Arch 
Biochem , 128, 186, 1968) are now in agreement with 
the four-chain structure of the enzyme aldolase, long a 
subject of contention They elaborate, moreover, on 
the remarkable degradation of the polypeptide chain 
of this enzyme ın quite mildly acid solution The 
possibility that such phenomena may seriously vitiate 
molecular weight determinations in special cases must 
be recognized 


T4 Regulation 
from our Cell Biology Correspondent 


Durma the replication of T-even phages, gene functions 
appear mn a time sequence, which 1s why most viral 
functions have been classified as either early or late 
Refinements m methods of analysis have, however, 
shown that this 1s an oversimphification Levinthal, 
Hosoda and Shub, for example, have found that early 
protems are synthesized asynchronously, they are 
not a single co-ordinately controlled set There are 
also sequential changes mn the population of phage 
mRNA molecules (see Nature, 216, 117, 1967) But 
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only recently, with the improvements in the sensitivity 
of DNA/RNA hybridization techniques, has it been 
possible to measure accurately gene control at the level 
of mRNA transcription In J Mol Biol (81, 325, 
1968), Bolle, Epstem, Salser and Geiduschek describe 
DNA/RNA hybridization experrments which begin to 
show the complexity of the regulation of T, transcrip- 
tion 

Twenty minutes after mfection, a third to a half of 
the phage mRNA molecules are late mRNA species 
The remainder of the population of mRNA at 20 
minutes consists of early-type molecules which are 
also present 5 minutes after mfection, when the late 
species are between a hundred and several thousand 
times Jess abundant ‘There ıs no difference m the 
average stability of early and late mRNA It 18 also 
clear that the whole T, genome 1s not translated for a 
brief period immediately after mfection, some late 
species seem not to be made at all ın the first 5 mmutes 
after infection Bolle e¢ al also mention bnefly other 
results to be published m detail later Apparently 
there are three classes of early mRNA molecules which 
are turned on rapidly m succession durmg the first 
5 minutes of mfection Synthesis of the majority of 
these RNA species 1s then ceduced several-fold after 
between 5 minutes and 20 minutes, during the period 
in which the late mRNAs are switched on Even so, a 
few of the RNA species present after 5 minutes increase 
during this period 

It 1s clear that regulation of T, gene expression can- 
not be solely at the translational level, and the most 
reasonable explanation of the 200 to 4,000-fold increase 
m late mRNA between 5 and 20 mmutes is that late 
mRNA transcription is specifically switched on in this 
period What the switch mechanism is and whether 
all late genes are activated at the same time remams 
to be seen 

In the same issue of J Mol Bol (81, 463, 1968), 
Chrispeels, Boyd, Wilhams and Neidhardt report that 
durmg T, infection of E coh, a new valyl tRNA-synthe- 
tase activity appears with an accompanying decrease 
m the amount of the omgmal E coh valyl tRNA- 
synthetase The T, duced enzyme differs m sedi- 
mentation properties and thermal stability from the 
E col enzyme, but heavy labelling experiments prove 
that ıt 13 formed from polypeptide chain synthesized 
before mfection Chrispeels et al believe that the 
phage-induced enzyme 1s a modified form of the host 
enzyme, possibly a dimer ‘This conversion 1s specific 
(arginine, aspartic, leucine, phenylalanine, and serine-t- 
RNA synthetases of E cols are not modified by T, 
mfection) and 1t 1s sensitive to chloramphenicol For 
these reasons, Chrispeels et al suggest as a working 
hypothesis that a new or altered valine RNA produced 
by T, promotes the conversion of the host enzyme 
Whether the new enzyme plays an important part m 
the physiology of the phage is undecided, but simece 
conversion of all the host enzyme occurs by about 
15 to 20 mmutes after mfection, 1t 1s yast possible that 
the conversion 1s mvolved in the regulation of early 
and late protem synthesis 


Globin Metabolism in Thalassaemia 


from our Medical Biochemistry Correspondent 


THALASSAEMIA 18 a chronic haemolytic anaemia which 
1s quite common in some parts of the world, particu- 


904 


larly around the Mediterranean The condition 18 
due to an abnormal recessive gene which affects haemo- 
globin synthesis Heterozygotes (with only one thalas- 
saemia gene) usually show a mild chronic anaemia with 
a low haemoglobin concentration m the red cell This 
condition, known as thalassaemia mmor, can be more 
serious if the patient also has some abnormal haemo- 
globms The homozygous condition known as thalas- 
saemia major or Cooley’s anaemia 1s a very serious 
disease which 1s usually fatal before the patient 18 
adult 

The obvious explanation 1s that this 1s a serious 
defect of haemoglobm synthesis in thalassaemics, which 
have a substantial amount of foetal haemoglobm m 
their blood It seemed probable that there was also a 
defect m the structure of the red cell stroma (the 
insoluble part of the red cell), for the cells have an 
abnormally short life-span Recent work has shown 
that homozygous thalassaemics cannot synthesize 
the 8-chain of haemoglobin, and that they also produce 
much more of the a-cham than 1s necessary for combmna- 
tion with the y- and -chams synthesized Labelling 
experiments have indicated that, m erythroid cells, 
the ratio of a-globin to y-globm plus 5-globin was 3 0, 
but this ratio was never found in mature cells The 
ratio there was 10, correspondmg to the presence of 
normal haemoglobin A, and haemoglobin F 

It has now been shown (Bergollesi, Pontremoli, 
Mamm and Conconi, European J Biochem , 8, 364; 
1968) that the excess of a-globm formed m reticulocytes 
from patients with thalassaemia major becomes asso- 
ciated with the stroma Blood samples from nine 
patients with thalassaemia major and two normal 
controls (and bone marrow samples from two patients) 
were incubated ın an amino-acid mixture contaming 
tritium-labelled valine, leucine and lysine In the con- 
trol preparations, the activity of both cytoplasmic and 
stromal protems increased for two to five hours and then 
remained constant, with very little label ın the stromal 
protems In the patients’ samples, the total cell label 
remained the same after five hours but the label was 
redistributed The label m the cytoplasmic protems 
increased rapidly for the first five hours and then 
decreased slowly, while the label in the stromal protems 
increased slowly throughout the twenty-five hour 
tmcubation period 

Chromatographie separation of the cytoplasmic 
proteins showed that muitially the ratio a/y +8 globins 
was 30, but as the tritium concentration in the cyto- 
plasm decreased the ratio dropped to 10 Nearly 
all the labelled protem m the stroma was a-globin 
The authors could find no a-globin in the stroma of 
mature red cells from thalassaemics, indicating that 
the a-globm must be further metabolized or firmly 
associated with the membrane m some way It 1s 
tempting to assume that this reaction is the reason 
for the fragility of thalassaemic erythrocytes Cer- 
tamly further work on this mteraction may mdicate 
some of the factors affecting red cell stability 


Regulation of Lambda Genes 
from a Temperate Bacteriophage Correspondent 


Tr looks as though the temperate coliphage lambda 1s 
becoming another gold mine for molecular biologists 
The phage has recently been attractimg mereasing 
attention, largely because 1t provides an experimental 
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system for tackling problems of gene regulation at a 
higher level of complexity than those presented by the 
venerable lactose operon of E cols In the lactose 
operon, a single repressor protem prevents the expres- 
sion of the three structural genes of the operon, 
smmilarly a lambda repressor prevents the expression 
of the entire phage genome, which has some thirty to 
fifty genes (see Nature, 217, 509, 1968) Unhke the 
lactose genes, however, the genes of lambda, are not all 
expressed co-ordinately after the repressor 1s removed, 
but mstead they divide mto several groups which 
differ m both the time and the level of expression 
during phage growth Thus current interest in lambda 
centres on the mechanisms which contro} this ordered 
expression Which lambda genes are controlled 
directly by the lambda repressor and which are con- 
trolled by other means durmg phage growth? A 
possible alternative to direct repression could mnvolve 
regions of the phage genome which can be transcribed 
only by a phage specific RNA polymerase which might 
appear after the mitial stages of mfection 

Pereira da Silva and Jacob (Virology, 38, 618, 1967) 
have just reported an investigation of the control of 
the expression of two genes, Cr and O, which function 
early m the growth cycle Cy 1s involved m the 
establishment of the lysogenic (totally repressed) state 
and O is required for the vegetative replication of the 
phage DNA Pereira da Silva and Jacob asked whether 
Cy: and O are under direct repressor control or whether 
they are controlled by some other gene which 1s in turn 
under repressor control. Thomas (J Mol Biol, 22, 
79, 1966) has proposed that the N gene, which maps 
adjacent to the lambda repressor gene and ıs itself 
controlled by the repressor, may control the expression 
of other lambda genes, he suggested that the expression 
of O requires the presence of the N gene product so that 
O 1s only controlled md:rectly by the repressor through 
the mediation of the N protem Pereira da Silva and 
Jacob’s experiments, however, indicate that both O 
and Cy are directly controlled by the repressor and that 
they can be expressed im the absence of the N protem 

In therr first expermment, they used lysogenic Æ coli 
in which the prophage (the totally repressed phage 
chromosome) had a defective N gene, they irradiated 
these cells with ultraviolet hght to imaotivate the 
repressor and then showed that the Cn and O functions 
appeared ın the cells They detected the presence of Cn 
and O gene products by showing that they were supplied 
to suvermfectmg phages which lacked functional 
Cy; and O genes For both Cy; and O the magnitude of 
the “rescue” effect mcreased if they delayed supermfec- 
tion after rrradiation, which umphes that the Cj: and O 
gene products accumulate after mactivation of the 
repressor 

In a second and similar experiment they used a cell 
lysogenic for the defective prophage #11 which, after 
induction, fails to produce a functional O gene product 
These rescue experiments showed that the tli genome 
also does not produce the Cr function, this finding 
lends further support to previous suggestions that Cn 
and O belong to a single operon 

Pereira da Silva and Jacob have thus shown that 
the Cy and O genes can be expressed ın the absence of 
the N gene product, although their experiments do 
not eliminate the possibility that the NV gene product 
enhances the expression of Cy, and O durmg normal 
infection 
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Memory and the Increase of Knowledge 
by In his Henry Tizard Memorial Lecture, delivered at Westminster 


J. Z. YOUNG 


University College, London 


Tas 1s an absurdly wide canvas I like to thnk that 
Henry Tizard would have approved of its objectives, 
though he might have been suspicious of its breadth I 
got to know hm fairly well when he became president of 
Magdalen and I was his vice-president It was not 
altogether an easy task. Hus aims and ideas were on such 
a scale that I think he found ıt hard to be patient with 
our donnish concern with detailed studies, especially 
those not apparently directly relevant to current problems 
It ıs mdeed difficult for the technologist, anxious to make 
immediate practical improvements, to know how to be 
patient with those who claim that theirs are the funda- 
mental investigations, although they are not at present 
of any use. This 1s one of the problems that hes at the 
root of our worries about how to organize our search for 
knowledge and how to assess the results of research 

I propose that we should handle 1t by considermg that 
this 18 a problem about how the brain works This, of 
course, involves a whole host of questions about the 
nature of knowledge—whether ıb 1s a proper use of words 
to say that the brain acquires knowledge, 1f so, how does 
it do ıt, and many more questions In view of all that 
philosophers have said on these topics 1 18 obvious that 
the scientist cannot really have the information to handle 
them But this knowledge about the brain, though ıt 1s 
so rudimentary, 1s growmg very fast mdeed. We have 
got to begin to get used to hving with 1t. 

A great deal ıs known by psychologists about the condi- 
tions under which memory operates, especially in man and 
the rat Almost nothing 1s known about 1ts physical basis 
in the brain We do not even know what sort of thing or 
system the record or engram may be Before we can hope 
to find ıt, we must answer the very awkward question 
“What 1s the status of the concept of ‘a record’ ?”’. We are 
so familar with the use of books, pictures, computer 
memories and other forms of physical records that we 
may find ıt hard to realize how complex they are They 
are all physical systems that in some sense have been 
made to represent or stand for other systems. What 1s 
meant by saying that one system represents another ? 
The words only have meaning of systems that have been 
devised by certain operations involving some conventional 
system of coding and addressing The process by which 
words of, say, the poet Dylan Thomas written on a page, 
represent for the reader a village in Wales 1s really most 
complex Similarly, a given point in the memory of a 
computer only represents part of. say, a bank overdraft 
if the numbers that pmpoint its position i a set of regis- 
ters are activated at the mght position m a sequence 
essentially of questions asked according to the programme 
with which the record in the memory was written The 
point in the computer memory 1m no other sense represents 
the bank balance, any more than the blot of mk of the 
L ın Llaregyb represents the village of Laugharne in 
West Wales 

Is the memory of the brain, hke written or computer 
records, something highly addressed. with each point 
only of significance within the programme’? We do not 
know the answer to this and that 1s why I say we have 
almost no information about the phvsical nature of 
memory ‘There is a strong presumption from what we 
do know about the orgamzation of the nervous system 
that each unit for recerving and storing 1s specific for some 
particular feature that 1s relevant to the animal’s life 


School on February 29, 1968, Professor Young discussed the increase 
of knowledge and its storage in the brain. 


The method of encoding used ıs, m general, to put each 
item of information into a distinct channel. Thus in 
the cat the visual field 1s dissected in the sense that each 
cell of the primary visual cortex responds to an Uluminated 
bar or contour, set at a particular angle. Other cells 
respond to more complex figures, but we do not know 
how the response to a whole scene, say, a saucer of milk 
or a dog, is computed by this multrpliaity of channels 
There can be little doubt that withm a few years we shall 
find out, and so perhaps gam great help with one of the 
most important technological problems of today—the 
design of machmes for pattern recognition. Only when we 
have got far enough to know what the record 1s like shall 
we really be able to study how ıb becomes changed by 
learnmg But we can begin by dealing with units such 
as we know are present for the detection of particular 
features How could they be changed as a result of 
experience ? 

The value of a memory to any system depends on the 
presence of more than one possibility of action m any 
given situation In the Pavlovian conditioned reflex 
the sound of a given note can produce either more saliva 
or less, or no change We have mvestigated the means by 
which such changes occur in octopuses, which, when a 
figure such as a horizontal rectangle 1s shown to them, can 
be taught either to come out to attack 1t or to retreat 
We can localize the part of the brain ın which the record 
1s written Moreover, octopuses can also learn to pull in a 
rough plastic ball and reject a smooth one, and the record 
ensuring this has been shown to be in a different part of 
the brain from the visual record 

Remembering how the nervous system encodes, we 
postulate that for, say, horizontal rectangles there are 
special detector cells in the visual memory, and similarly 
there are detectors of roughness in the tactile memory 

Each detector (or ‘‘classifying cell”) must then be able 
initially to produce either the positive or negative action, 
whereas after trammg 1t produces only one or the other 
We have some evidence about how this limitation of 
possibilities occurs—perhaps through the secretion by 
certain small cells of substances that mhibit the unwanted 
channel Each classifying cell and its attendant cells 
thus constitute a unit of memory or mnemon, storing one 
bit of mformation Each mnemon 18 switched im one 
direction or the other by the action of nerve fibres signal- 
ling that a good taste or a trauma has occurred There 
1s thus built up what may be called a model ın the bram 
(following Kenneth Craik) This madel mdicates which of 
the possible actions that the animal can take is likely 
to be appropriate ın the light of what has happened to it 
in the past 

This concept of a model is quite helpful ın a general 
way But the problems remain of finding out how 1b 18 
used, how items of information are retrieved from ıb 
If ıt 18 made of umts such as I have mentioned, how are 
they addressed, how 1s the action of millions of them 
combined to produce the behaviour of the whole organ- 
ism? We simply do not know the answers to these 
questions and it may be that 1t 18 wrong to try to isolate 
units of any sort Evidence ıs conflicting as to how far 
the records of particular events ıs localized Since Lashley 
1b has been traditional to regard engrams as dispersed, 
because local Jesions do not remove the record for mdividual 
items An attractive suggestion 1s that the record 15 like 
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a hologram, ın that ıt 1s dispersed and that activation of a 
part (in the appropriate way) evokes the whole There 
is, however, some evidence that there ıs more localization 
than Lashley supposed Thus electrical stimulation of one 
particular point on what Penfield calls the experiential 
cortex of the hemisphere of a patient under local anaesthe- 
sia may repeatedly elicit reports of a single scene Of 
course, these sites may not contain the actual record but 
be functionally connected with the neuronal record The 
nature of what 1s reported suggests that the report ıs 
itself part of the classifying system Reports are often 
of watching or hearing, seldom of acting, speaking or 
feeling 

Perhaps what we have to think of 1s not so much how 
items are looked up m a great brain book as how the brain 
operates to solve each problem. We can even see a little 
of how the model grows in the developmg bram, all the 
time serving the child’s needs every day Children do not 
learn to speak by rote Fimding the nght words at 10- 
15,000 neuromuscular events/minute is not a matter of 
some demon darting about the brain lookmg them up 
m an addressed dictionary It 1s the result of the use of a 
speech-producmg system, developed partly by matura- 
tion, partly by learnmg! First, the child’s babbhngs 
acquire tonal contours, then smgle words are used as 
whole sentences, such as “daddy”, with various mtona- 
tions Then, strictly m sequence, come the use of two 
and three words, often one strong word, a so-called gram- 
matical functor or “pivot”, such as “it”, “here” or 
“more”, paired with a word from the growing vocabulary 
At each stage the speaker 1s making the response to input 
that 1s most likely to produce a satisfactory result in view 
of past experience The mput finds the address by operat- 
ing the system m the way that has been successful in the 
past 3 

Such a system might be developed by the switchmg 
of mnemons ‘There are said to be twelve places m the 
airway where antagonistic muscles produce speech 
Any classifying cell, say, one recordmg red light, may 
influence (indirectly) each of these pomts If ıt gives 
the “correct”? response when red light occurs, the child 
wil make a noise a bit more like “red” and will be re- 
warded, if only by approval, and the probability of this 
channel will be increased Once again we must be careful 
not to assume that what ıs being learned ıs a simple set 
of conditioned responses as Skinner once tried to demon- 
strate This position was subjected to a devastating 
eriticism by Chomsky, but we need not be so frightened 
by his polemic as to give up the search for the changes 
that take place durmg the acquisition of speech It is 
not impossible that “at its origm grammar may well be 
acquired by mechanisms as naive as those of object- 
learning’? It ıs well to remember that object nammg 
itself remains to some extent a flexible and creative 
process The category “a house” does not really refer 
simply to the class of all houses It 1s a word used in a 
certain way m speech—:ncluding, for example, house of 
God or House of Lords As Lenneberg? puts it, “Words 
are not the labels of concepts completed earlier and stored 
away, they are the labels of a categorization process or 
family of such processes” 

Probably, however, the machinery of the bram contains 
systems the very nature of which we have not yet glimpsed. 
The taming devices and temporal sequences that are 
mvolved in nearly all behaviour patterns have been 
completely left out here, but may be essential features of 
the memory record Whatever the systems may be, we 
shall not find them unless we look And m order to look 
‘we must have words and hypotheses with which to describe 
and discuss our findmgs 

This ıs the state of the study of one aspect of cerebral 
function today I have used it because, of course, it is 
the only subject that I know even a little about But 
perhaps ıt may serve as an example of what one field of 
research means today and of its significance for all of us 
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Such studies of the brain have their immediate practical 
usefulness in education and medieme and surgery, by 
no means negligible But ıt would be grotesque to say 
that we only vestigate them with these uses m mimd 
The methods by which we think, remember and know are 
the background of all our activities A sound system 
with which to discuss them 1s hkely to be productive of 
useful and satisfactory ways of proceeding in almost any 
other ‘ield of human action, certamly m all those that 
involve the brain 

Of course, the achievement of such a system has been 
the am of philosophers and scientists at least since 
Plato It seems to me that improvement of our system 
has been proceeding at an accelerating rate in recent years 
We may, of course, be decerved in this and certamly 
not all parts of our society show even a relatively secure 
confidence about the bases on which hfe can be lived 
I think this 1s a great pity and that we should actively 
proclaim that such msecurity need not continue. 

The bases on which a useful system can be built become 
more secure every year, from the discoveries—for they are 
truly discoveries—of philosophy, linguistics and aesthetics, 
as well as those of science and technology How are we 
to ensure at the same time the further progress of dis- 
covery and the making widely available of 1ts fruits both 
of detailed practice and of general theory ? 

It has been in British academic hfe that many of the 
most important intellectual and scientific developments 
have begun I will not try to make a hst for either 
philosophy or science, but I venture to think that m both 
fields our system has carried us far ahead of most coun- 
tries, and many m those countries thmk so too. The 
combination of teaching and research that 1s made possible 
m our universities through the UGC system ıs in many 
ways the envy of the world We want to open 1t for large 
numbers of people and to give them a broader tramung, 
but let us be very careful that m doing so we do not give 
up its special virtues and relapse into medioemty As 
some students put ıt to me the other day “We fear they 
want to turn the universities into battery farms for 
broiler technicians”. Most people will agree that we need 
technologists, busmess administrators and many sorts of 
specialist, and that it is a large part of the function of 
universities as well as technical colleges to supply them 
Students themselves are anxious that their studies shall 
enable them to find their role (as they put ıt) m society 
Those who take degree courses that do not satisfy this 
role-seeking are the focus of unhappiness m unuversities 
all cover the world? They complain that them courses 
do not prepare them to operate ın the real world Inter- 
estingly enough, one group of complaints is against the 
breadth of education (as many as twelve subjects n one 
term m one course) Such complamts are common not 
only ım North as well as South American universities but 
im those of Europe, which we are often asked to emulate 
by reducing our specialization This question should not 
be one of ‘taking sides” for or against specialization We 
should find out what the student needs ın order to develop 
best at each stage At a given age, say, sixteen, he may 
begm to want to get down to details about some things 
and also to contmue to widen lis knowledge. Can this 
not be arranged? In the university, can specialist 
teachers not arrange their subject matter so as to open 
wider horizons? Certamly medical science provides a 
marvellous opportunity for a general education as well 
as a special one, if only we really msist that the student’s 
growth requires both equally, and act accordingly They 
do not want to be part of battery farms What is the 
answer? Do we want more different types and grades 
of education with segregation of the best? The éhte 
solution 1s appealing to many and ıs used in some coun- 
tries, but I believe we should go the other way I have 
the greatest admiration for what our élite system has done 
for us in the past, and we can build on ıt Our best has 
been very good 
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But there is no reason why we should not make many 
more who are like them, provided we take real trouble to 
make sure that development is encouraged and not 
thwarted Let us get md of the whole concept of a pool of 
ability, first and second class and so on Heredity has, of 
course, an influence on the bram, some studies would 
say “up to a half’—but half of what? No one really 
knows how to tram the different sorts of brain or to 
estimate their productivity anyhow Let us find out 
before we condemn anyone as second-rate Let us say 
every day ın every school and university that we are 
determined that our output shall be the very best Many 
“practical” people will say that this 1s unrealistic non- 
sense, that the less able will dilute and thwart the able 
I say ın all seriousness and from thirty years of teaching 
that I do not believe ıt 1s necessarily so 

Of course there are dangers m expansion Medhocrity 
18 ready to creep in with the excuse that more must mean 
worse No one ıs hkely to mmimuize the danger. But 
this 1s not, as some people seem to think, a law of nature. 
More can mean better, mdeed, most concerns welcome 
more customers. We should be proud and glad that 
people want te go to universities Very sensible of them, 
I thnk But we must make sure that what we offer 
continues to be up to standard. This should be the mam 
aim of all of us who want to improve university produc- 
timty I hope that the vice-chancellor of Lancaster and 
his colleagues who are mvestigating aspects of academic 
productivity for the Vice-Chancellors Committee will 
put the problem of standards at the very front of their 
studies and statements. We know how hard it ıs to 
measure amounts of knowledge—absurd to try, most 
people will say But yet we all admire some academics 
more than others, so we must be applying some sort of 
measure. At any rate we must give special attention to 
finding ways to ensure the mamtenance of standards, 
however difficult ıt may be We should make this our 
first pnorty. Unless we do so, education becomes @ 
fraud Counting heads ıs a poor method of measure- 
ment if you neglect to consider what you are putting 
into them 

The majority of people will reach astonishingly high 
standards of mtellectual mterest and understanding, 
provided they are challenged with the highest by meeting 
not complex dogma but problems to be faced in a manner 
they can understand We have hardly begun the detailed 
study of how to help the development of the brain as a 
problem-solving device. The child learns to speak by 
experimenting with additions to his grammar and vocabu- 
lary as his needs expand The six year old nowadays 
learns set theory by domg experiments with numerods 
The university student will learn to understand and 
operate with complex concepts 1f he 1s taught by someone 
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Tx a recent communication from this observatory, Hewish 
et al} have described the discovery of a new class of 
celestial radio source of very small physical size which 
emits short pulses of radiation with an extremely constant 


A more precise position 
sources has been found. 
associated with an eighteenth magnitude blue star 
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who is himself wrestlng to improve those concepts 

He ıs much less hkely to do so if he ıs presented with 

them as material to be learned dogmatically 

How does all this affect the problems with which we 

started as to how knowledge mcreases and how the 
merease may be assessed ? We have seen that studies of 
the brain suggest that ıt 1s not a classified record hke a 
book but a calculating machine that gives useful answers 
when ıt 1s operated by the demands of experience. The 
specification ıs terribly vague and could be greatly 
umproved even now, but ıt 1s mteresting to compare ıt with 
a definition of a modern view of epistemology “Belief, lıke 
knowledge, 1s not an act . . . 16.16 a disposition or tendency 
to act (mcluding to speak) m certain ways under certain 
conditions”! Looked at from our pomt of view, the know- 
ledge of an individual 1s the organization meorporated m 
the model ın his bram. The details of this model, of course, 
are built largely by the mfluence of other people on him, 
but what then is new knowledge? It can only be the 
acquisition of new tendencies or dispositions to act and 
these can only be acqured by experience and trial and 
error and practice. When any student acquires “new 
dispositions” there 1s an increase of knowledge, provided, 
of course, that these are “correct”, m the sense of enabling 
him to operate more usefully (though we might have 
further trouble definmg that word). I beheve that all 
learning proceeds best when it 18 a form of research and 
that all research 1s a form of learning. The activities 
cannot and should not be separated at any stage, from 
the work of the youngest child to that of the oldest don. 
No method has been devised by which the increase 
m knowledge from teaching and research can be measured. 
Yet schools and especially universities are places whose 
function 1s the merease of knowledge, the improvement 
of “dispositions to act” so that more correct and useful 
decisions shall be reached And in case anyone should 
condemn this as utilitarian, I will agree with them that 
merease of knowledge 1s good for its own sake There 
1s perhaps nothmg more beautiful or satisfying than 
to learn, to know and above all to find out new facts 
and pass on new ways of thınkıng to others. Our univer- 
sity system will continue to be healthy m spite of expansion 
so long as those who are responsible for sponsoring 
academie productivity and assessing its output contimue 
to emphasize loudly and repeatedly that the aim of the 
system 1s the increase of knowledge, jointly by teaching 
and research. 

1 Lenneberg, E , The Biological Foundations of Language (Wiley, 1967) 

2 Geschwind, Norman, The Development of the Braun and the Evolution of 
Language, Monog Ser on Languages and Linguistics, No 17 Rep 
Fifteenth Annual R TM on Linguistic and Language Studies (1964) 

a Studenta and Poluws, 1n Daedalus (American Academy of Arts and Selences, 
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the First Neutron Star? 


for one of the raprdly pulsating radio 
This has suggested that the source Is 


repetition frequency It was suggested that the radio 
signals might be associated with the gravitational vibra- 
tion of a white dwarf or neutron star which could excite 
repetitive shock disturbances m the stellar atmosphere. 
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The discovery and detailed study of a neutron star 
would prove of the greatest mmportance, both m relation 
to the properties of super-dense matter and m the mechan- 
ism occurring m the gravitational collapse of a star The 
possibility that the object discovered by Hewish and his 
collaborators ıs mdeed a neutron star ıs thus of great 
interest, and further investigations by all available 
methods and over the widest possible range of wave- 
lengths are now required 
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Fig.1 The time sequence of the commutator 


The original observations at 815 MHz allowed the 
position to be determined with an accuracy A«= +38 
A= +30 The measurement of the variation of the 
received repetition frequency caused by the Earth's 
orbital motion over a period of a month gave an inde- 
pendent value of the declmation which was m good 
agreement with that obtamed from the directivity of the 
aerial system, but the errors were still too large to allow 
the recognition of any famt optical object which might 
be associated with the source. 

_ Observations have recently been made at higher fre- 
quencies of 408 and 1,407 MHz using the one-mile radio 
telescope ın order (a) to establish a moze precise position 
and (b) to obtain information on the radio spectrum of the 
pulses The 81 5 MHz observations have shown that the 
source 18 very weak with a flux density in the pulse which 
varies both from minute to mmute and over the months 
of observation Durmg most periods the power received 
from each pulse is ~05x10-* J m- Hz-, so that the 
mean flux density Sgı5 ~ 0385x10-* W m-? Hz- 
Special recording methods have therefore been used with 
the one-mile telescope, both to allow the measurement of 
the small mean flux density and to distinguish the source 
from the more powerful normal sources which are likely 
to be found in its neighbourhood The method makes use 
of a filtermg process based on the characteristic recurrence 
frequency of the signal both to reject the response due to 
constant sources and to permit the use of a long effective 
integration time In order to avoid the necessity for 
recording at a high sampling rate, which would be neces- 
sary if the filtering were carried out entirely ın the com- 
puter, the reduction was performed in two stages 

(a) The output of the receiver was switched, using 
commutating relays, m the time sequence shown m 
Fig 1, where the widths of the positive and negative 
gates are each one-eighth of the total period t, which was 
made close to the known period of the pulses observed 
at 815 MHz The commutator was driven from the 
sidereal crystal clock 

If the commutator ıs synchronized so that the mcommg 
pulses fall ın one or other of the gates, the output from 
the relays contains a de component proportional to the 
mean flux density, and integration can be used to increase 
the signal to noise ratio, the noise level is also reduced 
relative to that of an unswitched receiver output, while 
all constant sources produce alternatmg outputs at the 
switching frequency which will be rejected by the low-pass 
filter. i 
By choosing the period ¢ to differ slightly from that of 
the mcoming pulses (f), the output from the filter will 
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alternate with a waveform similar to that shown in Fig 1, 
but with a greatly mereased period T given by 


In practice a value of £=1 344328 sidereal seconds 
(equal to 1 340654 solar seconds) was used, giving a value 
of T~520 s and the signal from the commutator was 
smoothed with a time constant of 10 s and sampled at 
mitervals of 20 s. This signal was digitized and recorded 
on punched paper tape in the manner normally used with 
the one-mile telescope? 

(b) The reduction m the computer followed that norm- 
ally employed m the determination of the position of a 
source? except that a convolution operation was first 
carried out using & function similar to that shown in 
Fig. 1 but having a periodicity close to T. This operation 
was necessary because the phase of the incoming pulses 
and hence of the signal of period T is unknown The 
convolution, which corresponded to integration over a 
period of 30m, was carned out with displacements of 
T/16 The results were presented as a series of 12h plots 
giving the amplitude and radio frequency phase relative 
to that of a source at an assumed position, the residual 
vanation of the phase then allowed the difference between 
the true and assumed positions of the source to be determ- 
ined 
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Fig 2 Record obtained at 408 MHz using an aerial spacing of 900 A 

on January 23,1968 The top trace shows the variation of flux density 

during the 12h observing period The lower trace shows the variation of 

the radio-frequency phase relative to that of a source at an assumed posl- 

tion close to the actual position The dashed curve shows the variation 
of phase computed for a source at the final adopted position 


If the values adopted for ¢ and T are sufficiently 
accurate, the signals will continue, with particular dis- 
placements of the convolving function, for the whole 12h 
period If the adopted value of T 1s incorrect, the signal 
on any one output will disappear durmg the run and 
reappear with another displacement 

One of the output records for the observations of Jan- 
uary 23, 1968, with a value of T = 532 773 sidereal seconds, 
which 1s very close to the optimum value, 1s shown m 
Fig 2, the assumed position was about 4’ arc south of 
the true position, and the dashed line shows the variation 
of radio-frequency phase appropriate to the final adopted 
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Fig. 3. The itions of the source obtained from successive observa- 


tions at 408 MHz are indicated by the crosses; the dashed cross repre- 
sents the mean position and error. The 18™ blue star is indicated by 
the disk and the faint red object by the open circle. 


position. From this record and from others reduced with 
a slightly different value of T (525-0 sidereal seconds) the 
periodicity of the incoming pulses was derived; when 
corrected for the orbital velocity of the Earth, a value of 
P= 1-337283 solar seconds was obtained in good agree- 
ment with the more accurate value of 1-3372795 derived 
by Hewish et al. 

The small flux density and the variability of the source 
make it difficult to obtain an accurate measurement of its 
position, but the results from three 12h observations at 
408 MHz are presented in Fig. 3. The mean position is 


2(1950-0) = 19h 19m 378-0 + 08-2 
8(1950-0)=21° 47° 027410" 
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Fig. 4. Enlargements of the red and blue prints of the Palomar Sky Survey showing the radio position. The bright star (a) in the south-west 
of the area is AGK2 + 21°. 1963. © 1957 National Geographic Society-——Palomar Observatory Sky Survey.) 
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A search has been made using an overlay technique‘ to 
locate the source on the prints of the Palomar Sky Survey, 
and enlargements of both red and blue prints are shown 
in Fig. 4. These photographs show that close to the posi- 
tion of the radio source there is an 18™ blue star, with a 
fainter red object some 8” arc north-west. More precise 
positions of these objects were therefore obtained by 
measuring the distances from a number of AGK2 stars. 
The results support the association of the radio source 
with the blue star the co-ordinates of which are 

«(950-0) = 19h 19m 365-88 + 08-1 
8(1950-0) = 21° 46’ 577.4 41°56 

Although this position corresponds to the epoch of the 
Sky Survey (1950-5) the interpretation of the observed 
dispersion of the 81-5 MHz signals in terms of the effect 
of the interstellar medium suggests a distance of 50- 
100 pe so that any proper motion is unlikely to exceed 3” 
arc. 

The discrepancy in the measured position of only 5” are 
suggests strongly that this blue star should be associated 
with the radio source and further optical observations 
are now needed. It is possible that measurements of its 
spectrum and proper motion will provide further evidence 
to relate it to the radio source. Conclusive evidence 
would, however, be provided if it were found to exhibit 
fluctuations of light intensity having the same period as 
that of the radio emission; the radial oscillations of the 
star may excite shock fronts in the atmosphere which are 
responsible for both optical and radio emission. It is 
possible that electromagnetically accelerated electrons 
might account for the very high optical surface brightness 
required without the intense X-ray emission which would 
accompany thermal excitation; in this case the optical 
emission might well exhibit the same pulsed character- 
isties. 

Observations at 1,407 MHz, while not having sufficient 
signal to noise to provide an improved position, have given 
some evidence on the flux density, and the results have 
been combined with those at 81-5 and 408 MHz to provide 
information on the radio spectrum. The spectrum of a 
given pulse would be of particular interest, and could be 
determined in principle by correcting for the different 
times of travel (amounting to some 8 s) derived from the 
observed dispersion. Such a measurement is not, how- 
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Fig. 5. The mean flux density of the source at the three observing 
frequencies. 


ever, practicable both because of the poor signal to noise 
ratio in the present observations, and because of the 
effect of interplanetary scintillation’ at 81-5 MHz. Instead 
a mean spectrum has been derived by comparing the 
average flux densities over the 12h observing periods with 
the average flux density observed at 81-5 MHz over a 
comparable total time during the period December 1967 
to February 1968. 

The results are shown in Fig. 5. The very high surface 
brightness (which is probably some 105 times greater even 
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than those occurring in QSS) and the absence of a cut-off 
at low frequencies indicate. that: the emission cannot 
be attributed to the synchrotron mechanism’; as with 
the emission from sunspots and from the compact low 
frequency source in the Crab Nebula’, it is more likely 
that it is due to coherent electron motion in plasma 
oscillations. 

Although this new class of object probably only repre- 
sents about 1 in 5,000 of the total source population at a 
given flux density, the remarkable character of their 
emission makes it possible to distinguish them for a more 
detailed examination of their characteristics. 

We thank Drs P. F. Scott and D. M. A. Wilson for help- 
ing to assemble the special recording system, and Mr C. D. 
Mackay and Dr D. Wills for locating the position of the 
source on the Sky Survey prints, and for making aceurate 
measurements of the position of the blue star. 
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Pulsating Radio Source at «=19°19", § = +22° 


by 
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University of Manchester, 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank 


Ar the time of publication of the remarkable discovery 
by a group of Cambridge radio astronomers: of the pulsat- 
ing radio source at a= 19h19M39:+ 38, 3= +22° +30 
(1950), the mark I radio telescope was equipped for recep- 
tion at frequencies of 151, 240 and 408 MHz. The receivers 
were intended for studies of flare stars and interplanetary 
scintillations, and an Argus 400 digital computer was in 
use for the on-line analysis of the receiver outputs. It 
was therefore decided to search for radio pulses from this 
source at these receiver frequencies, which were above that 
of the original observation at 81 MHz. Radio pulses were 
found at all three frequencies, the first observation being 
on February 24, 1968. The position of the source agreed 
well with the original observations; the declination was 
measured as 21° 40’ + 7’ (1950). 

The method of analysis was to obtain an average pulse 
shape at each frequency by superposing receiver out- 
puts over a number of cycles of the pulse repetition 
period of 1.33724 s. Each cycle was divided into shorter 
intervals, originally of 20 ms duration. When the position 
of the pulse within the period became clear, the mterval 
was reduced progressively and the time scale was expan- 
ded, until for some experiments only 64 ms of each period 
were examined, with a time resolution of 1 ms. Most of the 
observations were made using three receiver channels 
simultaneously, recording the average in 32 intervals of 


Signals from one of the rapidly pulsating radio sources have been _ 
recorded on three frequencies using the mark | radio telescope at © 
the Nuffield Radio Astronomy Laboratories. The size of the source, 
deduced from the form of the signals, again seems consistent with an 
origin in a white dwarf or neutron star. 


10 ms on each channel. Integration of pulses by this 

technique usually lasted for periods of 2 min. 
Observations were then directed toward measurements ` 

of pulse shape at the three frequencies, and to the measure- 


ment of the relative times of arrival. The source was also 


followed for some hours on several days to record the 
variations of pulse amplitude which occurred on all three 
frequencies. 


Shape of the Pulses 


Fig. 1 shows mean pulse shapes at 408 MHz. Individual 
pulses at 408 MHz have also been recorded directly on a ` 
fast ultraviolet recorder, using a receiver time constant of 
I ms. These are shown in Fig. 2. 

The average pulse shows a very sharp rise on all frequen- 
cies. This steep rise may have been appreciably slowed in 
these measurements by the differential time of arrival 
across the receiver bandwidth, which was 1 MHz. At 
151 MHz this effect would stretch the pulse by 22 ms, 
at 240 MHz by 7 ms, and at 408 MHz by 1-5 ms. It. 
appears that the initial rise may in fact occur within 2 ms 


at 408 MHz, and there is no evidence that the rise is 


slower at the lower frequencies. z 
The pulse lasts for about 35 ms on all three frequencies, 
This duration is consistent with the measurements: on o 
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- 81 MHz, where a delay technique was used to measure 
_ the autocorrelation function of the pulse envelope. Tho 
--putocorrelation function was originally interpreted in 
terms of a gaussian shaped pulse with width 17 ms. The 
_ roughly triangular pulse shape now observed gives a similar 
i idth of autocorrelation function, and we conelude that 
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Fig. 1. a, The mean pulse shape at 408 MHz on February 28, 1968, at 


0455 UT averaged over 2 min. The receiver bandwidth. was l MHz and 

the time constant 1 ms. b, The mean pulse shape at 408 MHz on February 

24, 1968, at 0650 UT averaged over 12 min with the same receiver 
parameters. $ 


the duration of the pulse is in fact the same at all fre- s 


quencies so far observed. There is no sign of any impulsive. 


emission outside the normal duration of the pulse, 


The measured pulse shape is variable in detail, both — : 


between successive pulses, as seen in Fig. 2, and also on 
averaged pulse shapes. Fluctuations are observed on- 
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Fig. 2. A series of pulses recorded directly at 408 MHz (bandwidth 4 MHz, time constant 1 ms) on February 29, 1968. 
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‘time scales down to 1 ms, the limit of time resolution. a 


me The time of onset within the period of 1,337 ms is, however, 
- stable within about 5 ms, a remarkably small limit con- 


oa dering the wide variability of pulse amplitude which is 


Observed on all frequencies. 
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Fig. 3. Dispersion in arrival time of pulses at 151, 240 and 408 MHz. 
The errors are too small to show. An additional point at 0-2 s delay is 
obtained from the Cambridge observation at 80-5 and 81-5 MHz. 
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‘the integrated electron density in the line of sight equal 
to 1255+0-06 pe cm. 


Pulse Amplitude 


It is difficult to determine the spectrum of the radio 
emission, because the amplitudes on all three frequencies 
are variable, and the variations are not obviously related 
between the three frequencies. On all three frequencies 
the flux density during the pulse was usually between 
2 and 20x 10-26 W m-* Hz-!, measured as the peak of the 
mean profile averaged over 2 min. The direct recordings 
of single pulses on 408 MHz show short peaks of over 
100 x 106 W m- Hz-}, ; 

Fig. 4 shows the variation of pulse amplitude on 408 
MHz for a period of 6 h on February 28, 1968. Varia- 
tions occur on a wide range of time scales. The most 
prominent feature is a rapid rise by a factor of more than 
10, which may persist for 10 min or more and recur 
after 1-2 h. Variations over a period of 10 s seem to be 
less than those reported at 81 MHz. No truly periodie 
variability has been observed. : 

A receiver at 2,695 MHz on the mark IT telescope was 
also used, and it soon appeared that the flux density of 
the pulses was much lower at this high frequency, Obser- 
vations for a period of 3-25 h (1316-1631 ur on February 
29, 1968) would have detected a flux density during the 
pulse, averaged over any one minute, of 01x10- 
W m= Hz-, but nothing was detected on this frequency. 
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Fig. 4. The variation of pulse amplitude at 408 MHz, averaged over 2 min, for an observing period of 6 h on February 28, 1968. 


Pulse Delay 


Differences in arrival times of the sharp leading edge 
could be determined with an accuracy of about 5 ms. We 
therefore tested the suggestion that the dispersion in 
arrival time on the three frequencies was due to group 
delay in the propagation path through ionized interstellar 
gas. If the pulse at frequency f, was emitted at time T, 
and observed at time t,, then 

i-T,=A+ 2 

1 1 f 
where A is the free-space travel time and B is the disper- 
sion constant. Fig. 3 shows the difference t, — t, plotted 


against 4 1-5) The points lie on a straight line 
Mi J? 

whose intercept with the vertical axis is 0 + 5 ms, 
showing that the differences in emission times over the 
frequency band are either very small or that they them- 
selves follow a similar dispersion law. We suggest that 
the emission in fact takes place nearly simultaneously on 
all frequencies. 


The observed dispersion constant B yields a measure of 


Nature of the Source 


The observation of the nearly simultaneous onset of 
emission of the pulses on three widely spaced frequencies 
suggests that the pulses on the various frequencies origin- 
ate in regions which are separated by less than 1,000 km. 
Again, the total duration of the pulse, which is the same 
at all four frequencies, indicates that all sources of the 
emission lie within a distance of 10,000 km. These dis- 
tances are consistent with an origin in the very condensed 
corona of a collapsed star, such as a white dwarf or neutron 
star, as suggested in ref. 1. 

If the origin of the radiation is at a distance of 60 pe, 
as was suggested to explain the dispersion of arrival time, 
the simultaneous generation of pulses over a wide band- 
width implies a radiated pulse power of about 10% W and 
a pulse energy of 2x10 J. If the source is a star with 
radius 10,000 km, the power flux at the surface is about 
3x105 W m, corresponding to a field strength of 
10t V m~. These values would, of course, be even larger 
for a smaller star. 
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Development of High Energy Neutrino 


‘Experiments at CERN 


by Equipment at present under construction and the new develop- 


C. A. RAMM 


CERN, Geneva, 
Switzerland 


RecenTLY the interactions of high energy neutrinos 

with free protons were photographed for the first time. 
-This is the latest of a series of experiments which started 
“some 40 yr ago in the Cavendish group when Ellis and 
‘Wooster were so perplexed by an apparent violation of 
the Law of Conservation of Energy that they devised an 
‘apparatus to determine whether a new form of neutral 
radiation accompanied the electrons from §-emitters. 
Their experiment was at least 10°% times too insensitive; 


“it was not until a quarter of a century later, after the 


invention of the atomic reactor and much more perceptive 
detectors, that the existence of free antineutrinos was 
confirmed experimentally by Cowan and Reines and their 
co-workers. Still another decade elapsed before the first 
interaction of high energy: neutrinos was observed. 
There are probably more neutrinos than there are atoms 
in the universe; nevertheless, Pauli, who first postulated 
“the existence of the neutrino to conserve momentum, 
energy and angular momentum in 8-decay, wagered they 
would never be detected. The cross-sections for neutrino 
interactions, which are governed entirely by the weak 
foree, must have seemed to him impossibly small for 
laboratory experiments. Bethe and Peierls first estimated 
that the capture of low energy antineutrinos by protons 
had a cross-section of about 10- em?. Lee and Yang 
showed that the cross-section for such a process of inverse 
beta decay increases with energy and reaches a maximum 
of about 10-°* em?, at about 1 GeV for neutrinos (ve +n—> 
e-+ p), and at a somewhat higher energy for antineutrinos 
(¥e+p—et+n). The weak interaction rates are so low 
that it is very difficult to invent experiments to observe 
them for particles which also exhibit strong and electro- 
magnetic interactions, Before 1961 all experiments 
with the weak force had been concerned with the spontane- 
ous decay of nuclei or particles, or the capture of reactor 
antineutrinos by protons. Although significant discover- 
ies and deductions were made, including the violation of 
parity in weak decays of nuclei, and the two-neutrino 
hypothesis, the understanding of the weak phenomena 
was faced with a handicap analogous to that which 


spark chambers 


muon monitoring 


channels 
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ments foreseen will increase neutrino event rates by large factors. 
Neutrino experiments will become a major field of high energy 
physics, leading to a further understanding of the interactions of 
these important particles. 


would exist if the strong force could only be studied in 
low energy nuclear interactions. 

The simplest theoretical approach to the weak process- 
and still the most successful—is the concept of the inter- 
action of four leptons at a single point in space and time. 
To resolve certain impossible consequences of the theory, 
such as the ever increasing interaction cross-sections with 
energy, the concept of the intermediate boson was devel- 
oped as a means of giving such an interaction a spatial 
distribution. Experimentalists saw this situation as an 
additional compulsion to study directly weak interactions 
at high energies to try to understand the fundamental 
phenomena; the only evident means was by the direct 
observation of high energy neutrino interactions. 

Many unstable nuclei and particles have some mode of 
decay which produces neutrinos. The most energetic 
nuclear processes produce Ye of less than 15 MeV; pions, 
kaons and muons at rest yield higher energy neutrinos: 
nmi—>ut + vy + 34 MeV, Kt—>ut + vy + 388 MeV, tet + ve + 
¥nz+105 MeV. Both pions and kaons also produce ve, 
but only kaons (K+->e++7°+ve, K°->e*+ m>+ ve) have 
useful branching ratios. The cosmic neutrino flux comes 
from such origins, and others too, particularly ve from 
the formation of the elements in the Sun and other stars. 
Although these fluxes have a large total intensity——more 
than 104 m-? s-! from the Sun-—they are diffuse and the 
interaction rates are small so that no interaction of low 
energy neutrinos and only a few tens of interactions of 
high energy cosmic neutrinos have so far been detected. 
Nevertheless, as always, cosmic ray experiments have 
access to the highest possible energies. 

Laboratory experiments have become feasible with 
vz and vy derived from the secondary beams available 
from the most powerful proton accelerators, the 31 GeV 
AGS at Brookhaven, the 25 GeV PS at CERN and the 
12-5 GeV ZGS at Argonne. In the first high energy 
experiment! in 1962, the Brookhaven-Columbia group, 
with an allocation of about 1,000 h of the AGS, succeeded 
in recording 51 muons generated by muon neutrinos in 
10 tons of spark chambers. This mixed beam of v, and 
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Fig.1, CERN—new neutrino facility. The disposition of the various elements is shown schematically, including the 6,000 tons of steel shielding. 

Three types of », events are shown; (1) is an event produced in the bubble chamber, (2) is an event in a carbon plate in the spark chamber 

installation and (3) is an event in which the muon produced in a part of the shielding traverses the bubble chamber, where its sign and 
momentum can be distinguished. 
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va was derived at 7-5° from a fraction of the pions and 
kaons produced in an internal target. Due to the con- 
struction of the accelerator, most of the neutrino parents, 
which are concentrated near the forward direction, were 
lost. After a free flight of 21 m all particles except neu- 
trinog were absorbed in a massive steel shielding in front 
of the detectors, otherwise the very rare neutrino inter- 
actions could never have been detected against the over- 
whelming background of accompanying particles. Almost 
no evidence of interactions producing an electron was seen 
and so it was concluded that interactions of vz and vy 
produce muons and not electrons. Thus the two-neutrino 
hypothesis that v, and V, are different particles from ve 
and Ye was confirmed. It was evident also that much 
higher neutrino interaction rates were essential for further 
work in this field. 


are 


me ne 
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In the subsequent experiments at CERN? and later 
at Brookhaven! and Argonne’, two fundamental technical 
advances were made; the proton beam was extracted* 
from the accelerators, so that forward going neutrino 
parents could also be used, and focusing devices were 
developed to direct the parents towards the detectors so 
that the neutrinos had the highest probability of travers- 
ing the detectors. Neutrino parents from various parte 
of the target in which they are produced by the protons 
have a broad distribution in energy and direction. By 
means of computer explorations, various toroidal magnetic 
lenses have been invented for guiding such parents; the 
first such device, called a “‘magnetie horn”, was developed 
at CERN? and also used at Argonne; it is shown in 
Fig. 2a and b. While the proton beam bombards the 
target, the two conical coaxial conductors carry a current 
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Fig. 2. æ, Principle of the magnetic'horn. The current pulse in the two axial conical conductors produces an azimuthal magnetic field "between 
them which deflects charged particles!towards or away from the axis according‘to their sign. The outline is the latest version of the magnetic horn, 
b, Testing the first magnetic horn, The condenser banks and ignition switches are on the left, the multiple coaxial cables which carry a total 


current of 300 kA are in the foreground. 


(CERN Photo 317-1-63.) 
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Fig. 8, Principle of the magnetic reflector. 
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The major difference between this device and the magnetic horn shown in Fig. 1a is that the 


source of neutrino parents is some distance away. 


of 30€,000 A. With the current in the inner eonductor 
in the direction of the neutrino parents, the magnetic 
` field deviates the neutrino parents nearer to the axis, and 
the antineutrino parents farther away, so that the neutrino 
“flux at the detector is enhanced, and the antineutrino 
flux reduced to a very low value. At its narrowest place 
the inner cone is about 15 mm in diameter; such a 
conductor can carry a current of 300,000 A only 
momentarily. The mechanical shock, from the magnetic 
field and from the sudden heating by the passage of the 
current, produces such high stresses that a long develop- 
ment was needed, both for the magnetic horn and its 
energy storage system, to obtain the operating life of 
more than a million pulses necessary in an experiment. 
The neutrino flux derived from the pions and kaons, 
produced from the extracted PS beam and focused by the 
magnetic horn, was almost two orders of magnitude higher 
in the experiments of 1963-64 than in the first neutrino 
experiment at Brookhaven. Thus it was possible to use 

à bubble chamber as a detector of neutrino interaction 

and a total of about 1,000 events in freon (CF,Br) were 

photographed; a spark chamber of 30 tons operating 
at the same time recorded about 10,000 interactions. 

Many results were obtained, including a confirmation of 

the Brookhaven observation that vy, and ve carry inde- 

pendent quantum numbers. The vz beam was contamin- 

ated by 0-5 per cent of ve, principally from kaons. The 
i number of ve events was consistent with similar interaction 
~eross-sections for ve and vz, which was a new test of ‘yu-e” 
universality, not as precise as in decay processes, but in a 
quite different range of momentum transfer. From the 
“statisties of the possible production of y* by the vz, it was 
-C goncluded that any such interactions violating lepton 
conservation are less than 0-5 per cent of the total. There 
were several other conclusions, including that neutrinos 
from kaon parents seem to have the same properties as 
neutrinos from pion parents. 

Of particular interest was the possibility of searching 
for the intermediate boson. Its expected signature was a 
muon pair in the spark chamber from the process va + Z~ 
uc+W*+Z, followed in about 10 s by Wt—sut + Va; 
or a po, et pair in the HLBC from W+—>et + ve, or perhaps 
-pions from decay modes of the type Wint n° or 
Weont+ att. No such evidence was found and it 
was concluded that, if the W as predicted exists at all, 
My must be greater than 2 GeV. To raise this mass 

limit appreciably requires neutrino beams of much higher 


energy. 


From the bubble chamber data a preliminary determina- 


tion was made of the nucleon form factors involved in 
Although the” 
neutron was bound in a nucleus of the CF,Br, the analysis. 
was valid because the muon escapes from the nucleus — 


the elastic interaction: vyz+n—-yu +p. 


where it is produced without interaction and the proton 
has only a low probability of a disturbing interaction in. 
the same nucleus. For pionie events the possibilities 


of analysis were much less favourable, since a pion is” 
likely to be absorbed in the nucleus where it is produced. 
This aspect, together with clear evidence of a substantial _ 


inelastic event rate, made it obvious that the next experi+ 
ment at CERN should investigate the neutrino interactions. 
on free protons in propane in the bubble chamber. 

To make such an experiment feasible, a new and sub- 
stantial increase in the neutrino event rate was again 
imperative. It was achieved, partly by rebuilding the 
bubble chamber body to give a visible volume of 1-1 m', 
and partly by constructing the new neutrino facility, 
depicted in Fig. 1. In this facility, the PS beam was 
extracted by the same apparatus as previously, but an 
entirely new system of elements for neutrino parent 
focusing was developed. The shielding was also rebuilt 
with provisions for monitoring the muon absorption. A 
new magnetic horn was designed with an efficiency about 
1-3 times greater than the first one (unpublished results 
of D. H. Perkins and W. Venus). The essential modifica- 
tion, determined from more elaborate computer studies, 
was that parents were accepted from a longer, lighter 
target, actually of boron carbide instead of copper, as 
previously used. Particular attention was given to 
reducing the losses from interactions of the neutrino 
parents in the horn conductors, which they actually 
traverse. To focus the protons for the PS to a beam 
only 2 mm diameter at the horn target 90 m away was 
another essential requirement which has required much 
technical development. Some ten magnetic elements are 
pulsed simultaneously so that during the passage of the 
protons their guiding fields are precise to about 0-1 per 
cent. 

The principal increase in the neutrino flux in the new 
facility has come from the invention of two toroidal 
lenses®, called reflectors, which correct the trajectories of 
neutrino parents which are not focused adequately by the 
horn. The beam optical principles of the reflectors are 
similar to those of the magnetic horn. The essential 
developments have been to discover from computer studies 
that elements with such shapes, currents and locations 
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ean contribute so effectively to the usutrino flux, and 
then to excite them with the enormous currents required. 
Fig. 3 shows the principles of the first reflector. 

The flux on the axis at the detector is inversely propor- 
tional to the shielding length. The best shielding there- 
fore is the shortest consistent with sufficient stopping 
power, which for high energy experiments is determined 
by the maximum energy of the unwanted muons from the 
va parents. The disposition of the 6,000 tons of steel 
ingots, lent by the Swiss Government, and the many 
thousands of tons of concrete is shown in Fig. 1. For 
testing the synchronization and sensitivity of the neutrino 
detectors, mercury can be let out of an axial iron pipe 
to provide a controllable muon leakage through the 
shielding. The muon flux distribution can be scanned by 
detectors which can be moved in radial channels in the 
shielding. When the data obtained from these are finally 
reduced it will be possible to estimate a neutrino spectrum, 
which can be compared with that deduced from a know- 
ledge of the parent production spectra in the target in 


the horn, the computed trajectories and the effects of 


absorption in the focusing devices. During the actual 
experiment, the muon monitoring equipment also enabled 
a rapid study of the optimum target material and best 
operation of the neutrino parent focusing elements. This 
CERN installation is at present the most intense high 
energy neutrino facility. In pulses 2 s apart about 101° 
neutrinos traverse the detectors, to produce about five 
interactions per ton of material per hour. 

For the first experiments in the new facility, in 1967, 
the LI m? bubble chamber was used with propane, 
CsH,. Such a chamber installed in the experiment in 
which the existence of the two neutrinos was first demon- 
strated would have recorded only two events. In an 
allocation of accelerator time similar to that experiment 


about 1,000 events have been obtained in 1-1 x 106 
pictures. Simultaneously the PS beam was shared with 


several independent experiments, and the neutrino beam 
with two spark chamber experiments, the success of which 
depended on requirements which reduced markedly the 
maximum neutrino flux. About 80 per cent of the neutrino 
interactions in C,H, are in carbon nuclei, but of those on 
free protons, about 100 will be good candidates for 
analysis as events of the type: va +p—u“+ r> +p, shown 
in Fig. 4. By a kinematical study of the momentum 
unbalance, these events can be distinguished from inter- 
actions on bound protons in the carbon nucleus, which have 
appreciable Fermi momentum. For the final analysis a 
more refined fitting procedure will be used and a determ- 
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ination of the rate of production of N* on free protons 
will be possible, together with a preliminary estimation 
of the appropriate form factors. Because of the more 
precise momentum determination possible in C,H, 
compared with CF,Br, the new bubble chamber data will 
permit a thorough re-examination of many of the con- 
clusions of the 1963-64 experiments. The advantages 
of the lighter nuclei are, however, also accompanied by 
many disadvantages. The total event rate in C,H, is 
only about 0-3 of that in CF,Br and the manifestation of 
y-rays is much rarer. Because the surroundings of the 
chamber and the shielding were of the same density in 
both series of experiments, the ratio of interactions due to 
neutral particles in equilibrium with the neutrino flux, 
to true neutrmo interactions, is higher in C,H, than in 
CF,Br. This reduces the certitude of identification of 
events in propane. It is evident that in future experi- 
ments, according to the particular features of the inter- 
actions which are being studied, both heavy and light 
working fluids in bubble chambers will each have their 
useful roles. 

Spark chambers operated in association with the bubble 
chamber will elucidate two further questions. The first 
question is——does the va ever produce a pt instead of a 
u-? From the previous experiments this happens less 
than once in a hundred times. The present data should 
explore a much lower limit. For this aspect of the opera- 
tion part of the neutrino shielding was defined as a target 
for va interactions by means of a scintillation counter. 
Emerging particles were located by a spark chamber, 
the charge of those which traversed the bubble chamber 
was identified and their range determined in the subse- 
quent spark chambers; thus muons could be distinguished 
from pions, and u~ from u*. During most of the operation 
an absorber was placed in front of the target in the 
magnetic horn to eliminate antineutrino parents which 
otherwise would not have been rejected by the focusing 
fields. The spark chamber group is at present analysing 
the relative significance of the residual muon leakage 
through the shielding, Vz interactions and any possible 
preduction of ut by vy. The other question it is in- 
vestigating with the same installation is how the total 
neutrino interaction cross-section depends on the atomie 
weight of the interacting nucleus. This is done by measur- 
ing the interaction rate per unit mass in plates of carbon, 
iron and lead in the spark chamber array. 

The equipment already under construction and the 
developments foreseen will increase event rates by such large 
factors that neutrino experiments will become a major 





Fig. 4. Candidate for an interaction of a an of energy 2-62 Ge¥ with a free proton "yt pe“ +a*+p. The a leaves the chamber, the proton is 
the heaviest track and the decay of the pion at rest (att + Py Beh H Pa t Py) ean be seen as the middle track, 
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field of high energy physics. The AGS and the PS have 
development programmes to raise their intensities. Both 
accelerators will have new power supplies to increase the 
cycling rate of their magnet systems and both will have 
new injectors. A factor of twenty in the average extracted 
proton current will be gained within five years, with a 
corresponding gain in neutrino fluxes. A neutrino experi- 
ment is first priority on the experimental programme of 
each of the very large bubble chambers being built for 
the AGS, PS and ZGS. Gargamelle, the 10 m° heavy 
liquid bubble chamber being constructed for CERN 
by the French Atomic Energy Commission, will increase 
the neutrino detection efficiency by a factor of about 
7 compared with the present 1-1 m? chamber. The half 
scale model of the projected “14 ft.” hydrogen bubble 
chamber for the AGS will probably be operational near 
the end of this year. After testing, it will be used immedi- 
ately for a neutrino experiment, probably with a deuterium 
filing, which will permit a refined study of form factors 
both in the process yu + n->u7+p and vat p-spo+ nt +p. 
A great advantage of these larger chambers will be the 
increased efficiency of identification of the high energy 
reaction products. The previous results, which cannot be 
regarded as other than preliminary, will be improved by 





Aerial view of the CERN neutrino facility: The annular earth covered 
tunnel of the 25 GeV PS can be seen at the top left. The neutrine 
beam tunnel is also earth covered, for radiation protection, and leads to 
the 6,000 ton shielding of steel ingots and finally the bubble chamber 
block-house in the foreground. (CERN Photo 115-10-66) 
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the better statistics. A hundred-fold increase in the present 


event rates will probably be sufficient to study the polar- 
ization of some of the reaction products. With a thousand- 
fold increase it may be possible to study the neutral 
interactions of neutrinos: v+e-—-v+e and v+p—v+p, 
which have never yet been seen but which are predicted 
to take place. Success will depend crucially on a detailed 
and accurate understanding of the background due to the 
neutral particles which are in statistical equilibrium with 
every neutrino beam passing through shielding material. 
The development of bubble chamber observations of 
neutrino events is shown in Fig. 5. 

In parallel with the increases in neutrino event rate 
which the new developments will bring, neutrino beams 
with a smaller spread in energy?’ will be feasible. Until 
now the parent focusing devices have been designed to 
produce broad spectra, but given sufficient event rates 
neutrino beams with a narrow energy spectrum are also 
possible. The usefulness of such beams will depend 
greatly on what will be learned about neutrino inter- 
actions. It is of the greatest interest to experiment with 
higher energy neutrinos because at this stage even a 
knowledge of the variation of the total interaction cross- 
section with energy is of fundamental theoretical impor- 
tance. The next major extension of laboratory neutrino 
spectra will be made at Serpukhov’? which now has the 
highest energy proton accelerator in the world. Ifthe mass 
of the W is less than 3 GeV, and its properties are as pre- 
dicted, it can be found at Serpukhov. The interaction 
vu tev >p-+ ve, Which has a threshold of about 10-7 GeV, 
should be seen for the first time at Serpukhov. A less 
spectacular but extremely important aspect of the Serpuk- 
hov neutrino spectra will be the high flux in the region 
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above 5 GeV which is also accessible at CERN and Brook- 
haven. At Serpukhov, given adequate facilities, it will be 
possible to obtain data equivalent to that-of all preceding 
experiments in this region in a very short time of operation. 
Somewhat further into the future will be the neutrino 
facilities of the American 200-500 GeV proton synchrotron 
already being planned at Weston near Argonne, and the 
possible European 300 GeV accelerator. From such 
accelerators, very high neutrino fluxes" can be derived 
as shown in Fig. 6. With the detectors foreseen, total 
event rates 10° to 10‘ times greater than those possible 
today will be feasible. In this field, where even Pauli 
misjudged the future, it is improbable that we can foresee 
the problems which will be studied in the future. We 
know instinctively, however, that the new observational 
possibilities will lead to profound contributions to the 
understanding of the interactions of these particles, which 
seem to be the most abundant material constituent of 


nature. 
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Optical rotatory dispersion (ORD)! and circular di- 
chroism (CD)? have become important tools in organic, 
inorganic and biological chemistry for the solution of 
many structural and stereochemical problems. This, in 
turn, has stimulated renewed interest in the pheno- 
menon of magnetically induced optical activity®-4 (the 
Faraday effect), which can be produced in all substances 
by exposure to a properly oriented magnetic field, whereas 
ORD and CD are applicable only to substances possessing 
natural optical activity. It will be shown that the 
utility in chemistry of magneto-optical rotatory dispersion 
(MORD) and magnetic circular dichroism (MCD) is quite 
different from that of ORD and CD. 

The principle of the Faraday effect is illustrated in 
Fig. 1. Left (L) and right (2) circularly polarized light (for 
the sake of convenience plane polarized light is employed 


Recent progress in the fields of magnetic circular dichroism (MCD) 
and magneto-optical rotatory dispersion (MORD) is reviewed and 
these techniques are contrasted with those of natural circular 
dichroism and optical rotatory dispersion. Apart from the fact that 
MCD and MORD do not require optically active compounds (optical 
activity being induced by the magnetic field), these physical tools 
offer spectroscopic information which is different or impossible to 
obtain by other means. 


because it is equivalent to the sum of the R and L circu- 
larly polarized components) is passed through a medium, 
and a magnetic field (H) is applied along the direction of 
propagation of the light beam. Because the magnetic 
field possesses helical symmetry, circular dissymmetry 
will be produced in the medium with the result that a 
different response will be elicited by optical stimulation 
with right and left circularly polarized light. Conse- 
quently, the refractive indices (nz and ng) as well as the 
molar extinction coefficients (er and sz) will be different 
for the two (L and R) circularly polarized components. 
The angle «, which is proportional to nz — np, is called the 
magneto-optical rotation, while Ae=<,—eR refers to 
the magnetic circular dichroism. 

The magnitude of the Faraday effect phenomenon is 
proportional to the intensity of the magnetic field. In 
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Fig. 1. Principle of a Faraday effect experiment. 


order to obtain maximal signals with a minimum of 
‘material the most recent experiments*~® have been con- 
ducted with superconducting magnets capable of field 
strengths in the neighbourhood of 50 kgauss. Experi- 
mentally the same instruments are employed for the 
measurement of MORD and MCD as for ORD and CD, 
the only requirement being that the sample compartment 
is of sufficient size to accept the appropriate magnet. 
_ The spectacular success of ORD with naturally optically 
active compounds has been associated with measurements 
performed through the region of the relevant absorption 
bands of the appropriate compounds, thus leading to 
anomalous dispersion (the well known “Cotton effects’’'). 
Similarly, the most interesting results in MORD work!.14 
have been encountered in the region of maximum absorp- 
tion. In the case of CD or MCD, this is an absolute 
requirement, because no circular dichroism is encountered 
outside the region of the absorption bands. Because 
most measurements are performed in solution utilizing 
‘optically transparent solvents (water, methanol and 
iso-octane, for instance), the MCD signals will only be 
associated with the absorption bands of the solute. On 
the other hand, magneto-optical rotation (related to 
refractive index, rather than just absorption—see Fig. 1) 
is also observable outside an absorption band, so the 
solvent also becomes optically active and its contribution 
must be subtracted from that of the solute in order 
to obtain the latter’s MORD curve. This is one of the 
reasons why MCD is generally preferred over MORD. 


Characteristics of MCD and MORD Spectra 


In order to illustrate the areas of chemical applications, 
it is first necessary to point out the main features of the 
spectra encountered in measurements through absorp- 
tion bands, MCD rather than MORD being chosen for the 
sake of convenience. The phenomenon is associated with 
an electronic transition, that is, with the promotion of 
an electron from the ground state to an excited one. An 
aceount of the dispersion curves can be given by consider- 
ing the perturbation by the magnetic field of the various 
states and electronic transitions. In the absence of a 
magnetic field, a given transition at frequency v (Fig. 2a) 
gives rise to a corresponding absorption band (Fig. 2b). 
When the magnetic field is turned on, however, three 
perturbations are produced. 

(1) The ground state may be split (in paramagnetic 
materials) and lead to two sub-levels; theory then 
predicts that the R and L circular absorption components 
occur at frequencies vg —meH and v,+mcH, respectively, 
where mg is the so-called magnetic moment of the ground 
state, the magnitude of the splitting being 2H times mg. 

(2) R and L components have different probabilities 
of transitions, one being ¢,,(1—aH) and the other em(1+ 
aH), because the perturbation is linear with the field. 

(3) The sub-levels in the ground state have a different 
population, for example, 1 for the lower and 1—2mgH/kT 
for the upper (according to the Boltzmann law). ez and 
Er can now be expressed as shown in Fig. 2c and the 
resulting expression for Ac becomes 

df mg } 
ma Gt get) fo 





Ae=e,—etp= 2, | 
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In general, however, the excited state can also. be split 
by the field, with a corresponding mg value. Tt can then 
be easily established that Ac becomes 


df 
Ac=2e_H | — (ma + me) Ç +(Gata) fv) a) 


This formula is similar to that obtained by more refined 
treatments‘. 

Three important results follow. First, it shows that Ae 
is proportional to H. Second, an MCD experimental 
dispersion curve can be mathematically analysed as a 
linear combination of the absorption curve (this term 
often being referred to as B+C/kT) and its first derivative 
(A term). In other words, an MCD curve resembles a 
bell-shaped or an S-shaped curve, depending on the 
relative magnitude of the two terms (see, for example, 
Fig. 3). Third, B and C/kT can only be separated by. 
measurements at various temperatures because they 
have the same frequency dependence. As in the case of 
natural optical activity’*, there is a Kronig~Kramers 
(K.K.) relation between MCD and MORD. ‘The angle 
of rotation, g, is therefore expressed in a manner similar 
to âs, the K.K. transforms of f(v) and df/dy being substi- 
tuted in equation (1) and every other term being left 
unchanged. It follows that the MCD and MORD curves 
(for relationship, see Fig. 3) provide the same information, 
namely, the magnitude and sign of the three parameters 
A, B and C. It should be stated, however, that they 
are more easily extracted from MCD curves’. 


Comparison of Natural and Magneto-optical Activity 
Equation (1) is appropriate for describing natural. as_ 
well as magneto-optical activity. In the former case, 
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Fig. 2. Main features of magnetic circular dichroism (MCD) spectra. 
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however, the B term only is non-zero—that is, a CD 
“eurve has the typical bell-shape. It is then clear that 
© MCD provides new information through the A and C 
parameters. Moreover, it should be kept in mind that 
CD and MCD are of a different physical origin™ and that 
the quantum mechanical expression of B is different in 
the two cases. This aspect can be illustrated by consider- 
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an inherently symmetric: chromophore, in- which 

_ optical activity is induced by disturbance froma dis- 
symmetric substituent which does not form part. of the 
chromophore itself (a typical example being the saturated 
carbonyl group'*). Such a chromophore is very sensitive 
to the relative position of the substituent and the extra- 
chromophorie part of the skeleton. This is why the sign 
and magnitude of the ORD and CD Cotton effects are so 
dependent on the conformation of the molecule and why 
ORD and CD have found such utility in stereochemistry. 
This does not apply to magneto-optical activity because 
the circularly dissymmetrie perturbing field (leading to 
B terms) is now external and not inherent to the molecule. 
One can therefore predict that MORD and MCD will not 
usually be useful in the solution of conformational 
problems. This does not mean that Faraday effects are 
useless for solving chemical problems. Two examples 
bearing on this question will be considered. briefly, one 
referring to an optically active and the other to an 
optically inactive substance. 

In Fig. 4 the circular dichroism® of a chlorophyll-like 
molecule is reproduced without and with a magnetic field. 
It is clear that MCD signals are here far more intense than 
CD ones. Moreover, it has been established that the 
magnitude of the MCD peak around 539 nm depends 
considerably on the nature of the substituents attached 
to the skeleton. A similar conclusion can be reached 
from the MCD spectra (Fig. 5) of two optically inactive 
corrins'? related to vitamin B,, in which the MCD peak at 
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“356 nm disappears when one of the nuclear hydrogen 
atoms is replaced by a cyano group. 

Unpublished studies in the nucleotide field by Voelter, 
Bunnenberg and Djerassi have also demonstrated the 
autility of MCD measurements with optically active as 
well as inactive molecules. The CD signals of optically 
active nucleosides and nucleotides are greatly magnified 

“in the presence of a magnetic field (similar to the example 
of Fig. 4), so that one can obtain good MCD curves with 
quantities of material on which no CD signals can be 
< discerned. The analytical and structural implications 
cof such results are obvious. Furthermore, the MCD 
curves of the optically inactive purine and pyrimidine 
bases corresponding to these nucleotides and nucleosides 
can also be employed for purposes of structural differentia- 
tion, whereas ordinary CD or ORD cannot, of course, be 
employed because of the lack of natural optical activity. 


Some Spectroscopic Applications of MCD and MORD 
© The utility of Faraday effect measurements can be 
demonstrated by considering again equation (1), and by 
_ comparing them with a few other techniques. The C and 
A terms allow the magnetic moment of the ground or 
excited states to be determined experimentally, C referring 
to the ground state only. The absolute value of C is 
already known from. electron paramagnetic resonance 
_ (EPR) measurements, but its sign depends greatly on 


the nature and symmetry of the excited state correspond- 
ing to a given electronic transition. 
therefore constitute a very powerful tool for aiding in 
assigning excited states. As shown recently in the case: 
of the ferricyanide ion, this offers a new challenge to the: 


study of charge transfer transitions. The A term is especi- os 


ally useful when it demonstrates the presence of a mag- _ 
netic moment in the excited states. This is of great value . 


because EPR—except for a few occasions—does not 


Zeeman effect o 
measurements, which would solve such a problem, are.” 


provide information on excited states. 


limited to very sharp lines (gas or crystals at very low 
temperature) while Faraday effect measurements . are 
possible on wide absorption bands, even at room tempera- :- 
ture. Already a number of practical applications of these 
observations have been published pertaining to the 
assignment of excited states** and to the experimental 
determination of their magnetic moments’*, These data 
allow in turn a quantitative verification of various mole- 
cular orbital calculations and constitute significant 
support for the theoretician. It is worth emphasizing 
that the substances studied so far range from inorganic 
complex ions to biological systems or complex conjugated 
organic molecules. Several general conclusions have been 
drawn from recent experimental work. It has been 
shown that the A and/or C terms are predicted to be 
non-zero in the case of molecules or complex ions possess- 











MCD and MORD 





ing at least a three-fold axis of symmetry. Their sign 
and absolute value can be determined for allowed elec- 
tronic transitions from group theory and quantum mechani- 
eal calculations respectively. On the other hand, the B 
term is the only one expected when the symmetry is 
lower, which is actually the case for most molecules. 
Theory then predicts" the B term to be large when 
~ two energy levels exist strongly coupled by the magnetic 
field and close together, while each of them is coupled 
to the ground state via an electric dipole moment. Group 
< theory again shows that a large number of molecules. 
relevant to both chemistry and biology. exhibit such 
properties. Recent examples include various (ten) 
annulene systems and vitamin B,, derivatives!®. 
Although B is very difficult to estimate theoretically, its 
existence (and its sign) or non-existence is very significant 
by itself. For example, absorption bands which are 
<- hidden in the absorption spectrum can sometimes be 
“revealed in the MCD spectrum. Furthermore, the sign 
of the B terms permits the relative polarization of elec- 
tronic or vibrational absorption components to be pre- 
dicted. or verified. 
No attempt has been made to review all the recent 
_ MCD. and MORD studies'*-1* of organic and inorganic 
. compounds. Judging from the ever increasing tempo 
| of activity in this field since 1965, one may anticipate rapid 
advances, and beeause there is practically no overlap 
between ORD and CD on the one hand, and MORD and 
MCD on the other, it is likely that the latter two tech- 
“niques will soon be added to the instrumental repertoire 
of many chemists. Fortunately, this requires only the 
addition of a suitable magnet to existing instruments 
rather than the purchase or construction of completely 
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new ones: In view of the wide distribution of spectro- 


polarimeters and circular dichroism. instruments, publica- 
tions on many different types of compounds from numer- 
ous laboratories will surely be forthcoming with eon- 
comitant broadening of the scope of these two techniques. 

We thank Mr A. M. Babcock for assistance with the 
figures and the US National Science Foundation for 
financial support. 
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THERE are many reports of wild animals exhibiting an 
appetite for salt in nature, but there are few data con- 
cerning the metabolism of these animals which would 
establish beyond doubt that they are, in fact, salt depleted. 

Stags, deer, chamois and other plant eaters are reported 
to have licked out caves in the salty slates of the Altai 


Native Australian and introduced species of animals are adapted to 
severe sodium deficiency. Effects of such a deficiency are aggravated 
by pregnancy and lactation, and it has been shown that mechanisms 
controlling sodium homeostasis in wild rabbits are subject to 
profound stress. 


Mountains!, and hunters lie in wait for them near salty 
pools, as they do with kudu and other buck near salt 
licks in Africa*. Rooseveldt elk and deer, bighorn sheep, 
goat, moose, caribou, mule deer and white tailed deer all 
seek out natural dry or wet licks in the Rocky Mountains 
in spring or summer or are attracted to salt blocks?:+, 
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_ Game expose themselves to predation by black and grizzly 
bears and mountain lions when they leave open country 
-and traverse the trails leading to licks. As many as 200 
elk collect in a day at licks in Idaho. Cows and yearlings 
‘are most numerous at licks which are usually not shared, 
and the dominant bull elk exercises choice. Fighting 
< occurs, and elk drive deer away and are themselves dis- 
< placed by cattle? Analyses of Canadian licks showed a 
-high sodium content but other trace metals were present. 
. In Montana only three of twenty-five potential licks were 
used by wild ruminants, and sodium bicarbonate and 
sodium sulphate were the only compounds significantly 
‘more abundant in these licks’. In Alaska, snow shoe hares 
will gnaw wood which has been immersed in salt water, 
and other animals will damage buildings where wood has 
been impregnated with salt from evaporated urine (per- 
sonal communication). Reindeer are reported to drink sea 
water, and sheep made sodium deficient in the field by a 
unilateral parotid fistula will selectively graze plants with 
a high salt content®. Schaller observed that, on occasions, 
mountain gorillas ate soil which, on analysis, showed a 
high salt content’. 

Cattle and kangaroos in the mountains of south-eastern 
Australia exhibit an appetite for salt, and Bott et al.’ 
showed that cattle which were eating pasture with only 

1-2 mequiv. of sodium/kg wet weight excreted urine that 
was virtually free of sodium, and had a reduced salivary 
ratio of sodium to potassium indicative of increased 
aldosterone secretion. Myers® has found that a large 
anerease of the zona glomerulosa occurs in the adrenals 
_ of wild rabbits in sub-alpine and sub-tropical regions, and 
that this can be associated also with the formation of 


‘Table 1. 
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cortical nodules. In the alps, these striking adrenal 
changes occurred in spring and early summer, and were 
associated with an avid appetite for wooden pegs impreg- 


nated with various salts. Sodium chloride and NaHCO, He a 


were particularly attacked, and some gnawing of MgCl, 
and KC] occurred if the pegs were exposed over a lon 
period. 
This article describes an attempt to analyse compre- 
hensively the spectrum of adaptations by both native 
Australian and introduced species of animals to ecological 
conditions involving severe sodium deficiency. The studies 
of behaviour, physiological and biochemical processes, 


and morphology were made in the Snowy Mountains of 


southern Australia—an area larger than Switzerland- 
where analyses of soil and plants showed that the environ: 
ment was severely sodium deficient. Control observations 
on similar parameters were made on an ocean coast region 
of Victoria, where the high sodium content of rain water 
provided vegetation with a high sodium content, and inva: 
desert region near Broken Hill, central Australia, where 
the salt content of vegetation was high. A temperate 
grassland region with a moderately low salt content near 
the national capital, Canberra, was also studied... A 
principal aim was to evaluate salt. appetite in relation to 
the verified sodium status of the animals as reflected by 
sodium excretion, and also the hormone secretory. pro- 
cesses which are concerned with sodium balance. We have 
found some striking morphological changes concurrent 
with the functional observations. Some interesting. 
seasonal, as well as regional, differences have emerged in 
relation to the alpine areas. 

In examining the physiological effects of, and adaptive 


ANALYSES OF SAMPLES OF MIXED GRASSES AND SPECIES DESIGNATED AND SOIL SAMPLES FROM THE REGIONS OF CONTINENTAL AUSTRALIA IN WHICH 


THE ANIMALS WERE STUDIED 


Grass analyses 
Location 


mequiv./kg dry weight 


Soil samples 


No. of mequiv./kg dry weight 
M Ca 


Season Sample type Na samples Na K g Ct 
Snowy Mountains Summer Mixed L7 648 
Mixed 1-3 170 
Mixed 0-9 160 
Mixed 1-9 117 
Mixed 1-9 446 
Autumn Mixed 16 170 
Mixed 2-0 160 
tumex t1 226 T 0-5 VW 28 108 1-7 056 
Poa 3-6 141 
Restio 22 163 
Stylidium 
Seeds 20 103 
Stalks 83 90 
Seed husks 175 110 
Winter Mixed 3-8 50 
Mixed 3-6 106 
Mixed 08 52 
Spring Mixed <02 428 
Mixed <01 485 
Mixed R5 165 
Graselands (Canberra) Mixed 5 320 
Mixed 10 280 
Mixed 10 105 3 0-8 E 27 45 03 0-60 
Mixed 5 450 
Central desert Atriplex 2,200 310 
Mixed 200 110 3 38 it 25 52 E3 OST 
Mixed (young 96 65 
shoots) 
Victorian sea coast Mixed 309 349 
Mixed 68 135 7 33 6-0 29 59 ti Lig 
Mixed 90 173 
Mixed 208 395 
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\ ‘Pable-2,.° MEASURES (MEAN + S.D.) OF ‘PHYSIOLOGICAL PARAMETERS IN WILD RABBITS IN THE REGIONS DESIGNATED, 


; THE NUMBER OF ANIMALS IN BACH 
GROUP (n) IS INCLUDED ars 


Faeces 
Urine Peripheral blood Kidney renin Hard* Soft* 
Region mequiv./1. aldosterone (U/g cortex) mequiv./kg/ mequiv./kg/ 
: (ng/100 ml.) dry weight dry weight 

Snowy Mountains Na K Na K Na 

Spring 059+ 0-36 (19) 208 (19) 130 + 104 (15) 162 + 184 (10) 2 155 5 518 

Summer 0-53+ 0-12 (18) 269 (18) 69+ 66 (12) 103+ 80 (10) 

Autumn 26 + 29 (12) 466 (6) 18+ 7 (8) 

Winter G4 + 12 (5) 390 (5) 74+ 58 (11) 
Grasslands (Canberra) 18-0 £146 (12) 219 (12) 21+ 10 (14) 39+ 17 (8) 
Desert 139 +97 (15) 319 (15) 9+ 6(11) 304 8 (7) 28 90 42 343 


* Hard pellets are normal faeces voided directly onto the ground. 


reactions to, a sodium deficient environment, it may be 
noted that, if the sodium content of the diet is virtually nil, 
conservatory processes may not be adequate to avoid a 
progressive depletion of body sodium. There may be 
species differences in this respect. Cattle are more prone 
to suffer severely from sodium deficiency because of the 
high sodium content of their semi-liquid faeces!® than 
sheep which are able to reduce faecal sodium content. to 
very low levels when sodium depletion supervenes™. 

The effect of a sodium deficient environment is aggra- 
vated by pregnancy and lactation. because of sodium 
accumulated in the growing products of conception and 
the augmented blood volume, and sodium lost in milk??. 
The stress can also be increased by any intestinal dis- 
turbance of microbial or nematodal origin, which jeopard- 
izes the efficiency of sodium absorption from the gut!, or 
results in sodium sequestration in the nematodal parasites. 

Seasonal variation in the characteristics of vegetation, 
such as the onset of lush spring growth, can result in a 
rapid reduction in the sodium content/unit weight of 
vegetation, a decreased sodium to potassium ratio and 
sodium content/calorie of intake, and increased fluid turn- 
over. In this context, it has been suggested that a high 
rate of potassium excretion causes some sodium loss}4, 
If the sodium deficient areas are in the tropics, and 

- temperature regulating mechanisms are stressed, accordin g 
to the species, there is some sodium loss from skin in 
sweating or from saliva as a result of drooling associated 
with panting”. 

Christian (personal communication) has proposed that a 
high population density increases the size and activity of 
the zona fasciculata and reticularis, and that the high 
glucocorticoid secretion causes natriuresis and kaliuresis. 
Glucocorticoids may antagonize the sodium-retaining 
effect of aldosterone in adrenalectomized rats®. This 
renal effect would further aggravate the effects of a low 
sodium environment, and the trophic effects on the 
fasciculata-retieularis may possibly limit the functional 
capacity of glomerulosa to hypertrophy in response to 
sodium deficiency. Aumann and Emlen'® have reported 
that the sodium level of soil and the density of populations 
of microtine rodents are directly related, and concurrent 
laboratory experiments showed increased salt intake of 
microtine groups in response to crowding. 

-The studies on the various biological parameters indica- 
tive of overall adaptation by the organism to differing 
ecological conditions were made on introduced species— 
wild rabbits Oryctolagus cuniculus (L.) and sheep—-and on 
native animals—wombats Vombatus hirsutus (Perry) and 
kangaroos Macropus giganteus (Shaw). One principal aim 
was to measure the concentration of steroids in peripheral 
blood by using recently developed highly sensitive methods 
of double isotope dilution derivative assay'’. Laboratory 
experiments!* on the time course of action of ACTH 
following direct adrenal arterial infusion have shown that 
2-3 min elapse before a significant rise of corticosteroid 
secretion in adrenal venous effluent. In order to obtain a 
snéasurement in conditions where the concentrations were 
not modified by probable pituitary stimulation associated 


Soft pellets, resulting from caecal fermentation, are eaten from the anus. 


with pursuit and capture of wild animals, it was con- 
sidered that the most practical approximation to the 
normal would be achieved by locating the nocturnal 
grazing animals by spotlight from a travelling car, instant 
killing by shooting through the brain, and immediate 
withdrawal and frozen storage of cardiac blood. In these 
conditions, the peripheral blood level should reflect: that 
of the grazing animal before disturbance. 

Table 1 shows the analyses of soil and mixed grasses 
from the regions which were studied. With the Snowy 
Mountains, seasonal analyses were made. The higher 
sodium content of soil and grasses in the desert and on the 
sea coast is evident. Very low sodium content of grass 
was found in the Snowy Mountains in spring and summer. 
The exceptional observation in the spring was on an area 
where a bush fire had burnt 2 years previously. The sodium 
content of grasses was greater in the mountains in autumn 
and winter. One species of plant, Stylidium graminiforum, 
the seeds and other parts of which were eaten by rabbits 
in autumn, had a high sodium content. In relation to the 
alpine figures (c. 1 mequiv./kg wet weight) approximately 
a week’s intake of food by a sheep or rabbit is required to 
provide up to 5 per cent of the sodium content of the 
circulating plasma whereas, on normal pasture, sodium 
equivalent to 10-25 per cent of the plasma content is 
ingested each day. At birth, a rabbit weighs about 40 g 
and total body sodium is about 5 mequiv. Subsequent to 
birth a litter of four rabbits each grows about 9 g/day. If 
the doe provides 100 g milk of normal composition/day, of 
which the ash content is 2-5 per cent and sodium is 5 per 
cent of the ash’, it may be calculated that 20 per cent of 
the sodium content of circulating plasma would be re- 
quired each day if lactation were normal. The profound 
stress on mechanisms controlling sodium homeostasis is 
evident from the following data. 

Table 2 shows that in spring and summer the mountain 
rabbits excreted urine which was virtually free of sodium 
whereas, in autumn and winter, urine contained 2-6 
mequiv./l, Correspondingly, the sodium content of hard 
and soft faeces was much lower than in the desert region. 
Fig. 1 shows that the sodium content of urine of kangaroos 
and wombats in the alps was virtually nil compared with 
that of sea coast animals—kangaroos a mean of 215 
mequiv./l. and wombats 23 mequiv./l. The lower sodium 
content of the urine of the sea coast wombat. possibly 
reflects different habits of the latter as root eaters. A 
large unexplained variation was found in urinary sodium 
content of sheep grazing in the mountain areas in early 
summer (from 0-3 to 130 mequiv./l., n= 14); this requires 
further investigation in relation to the possibility of 
selective grazing of plants or access to an undetected source 
of salt. 

Only limited observations of blood electrolytes were 
made. The mean sodium content of plasma of the alpine 
kangaroos—139 mequiv./l.—was reduced relative to the 
sea coast animals—148 mequiv./I. 

Table 2 shows that the concentration of peripheral 
blood aldosterone was greatly increased in the alpine 
rabbits relative to that of the desert and Canberra grass- 
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land animals. The highest aldosterone levels were found 
in pregnant animals during the spring in the alps. 

As reported in detail elsewhere”, the four mountain 
kangaroos which were examined had a mean aldosterone 
concentration (40 ng/100 ml.), four times that found with 
nine plain and sea coast animals—-9 ng/100 ml. (Fig. 1). 
The mean aldosterone in the five mountain wombats 
(12:5 ng/100 ml.) was double that of the sea coast animals 
(6 ng/100 ml.)—-both small groups included observations 
with very low levels. Cortisol and corticosterone were 
present in the blood of both species, cortisol being present 
in the larger amount. There was little difference in the 
levels of glucocorticoids in the sodium deficient and 
sodium replete animals. 

Sheep in the alpine areas were anaesthetized, the paro- 
tid ducts were cannulated and saliva was collected. 
Adrenal vein blood was collected from the cannulated 
adrenal vein. Consistent with the unexplained variation 
of the concentration of urinary sodium referred to here, 
the secretion rates of aldosterone varied from the usual 
range of sodium replete anaesthetized sheep to levels seen 
in severe depletion (that is, from 1-7 to 15-6 ug/h), the high 
value being associated with virtual absence of sodium 
from urine and a large reduction of salivary sodium to 


potassium ratio. 
SNOWY MOUNTAINS 




















VICTORIAN 
SEA COAST 









m. equiv. /1. 
Urine 300 
200 
Sodium 100 
O 
ng. /100 ml. 
Peripheral 60 
40 
Aldosterone 
mm 
Area 15 
Z.Glomerulosa 10 
Left Adrenal 
Gland 
m, equiv. /Kg. dry wt. 
Plant Sodi be 
a 200 
Content 100 
Fig. 1. The urinary sodium concentration, peripheral blood aldosterone 


and percentage of adrenal area represented by zona glomerulosa in two 
marsupial species—the grey Kangaroo and the wombat studied in an 
alpine and a sea coast area. 


The concentration of renin was measured in the kidney 
cortex. In rabbits (Table 2) the mean concentration 
(u/g) was greatly elevated in the alps in spring and sum- 
mer. Highest values were recorded in females—possibly 
suggesting, as with aldosterone values, the additional stress 
on sodium balance of the reproductive process. The mean 
value for animals from the Canberra grasslands area was 
slightly higher than for desert animals. 

As with rabbits, kangaroo and wombat kidneys were 
incubated with prepared sheep substrate*!. The concentra- 
tions were less than 1 v/g, which may be caused by species 
specificity of the renin/renin substrate reaction. The 
kidneys of sheep in the alps had renin levels in the high 
normal range but no values were found near to those 
found in laboratory animals which were sodium depleted 
by a parotid fistula. 

Table 3 shows that the adrenal glands of the alpine 
rabbits in spring were heavier than in other regions, and 





A B c D 


Fig. 2. Section of the adrenai glands of the kangaroo (Macropus 
giganteus (Shaw)), (4) sodium deficient, (B) sodium replete, and the 
wombat (Fombatus hirsutus (Perry)), (C) sodium deficient, (D) sodium 
replete. The zona glomerulosa is wider in deficient animals. The capsule 


is more prominent in the wombat adrenal. (x 27.) 


that seasonal variation occurred in the alpine animals. 
'The area of zona glomerulosa represented a much greater 
percentage of the total area of the adrenal in the alps in. 
spring and summer than in the desert and grassland 
animals. The adrenal glands of Macropus (1-1 g) and 
wombats (0-7 g) examined in the mountains were approxi- 
mately double the weight of the control animals from the 
sea coast (0-6 and 0-4 g, respectively), and the zona 
glomerulosa represented twice the percentage of total 
area in kangaroos, but was only 20 per cent greater in 
mountain wombats (Figs. 1 and 2). 

There were striking structural changes in the salivary 
glands of the alpine animals when compared with the 
same species living in the sodium rich sea coast areas. 
Table 4 records the much more extensive duct system of 
the parotid gland of sodium depleted specimens of Macro- 
pus giganteus (Shaw) (the grey kangaroo). A similar 
finding was made in the submandibular glands of the 
same species where the percentage of total gland repre- 
sented by the striated ducts was four times that of the 





4 B 


Fig. 3. Section of the parotid gland of sodium deficient alpine kangaroo 
(A) compared with that of a sodium replete sea coast animal of the 
same species (B). (x 60.) 
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(x 10,000.) 


926 
Actwar cell 
Fig. 4. Electron micrograph of the parotid gland of (left) a sodium replete sea coast wild rabbit (Oryctolagus cuniculus (L.)) compared with 
s that of (right) a sodium deficient alpine wild rabbit. 
Table 3. THE WEIGHT AND ARBA OF ADRENAL AND THE PERCENTAGE OF 


TOTAL ARBA OF ADRENAL REPRESENTED BY GLOMERULOSA IN WILD RABBITS 
IN DIFFERENT REGIONS OF AUSTRALIA 


Area of zona 


Adrenal weight Totalarea glomerulosa 


Region (g) (a) of adrenal (percentage 
(mm?) total) 

Snowy Mountains 

Spring 018 (24) 22-6 34-4 

Summer 0-12 (21) 18-2 22-6 

Autumn 0-14 (12) 21-2 17:3 

Winter 14 (13) 22-2 17-8 
Central desert 

Summer OIL (14) 8-4 15-6 
Canberra grasslands 

Spring 0-13 (12) 20-6 16:3 


replete animals. Measurement of the height of parotid 
duct cells (n=100) with a micrometer ocular showed 
that the value for sodium deficient animals was 19-51 + 
3-20u, and for replete animals, 14-04 + 3-05u—(P < 0-01). 
The vascular pattern of the sodium deficient animals was 
considerably different from that usually observed. 
Blood vessels were extraordinarily abundant around 
striated ducts. Fig. 3 shows that loops of capillaries 
penetrate the outer wall of the striated ducts and run in 
the epithelial zone. The wombat material showed similar 
ehanges in the epithelium though not to the same degree. 


Table 4. CONSTITUTION oF Macropus giganteus (GREY KANGAROO) PAROTID 
GLAND EXPRESSED IN PERCENTAGE OF TOTAL VOLUME 
Serous Striated Exeretory 

Condition cell duct duct 
Sodium deficient 86-3 53 31 
Sodium deficient 79-6 12-4 3-6 
Sodium deficient 83-2 25 48 
Sodium replete 95-4 0-0 1-5 
Sodium replete 94-3 0-3 0-6 
Sodium replete 92-7 02 13 


In the parotids of rabbits deficient in sodium the volume 
of striated ducts was 5-9 per cent of the total volume com- 
pared with 1-5 per cent in the replete. The number of 
mitochondria in these cells was considerably less in the 
sodium replete animals. The epithelium was approxi- 
mately twice as high (18-3u) as in the sodium replete 
(10-94). Striated ducts were present in the submandibular 
glands whereas they were virtually absent in the sodium 
replete rabbits, EMG study of the rabbit parotids showed 
increased density of acinar granules in sodium deficiency. 
The striated ducts in sodium replete animals (Fig. 4) had 


low prismatic or cubic cells with very few or no infoldings 
of the basal cell membrane. Mitochondria were sparsely 
distributed and separated by cytoplasm. Their cristae 
were not very closely packed and no intracellular channels 
were visible. In the sodium deficient animals (Fig. 4), not 
only were the cells higher but there were profuse infoldings 
of the basal cell membranes. These infoldings are limiting 
portions of cell cytoplasm that are packed with mito- 
chondria with very little cytoplasm between them. 
Furthermore, the cristae of the mitochondria were also 
very closely arranged suggesting a higher content of 
cristae per unit volume. The conspicuous intercellular 
clear channels are suggestive of intercellular channels 
involved in ion and fluid transport, 

The kidneys of the sodium deficient wombats showed 
hypertrophy of the juxtaglomerular region and much 
greater height of proximal tubular cells. Changes in the 
kangaroo kidneys were less marked, 

Experiments were undertaken in which groups of soft- 
wood sticks impregnated with different inorganic salts 
were firmly driven into the ground in the region of rabbit 
warrens. Analysis showed that the impregnation process 
caused the outer wood to contain up to 1,800 mequiv./kg 
of sodium whereas the core contained 20 mequiv. The 
content varied with different salts. Fig. 5 shows that in 
the spring and early summer in the Snowy Mountains 
(top three panels) the wild rabbits avidly devoured the 
pegs impregnated with NaCl and NaHCO, but largely 
ignored MgCl, and distilled water. Some gnawing of 
sticks impregnated with KCl occurred. In some instances 
the pegs impregnated with sodium were dug out of the 
ground and completely eaten. In the late autumn the 
rabbits did not show significant salt appetite. This corre- 
sponded with the urine analyses (mean sodium content, 
3 mequiv./I.) zona glomerulosa width (Table 3) and grass 
analyses (Table 1) including Stylidium. Fig. 6 records 
behavioural observations on peg groups and shows the 
predominant feeding on pegs with sodium salts. Pegs 
put out near warrens at Canberra (mean urinary sodium, 
18 mequiv./l.) were untouched and so were pegs in the 
desert area. A fascinating field of future behavioural 
investigation will centre on the process of initial recogni- 
tion of the salt sticks by the naive wild depleted rabbits 
and the specific selection of the sodium containing pegs 
(Fig. 6). Some instances of intake of magnesium have been 
seen in pegs left out in the alps for a long time in late 
summer’. This requires further investigation but might be 
related to the influence of a sustained very high blood 
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100 | | 
TANTANGERA (S.M.) - 9 DAYS 
50 LATE SPRING 
100 TANTANGERA (S. M.) - 2 DAYS 
50 EARLY SUMMER 
PERCENTAGE 
Loss oF 100] SNOWY PLAINS - 9 DAYS 
WEIGHT OF 50 LATE SPRING 
PEGS 
100 SNOWY PLAINS - 
7. LATE AUTUMN 
50 
100 CANBERRA - 9 DAYS 
LATE SPRING 
50 
CENTRAL AUSTRALIAN DE 
NaCl KCI MgCl, D. NaHCO, 
WATER 
Fig. 6. The percentage loss of weight of soft wooden pegs heavily 


impregnated with the salts designated when they were placed in the 

vicinity of rabbit warrens for 9 days. The upper four panels record 

observations in the alpine region, the bottom panel in the desert and 
plateau grassland area. 


aldosterone in spring and early summer in causing mag- 
nesium depletion in the tissue**. 

These studies show that the southern alps of Australia 
is a region severely deficient in sodium. Rainfall low in 
sodium together with annual leaching of soil by melting 
snow contributes to this ecological circumstance’. Pos- 
sibly the most important finding emerging is that severe 
sodium deficiency does occur in wild animals in nature. 
In view of the additional stress imposed by the reproduc- 
tive process, it is evident that a strong selection pressure 
would operate favouring animals with effective conserva- 
tory mechanisms. Similarly, selection would favour 
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animals with central nervous mechanisms such that, when 
depleted, appetitive drive would cause more extensive 
exploration of the environment and detection and inges- 
tion of sodium from licks, and plants whieh accumulate 
this ion!?. This statement, as indicated‘, requires 
qualification in so far as such behaviour under stress of 
depletion may involve more extensive exposure to 
predation by carnivores. 

The conservatory mechanisms correspond to the physio- 
logical responses to sodium deficiency defined in labora- 
tory and clinical conditions'?+18, The function of the 
renin-angiotensin system in the response to sodium de- 
ficiency in the marsupials will be a field for future com- 
parative interest in the light of the preliminary difficulty 
in obtaining pressor material when incubating kidneys 
from sodium deficient wombats or kangaroos with sheep 
substrate. 

The morphological changes in the duct system of 
salivary glands were an important new finding presumably 
indicative of chronic hyperactivity in active sodium re- 
absorption. Such structural changes might be attributable 
to either chronic sodium deficiency and/or the action of 
aldosterone. Previous observations on the influence of 
DOCA in producing a great increase in the height of duct 
epithelium in sheep suggest a hormonal trophic influence. 
On the question of detrimental effects of sodium de- 
ficiency, experiments with wild rabbits (Myers, unpub- 
lished) studied in enclosures with thirty-five, fifty or two 
hundred animals to the acre showed a highly significant 
reduction of glomerulosa and an increase in fasciculata 
areas in animals at high density (Table 5). This is con- 
sistent with the proposal that density is an additional 
aggravating stress in sodium deficient zones. In the course 
of preliminary experiments examining the nodule produc- 
ing effects of ACTH (Myers and Bults, unpublished) it 
was found that, of itself, the stress of simple handling of 
the sodium deficient mountain rabbits resulted in weight 
loss and morbidity which were not seen in animals from 
sodium replete regions. 

The presence or absence of an appetite for salt in naive 
wild rabbits was clearly related to sodium balance and 
physiological reactions of the animals. No controlled 
observations have been made to date on kangaroos, but, 





Fig. 6. A telescopic lena photograph of sodium deficient alpine yia ta attacking pegs impregnated with NaHCO, and NaCl (label 
etached). 
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Table 5.. EYFECTS OF DENSITY. ON- ZONATION OF ADRENAL GLANDS OF WILD RABBITS IN EXPERIMENTAL POPULATIONS 


Population Total 
density N adrenal Total area 
(rabbits/acre) (g) (mm?) 

Males 200 20 0-38 26-27 

50 10 0-40 28-53 

35 5 0-30 25-59 
Females 200 19 0-29 21-94 

50 10 0-25 19-16 

35 10 O24 20-65 
*P<0001, + P<0-01, 


these animals are known to be attracted to salt blocks 
put out for cattle in the mountain regions. The findings 
on wild rabbits highlight the problem of the explanation 
of the biological relevance of the need-free salt appetite 
exhibited by caged laboratory animals**. The latter 
observation, firmly established in the case of rats, is con- 
sistent with Richter’s proposition®! of a genetic ability 
in mammals to taste salt and that the ability to taste 
nutritious substances confers survival advantage. Salt 
taste fibres have been identified m a number of mam- 
malian and more primitive vertebrate species. Bare% 
has suggested that the normal animal is protected against 
specifice food deprivation by this unlearned stimulus 
response connexion. In this regard it is noteworthy that 
sodium chloride is a substance likely to be encountered in 
nature, either solid or in solution. The observations 
recorded here on various species of wild herbivores in the 
Rocky Mountains** indicate, however, a definite seasonal 
basis in intake, and this is clearly the case with wild 
rabbits, and is related to the sodium balance. It seems 
likely that this will also be the case with animals in the 
Roeky Mountains and Idaho, In the Florey Laboratories, 
self-selection of solutions of NaCl, MgCl,, CaCl,, KCl has 
been studied in rabbits captured in the wild when young. 
Most of these caged animals exhibit only a small need- 
free intake (sodium in the diet, 60 mequiv./kg) of isotonic 
or 600 mequiv./l. NaCl solution (mean intake of 0-16 and 
0-4 mequiv./day, respectively). It therefore becomes of 
considerable importance to examine the salt appetite of 
the many species of the genus Raitus which live wild on 
several continents. Behaviour may depend considerably 
on the mode of presentation of the substance, and the 
animal without any metabolic deficiency may accept some 
isotonic solution but not gnaw wood impregnated with 
salt. The possibility has to be considered, however, that 
in natural conditions with a much more diverse range of 
stimuli engaging the attention of active animals the 
behaviour does not parallel that seen under the relatively 
stimulus deprived condition of the laboratory cage?3, 
Obviously it is of general biological importance that 
herbivores are subject to ecological stress in relation to 
sodium variation, as shown here with the plants of regions 
varying from below 0-1 to 2,000 mequiv. of sodium/kg of 
dry weight. The carnivores probably largely avoid sodium 
deficiency because they feed on herbivores which, though 
stressed, have nonetheless a high tissue content of sodium. 
Thus it is unlikely that selection pressures, similar to 
those with herbivores, operate in carnivores in relation to 
evolutionary emergence of neural mechanisms evoking 
salt appetite. In this general context, the situation with 
regard to omnivores such as man or the rat is particularly 
interesting. With feral man, as represented by the primi- 
tive mountain tribes of New Guinea, dietetic studies have 
shown. that with their essentially vegetarian diet the 
Highlend Papuan consumes 200-400 times more potas- 
sium than sodium*s with sodium intake as low as about 
3 mequiv./day. The diet of Papuan communities is often 
largely dependent on a single staple food—sago, taro, the 
introduced sweet potato, or more rarely yam or banana, 
Peripheral whole blood aldosterone levels of Papuans in 
primitive highland areas have been compared with those 
in other areas where European food and salt is available. 
‘These studies have been done by the Howard Florey 
Laboratories as part of Macfarlane’s extensive metabolic 





Median ater ina: of right adrenal 


Area Z. rea Z. Area Z.fasciculata~ Area medulla 
glomerulosa glomerulosa reticularis (percentage 
(mm?) (percentage {percentage total) 
total) total) 

F 12-50) 10-29) , 82-491, 7-23 
i318- t 11-43) |+ 80-84) |t 7-62 
3:78} 1607 3 76-71) 7:27 

+ A 247} 1192 4 80-54) 7:54 
335 * 17-83) > * 73-251; * 8-93 

413-56) 17-92)! 73-94; 812 


investigations of the peoples of the region. In the former 
instance, the level of aldosterone was consistent with 
other evidence of sodium deficiency—that is, mean 25-8 
ng/100 ml. (n= 7), compared with 9-9 ng/100 ml. (= 14) 
in the European areas, which is comparable with levels in 
hospitalized sodium replete patients on a standard diet". 
The preparation of salt cake and the ancient salt trade in 
New Guinea Highlands have been described by anthropo- 
logical investigators??>28, 

A further general consideration emerges from the find- 
ing of severe sodium deficiency in herbivores including 
ruminants in natural conditions, Digestion in the rumin- 
ant involves cireulation of much larger volumes of alimen- 
tary fluid of high sodium content than in other species. 
The capacity to replace sodium by potassium in this cycle 
commensurately with sodium deficiency reduces the 
haemodynamic stress of sodium deficiency and thus is 
pivotal to adaptation. The data support the hypothesis 
previously advanced"? that the laboratory demonstra- 
tion of a large reduction in the ratio of sodium to potassium 
in the saliva of sodium deficient ruminants mediated by 
aldosterone reflects a principal mechanism in evolu- 
tionary emergence of the capacity of these animals to 
adapt to stringent environmental conditions. 

This work was supported by grants from the Rural 
Credits Fund of the Reserve Bank; the Wool Industry 
Research Fund of Australia; US National Institutes of 
Health; National Health and Medical Research Council; 
and the Australian Research Grants Committee. 
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Discrimination Learning in Animals : 


an Analysis through Side-effects 


by 
T. M. BLOOMFIELD 


Laboratory of Experimental Psychology, 
University of Sussex 


Picrons have recently been the subjects of an mcieasing 
number of experrments on discrimmation Jearnmg The 
apparatus used in most of these expermments consists of a 
1 ft? sound-attenuated chamber in which a hungry 
pigeon is placed Pecks at a 075 m diameter disk 
(response key) on one wall of the chamber can be rewarded 
by brief access to a gram mixture If unpredictable 
rewards (averaging, for example, one per min) follow 
pecks at the key, the pigeon comes to peck steadily at a 
1ate of between 30 and 90 pecks per mm! In experiments 
on discrimination learning with the pigeon, the desired 
outcome 1s that the pigeon should peck to a signal for 
reward, and not peck to a signal for absence of reward 
Three techniques of tramıng have been developed which 
have this result, but which have different side-effects on 
the pigeon’s behaviour These by-products of discrimina- 
tion training are important m analysing what 1s mvolved 
m diseriminative behaviour, and they point to the need 
for revision of the concepts traditionally used in explaining 
animal discrimination Jearning? 


Methods of Discrimination Training 


Two training techniques date from earlier studies with 
rats?, and can be termed “choice” and “‘go/no go” 
methods In the choice situation, the pigeon ıs con- 
fronted with two uJlummated keys ın the expermmental 
box Pecks at one of these (the positive signal, or S+) 
bring occasional, unpredictable rewards, while pecks at 
the other (the negative signal, or S—) are not rewarded 
Ultumately the pigeon comes to choose S+ In the go/ 
no go method, only one key 1s present, illuminated with 
either S+ or S~ During the positive signal, pecks are 
1ewarded, but durmg the negative signal, no rewards are 
forthcoming A pigeon tramed by this procedure pecks 
to the positive signal, and does not peck to the negative 
one In the usual method of traiming a pigeon on a 
go/no go discrimination, many pecks are made to the 
signal for no reward (S—) in the first few sessions 
Usually, S+ and S— are similar, for example, red and 
green colours, or lines of different angles to the vertical 
Recently, however, Terrace‘ has evolved a method of 
“errorless” trainmg, by which almost all pecks to S— 
are avoided The technique consists of presenting the 
negative signal at first for short durations and at a low 
intensity of Wlurmmation In these conditions, no peeks 
are made to ıt The duration and mtensity of S— 
are gradually mereased to equal those of S+ In this 
way, the discrrmmation ıs learned without errors 

Although the end results of the traming methods are 
simular to the extent that the pigeon’s behaviour matches 
the signal, there are differences in other behaviour in the 
diserrmmation situation As the pigeon begins to differ- 
entuate the two signals in the go/no go situation, the rate 
of pecking to S— declines At the same time, the rate of 
pecking to S+ mereases' Pavlov’ termed a similar 
effect m salivary conditioning “positive induction”, while 
Reynolds' adopted the term “behavioural contrast” 


Different techniques used in discrimination training of pigeons have 
different side-effects on the birds These side-effects of training are 
important tn anc! sing discrimination learning in animals 


When the go/no go diser:mination has been acquired with 
two colours as S+ and S—, and with many errors, subse- 
quent testing reveals that a new colour 1s preferred to 
the orignal S+ colour? This colour is located at a pomt 
on the wavelength dimension shifted from S+ m a 
direction away from S— This effect is termed ‘“‘peak- 
shift” These phenomena, shown m Fig 1, occur only 
after go/no go discrimination learnimg with errors Tram- 
mg on a choice discrimination, or on a go/no go discrimma.- 
tion where no errors are made, produces no shift im 
preference along the continuum, nor an increase 1n pecking 
rate to $+ 


MEAN 

300 | 
a 
2 
g 
S 
& 
9 200 
Lod 
8 
9 
i 

100 

90 60 30 0 30 60 90 
Left Right 


Lane-tilt (deg) 


Fig 1 Total responses during generalization testing of two groups of 

five pigeons @, Results from pigeons trained to discriminate vertical 

(0°) from 45° in a go/no go situation, O, results from pigeons trained to 

discriminate 0° from absence of a line ‘This training 18 necessary to 

ensure attention to the dimension of line-onentation Pigeons on the 

0°/45° discrimination show the peak-sinft effect the ma\imum pomt 
on the gradient is not 0° ($+) but 15° left 


Two attempts have been made to explain these effects, 
neither of which 1s compatible with all the evidence 
First, Terrace? has suggested that mduction or contrast 
results from a lowered pecking rate to S— There are 
data, however, to show that a reduced pecking rate 1s 
neither necessary? nor sufficient}® for contrast and peak- 
shift effects In most studies, frequency of reward is 
confounded with pecking rate, but where conditions 
durmg S— become worse without a lowering of pecking 
rate (that ıs, m a schedule where the pigeon must peck 


a 


930 


slowly to obtain rewards), 1t 1s change in 1eward frequency, 
not m pecking rate, that correlates with contrast effects 
A recent experment (T M Bloomfield, unpublished) 
shows thet contrast 1s linked to an mereased evaluation 
of reward by the animal, a pigeon will choose the reward 
given for pecks to S+ ma discrimmation, m preference 
to one given outside the discrrmimation situation Once 
again, this result 1s restricted to the go/no go situation 
where errors occur m training, and throws doubt on the 
second lme taken to explain contrast and peak-shift 
This is the “adaptation-level” theory of Helson™, 
which suggests that rewards (among othe: events) are 
assessed against the context of rewards the animal has 
experienced A moderate reward, according to this 
theory, will seem large m a context of small rewards 
and small in a context of large rewards As it stand“, 
however, this account ıs of httle use m differentiatin, 
between discrimination learning with and without errors 
In both cases, the pigeon has been exposed to a certain 
frequency of reward during the mutial trammg with S+ 
Later, no rewards are available for pecks to the S—, and 
the theory of adaptation-level predicts the 1eward avail- 
able m S+ will increase ın value Clearly, the effects of 
absence of reward in S— could depend on prior response 
to S—, which 1s absent im errorless learnmg To answer 
this pomt ıt would be necessary, however, to take the 
discussion away from adaptation-levels mto questions 
of similarity of, and thus into classification of, the positive 
and negative signals These questions are raised later 


Rules governing Discrimination Performance 


In attempts to explain the side-effects of discrimination 
acquisition, 1b was assumed that they were awkward pheno- 
mena to be explamed away It has been too often taken 
for granted? that discrimmation learnmg 1s simply a 
matter of a response bemg attached to one “stimulus” 
and elummnated ın the presence of another It might be 
more profitable, however, to use these effects m the 
analysis of discrimmation learnmg itself, by asking 
whether such behaviour reveals anythmg about what the 
animal has learned as a result of discrrmmation traming 
One rule that could obviously govern behaviour following 
go/no go discrimmation acquisition would be peck at 
S+, don’t peck at S— A rule with a “don’t” m it 18 
equivalent to mhibition of behaviour—the pigeon sup- 
presses pecking durmg S— Pavlov? has listed some 
methods of checking for mhibition volved in a negative 
rule, one of which 1s relevant here If pecking during S— 
18 inhibited or suppressed, 1t should be possible to recover 
tt In fact, mducmg extra stress ın rats by electric 
shock", and admuinistermg ‘“‘tranquillizmg” drugs to 
pigeons’, both increase responding durmg S— in a go/no 
go diserrmimation learned with errors The latter effect 
does not appear after errorless discrimmation learnmg 

Other evidence’ shows that a choice discrrmmation does 
not transfer to a go/no go situation with the same signals 
The fact that a pigeon has learned to choose one signal 
mn preference to another does not mean that ıt has learned 
to mhibit pecking when S— alone is present Choice 
discriminations thus seem explicable m terms of the smgle 
rule peckto S+. Go/no go discrummations, on the other 
hand, mvolve the use of two rules, as explamed The 
fact that errorless go/no go discriminations are not sus- 
ceptible to dismhibrtory procedures suggests that these, 
too, come under the single rule peck to S+ Such an 
analysis ıs supported by the restriction of contrast and 
peak-shift effects to go/no go diserrmmations learned with 
errors—the one discrimination situation that seems to 
require a negative rule to govern the pigeon’s behaviour 
The reward for pecks to S+ 1s overvalued only where 
the pigeon is inhibiting pecks to S— 


Classification of Discriminative Signals 


This analysis, however, does not make clear the pro 
cesses involved in errorless learnmg Why ıs there no 
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mlnbition of pecking during S'—, so that a negative rule 
seems not to be necessary? Closer mspection reveals 
the rules set out here to be ambiguous with regard to 
signal classification lb is clear from work with rats 
that stimul are classified by animals along certain dimen- 
sions only The use of the term ““S—” in these rules 
leaves open what is the negative signal for the animal—how 
the negative signal is classified In all cases of dis- 
ermmuation learning, 1t has been shown that pecking rate 
systematically changes as the S+ 1s shifted along the 
dimension mvolved ın discrimmation trammg For 
example, a pigeon performing discriminatively with respect 
to red as S+ and green as S— will show a decline m rate 
of pecking as the wavelength shifts fiom red either 
towards or away from green It 1s clea: therefore that 
peckmg was occuring with respect to red on the colour 
dimension Tests with S—, however, reveal differences 
between trammg methods If a discrimmation ıs learned 
between a red circle (S+) and a white vertical lme (S—) 
with errors ın a go/no go situation, 1t has been shown that 
variations ın line-angle from the vertical cause increase 
in pecking, although these variations do not bing the lne 
any closer to the red circle'® Thus it seems clear that 
the S — in the negative rule means the quite specific signal 
used by the experrmenter 

After errorless learning, this effect does not occur 
Variations in S— do not alter pecking rate, which remains 
zero This 1s possible only if identification of the S— 1s 
made on the basis of absence of S+ If the S— ıs 
identified ın its own mght, the pigeon’s behaviour will 
change when S'— ıs changed, as ıt does after go/no go 
discrimination learnmg with errors 

It seems therefore that 1t 1s possible to analyse discrimin- 
ation performance m pigeons according to the nature of 
the rules governing their behaviour and according to the 
way in which S— 1s identified or classified It1s :mportant 
to separate these two aspects of discrimmation situations 
An earher attempt by Jenkins!* to set out rules governing 
the pigeon’s behaviour was vitiated by a confusion between 
the rules themselves and the way m which the positive 
and negative signals were classified The side-effects of 
trammng turn out to be the product of formation of a 
negative rule, a finding obscured by Jenkins’ rules, which 
all contamed negative pats Forming a negative rule 1s 
clearly a difficult process for the pigeon, shown by 
emotional behaviour durmg S— Through attention to 
all aspects of behaviour m these discrimmation situations, 
1b 18 possible to improve our understanding of the behaviour 
of animals that undergo the various kinds of diserrmination 
training Such analysis has ideally both conceptual and 
empirical value It can clarify our concept of discrimina- 
tion and provide us, at the same time, with more informa- 
tion about the handhng of discrimination problems by 
animals 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Are the Optical Luminosity 
Fluctuations of 3C 273 Random ? 


We have shown! that a hght curve similar to that of the 
quasi-stellar source 30 273 can be generated by a super- 
position of unit ight curves occurrmg at random times 
Gudzenko, Ozernoy and Chertoprud? have argued (1) that 
the distribution of the observed lumimosities should be 
expected to be Gaussian on our model, and (2) that the 
observed distribution 1s not Gaussian, so that the lumino- 
sity curve cannot be regarded as the superposition of 
1andom events The purpose of this communication 1s to 
question the vahdity of both arguments and to show that 
the luminosity record may still be considered to be of 
random origin 

Regarding the first argument, the probability distribu- 
tion of a shot noise process will not usually be Gaussian, 
only m the limit when the number of pulses per unit time 
approaches mfinity 1s the probability distribution rigor- 
ously Gaussian? In our model, the ratio of the number of 
pulses per unit time to ther “tıme constant” 1s about 40, 
so that ıt 1s difficult to say to what extent the distribution 
on our model should be expected to be Gaussian Further- 
more, 1t should be noted that, 1f a random variable has a 
Gaussian distribution, a function of s usually does not 
Specifically, log(s), or the astronomical magnitude of s 
would not have a Gaussian probability distribution 

Regarding the second argument, if the observed lumin- 
osity 18 written as 


I(t) 


x(t) cos2rfot + y(t) sm2rfot 
Vl) + y%(t) (cos2nfot-+tan- a(t)/y(t)) 
= R(t) cos(2rfgt + 8()) 


then, if x(t) and y(t) are independent Gaussian processes 
so that I(t) 1s Gaussian, R(t) 1s a Rayleigh distribution?® 
It was argued that the hypothesis of Rayleigh distribu- 
tion for R calculated from the data may be rejected with 
99 per cent confidence and hence that I(t) 18 not Gaussian 
distributed 

For R(t) to be Rayleigh distributed, it 1s crucial that x(t) 
and y(t) be Gaussian and independent The z(t) and y(t) 
are calculated from the observational record by forming 
trigonometric sums the coefficients of which are weighted 
time averages of the observed I(t) Demonstration of the 
independence of a(t) and y(t) requires that the time over 
which the averages are made ıs very large In the case of 
3C 273, uf the dominant frequency of about 010 yr 1s 
taken for fe the total observation time ıs only about seven 
tumes the supposed periodicity and ıt seems questionable 
whether this can ensure the independence of x(t) and y(t) 

Probably the most straightforward way of testing the 
Gaussian hypothesis ıs to apply the xy? test‘ We have 
done this with both the actual lummosity curve and our 
simulation In the case of the lummosity data, the 
onginal photometer data i magnitudes were converted 
to mtensities The samples used in the test must be 
independent, and so the lummosity curve samples must 
be separated by an interval of the order of the correlation 
time which for our simulation 1s about 1 year Hence for 
73 years of observations seventy-three samples were taken 
The calculated (“observed”) value of y,*, %.?, and the 
probability that 7,2 exceeds $,?, P(y?> %.*), are shown m 
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Table 1 APPLICATION OF THE 4° TEST TO THE GAUSSIAN HYPOTHESIS 
v (degrees 


of freedom) Re P> ba 3 
3C 273 7 129 7 per cent 
Sumulation 7 140 5 Por cent 


Table 1 We see that the Gaussian hypothesis for 3C 273 
may be accepted at a 7 per cent confidence level, which 1s 
about the same level as that for the simulation which was 
constructed by a random process We conclude that the 
observed lummosity record may still be regarded as the 
result of a high density random process 
We thank Dr H J Smuth for furnishing us with a copy 

of the original photometer data The work of one of us 
(M S ) was sponsored by a US National Science Founda- 
tion grant 
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Stimulated Inverse Compton Scattering 
in Radio Sources 


OsTER? has claimed that energy losses due to the inverse 
Compton effect can be considerably larger than was pre- 
viously thought, when stimulated scattermg 1s taken into 
account If true, this would seriously hinder the under- 
standmg of compact radio sources We wish to pomt out 
that Oster’s discussion 1s erroneous and grossly exaggerates 
the importance of stimulated mverse Compton scattering 

We first consider the scattermg of radiation by an 
electron at 1est, neglecting recoil The radiation field 13 
deseribed by N (e, 8, p) photons per unit volume, per unit 
energy interval, per unit solid angle, 8 and being polar 
co-ordinates centred on the electron We are neglecting 
recoil, and so the photon energy 1s not changed by scat- 
termg The rate at which photons of energy = meident 
from a small element of solid angle dQ(0,¢) are scattered 
ito an element dQ’ (0’, 9’) 18 given by 


he? r A , r 

coly) W(e, 8, p) [1+ oN (e, 6, 9’)] dQdQ 
where x 1s the angle between the directions of the incoming 
and outgoing photons, and o(x) 1s the differential cross- 
section The second term m the brackets ıs the number 
of photons per unit volume of phase space (occupation 
number), and gives the contribution of stimulated scat- 
tering Simularly, the reverse rate ıs given by 


3 
co(x) N(e, 0’, o’) [1+ N{e, 9, ẹ)] AQdQ’ 








2 


8xe 
We observe that the net contribution from stimulated 
scattering 1s zero 

Oster considered the case of relativistic electrons, with 
Lorentz factor y, moving through an isotropic radiation 
field In the rest frame of an electron, the radiation field 
then consists of an mtense beam of angular spread ~y% 
and a weak component from all other directions This 
argument, which apples to an arbitrary angular dis- 
tribution of radiation, shows that the stimulated term has 
no net effect Oster obtaimed a large contribution from 
stimulated scattermg {even though he neglected recoil) 
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because he included scattermg out of the beam, but 
neglected scattering back mto ıt. The latter represents 
events where, in the source frame, the electron gams 
energy from the photon Although spontaneous scat- 
terings of this type are indeed negligible, the corresponding 
stimulated scattermgs are mportant because of the high 
occupation number m the beam, and do ın fact cancel the 
term obtamed by Oster 
A more complete analysis, which allows for recoil, 
shows that stumulated scattermg does contribute to the 
loss rate of relativistic electrons The relevant formalism 
is given by Dreicer*. The contribution is ~e/ymc* times 
smaller than Oster’s estumate, however, where s 1s the 
final energy of the relevant photons ın the frame of the 
source In Oster’s example, where y~ 100 and the mpor- 
tant frequency range ıs $10 Hz, this factor is $107, 
Furthermore, for reasonable photon and electron spectra 
the effect has the opposite sign, and tends to reduce the 
loss rate 
Stimulated scattermg could be important only if the 

brightness temperature of the radiation field greatly 
exceeded the kmetic temperature of the relativistic elec- 
trons This 1s not the case ın any of the quasar models 
referred to by Oster 
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Profiles of the Unidentified Interstellar 
Absorption Bands at 4890 A and 4760 A 
at Different Galactic Longitudes 


Or the four known diffuse interstellar absorption bands, 
those at 4430 A and 6180 A have already? had profiles 
of high photometric accuracy assigned to them, and it 
has been shown that these profiles are the same over 
three regions of galactic longitude A simular analysis 1s 
made here for the two known remaimmg bands at 4890 A 
and 4760 A 

The first of these two bands was discovered inde- 
pendently by Wilson? and Butler and Seddon‘, while the 
second was tentatively identified as mterstellar by 
Merrill, in private correspondence with Beals’ Little has 
been attempted m the mvestigation of these features 
because of ther weakness and width The band at 
4890 A is particularly difficult to mvestigate because 1t 
overlaps the stellar lines of H$ at 4861 A and Hel at 
4922 A, both of which are strong m the spectra of most 
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stas sufficiently bmght and distant to show significant 
band absorption. The spectrophotometry of early type 
stars carried out at this observatory! assumed the region. 
of this band to be a continuum, until sufficient data were 
acquired to show this assumption to be untenable Wilson 
has published im this seres? a, spectrophotometric atlas of 
B1 stars, m which the distortion of the contmuum fol- 
lowing on this assumption can be seen. The effect of 
neglecting the band 1s to give the appearance of asym- 
metrical and wide emission to the Hf profile 

In this mvestigation, the same collection of data has 
been used as before!?, so that the results may be strictly 
comparable There are fifteen supergiant stars of types 
ranging from B2 to A0, divided into three groups by 
galactic longitude The ranges of longitude are group 1 
(Cygnus), 020° <I < 120°, group 2 (Perseus), 120° <I 
< 145°, group 3 (Auriga-Gemini), 145° < < 190°. For 
convenience, the stars used are detailed in Table 1, this 
table being based on that m ref. 1, with the addition for 
some of the stars of the B-mdex of Crawford, and of some 
individual measures of 4890 and 6180 ın the present hst 
of stars, taken from the Publications of this observatory. 
The spectrophotometric measures in each of these three 
groups have been averaged as before This process reduces 
the stellar contribution because of the range of types, 
and increases the signal-to-noise ratio of the general 
continuum and the interstellar features 

The measures are shown m Fig 1 It has not been 
considered worth while to show the individual traces for 
the three regions The bottom two traces, labelled m,—m, 
and m,—m,, show the differences between the Cygnus and 
Perseus regions, and between Cygnus and Auriga-Gemuni, 
the ordinates bemg to the same scale as the trace “SUM” 

The general smooth curvature in the traces 1s a result 
of differences m photographic emulsions, as mentioned in 
the communication on the band at 6180 A, ıt will not 
affect the conclusions reached here ‘The top trace 1s of 
the average of all fifteen stars, agam showmg some 
general curvature, which has been elimmated ın the trace 
labelled “SUM” There ıs an obvious band at 4890 A 
The same cannot be said for the band at 4760 A, which 
1f present at all is little different from the general noise 
level 

In the earlier communications, ıb was shown that the 
bands at 4430 A and 6180 A were completely cancelled 
out by the differencmg process Thuis reflects a purely 
fortuitous groupmg effect ın the origmal selection of the 
stars, the grouping depending to a large extent on the 
use of the 36 in reflector at 1ts amit The same cancel- 
lation has taken place here m the difference m,—m,, 
showing that the profiles in these two regions are equal 
in size and shape The other difference, however, shows 
some sign. of an mequality in size To be more sure of 
this, all measured points outside the apparent profiles of 
4890 A and that presumed for 4760 A were averaged in 
groups of ten, and a least mean squares curve of second 
degree fitted to these groups These are the mserted 
square pots The absorption duo to the 4890 A band ıs 
apparently greater ın the direction of Perseus than m 
that of ether Cygnus or Auriga-Gemmi, and the same 


Table 1 STARS USED IN FORMING WEAN SPECTRA 


HD No Name mm Type EBv 
164353 87 Oph 030 Böle 0 26 
198478 55 Cyg 086 B3Ia 060 
206165 9 Cep 102 B2Ie 054 
224055 _ 116 B8la O91 
225094 — 117 B3Is 0 53 

13267 5 Per 133 B5Ia 049 
14134 — 135 B3Ia 0 67 
14143 — 185 Bala 076 
14818 10 Per 135 B2Ia 055 
21389 — 142 A0Ia 056 
31327 — 167 B2Is 0 65 
36371 yAur 176 B5los 050 
42087 3 Gem 187 B2 5Iab 0 42 
48384 9 Gem 188 B3Ias 065 
41117 Lor 189 B2Ia 051 


* No allowance made for stellar blends 


B Wased WrassoeA WoseA 

2 585 078 O14 0 39 

2 530 1 24 0 51 0 95 

2 545 124 _ 096+ Group 1 
211 110 152 
144 073 118 
101 0 85 0 82 
124 061 114 
123 — 114 } Group 2 
111 ~~ 132 
151* 0 74* 1 26* 
0 95 — 0 96 
149 0 56 0 95 
0 98 071 080} Group 3 
154 1083 11i 

+ 2502 112 = 0 42 
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Fig 1 Mean spectrophotometric measures using the stars listed in Table 1 


1s probably true of the feature at 4760 A This behaviour 
15 different from that of 4430 A and 6180 A, where profile 
shapes and sizes were the same ın all three areas 

This difference in the profiles does not indicate any 
difference in shape, ıb therefore seems permissible to 
average all three groups to produce the “SUM” profile 
Both wings of the 4890 band are obscured, by HB on one 
side and 4922 Hel on the other In the band itself there 
are some small fluctuations of which the larger are prob- 
ably real and stellar m omgm The individual mdependent 
measured pomts were then averaged ın groups of three 
throughout the possible extent of 4890, omitting only the 


2 (Å) 


4880 


two strong features and the peaks of the larger, probably 
real fluctuations These average pomts are shown m 
Fig 2 The dotted curve mserted through these poimts is 
a simple Gaussian, fitted by least mean squares It 1s 
emphasized that a Gaussian curve has been chosen for 
sunpheity, the errors do not justify any elaboration 
here Nevertheless, the fit 1s seen to be good, and from 
the fittmg process the centre of 4890 can be given as 
4886 6 A+09 A, its half width as 349 A+08 A and 
the equivalent width for this mean group of fifteen stars 
1s 1:08 eA. The real error ın the last figure ıs difficult to 
estimate, but is of the order of +003 eA 
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Fig 2 


Averaged points throughout the possible extent of the 4890 band 
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These three parameters are given in Table 2 for each 
of the diffuse interstellar bands The equivalent widths 
of 4890 and 6180 are equal and are about half that of 
4430 Whereas, however, the half widths of 4430 and 
6180 are in the same ratio as their central wavelengths, 
this does not hold for 4890, which as we have already 
seen does not have the same profile, nor apparently 1s ıt 
invariant with galactic longitude 


Table 2 
Nominal Central Lquivalent 
wavelength wavelength (A) Half width (A) width (eA) 
44380 4429 5 212 218 
4890 4886 6 349 108 
6180 6175 29 103 


Table 1 shows the collected values of equivalent widths 
of the interstellar bands as found*.?-$ mn the spectrophoto- 
metric mvestigation of early-type stars If a least mean 
squares fit of these values of strength of 4430 against 
6180 and 4890 ıs made, the two constants of propor- 
tionality are found to be 0 68 and 0 52, respectively The 
former we have seen? 1s to be reduced by a factor of 0 79 
to elummate the contribution of the diffuse Ime 6203 ıt 
then becomes 0 54 The coefficient of correlation in both 
cases 13 072 The strengths of 4890 and 6180 are seen 
by this mdependent reduction to be equal to each other 
and to approximately half that of 4430 

If 1t occurs at all, the reported band at 4760 A 1s very 
much smaller than that at 4890 Å There ıs an indication 
of a narrower feature at 4760 A m the mean plot, and a 
possible band in the Perseus direction that is not present 
m the Cygnus and Auriga-Gemim regions, but in any 
ease these are too small here to justify further mvesti- 
gation Ifthe reported band at 4760 A has approximately 
Le same profile as 4890, ıt 1s weaker by a factor of 5 at 
east 

The presence of the 4890 absorption band has a small 
effect on the B-measures of Crawford? The whole of the 
4890 band ıs meluded ın his 150 A broad reference, while 
his narrow band filters respond to part of the profile. The 
net result of neglect of the 4890 absorption will be that 
assigned 8 values will be too high and this difference will 
increase with mereasing colour excess The size of the 
difference will depend on the profile of the narrow-band 
filter, indeed, ıt will go through zero at a filter half- 
width of somethmg less than 15 A, if the filter 1s centred 
on HB Lack of information about the filters makes ıt 
impossible to say with any accuracy how badly the 
B-index will be affected As a rough estimate, however, 
the effect will exceed the quoted error of 0007 for 
Ep-y =10 m the 30 A filter case This corresponds to 
more than 6 per cent of the range of B for any one spectral 
type 

Some evidence has been found!* that when spectra 
with heavy 4430 absorption are differenced from others 
of the same spectral type with small absorption, the 
residual 4430 profile ıs shghtly asymmetrical, with a 
steeper slope on the red wing than the blue Because, 
however, the band considered here at 4890 and that at 
6180 are of small equivalent width and greater half- 
width than 4430, any such asymmetry that might be 
present in them 1s not detectable here More accurate 
photoelectric measures, with averaging and differencing 
techniques, will be needed for all three bands 

Harry SEDDON 
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Spectral Absorption of Excited 
Molecules in Iron Aerosols 


THE existence of interstellar absorption bands of unknown 
origin has drawn our attention to absorption by finely 
dispersed aerosols of solids We have in particular invest- 
gated iron aerosols obtamed by thermal decomposition. of 
Fe(CO); at concentrations of less than ten parts per 
millon in various carrier gases The iron particles result- 
ing from this treatment were between 30 and 200 A in 
size These yield an absorption curve which, between 
3500 and 6000 A, agrees well with the theory developed 
by Mie if the optical constants of bulk iron and the real 
size of the particles were taken into account With a 
particular size distribution of the particles the absorption. 
was found to be inversely proportional to the wavelength, 
as observed in interstellar absorption 

Superimposed on this absorption were bands with half- 
widths between 20 and 100 A which vaned with the carne: 
gas but which were not found m the absence of iron 
paiticles With argon as the carrier gas, the positions 
of these bands comeided with the Herzberg and Angstrom 
bands for carbon monoxide, but, within the range of 
accuracy, the bands may also be mterpreted as triplet 
transitions because the (0-0)-transition of d®JI— b Et 
differs from the corresponding transition of the Angstrom 
system by less than 25 A. Evidence which supports the 
second possibility 1s provided by the fact that when 
large amounts of nitrogen are added to the argon carrie: 
gas, the bands of the second positive group of nitrogen 
were observed together with the Goldstem—Kaplan bands 
In addition, bands of the green system have been found 
Although the absorption ıs small (k < 10-5 cm-?), observa- 
tions are reproducible with an absorption length of 100 m 
because no strong absorption bands from the ground 
state of the mtrogen or carbon monoxide molecules are 
present in the spectral range mvestigated 

The lower states of the observed absorption bands are 
all attributable to energy levels of 7-9 eV, which implies 
that the excitation cannot be due either to chemical 
reactions or to incident photons only In our view, the 
bands are due to molecules which are adsorbed on the 
surfaces of the iron particles The excitation might be 
caused by the large surface energy of the small particles 
When small particles are combining or surface crystallites 
are relocated, large amounts of energy may be set free 
which could be transferred to single gas molecules adsorbed 
on the surfaces In this way, certain high energy levels 
can be populated in a manner which differs from that 
involved in thermal equihbrium Support for this view 
1s provided by the disappearance of the carbon monoxide 
bands as nitrogen concentration in the carrier gas is 
increased It must be assumed that the large free enthalpy 
of adsorption of carbon monoxide on iron particles is 
outweighed by the large number of the nitrogen molecules 
which reach the surface 

With pure photochemical decomposition of Fe(CO), 
m the same conditions, only the carbon monoxide bands 
and the well known absorption edge towards the ultra- 
violet have been found Independently of the carrier gas 
used, the carbon monoxide bands show up particularly 
well The aerosol particles obtained in this way were 
crystallites of iron with a mean diameter of about 10 A 
and large flakes of the well known decomposition product 
Fe,(CO), The strength of the carbon monoxide bands 
could be explained by the fact that this decomposition 
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produces an especially Ingh concentration of carbon 
monoxide near the surfaces of the particles 

Weare at present investigating the excitation associated 
with particles with a large heat of sublimation—carbon, 
for example—and are also lookmg for excitation oft 
metastable states using various carrier gases 

We thank Professor Lochte-Holtgreven and Professor 
Unsold for stimulating discussions 
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PLANETARY SCIENCE 


Electrodynamic Effects of 
Jupiter’s Satellite lo 


JUPITER’S satelhte Io has 1.emaikable control of Jovian 
decametric radio emission (recently reviewed!:?) and also 
a very high and possibly varying albedo? 

Io’s orbit 1s approximately 6 Ry (Jovian radu), while 
the magnetosphere itself probably extends’ beyond 
50 Ry The radiation belt responsible for the decametric 
radio synchrotron emission extends? to about 6 Ry so 
that Io moves deep ın the magnetosphere near the belt 
boundary The magnetosphere rotates with the planet, 
causing Io to move westwards through the magnetosphere 
at a speed of about 56 km sec-! This motion may cause 
an electromagnetic disturbance which contributes to the 
radio emission Qn the other hand, tidal control by Io 
seems unlikely in view of the absence of any control 
by the other satellites 

The possible form of the electromagnetice disturbance 
has been discussed by a number of workers Warwick! 
concluded that the disturbance would be minor, while 
Ellis? mentioned the possible importance of the low- 
velocity hydromagnetic mode There seems httle likeh- 
hood of a long fan-shaped proboscis® or of the direct 
stimulation of plasma waves®, because of the gravitational 
potential barrier? 

If the satellite’s electrical conductivity were very small 
then ıt would cause only a minor hydromagnetic disturb- 
ance, as does the Moon ın its motion through the inte - 
planetary medium (unpublished work of N F Ness, 
K W Behannon, C S Scearce and 8 C Canterano) 

Irrespective of Io’s electrical conductivity, long mmer- 
sion of the satellite in the steady magnetospheric field 
must ensure its magnetization The alternative requires 
a system of electric currents flowing on 1ts surface, driven 
by an electric field E given by Maxwell’s equation V x E= 
—0B/dt and this requires a flow of field lines into Io 
The only way to provide E continually, and so to de- 
magnetize Jo permanently, 1s to rotate 1t about an axis 
perpendicular to the undisturbed field In the absence 
of such rotation Io’s magnetic field strength ıs 0 05 
gauss! and flux about 4x 10™ gauss em? 

If Io 1s magnetized and 1s conducting, then 1s relative 
motion through the magnetosphere (V) will have drastic 
results Field lines passing through Io cannot follow the 
motion of the external plasma because this would induce 
excessive electric field V x B and excessive current in the 
satelhte and m the plasma Sufficient current (7) flows 
to deform the external field and to provide a force 7x B 
which slows down the plasma, the field deformation then 
propagates away ‘The situation 1s shown in Fig la, 
plasma and field are compressed at the left and diffuse 
into Io, while field lines diffuse out at the right The 
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effectiveness of Io in creating a disturbance depends on its 
conductivity o according to the well known relationship 
to ~ol*, where ż and / are characteristic time and dimen- 
sion Putting l=3 2x 108 cm (Io’s diameter) and t equal 
to this distance divided by the relative speed (about 
57 s) we find the required conductivity (emu) 36x 10-16 

If the 1atio of the velocity V to the hydromagnetic 
velocity V4 1s large, then the disturbance travels ‘down 
wind” to provide a magnetotail as for the Earth If the 
ratio 1s small, then most of the disturbance travels as 
hydromagnetic twist or shear waves along the field hnes 
The velocity V4 near Io is probably ın the range 10°—104 
km sec-! (refs 1 and 7), and so is much larger than V and 
far from shock conditions There ıs httle magnetic 
perturbation in Jupiter’s equatorial plane and the mam 
effect 1s that the whole magnetic force tube frozen into 
Io (4x 10'5 gauss em?) moves bodily with Io as m Fig 1b 
which shows a meridian plane in Jupiter’s magnetosphere 
and Io’s force tube (IFT) The relative motion of Io 
1s out from the plane of the paper, and if we regard the 
force tube as being rigid then it moves as a whole, executing 
‘interchange motions” with surrounding force tubes 
These motions resemble the motions discussed m con- 
nexion with the Earth’s magnetosphere", except for the 
driving force The whole of IFT moves about the axis of 
rotation, more or less in meridian planes with the centre 
passing through Io and the ends dipping mto the 1ono- 


<—— MOTION 


a 


b 


Fig 1 The passage of the satellite Io through the magnetic field of 

Jupiter a, Field lines (dashed) frozen into Io move with the satelhte 

to create an external wave b, The force tube Cz rotates with Io relative 
to the planet, as an interchange motion 
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Fig 2 
latitude 1onosphere showing the rotational and magnetic axes and 


Two plots of Jupiter in Longitude System II a, The mgh 


the path (dashed line) of the foot of Io’s force tube b, A schematic 

representation of the apparent emission regions of decametric radio 

bursts and the manner in which most emission may ouiginate from 
one region 


sphere near latitudes 65° N and § The foot of IFT in 
the northern hemisphere moves around the north magnetic 
north pole (Fig 2a) and, because of the 10° tilt of the 
magnetic to the rotational axis, excentrically around the 
latter 

Relative motion V creates electric polamzation as 
shown in Fig 1b, electrons from the plasma flow to 
neutralize the positive charge and 10ns to neutralize the 
negative charge (because Io cannot emit electrons) 
Currents (7) flow up and down the sides of IFT and 
hydromagnetic waves propagate to the 1onosphere in 
each hemisphere, or lower if the lower atmosphere 1s 
conducting For maximum effect, Io’s electrical con 
ductivity must be such that time é,~cl*? exceeds the time 
for the wave to propagate to the ionosphere The velocity 
of the wave 15 not evident, but cannot exceed that of the 
fast mode, which 1s the Alfvén velocity!? Elements of 
the slow hydromagnetic mode, however, can also be 
present and we will for the present assume a velocity of 
propagation along IFT of 500 km s~ The disturbance 
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reaches the 1onosphere (ın each hemisphere) ın about 
20 min and the required conductivity of Io 1s about 10-14 
emu 

If Io’s conductivity exceeds this value, then its whole 
force tube, extending from ionosphere to ionosphere, will 
swing westward relative to the magnetosphere The 
cross-sectional area of the force tube perpendicular to 
the direction of motion 1s about 200 times that of Io and 
the disturbance correspondingly large, leaving a wake of 
turbulence and fast particles extendmg eastward from 
IFT The bending of the force tube means that the feet 
are displaced eastward of Io, the time delay of 20 mm 
corresponding to a longitude difference of about 10 
degrees Thus any Io related electromagnetic phenomena 
should be found at longitudes between 0° and ~ 10° or 
more eastward of Io 

IFT dips mto both N and S ionospheres and rotates 
around the two poles (rotational and magnetic) as shown 
m Fig 2a The horizontal dimensions of the feet are 
about 150 km and the speed through the ionosphere 18 
about 5 km s-! Collisions between ions carried by the 
force tube and stationary neutral atoms will heat the 
1onosphere to a temperature exceeding 1,000° K, consider- 
ably above the undisturbed value of about 200° K1 
The tube motion 1s also hkely to cause a shock wave out- 
side the tube and to generate an extensive disturbance 

Decametric radio emission from Jupiter ıs associated 
with several System III longitude regions and 1s controlled 
to a considerable extent by the position of Io in 1t8 orbit 
There 1s yet no general agreement as to the locations 
of these regions and positions, but an approximate picture 
18 given in Fig 2b Emussion probability is highest when 
the longitude of Io approximates that of the north 
magnetic pole (Ay1,~200°) The sectors marked 1 and 
2 and the hatched sector are “apparent” regions of emis- 
sion in the sense that stronger signals are received during 
their central meridian passages seen from the Earthi? 
For none of these regions, however, need we assume that 
emission 18 radially away from the centre of the planet, 
and so there 1s great flexibility ın the interpretation of the 
data 

When To 1s at 2,;,=200° its wake and ionospheric 
disturbance he eastward, let us suppose at A= 185° 
Radio emission from this region (shown by a large dot) 
need not be wholly radial and we will assume that some 
1s emitted ın two beams directed at about 75° away from 
the meridian plane of the disturbance Emission which 
seems to come from regions 1 and 2 1s now explained 
in terms of radiation from Io’s disturbance region, and 
does not meet the chief difficulty of having to explain 
Io’s control exercised from & distant part of the magneto- 
sphere?’ The radiation from the hatched sector 1s pre- 
sumably in meridian planes and may have a different 
source mechanism 

We speculate that Io’s force tube disturbance, either 
in the ionosphere or magnetosphere, may have the form 
of a bow wave directed westward Radio emission from 
the wave front, m both the forward and reverse directions, 
might be expected, as for type IT solar radio bursts'® If 
either the beaming or generation processes have increased 
efficiency at lower rotational latitudes, this would account 
for enhanced emission near the magnetic pole as may be 
seen from Fig. 2a Lack of mfluence of the other Jovian 
satellites on the decametric emission may be caused by 
a lack of adequate electrical conductivity or by rotation 
about an axis perpendicular to Jupiter’s axis 

The motion of IFT may also account for Jupiter’s 
1adiation belt The electric potential across IFT 1s about 
105 V, and particles accelerated there and drifting inwards 
under the influence of the complex electromagnetic field’ 
will be further accelerated The violent ionospheric 
disturbance will spread plasma through the magnetic 
shell traversed by Io as well as providmg magnetic 
disturbances and auroras near latitude 66° The centri- 
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fugal force on plasma near the equatorial plane will 
create a Jovian ring current and lead to mterchange 
motions Fmally, the ıncıdence of plasma on the surface 
of Io may account for 1ts unusual optical properties*:+ 
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Detection of a Deep Boundary Current 
in the Western South Pacific 


From the distribution of salimty, temperature, oxygen 
and radio-carbon observed m the deep oceans (deeper 
than 2,000 m) of the world, ıt seems that all the deep 
water in both the North and South Pacific comes from other 
oceans, entermg the Pacific from the south The Tasman 
Sea is closed to the north at depths greater than 3,000 m, 
so that any deep current reaching into the North Pacific 
must lie east of New Zealand The simple linear geostro- 
phic theory of the abyssal circulation proposed by Stom- 
mel and Arons!? requires that the source water, “after 
passmg south of New Zealand, flows northward mto the 
Pacific Ocean as a narrow western boundary current 
along the Tonga~Kermadec Trench”. It seems surprising 
that the source water should move in such a narrow current 
when ıt has the full width of the South Pacific withm 
which 1t might flow, but the dynamics demands weak, 
southward geostrophic flow over most of the width of the 
South Pacific, and permits northward flow only in a 
higher-order boundary current We are not at all certain 
that such simple dynamics do prevail, and the data 
have so far been insufficient to reveal the existence or 
non-existence of this current 

Between March 10 and August 2, 1967, we made two 
long oceanographic sections (Scorpio Expedition) across 
the South Pacific between Australa and Chile on 43° 15’S 
and 28° 15’ B, with 78 and 100 hydrographne stations, 
respectively In the deep water, temperatures were 
measured with Kahl reversmg thermometers of range 
—2° to 60° C on which temperature could be read to 
+0001° © Salinities were measured on a University of 
Washington conductivity bridge (‘Paquette’ model) with 
precision +0 002°/,9 The work was done aboard the 
USNS Eltanm, the research vessel of the US Antarctic 
Research Program 

The sections were made partly to fill a great void in the 
world coverage of oceanographic data, and partly ın the 
belief that with closely spaced, highly precise observations, 
features not discernible m the sparse older data? would be 
disclosed Chief among these was the expectation that 
some evidence of the postulated deep western boundary 
current would be found along the eastern side of New 
Zealand and the Tonga-Kermadec Ridge—kmematical, 
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through advection of properties such as temperature, 
salmity and oxygen; and dynamical, through an mtensifi- 
cation of the field of horizontal density gradient. No 
attempt was made to make direct measurements of the 
velocity field such as those by Swallow and Worthington 
m a similar current n the North Atlantic 

The evidence for the current on the salmity profile at 
28° 15’ S consists of a salinity maximum layer with 
highest values (greater than 34 730°/,) compressed within 
70 km of the eastern slope of the Tonga-Kermadec Ridge, 
between the depths of 3,000 and 4,000m A somewhat 
thicker (between 2,500 and 4,400 m) and much broader 
(extending 1,300 km to the east) tongue is delineated 
by the 34 720°/,, contour. Further eastward the salimty 
at these depths falls to 34 690°/,, and mncreases monotoni- 
cally with depth The deep salinity maximum 1s probably 
the last distinct evidence of the North Atlantic component 
of this water’s origm—the extremum bemg contmuously 
traceable all the way from the Atlantic sector of the 
Antarctic to the Pacific sector It seems, however, that 
the current ıs not as wide as might be mferred from the 
34 720°/,, salmity contour, but is essentially confined to 
the short distance of 70 km adjacent to the Ridge, because 
the imtense horizontal gradient of temperature (and 
density) 18 confined to this narrow region The 1:10° C 
isotherm drops from 4,000 m, where 1t intersects the eastern 
slope of the Ridge, to 4,600 m, 70 km to the east A 
sımılar slope—downward towards the east—occurs above 
these levels, but the amplitude of drop diminishes with 
decreasing depth, thus at 200° C the downward drop 
had diminished to a change from 2,550 m to 2,650 m 
At 3 00° C the slope is the other way 

The current, as computed geostrophically, thus appears 
to be 70 km wide, to be confined between depths of 2,500 m 
and 4,500 m (there 1s always some uncertainty m assigning 
depths of no motion), and to transport an amount of water 
northward amounting to 8 to 12x 10° m/s, which com- 
pares with 12-15x10® m/s as estimated m a steady 
stage budget of heat, mass, salt and radiocarbon® 

There was no such intensification of the current ob- 
served on the 43° 15’ S section; the zone of slopmg 
isotherms is about 500 km wide (though the vertical 
displacements are about the same as at 28° 15’ 8), and 
the tongue of salimty greater than 34 730%/,, extends 
1,100 km east of the New Zealand slope This ıs pre- 
sumably caused both by the fact that at this latitude the 
current 1s still m transition from the zonal current that 
feeds ıt from the south and has not travelled a sufficient 
distance in latitude to be mfluenced by the change m 
Coriohs parameter, and to the fact that the western 
boundary at this latitude has an extremely gentle and 
prolonged slope 
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Second Additional Theory of Origin 
of Fiamme in Ignimbrites 


Gibson and Tazieff! have questioned a widely accepted 
explanation of dense black clots of glass (fiamme) in 
ignimbrites A new interpretation of these features 1s 
long overdue, for the conventional interpretation of fiamme 
as flattened and highly compressed lumps of pumice 1s 
very difficult to substantiate As they point out, m many 
ignimbrites there are few if any lumps of pumice in the 
upper, uncompacted levels that are large enough to 
produce the dense glassy clots by compression 

Gibson and Tazieff interpret fiamme in the Fantale 
ignimbrite of Ethiopia as unexpanded lumps of volatile- 
ueh “very fluid” glass carried up in the vent durmg the 
initial eruption They do not explain why the glass did 
not vesiculate until a very late stage even though ıt had 
a high temperature and volatile content and a low vis- 
cosity Perhaps the nucleation of bubbles was 1etarded 
in a crystal-poor fraction of the melt 

Fiamme are common im certain of the 1gnimbrites of 
central Honduras and northern Nicaragua’ There, too, 
large pumice lumps are absent or very scarce in overlying 
levels of the same units Regardless of then pumice 
content, ignimbrites with prominent horizons of glassy 
clots seem to be restricted to areas duectly underlain by 
coarse fluvial sediments This relation would suggest 
that the glass 1s not primary but a fortwtous secondary 
feature related to local mflux of water 

To test this possibility, I have compared two con- 
tiasting samples from a Miocene ignimbrite in north- 
western Nicaragua Analyses are shown in Table 1 
No 258 is a black glass lens about 2 m above the chilled 
base of the unit where 16 overlies fluvial sand and gravel 
Under the microscope, the glass appears deep reddish- 
brown with many perlitic cracks The ongmal vitroclastic 
texture 1s famtly preserved by thin streaks of fine opaque 
dust outlining origmal shards and fragments The abund- 
ance of plagioclase phenocrysts 1s approximately the same 
as m the surrounding rocks (about 5 per cent), lithic 
fragments of andesite, which are very abundant in the 
host rock, are fewer and smaller in the interior of the 
glass lenses In some areas, andesitic fragments are com- 
pletely absent At their margins, the fiamme (as therr 
name imphes) extend tongues and feathery streaks mto 
the surrounding material, so that the boundary 1s much 
less distinct than ıt appears on a mesoscopic scale 





Table 1 CHEMICAL ANALYSES OF FIAMME AND HOST ROCK 
No, 255 No 260 

510. 64 35 65 61 
Ti0, 0 92 100 
Al,O, 15 15 14 75 
Fe,0; 0 66 475 
e0 3 26 041 
MnO 009 018 
MgO 112 079 
Cad 2 56 253 
NaO 3 00 3 84 
K,0 405 3 93 
H.O+ 3 46 116 
H-0- 0 08 059 
P.O, 019 0 23 
99 79 99 77 


~¥-258, Dense black glass clot about two metres above base of mesa-forming 
igommbrite at Vuelta La Barranca, 35 km south of the Honduras border, 
north-west Nicaragua N-260, Dacitic ignimbrite strongly contaminated with 
xenoliths of andesite Host rock of N-258 Analyses were performed by 
DrK Aoki 

The second specimen, No 260, ıs taken fiom an adjacent 
portion of the same unit, but shghtly below the fiamme 
horizon It ıs crowded with accidental fragments, chiefly 
of andesite The glassy portion consists of fine, strongly 
welded shards outlmed by opaque dust Glass ın the rims 
has a lower refractive index and paler colour than the 
interior of the shards and may be hydrated 

It 1s evident that the two specimens are almost ndis- 
tinguishable on the basis of their chemical analyses The 
fiamme has a higher water content and more reduced 
won It also appears to have a shghtly higher potassrum— 
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sodium ratio In view of the extreme heterogeneity of the 
highly contammated ignimbrite, the resemblance of the 
two analyses 1s revealing It is apparent that the clot 1s 
not an uncontammated glass of the same generation as 
the shards, but 1s chemically very sımılaı to the mixture 
of shards and basic lithic fragments 

The geological relations suggest that the glassy clots 
were formed after the ignimbrite came to rest over a bed 
of water-saturated sand and gravel Although the 
immediate base of the sheet was strongly chilled, the 
interior, which still retamed a large amount of heat, 
absorbed water vapour streaming up through the frac- 
tured base Because the rate of ward diffusion of water 
exceeded the outward diffusion of heat, the water content 
of the rocks became high enough to depress the melting 
point until 1t intersected the steep temperature gradient 
There followed a brief period of refusion, first of the low- 
melting portion of the rock and next of the incorporated 
xenolithie fragments 

If this interpretation ıs correct, ıt ıs apparent that 
analyses of fiamme do not necessarily represent a more 
uncontammated portion of an ignimbrite magma, but 
may approach the composition of the total rock 
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Fossil Bivalve Shells indicate Longer 
Month and Year in Cretaceous than 
Present 


ALTHOUGH Wells! and Sc.utton? suggested methods of 
studying fossils to determine probable changes in day 
length, few studies have followed these suggestions We 
have examined fossil bivalve shells to try to determine 
whether the obvious growth lines on the shells are related 
to tidal or other environmental phenomena Although 
the study 1s contimuing, some of the results already 
obtained are significant 

Major growth bands, 1-2 em wide, can be easily seen 
on the surfaces of bivalve shells Study of growth m 
some marine, temperate-water dwelling bivalve species 
has demonstrated that major growth bands defined by 
grooves on the shell surface are formed annually’ These 
grooves may be distinguished from those formed erratic- 
ally in response to sudden changes ın environment such 
as temporary removal from water or sudden deep burial 
of the animal 

The major growth bands that can be demonstrated to 
have formed annually can be seen, when the shells are 
examimed in thin section, to be composed of approxim- 
ately 300 or more very fine growth lammae These 
growth lamimae are approximately 50p thick m juvenile 
shells They attain a thickness of 100 to approximately 
300u m the second annual band A marked decrease 
mn size of these fine growth laminae can be noted in growth 
bands successively older than the second annual The 
fine laminae may be as thin as 10u im the last-formed 
growth band im shells of old adults 

The fine growth laminae are commonly clustered The 
clusters form ridges and troughs that are discernible on 
the shell surface In shells of some species, twenty-fow. 
clusters of fifteen fine growth laminae oceur within each 
annual band In shells of other species, the fine growth 
lammae occur ın clusters of thirty, and there are twelve 
such clusters withm each annual growth band These 
clusters of fine growth laminae are suggestive of, m the 
first case a fortnightly, and in the second case, a monthly, 
cycle of growth 

Some specimens of a species of Chione living m Cholla 
Bay, Sonora, Mexico, were marked and studied closely 
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durmg a period of more than a month to determme 
whether there was a relationship between the tidal cycles 
and shell growth as suggested by the studies of the fine 
growth laminae of their shells In one test sample, thirty 
specimens were marked and returned to their natural 
habitat The specimens were recovered 25 days later 
and observed to have added a ridge and trough to their 
shells In a second test, twenty-five specimens were 
collected from the same area on each of 34 successive days 
Study of the marginal growth increments of shells col- 
lected on successive days mdicated that the addition of 
the ridges 1s related to the tidal cycle In a third test 
sample, a count of the number of ridges per shell in 464 
specimens showed the number of ridges to be polymodal m 
distribution The number of modes corresponds with 
the apparent age of the animal ın years determined by 
counting the number of major growth bands beheved to 
have formed annually Also, the cut-off pomt for the 
first mode 18 25 These data are interpreted as mdicating 
a fortnightly periodicity of shell growth 

The data at hand suggest a relationship between shell 
giowth merements and tidal cycles in at least some 
bivalves Because this relationship seems to be relatively 
well founded in at least some living bivalve species, many 
shells of fossil bivalves have been examined It 1s possible 
to recognize the same major bands (believed, and in some 
cases demonstrated, to have formed annually), the very 
fine growth laminae and the clusters to ridges and troughs 
of the fine growth lammae in shells of some fossil species 
as were seen in shells of living species 

In particular, specimens of [donearca vulgaris (Morton) 
from Late Cretaceous age strata fiom several North 
American locahties show these features most clearly 
There are between eight and twelve bands of the type 
considered to have formed annually on most of the adult 
shells of I vulgares which were studied (It may be 
noted here that most bivalves living in wild conditions 
have a hfe span of 8-12 yr) The major bands, heran 
interpreted to have formed annually, were observed to be 
compuised of 11dges and troughs that are clusters of 
fine growth laminae similar to those seen on living species 
On the shells studied there ıs an obvious groupmg of 
twenty-four or twenty-five ridges on each major band 
Because drawing a precise boundary between the ridges 
of adjacent growth bands 1s relatively subjective, the 
ridges were counted in a continuous series across a number 
of major bands on each shell. The resulting number of 
ridges per band were weighted m relationship to the 
number of bands per shell involved ın the count to obtain 
the mean number of ridges per band This value in all 
the shells examined 1s 24 98 with a standard deviation of 
004 This figure ıs considered to mdicate, using the 
implications of the studies of shells of livmg species, that 
there were 24 98 fortnightly cycles in the Late Cretaceous 
year If there were 24 98 such cycles in the Late Creta- 
ceous, then there were 12 49 lunar months ın the Late 
Cretaceous year 

Many unbroken successions of the fine growth laminae 
were studied ın shells of Crassatella vadosus, a species found 
in association with I vulgarıs in many deposits The 
major growth bands ın the shells of C vadosus are de- 
limited by sharply meised grooves related to abrupt 
changes in shell curvature Ridges and troughs similar 
to those observed in I vulgaris and in many living species 
were also seen on shells of C vadosus The ridges are 
composed of fine growth laminae A count of 1,095 fine 
lammae across thirty-seven ridges in eight different shells 
of O vadosus yielded a weighted average of 29 65 fine 
laminae per ridge with a standard deviation of 018 This 
average 18 interpreted to mdicate that there were 29 65 
days in the month in the Late Cretaceous (compared with 
29 53 at present) 

Combining the data from this study of Late Cretaceous 
bivalve shells suggests that there were 29 65x 12 49= 
370 3 days m the Late Cretaceous year This figure can 
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be compared with astronomical estimates of the number 
of days in the year ın the past As Wells! noted, astron- 
omical data indicate that the Earth’s rotation has been 
slowing down at about 2 s/100,000 yr At the begin- 
ning of the Cambrian, day length was about 21 h if the 
present rate of deceleration has been maintained fiom 
the beginning of the Cambrian, about 6x108 yr ago‘ 
Length of day has thus apparently been increasing 
throughout time and the number of days in the yea 
decreasing Wells! indicated, in a plot of the number of 
days ın a year against time in millions of years, that 
astronomical data lead to an estimated 37] days in the 
year near the end of the Cretaceous The number of days 
in the year in the Late Cretaceous obtained from the study 
of shells of Late Cretaceous bivalves is thus quite close 
to that derived from astronomical data. 

Wells: suggested that there were approximately 406 
days in the year in about Mid Devonian time, based on 
his studies of growth mcrements ım tetracorals The 
number of days ın the yeai m the Middle Devonian derived 
from astronomical data, assummg the present rate of 
deceleration ın the Earth’s 1otation has been mamtamed 
since the Cambrian, is consistent with the number of days 
obtamed from the study of fossil material The data from 
both Devonian tetracorals and Late Cretaceous bivalves 
thus appear to be consistent with those from astronomical 
evidence The results of this study support Wells’s! 
suggestion that the study of fossils may provide a third 
lme of evidence to geophysical and astionomical estimates 
of the age and history of the Earth 
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Calcium Carbonate Content of Karst 
Water in relation to Flow-through Time 


MEASUREMENT of the primary porosity of massive lime- 
stone gives little mdication of the rate of underground 
movement, which takes place largely along jomts and 
bedding planes ‘There 1s also the possibility that these 
zones of water movement can exist as discrete systems 
and not m a uniformly permeable mterconnected lattice! 
Consequently, the permeability of a stratum of any frac- 
tured rock 1s difficult to estimate The purpose of this 
communication is to report a finding which reinforces the 
hypothesis that the flow-through time of water m massive 
limestones might be inferred from seasonal changes in the 
solute concentration of the water? 

It has been observed that “karst sprmg water”, sup- 
phed from precipitation which has fallen only on limestone 
and which remains unaffected by dilution by run-off from 
non-caleareous outcrops, may show a clearly marked 
correlation between seasonal variations in the amounts of 
calcium carbonate m solution and antecedent air tem- 
peratures The relationship seems to reflect the creased 
carbon dioxide output m the plant root zone of the soil 
at higher temperatures! The lag between the air tem- 
perature midsummer peak and the subsequent peak m 
the chemically altered water should therefore mdicate the 
flow-through time of the water The approximate length 
of the lag can be identified by calculating correlation 
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coefficients between the measurements of calcium car- 
bonate content of the karst water, and air temperatures 
averaged for periods at progressively greater time intervals 
before each of the samplmg days Using a preset interval 
spanning 3 weeks, the calcium carbonate observations are 
correlated first with air temperatures for the 0-20 day 
period before sampling, then with those for 21-41 day 
period before each sampling day, followed by those for 
the 42-62, 63-83, 84-104 day and progressively earher 
intervals 

Between February 1962 and June 1965 karst water 
samples were collected monthly for a 1 or 2 year period 
from nearly 100 sampling pomts in the southern and 
central Pennmes Eighteen of these points, mostly under- 
ground, show a very close correlation between antecedent 
air temperature and the calcrum carbonate content of the 
drainage or cave-seepage water These include all the 
stations of those analysed so far where the antecedent 
temperature factor extracts more than 50 per cent of the 
variance m 12 monthly samples In eight cases this factor 
accounts for more than 80 per cent of the variance (Table 1). 

In the case of the Sl seepage ın Ingleborough Cave, 
near Clapham, the correlation coefficients are r= 0-76 for 
the 21-41 day period, r=0 94 for the 42-62 day period 
and r=0 91 for the 63-83 day period In this case, ıt 
seems that the correlation 1s closest for a longer time lag 
than indicated by the mid-point for the 42-62 day period 
In Table 1, therefore, column 5, the time at which the 
correlation might be closest has been estimated by inter- 
polation based on the degree of correlation shown by the 
3 week preset mtervals on each side of the interval 
showing the highest correlation 

As Fig 1 shows, the estimated flow-through tıme seems 
to determine the mean calcrum carbonate content rather 
closely, regardless of the locality m the Pennines, or 
whether the water sampled is an underground or surface 
stream, cave seepage or stagnant pool The demonstra- 
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Fig 1 The relationship between estimated flow-through time and 

mean calcium carbonate content of karst waters from the southern and 

central Pennines The equation of a straight-line relationship, fitted by 

the method of least squares, 18 y=0 8877+152 586 There 1s, how- 

ever, no reason to assume either that this is an adequate representation 
or that a curvilinear relationship would be more accurate 
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Table 1 
1 2 3 4 5 6 
Ingleborough Cave Sl 42~ 62 0 94 59 177 
52 21- 41 0 89 33 156 
53 21~ 41 0 94 27 162 
84 42- 62 0 94 54 184 
55 21~ 41 0 90 36 181 
S8 63~ 83 0 90 71 188 
59 84-104 0 85 99 227 
Gordale Beck 84-104 082 91 197 
Poole’s Cavern S1 105-125 0 75 120 239 
53 126-146 075 140 248 
S5 105-125 0 94 121 265 
SP 63~ 83 0 90 69 198 
Peak Cavern SP 42~ 62 083 51 200 
52 42~ 62 079 51 201 
55 231-251 079 234 289 
River Styx 84-104 0 92 101 231 
Crowdwell rising 105-125 079 121 234 
Bradwe 84-104 071 103 228 


Key 1, locality, 2, code number, where needed, 3, preset 3 week interval 
showing closest correlation between antecedent air temperature and calcium 
carbonate concentrations, 4, correlation coefficients between antecedent 
air temperature for preset interval shown in column 3 and the calerum 
carbonate observations, 5, estimated flow-through time, in days, 6, mean 
calcium carbonate content of karst water (p p m } 


tion of this relationship is not only of geochemical sig- 
nificance but also supports the argument that the lag 
between antecedent au temperature and the subsequent 
correlated changes in calcium carbonate concentration 18 
a rehable measure of the flow-through time in massive 
limestones 
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PHYSICS 
Drag Reduction by Bacterial Metabolites 


In conditions of turbulent flow, relatively low coneen- 
trations of linear, ngh-molecular weight polymers ean 
greatly reduce the frictional drag of a hqud! By 
measuring the pressure drop along a finebore tube in 
these conditions, the drag-reduemg potential of such a 
polymer solution can be estimated by comparmg with 
the pressure drop for the pure solvent. This is the prn- 
ciple on which the turbulent flow rheometer‘ ıs based 

Only recently have lving organisms been shown to 
produce drag-reducing materials The marine dinoflagel- 
late, Prorocenirum micans, and the marne diatom, 
Chaetoceros didymus, have been found to be good friction 
reducers when they are grown in synthetic mediat- 
When their menstrua were tested for drag-reduction 
effectiveness, values greater than 25 per cent were 
obtained Similarly, reductions were achieved by the 
freshwater algae, Anabaena floss-aquae, Chlamydomonas 
peterfir and Porphyrudwm aerugineum, and by extracts of 
many seaweeds, including Chondrus crispus, Ulva mgida 
and Fucus furcatus 

Little work has been done on bacteria as a source of drag- 
reducing materials ‘Kelzan’ (Kelco Company, San Diego, 
California), a bacterial polysacchamde produced by 
Xanthomonas campestris, 1s effective a 50 ppm solution 
reduced friction 36 per cent, a 100 ppm solution, 
50 per cent, and a 200 ppm solution, 62 per cent 
Greater concentrations did not enhance reduction 

Because bacteria are ubiquitous and produce diverse 
metabolites, the purpose of the mvestigation described 
here was to study the potential of bacteria as drag 
reducers 

Bacteria were cultivated on a medium (TYGS) com- 
posed of the followmg 5 g-of tryptone (Difco), 5 g of 
yeast extract (Difco), 5 ml of glycerol, 5 g of sucrose, 
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Fig 1 Drag reduction by Pseudomonas species ın relation to the growth 
curve (O) A TYGS broth culture was tested for drag reduction full- 
strength (C) and aftera 1 10 dilution (iM) 


5 g of glucose, 1 g of K,HPO, 3H,0, and 11 of de-iomzed 
water For the cultivation of marine bacteria, 
K,HPO, 3H,O was replaced by NaCl (20 g) and ‘Rila’ 
(Rila Products, Teaneck, N J ) marine salts (5 g) Solid 
media, were prepared by the addition of 2 per cent agar 
(Difco) to the hquid medium The pH was adjusted to 
76 with NaOH and sterilized by autoclaving 

Initial studies to demonstrate drag reduction by bac- 
terial metabolites imvolved agar-grown cultures Each 
organism tested was moculated on to a TYGS-agar Petri 
dish and incubated at room temperature, approximately 
25° C Four moculating loops of each culture were col- 
lected for periods up to 7 days, suspended in 10 ml of 
de-ionized water, and tested immediately for drag reduc- 
tion effectiveness in a turbulent-flow rheometer Synthetic 
sea water (35 g of ‘Rila’ marine salts/l ) was used to suspend 
marine bacteria 

Some bacteria that exhibited significant drag reduction. 
capabulities (greater than 5 per cent) are described ım 


Table 1 Bacteria found to be positive friction reducers 
Table 1 DRAG-REDUCING BACTERIA 
Cap- Colony 
Organism Source sule description 
Pseudomonas sp California State College, Los Angeles — Pituitous 
Bacewlus sp Cahfornia State Polytechnic College, + Pituitous, 
Pomona moist 
Newsseria sp Cantora State Polytechnic College, — Pıtuitous 
omona 
Achromobacter Georgetown University, Washington DC — Pitmtous 
r 
20-PFD-2 Antarctic waters + Buttery 
(Go rod) 
WW-E Sewage effluent, Pomona, California + Moist 
(G- coccus) 
WG-3 (G- rod) Laboratory water + Most 
a rod) Air outside laboratory — Puitwtous 
= rO: 
SLJ-1 (G-rod) 8 Miles off Scripps pier, La Jolla, Cah- — Pitmtous, 
fornia mois 
SLJ-2 (G- rod) 3 Milen off Scripps pier La Jolla, Cal- + Buttery 
MDES-1 (G- rod) fen slit from bass + Mot 
FTTS-1 a rod) National Physical Laboratory Tow + Moist 
Tank, Feltham, England 
FTTS-2 National Physical Laboratory Tow + Moist 
(G- coccus) Tank, Feltham, England 
S-1 Admiralty Research Laboratory Tow + Moist 


(G+ coccus) Tank, Teddington, England 
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were observed for the presence of capsules, for moistness, 
for butter-like consistency and for a pituitous quality 
(manifested by a colony sticking to the inoculating loop 
and producing an elastic, strmg-hke extension), because 
these characteristics mdicate the production of extra- 
cellular metabolites Capsule formation was discerned by 
means of indirect stainmg with india ink 

Figs 1, 2 and 3 illustrate the kinetics of friction- 
reducing metabolite production m relation to the growth 
curves of species of Pseudomonas, Bacillus and Nevsseri, 
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Fig 3 Drag reduction by Nezsseria species in relation to the growth 
curve (O) A TYGS broth culture was tested for drag reduction full- 
strength (() and aftera 1 10 dilution (W) 
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respectively A sample (20 ml) of broth culture was 
inoculated into 300 ml of TYGS broth m a 1,000 ml 
Erlenmeyer flask, which was shaken at room temperature 
Portions of 5 ml were withdrawn once every hour for 
12 h, and then after varying periods Turbidity was 
estimated at 660 my by means of a Bausch and Lomb 
Spectronic 20’ colorimeter equipped with an infrared- 
sensitive phototube and red filter A 1 10 dilution of 
each sample was also made and the diag-reduction 
eapabilities of both were estimated in a turbulent flow 
1theometer Prelimmary studies indicated that the 
presence of bacterial cells had no significant effect on 
drag reduction 

The production of friction-reducing metabolites ım- 
creased rapidly and concomitantly with logarithmic eul- 
ture growth (Figs 1, 2 and 3) Following logarithmic 
growth, however, different trends were noted for each 
culture At the end of exponential growth, the friction 
reduction by the Pseudomonas culture 1emained at 
approxmmately 58 per cent Bacillus species showed a 
decrease in friction reduction from about 47-20 per cent 
following exponential growth The 1 10 dilution of the 
culture showed a similar trend This indicated the 
degradation or utilization of the drag-reducing substances 
followmg loganthmic growth Fnetion reduction by the 
Newserva culture remained constant at about 59 per cent 
after exponential growth Drag reductions from the 1 10 
dilutions, however, continued to mecrease to the 59 per 
cent level, which indicated the continued production of 
drag-reducing materials after the logarithmic phase This 
merely means that the concentration of metabolite in the 
culture was in excess of that required to give maximum 
diag reduction 

Fig 4 illustrates the effect of shea: on diag-1educing 
materials derived from Achromobacter fishery and Pseudo- 
monas species cultures The friction of a 1 10 dilution 
of the culture afte: the first and third pass through the 
theometer 1s plotted as a function of the age of the 
culture Each pass through the mstrument subjects the 
dissolved polymers to shear The metabolites from both 
bacteria were subject to shear, as mdicated by the 
difference between the curves Earher research had 
shown that shear increases drag by decreasing moleculai 
length® x 
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Fig 4 Shear effects on Achromobactes fishers (A) and Nevssetia species 

(B) drag-reducing metabolites in relation to culture age A 1 10 dilu- 

tion of the culture was tested for drag reduction after the first pass 

through the rheometer (©) and after the third pass (@) The difference 
between the curves indicates the effect of shear 
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The results of this mvestigation clearly demonstrate 
that some bacteria can enhance the drag-reducing pro- 
perties of their culture medium As Table 1 shows, bactena 
isolated fiom many habitats were effective While many 
bacteria were found to be effective drag-reducers, how- 
ever, many were not Aerobacier aerogenes, Bacillus cereus, 
Serratia marmorubra, Staphylococcus aweus, Leuconostoc 
mesenteroides, Escherichia cols and others were found to 
be ineffective 

No attempt was made to isolate or purify the friction- 
reducing components of the bacterial cultures ın this 
study High molecular weight extracellular polysac- 
charides or polysaccharide-protein conjugates, however, 
are lkely causative agents High molecular weight, 
soluble, near maciomolecules are known to produce 
friction-reducing effects in turbulent-flow conditions 
‘Kelzan’, a commercially produced bacterial polysac- 
charide with httle branching and an estimated molecular 
weight of 6x 105, was very effective Hyaluronic acid, a 
polymer that consists of repeating units of glucuronic 
acid-1-8-3-N-acetylglucosamine, 1s a component of some 
extracellular bacterial polysaccharides’* Purified hyal- 
uronic acid from a mammalian source was shown to 
reduce drag by more than 30 per cent in a concentration 
of 200 ppm (ref 5) 

Bacteria affixed to phytoplankton, decomposing 
organic matter or other inanimate or animate objects, or 
even non-attached bacteria, may have sufficient nutrients 
available to promote the synthesis of extracellular drag- 
1educing metabolites These metabolites may have a 
pronounced effect on hydrodynamic test results, and so 
the marine designer should take their potential mto con- 
sideration, as well as the marine diatoms, dinoflagellates, 
seaweeds and freshwater algae which have also been 
shown to be important ın this respect 

The drag-reducing properties of some bacterial macro- 
molecules may make them swtable for quantitative 
measurements based on drag-reduction estimates This 
may be a useful procedure in studying extracellular 
polysaccharides, natural and induced leakage and lysis 
products, and rates of polymerization and depolymer- 
ization Further imvestigations are needed to explore 
these possibilities, as well as to examine the effects of 
other factors on the production of bacterial drag-reducing 
metabolites im situ 

These studies were aided by support from the Micro- 
biology and Fluid Dynamics Branches of the Office of 
Naval Research I thank all those whose gifts of bacterial 
samples made this work possible 

Pavut R Kanis 
Naval Undersea Warfare Center, 
Pasadena, Califorma 
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Observation of Surface Vibration 
Modes by Stroboscopic Hologram 
Interferometry 


Powell and Stetson? have shown that holography can be 
used to study the vibration modes of a surface The 
technique they employed was to record a hologram while 
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Fig. 1. 
at a resonant frequency of 3.074 Hz. 
stroboscopic iumination, 


Interference fringes on a white-painted aluminium disk vibrating 
Fringe motion is arrested by 


the surface was actually vibrating. The reconstructed 
image from such a hologram varies in brightness with the 
total excursion of the surface movement, and gives a 
kind of “time-averaged” contour map of the vibration 
amplitude. We wish to report a method of real-time 
analysis of the surface shape and to demonstrate its advan- 
tages. 

Interference effects can be obtained between an object 
and its holographically recorded image if the two are 
superimposed?-*, by replacing the processed hologram 
plate in exactly the same position in which it was recorded, 
and viewing the object through the hologram plate using 
the same illuminating conditions. A slight displacement 
of the surface of the object will then give rise to a pattern. 
of interference fringes, from which can be calculated the 
degree of displacement of the surface in a direction 
bisecting the illuminating and viewing directions. The 
appearance of the fringe pattern is independent of the 
roughness or otherwise of the surface. For a surface 
vibrating normal to its plane, the interference fringes will 
sweep across it in synchronism with the frequency of 
vibration, so that by pulsing the illumination at this 
frequency, their motion can be arrested and the distortion 
of the surface, measured relatively to its rest position, can 
be deduced. 

In experiments on an aluminium disk 180 mm in 
diameter, bolted centrally to a piezo-electric transducer, 
a hologram of the stationary disk was first recorded. 
The laser beam, before being diverged to iluminate the 
disk, was first focused through a 0-375 mm hole drilled 
diametrically across a steel spindle 4-5 mm in diameter. 
In the image reconstruction stage this spindle could be 
rotated by means of an air-driven turbine to speeds in 
excess of 100,000 r.p.m. so that the ilumimation was 
pulsed at double this frequency (0-3-5 KHz). The trans- 
mitted pulse duration was approx mately one-twentieth 
of the time interval between pulses. To achieve synchron- 
ization of the vibrating disk with the pulsed illumination, 


a small fraction of the light from the laser was split off 


and directed onto the end of the rotating spindle, on 
which was mounted a small circular front-surfaced mirror 
faced with a piece of polaroid. Because the laser beam is 
polarized, the light reflected from this combination of 
mirror and polaroid will vary periodically in intensity at 
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the same frequency as the pulsing beam (2 cycles per 
revolution). This reflected light was then focused onto a 
photodetector, the output of which was amplified and 
used to drive the transducer. By altering the angle of 
the plane of polarization of the original synchronizing 
beam, it was possible to vary the phase of the drive signal 
relative to the illumination pulses. A photograph of the 
interference fringe pattern obtained at a resonant fre- 
quency of 3,074 Hz is shown. 

Vibration analysis by interferometry is in general 
performed at normal incidence, in which case it has a 
high intrinsic sensitivity, because successive interference 
fringes are effectively contour lines spaced at intervals of 
one-half wavelength amplitude. This is especially 
advantageous at higher frequencies, where the amplitude 
of motion may be small. The fringe patterns viewed 
stroboscopically enable the vibration modes to be exam- 
ined over the full frequency range and ciné records can 
be made. In this way sharp resonance conditions can be 
detected. For example, the resonance of which the inter- 
ference pattern is shown in Fig. | had a very narrow 
bandwidth, such that the frequency had to be held within 
0-5 Hz for it to remain stable. A resonance of this kind 
would almost certainly be missed if the “time-averaged” 
hologram method were used. In addition, provided that 
the pulse duration is a sufficiently small fraction of the 
periodic time, a greater number of fringes can be viewed 
stroboseopically. This follows from the intensity distribu- 
tion of the two types of fringe pattern. For real-time 
fringes, for an infinitely short pulse duration, the inten- 
sity 1s proportional to sin¢(2xa/ ), while for the time- 
averaged” fringes it 1s proportional to J? (4na; h) (where 
a is the amplitude and >. is the wavelength). The peaks 
of the latter distribution become progressively smaller 
with increase of a. but not so the former. By watch- 
ing the development of the fringe pattern stroboscopically. 
as either the frequency or amplitude is changed, it. 1s 
possible to determine the order number of any: fringe 
and so to know the displacement of the surface at that 
point, whether or not there exists a node. 

To follow the waveform of an oscillating surface, one 
merely has to change the relative phase of the drive signal 
and pulsing beam. By this means the presence of har- 
monics can be detected. It is also possible to determine 
whether different parts of the surface are oscillating in 
phase or in anti-phase, by giving the surface a slight 
displacement in the normal direction and noticing the 
direction in which the fringes move. The stroboscopic 
method will, of course, also show the presence of a pro- 
gressive wave motion. 

E. ARCHBOLD 
A. E. ENNOS 
National Physical Laboratory, 
Teddington, Middlesex. 
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Possible Explanation of Anomalies 
in Neutral K Phenomena 


THE experimental results usually interpreted as evidence 
for CP violation in neutral K decay have been found? to 
be inconsistent with the values of all the relevant observ- 
ables obtained from other measurements. In particular, 
either the K;~Ks mass difference or the difference (8,—8,) 
between two pion—pion scattering phases, as determined 
from a phenomenological analysis! of the former data, has 
an opposite sign from that obtained by independent 
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measurements of these two quantities. (Fhe measure- 
ments of the sign of the mass difference have been sum- 
marized in ref. 2, and the independent determination of 
the sign of (8-8) is backed by a considerable body of 
evidence; see ref. 3.) 

This result, taken at face value, cannot be accounted 
for by any existing CPT-conserving theory of CP 
violation. Such a possibility can, however, be accommo- 
dated within, and in fact was predicted‘ by, the theory 
in which the effects in question are due not to CP violation 
but to the interaction of neutral K mesons with external 
electromagnetic fields. A possible change in sign of the 
= effective K,~Ks mass difference A in the presence of 

external fields was expressly considered by Spitzer* in 
connexion with equation (9) of his paper. (This equation 
was derived under the working hypothesis that the pro- 
posed interaction contributes primarily to the real mass 
matrix M, but not to the decay matrix I. The result 
that A can change sign is more general than equation (9) 
and holds even if the above assumption does not, but the 
form of this equation as well as the stated conditions‘ in 
which the sign change can occur have to be modified if 
both M and I depend appreciably on the external field.) 

The coupling between neutral K and electromagnetic 
fields leading to such an effect was originally proposed’ in 
connexion with other considerations, based on the more 
general phenomenon of associated production and the 
observed equality of the domains of validity of this 
--phenomenon and of parity conservation. According to 

these considerations the two domains are equal because 
they are physically identical®.*. The proposed interaction 
is invariant under P and C (separately) and is non-mini- 
mal. It leads to K°-K® interconversion in the presence of 
suitable external fields‘ and accordingly modifies the 
propagation and decay characteristics of the neutral K. 
_ For example, the states Kz and Ks that exhibit simple 
exponential time dependence in such fields, for example, 
a longitudinal magnetic field, will in general be linear 
combinations? of the states K, and K, that exhibit such 
time dependence in the absence of matter and of external 
fields. Also, the effective mass difference and lifetimes 
-of Kr and Kg will be field dependent#.*. 

The interaction leads to K, regeneration from K, by 

external fields‘, which entails reappearance at large 

- distances from the target (even in the absence of matter) 
of 22 decay modes‘ and, through interference between 
Ky, and Ks, of a charge asymmetry in leptonic decay. 
Such an asymmetry has recently been observed’*. An 
additional possible cause of charge asymmetry, if the 
assumed interaction is present, is that the field-indepen- 
dent and field-dependent parts of the amplitudes for 
leptonic decay of K° transform under CP with a relative 
minus sign (for a fixed external field). This source of 
charge asymmetry is almost completely independent of 
the composition of the neutral K in terms of K° and K® 
and therefore contributes even after the interference term 
has died out. As will be elaborated later, the field-depen- 
dent part of the decay amplitude is linear in the external 
field, so that it may be possible to vary the degree of 
asymmetry by changing either the magnitude or the 
direction of the external field. 

The theory predicts that the regeneration rate may 
saturate in its field dependence, depending on the values 
of the unknown field-independent parameters. Without 
detailed knowledge of the field strengths and configura- 
tions in the relevant experiments it is not possible to 
determine these parameters on the basis of existing data. 
Because of the possibility of saturation, the regeneration 
effect may not be the most suitable one for a quantitative 
study of the interaction. Any dependence of, for example, 
the anomalous 2x decay rate on the longitudinal magnetic 
field* would, however, establish its presence qualitatively. 
A more promising approach to a quantitative study is 
likely to be provided by measuring the field dependence 
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of A, but it is premature to consider this aspect of the 
problem until further qualitative information. becomes 
available. 

Although the proposed interaction’: depends on the 
electromagnetic field bilinearly through the pseudoscalar 
E-H, it seems unlikely that any of the experiments in 
question involved external field configuration with a 
finite value of E-H. If the effects that have been attrib- 
uted to CP violation are in fact due to the interaction of 
the neutral K with external fields, the relevant amplitude 
for field-induced K°-K° interconversion or K decay is, 
to lowest order, almost certainly linear in the external 
field‘, The origin of such an amplitude is considered 
here. 

The effects resulting from an amplitude for K*-K°® 
interconversion or K decay which is linear (bilinear) in 
the external electromagnetie field will be referred to as 
the linear (bilinear) effects, but it must be kept in mind 
that the actual dependence of the various observables on 
external fields is in general considerably more complica- 
ted‘ than this terminology might suggest. 

The linear effects can occur because a virtual photon 
can couple singly to a neutral K or to some of its decay 
products through known interactions. One of the 
photons from the vertex where the electromagnetic field 
acts bilinearly to interconvert K’ and K° can thus couple 
internally while the other is exchanged with the external 
field. 

It should also be mentioned, in connexion with the 
linear effects, that because a 7° cannot couple to a single 
photon, even to a virtual one, the lowest-order field- 
dependent part of the amplitude for ntn- decay has 
no counterpart for 27° decay. The field dependence of 
the latter thus provides a measure of the external-field 
contribution to the complex mass matrix ((+iM). (This 
remains true even in the presence of the bilinear effects, 
for the matrix elements proportional to EH contribute 
only to M, not to I or to any of the decay amplitudes.) 
On the other hand, the field dependence of ntn- decay 
has its origin in both the complex mass matrix and the 
decay amplitude. Hence the ratio of the partial decay 
rates of the neutral K into the charged and neutral 27 
modes may be field dependent. A study of 2m decay 
can therefore provide important information on the 
extent to which the proposed interaction contributes to 
the decay amplitudes and on its relative contributions 
to M and F. 

Finally, there is an aspect of the linear effect that bears 
on the question of the relative magnitude of the two kinds 
of amplitudes for leptonic decay. Denote by f and g 
the field-independent amplitudes 

Ks r-lty : f 

Kenly: g 
and by 4 and B the field-dependent amplitudes 

Kenly: A 

K?—n-lty : B 
Existing experiments (summarized, for example, in 
ref. 9) place an upper limit of ~ 0-2 on the parameter 
Ig/f|. Of interest here is the fact that even if g 18 zero, 
the proposed interaction can lead to phenomena generally 
believed to require the presence of both f and g. ‘The 
point is that the non-minimal coupling interconverts 
K” and K® and therefore, when acting together with the’ 
decay characterized by f, it leads to the field-dependent, 
process characterized by A, not to the one characterized 
by B. Thus the amplitude f and the non-minimal inter- 
action can combine to simulate the presence of the 
amplitude g. If the field dependence of neutral K pheno- ` 
mena is confirmed experimentally, it becomes imperative 
that in testing for the possible presence of the amplitude 
g both the electric and magnetic fields be minimized in 
the region of interest. i 
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More generally, if the teraction with electromagnetic 
fields 1s responsible for the anomalous effects, such as 2r 
decay and charge asymmetry at large distances from the 
target, then these can all be completely eliminated by 
properly shielding the external fields It 1s emphasized 
that such null expermments can serve not only to establish 
the presence of the proposed mteraction, but ın. addition 
would dispel a related conceptual question Specrfically, 
the total absence of evidence for CP or T violation m 
any phenomena not mvolvimg neutral K mesons ıs very 
puzzling if the anomalous effects are mterpreted as evid- 
ence for CP violation in neutral K decay If, however, 
these effects can be accounted for within the framework 
of CP invariance, as discussed here and earher‘*, there 
is then no longer any reason to expect such violation 
elsewhere 

I thank S Schneider for helpful suggestions This 
work was performed under the auspices of the US Atomic 
Energy Commission 

R SPITZER 
Lawrence Radiation Laboratory 
University of Califorma 
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Characteristic Energy Loss of Electrons 
transmitted through Argon 


INTERPRETATION of kinetic-to-mnternal energy transfers 
in many-electron heavy particle 1on1zing collisions!.? has 
demonstrated the mportance of looking for possible large 
characteristic energy losses in electron scattering 
Previous workers*-§ have studied levels <100 eV Most 
X-ray absorption studies* do not use contmuum sources 
but characteristic line sources Heavy particle collision 
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Fig 1 Schematic diagram of apparatus 
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Fig 2 _ Part of energy loss (£) spectrum for argon, for forward scattered 
1,100 eV electrons A, B, ical runs, C, background spectrum in 
absence of gas, D, elastically scattered beam 


energy losses might arise not from diabatic curve crossing? 
but from collective oscillation of electrons? 

We have conducted a Born-Bethe approximation?! 
zero angle electron scattermg energy loss search for 
unidentified levels in argon, using a double 180° magnetic 
electron spectrometer Because" the cross-section oœ B-3, 
then, for a level E~ 200 eV, o will be so small that any 
electron spectrometer must possess high efficiency, at the 
expense of resolution 

The spectrometer (Fig 1) 1s in a uniform magnetic field 
Electrons from tungsten filament F are accelerated 
through anode A up to ther full primary energy 1,100 eV 
at S, The 180° magnetic monochromator slits SS; are 
equipotential. Gas at pressure ~ 0 1 torr 1s passed into the 
collision chamber G After collisions, the electrons passing 
through S, are retarded to an energy appropriate to the 
180° magnetic analyser composed of shits S;-S,,, all 
equipotential The monochromator and analyser shts 
are, respectively, on circles of radu 3 m , 2 25 + 0 0005 m 
Widths are as follows Sansen 0010 in , S;,0020m, 
Sp, 0033 nm, Saa O 100 m , S3,19, 0 200 in 

Sht S,, adjustable radially, was tuned for maximum 
electron current at zero scattermg angle, within resolution 
15° There 1s high order focusing at S,, The Faraday cup 
D, could be moved into the beam path for tuning the 
monochromator by magnetic field variation At constant 
magnetic field, the analyser was tuned to transmit the 
unscattered beam to the Faraday cup Dm, by adjustment 
of the analyser potential, the scanning of which allows 
collection of electrons scattered with energy loss 

Fig 2 shows typical Ar energy loss spectra, around the 
L, edge, for electrons of 1,100 eV imtial energy The 
measured overall spectrometer resolution %3 V Those of 
the analyser and monochromator calculated from orbit 
theory are, respectively, 25 and 35 V The spectrum 
shows excitation and ionization of M shell electrons, D,,5 
inner shell ionization edges? at 247 and 245 eV, and 
structure at 258 eV resulting from simultaneous 1oniza- 
tion of L (2p) and M (3p) electrons Auger transitions 
from this level have been reported? The most interesting 
feature 1s the unidentified peak at ~ 230 eV, for which an 
oscillator strength ~001 ıs found, normalizing against 
X-ray data? Excitation of an n=2 electron into n=3 
(1s? 28? 2p5 3s? 3p° nl) might account for such an energy 
Slater’s rules'* show that all such levels he within 3 eV of 
the Ls edges, and some have been identified ın Auger 
transitions'"® and in X-ray absorption’ This identzfi- 
cation of the 230 eV level is not possible Slater’s rules 
also show that for a 230 eV level to be produced by 
excitation of n=3 electrons, all eight must be mvolved 
Reports of this and a simular experiment, using a different 
type of spectrometer, were given recently!?1® Structure 
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around 230 eV showed up clearly ın both spectra In 
scattering through non-zero angles (>30’) the feature 
disappeared The measurement of single electron energies 
in heavy particle ionizing collisions shows no peak arising 
from this level The inference is that the level, in decaying, 
distributes 1ts energy among several electrons 

We submit that this 230 eV energy loss peak could be 
caused by the collective excitation of a number of 
electrons 
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CHEMISTRY 


Mass Spectrometric Analysis 
of Oxygen 


WE have recently analysed a sample of medical oxygen 
by mass spectrometry, and found that the level of carbon 
monoxide, approximately 1 per cent, far exceeded the 
toxie level for humans Subsequent investigation of the 
hterature disclosed that this phenomenon ıs to be expected 
because of the interaction of oxygen with carbon impurities 
in the hot tungsten filament of the mass spectrometer 
electron gun}-? In a mass spectrometer, used for general 
analysis of organic compounds, there 1s the additional 
possibility that carbide 1s formed on the tungsten surface 
which may then react with oxygen in the system Carbides 
of rhenium have the advantage of being less stable than 
those of tungsten and this has led to the widespread use 
of rhenium filaments Even with a rhenium filament, 
however, significant quantities of carbon monoxide are 
produced in oxygen analysis 

The construction and use of a windowless photo- 
ionization source suitable for the MS 9 have been de- 
seribed*-* The occurrence of reactions on the filament 
and the hot ion chamber ın the electron bombardment 
source of the M S 9 has been shown and 1b has also been 
shown that these effects can be mmimuized using photo- 
ionization? Using a newly designed ion source (to be 
published) permitting srmultaneous use of electron and 
photon beams, the analysis of oxygen has been re- 
exammed 
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No 
a CO 
N2 
b co 
N2 
c 


Fıg 1 Doublet at m/e=28 a, Electron source 200° C, b, photo- 
10m7ation source 200° C, electron energy (E<IP) c, photoionization 
source 20° C 


Fig la shows the mass 28 multiplet observed when 
oxygen 1s introduced at 10-* torr into an AEI M S 9 mass 
spectrometer using electron bombardment from a rhenium 
filament with an ion source temperature of 200°C The 
nitrogen peak origimates from a small impurity in the 
ordinary tank oxygen used for this experrment The 
significant carbon monoxide peak largely disappeared 
when the oxygen flow was stopped and 1s thus caused 
by the reaction with the filament and hot 1on source 
Fig 1b shows the appearance of the multiplet using photo- 
1onization by the helium 584 A resonance hne with the 
filament also switched on and the ion source ambient 
temperature at 200°C The electron energy was set at 
5 V so that no ionization could occur by electron umpact 
(Switching off the photon beam in these conditions gave 
zero 10n current, thus confirming the absence of stray 
high energy electrons) Fig 1b shows the presence of 
carbon monoxide as ma Fig lc shows the observed 10n 
current at m/e=28 when photoionization alone 1s used 
at a source temperature of 20°C The carbon monoxide 
has virtually disappeared 

The use of photoionization 1s obviously of advantage 
where the mass spectrometric analysis of reactive gases 
is to be undertaken 

This work was supported by the National Research 
Council of Canada 
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Detection of Oxygen Atoms during 
Gamma Radiolysis of Carbon 
Monoxide Gas 


Ir has been suggested! that the yield of carbon dioxide, 
formed durmg radiolysis of carbon monoxide gas at 
atmospheric pressure and ambient temperature, results 
fiom the reaction of oxygen atoms with carbon monoxide 
The principal evidence ın support of this 1s the observation 
that during proton irradiation G (CO,) 1s decreased from 
2 to 05 (molecules/100 eV) as the dose rate 1s increased 
from 5x10 to 10x10! eV ml- s- The effect was 
mterpreted in terms of the reaction sequence 


CO -~~~ C + O 

C + CO — CO -» polymer 
O + CO — CO, 

O + C,0 — 2C0 


This communication describes chemical evidence for 
the formation of oxygen atoms and an estimate of the 
peld of these mtermediates in irradiated carbon monoxide 

Propene was used as an oxygen atom scavenger 
Cvetanovié has shown? that O(®P) atoms generated 
durmg the 2537 A mercury sensitized photolysis of 
nitrous oxide 


Hg’ + N,O->N, + OP) + Hg 


react with propene to form chiefly propene oxide and 
propanal with simular yields, small quantities of acetalde- 
hyde and acetone are also formed Hughes et al? con- 
firmed this result ın a study of the reaction between O(5P) 
and sohd propene at 77° K 

The experrmental arrangements were conventional A 
17,000 Ci source of cobalt-60 was used and dose rates 
were determined by ferrous sulphate dosimetry After 
irradiation, both the scavenger and the reaction products 
were separated from the unreacted carbon monoxide by 
slowly pumping the contents of the vessel through a 
spiral trap half immersed m lhquid nitrogen The trap 
was designed to be fitted to a gas chromatography unit 
by means of a switch-over valve The reaction products 
were identified and quantitatively estimated usmg a 
Perkin—Elmer model 452 gas chromatograph with a flame 
1onzation detector A 2 m column of polyethylene glycol 
on ‘Chromosorb P’ and a 2 m pre-column of tetra ethylene 
glycol dimethylether on ‘Chromosorb P’ were used The 
pre-column ensured a good separation between the olefine 
scavenger and the 1eaction products Quantities of the 
order of 10-§ moles of product could easily be detected 
The experiments were performed at a dose rate of about 
3 x 10" eV ml -! s~! in vessels of 145 ml capacity at 22° C 

Irradiation. of carbon monoxide containing propene was 
found to result m the formation of products characteristic 
of the reaction of O(?P) atoms with propene The G 
values of these products are shown in Table 1 


Table 1 y-RADIOLYSIS OF CARBON MONOXIDE AND PROPENE (0 03-0 185 
PFR CENT) MIXTURFS AT 22° C IN THE PRESSURE RANGE 1-3 3 ATM G VALUES 
OF PRODUCTS 


Product G (molecule 100 eV-') 
Propene_ oxide 0 584009 
Propanal 0 61+0 07 
Acetaldehyde 014+0 04 
Acetone 0 0840 02 

Total 14140 22 


The G values of the products were found to be mde- 
pendent of pressure m the range studied (1-33 atm ) 
and of propene content m the range 0 03-0 185 per cent 
Yield-dose plots were linear to a total dose of 2 x 10'* eV 
With the exception of acetone, the same G values were 
obtained with 25 per cent propene mixtures At this 
mixing ratio G (acetone) was found to be 04+004 
molecules/100 eV 
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Cvetanović? reported difficulty ın establishing quan- 
titatively the extent of fragmentation of the primary 
association complex and suggested that addition products 
perhaps only account for between 70 and 80 per cent of 
oxygen atoms consumed One possible source of experi- 
mental error cited was the uncertainty of the quantitative 
recovery of the addition products fiom the photolysed 
mixture 

The following experiment was designed to dete:mme 
the relationship between the nitrogen and addition-product 
yields during the 2537 A mercury-sensitized photolysis of 
nitrous oxide-propene mrxtures 

The experimental arrangements were similar to those 
desciibed by Cvetanović? To avoid possible experimental 
erro1 caused by preliminary fractionation of the reacted 
mixture by low temperature distillation, usmg a Le Roy 
still the aldehyde formed was directly extracted with 
water and estimated by its reaction with 2,4-dimtro- 
phenyl hydrazine‘ The yield of product non-condensable 
at — 196° C was estimated by PVT measurement 

The rate of formation of aldehyde, which may be 
assumed to be substantially propanal, was found to be 
(3 5+05)x10-§ moles/mm The rate of formation of the 
“non-condensable” product was (6 90+ 0 33) x 10-8 moles/ 
min It can be assumed that the propanal yield 1s equal 
to the propene oxide yield Thus it can be concluded 
that the “non-condensable” product yield was sub- 
stantially nitrogen and that all the O(P) atoms produced 
during the photolysis reacted with the propene to form 
carbonyl and epoxide products 

It has been shown that durng gamma raduolysis of 
mixtures of carbon monoxide and propene when the 
propene content 1s less than 0 2 per cent, the yield ratios 
of carbonyl, epoxide and ketone products are similar to 
those found by Cvetanović? for the reaction of O(°P) with 
propene Furthermore, the yield of O(P) atoms can be 
taken to be the sum of the product yields shown in 
Table 1—that 1s, G[O(P)]=1 41+ 0 22, which accounts 
for about 75 per cent of the carbon dioxide yield 

The mechanism of formation of the atoms and the 
electronic state in which they are initially formed are at 
present uncertain 

We thank the Science Research Council for a grant (to 
J P B) and Professor G R Hall for his encouragement 
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Formation of O2('A,) in a Photochemical 
System involving Ozone 


ELECTRONICALLY excited oxygen ın the Ag state exists 11 
the upper atmosphere, and a recent review! discusses 
several mechanisms for 1ts formation Energy considera- 
tions alone suggest that the photochemical formation of 
0.,(:Ag) involves absorption of the Sun’s radiation by 
ozone? Singlet molecular oxygen in both 15y and !Ag 
states 1s known to react with ozone?-5, so that the reactions 
of these species are probably of mmportance m atmo- 
spheric chemistry as well as beng of considerable interest 
in studies of reaction kinetics Circumstantial evidence 
has accumulated which indicates that O,(1Ag)1s produced on 
the photolysis of ozone®? although direct observation of 
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0,(+Ag) has not hitherto been made in the photochemical 
system This communication describes the identification 
of O,(!Ag) by detection of the “infrared atmospheric” 
band of O, m emission at 1 27p in a photochemical system 
involving ozone 

The general technique of usmg a flow system to study 
low-level ‘“photochemiluminescence’’ has previously been 
described? A reactant is irradiated m a part of the flow 
system upstream and optically isolated from the observa- 
tion region. For the present experiments, three mercury 
resonance (A= 2537 A) lamps surrounded a quartz mrradia- 
tion zone, and the observation chamber was a 51 ‘Pyrex’ 
bulb with a gold reflecting layer evaporated onto 1ts inside 
surface An RCA 7102 photomultipher operated at 
— 80° C was used as a radiation detector m conjunction 
with a chopper, amplifier and phase-sensitive detector to 
give good signal-noise discrrmmation Various wave- 
length bands could be isolated by means of narrow-band 
interference filters 

Early experiments® on the ozone system were comph- 
cated by the observation of photochemlummescence of 
the NO+0O, reaction resulting from traces of N,O, 
present in the ozone Extensive purification of the 
ozone reduces the NO+O, emission sufficiently to allow 
a small correction for 1t to be apphed to any mtensity 
observed at 127% The ozone used usually contamed 
less than 10 per cent oxygen as the only significant m- 
purity. Radiation was observed at 1 27u on photolysis 
of ozone to which molecular oxygen had been added. 
The emission did not appear on addition of mitregen or 
argon, nor when oxygen was added after irradiation A 
search was made for radiation at 0 70u, 0 76u and 0 87p, 
but no emission except that attributable to the weak 
residual NO+0O, photochemilummescence could be 
observed m any experrment Irradiation at A= 2537 A 
of molecular oxygen im the absence of ozone does not 
produce any detectable photochemilummescent emission 
Hig 1 shows the variation of corrected tensity at 1 27u 
with pressure of oxygen added at several typical ozone 
concentrations For some experimental conditions, the 
intensity observed at 1 274 was more than 100 times that 
which could be accounted for by the residual NO+0, 
photochemiuminescence, and the emission 1s consistent 
with the production of O,(1Ag) 

The necessity of the presence of molecular oxygen for 
the appearance of the emission leads to certain conclusions 
about the mode of excitation of O,(!Ag) The primary 
photochemical process m the decomposition of ozone 
has often been suggested to be 


03+ hv->0,(7Ag) + OD) (1) 


30 


20 


Intensity (arbitrary units) 


5 19 15 20 
10° [0.] Gnole/} ) 
Fig 1 Varration cf emitted intensity with oxygen concentration 


O, [0,]=28x10" mole/!, A, [O,]=24x10-* mole/l, +, [0,j= 
45x107 mole/! , (1, [0,]=2 5x 10-7 mole/! 
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Badger et al °? have shown that the rate of spontaneous 
emission from O,(!Ag) 1s mereased m the presence of 
molecular oxygen, although thei results suggest that 
much greater pressures of oxygen than we employed would 
be necessary to give a marked enhancement of the transi- 
tion probabilities An alternative explanation of the 
results is that the overall process represented by equation 
(1) 1s mefficient at the low pressures employed, and be- 
comes more efficient with mereasing pressure. Although 
there 1s some evidence ın corroboration of this suggestion?®, 
addition of gases other than oxygen does not increase the 
observed emission mtensity 
A more plausible source of O,(1Ag) which 1s consistent 
with the results involves energy transfer m a secondary 
process It has been well substantiated that O(D) 1s 
formed ın the primary step ın the photolysis of ozone, and 
one of the simplest excitation mechanisms for O,(1A@) 
would be 
OCD) + O2(°2g)-+0,(1 Ag) + OPP) (2) 
as suggested by Vallance-Jones and Gattmger™ for the 
formation of O,(!Ag) in the atmosphere Although the 
maximum concentration of O(1D) appears to he at & con- 
siderably greater altitude ın the atmosphere than the 
1egion from which the mfrared atmospheric band origin- 
ates, there 1s no reason to suppose that the rate of forma- 
tion of O,(1Ag) will be greatest where the concentration of 
O({D) ıs greatest Indeed, Bates? pomts out that at 
least one source of O(/D) ın the atmosphere 
30(°P)>0, 4+ O(?D) (3) 
1s likely to be most mmportant at altitudes not consistent 
with those from which the atmospheric bands origmate 
Because atomic oxygen persists m the atmosphere at 
night, either as 1D or 3P, the occurrence of reaction (2) 
would explain the observation of the mfrared atmospheric 
band ın the night airglow as well as ın the dayglow 
Young and Black! have reported an experiment mvolv- 
ing the photolysis of oxygen at 1470 A. Emission was 
observed at A4=0 76u and ascribed to O,(12§%) formed by 
the process 
[OCD)+ O,(?Zg)+0, (42g) + OPP) (4) 
The rate of reaction (4) 1s important, because the reaction 
could account for the persistence of the atmospheric band 
at 0 76u ın the night airglow We did not observe emission 
from O,(}2%) m the ozone photolysis system, and con- 
sideration of the relative sensitivity of our apparatus for 
detection of O,(12%) and O,(1Ag) suggests that reaction (4) 
is at least 10¢ times slower than reaction (2) xf both 
reactions occur A kinetic study of the ozone photo- 
chemiluminescent system 1s bemg undertaken m order to 
attempt to elucidate further the excitation mechanisms, 
and to establish the efficiencies of reactions (2) and (4) 
One of us (T P J I) thanks the SRC for a maintenance 
award 


T P J Izop 
R P Wayne 


Physical Chemistry Laboratory, 
University of Oxford 


Received February 7, 1968 


1 Wayne, R P, Quart J Roy Met Soc , 98, 69 (1967) 

? Houghton, J T , Proc Roy Soc , A, 288, 545 (1965) 

*Clyne,M A A,Thrush,B A ‚and Wayne, R P , Nature, 199, 1057 (1963) 
t Kaufman, F , and Kelso, J R , Disc Faraday Soc , 37, 26 (1964) 


£ Marh, Ren , Furmval, 8 G , and Schiff, H I, Photochem Photobwl , 4, 
ê Norrish, R G W,and Wayne, R P , Proc Roy Soc , A, 288, 200 (1965) 
7 DeMore, W B,and Raper, O F,J Chem Phys , 44, 1780 (1966) 
* Wayne, R P , Photochem Photobiol , 5, 889 (1966) 
° Badger, R M, Wright, A C, and Whitlock, R F, J Chem Phys , 48, 
4345 (1965) 
10 Wayne, R P , and White, I F , Ber:chte (in the press, 1968) 
H Vallance-Jones, A ,and Gattinger, R L, Plan Space Sex ,11, 961 (1963) 
1? Bates, D R , The Physics of the Upper Atmosphere (edit by Ratcliffe, J A), 
228 (Academic Press, New York, 1960) 


48 Young, R A,and Black, G, J Chem Phys , 47, 2311 (1967) 


NATURE, VOL 217. MARCH 9, 1968 


Complex Formations between Iso and 
Syndiotactic Polymethylmethacrylate 
in Solutions 


Liqvori!? showed the occurrence of a possible ‘“‘stereo- 
complex” in dissolved mrxtures of ıso and syndiotactic 
polymethylmethacrylate (PMMA) in a ratio of 1/2 1/8 
PMMA. and, on the basis of X-ray diffraction on the sold 
mixtures, suggested ıts possible structure! After Liquori’s 
first publication ın 1965, we supposed that such a stereo- 
complex could also be shown by viscosity, hght-scattermg 
and refractive index measurements of solutions of isomer 
mixtures and by mfrared spectral analysis of solid mıx- 
tures The syntheses of the ıso and syndiotactic*:* isomers 
(I and 8) are described ın ref 5 The molecular weights 
and nuclear magnetic resonance tacticities are given in 
Table 1 The preparation of the solutions 1s described ın 
ref 5 Chloroform ıs used as solvent 


Table 1 
Tacticity values? (Varian 460) 
PMMA Me I H sS 7 Ts 
I 75,000 94 6 1 40 2 
S 339,000 5 27 68 3 7 


Mo 18 calculated from [n]=48x10-° Ñe’ (ref 3) where at 25° C [n] 18 
the intrinsic viscosity of solut ons in chloroform 


From the viscosity measurements, made with a 
Ubbelohde viscosimeter, the reduced specifie viscosity 
was calculated as 


1 SPE == (te—to)/to € (dl /g) 


A Sofica 40,000 A was used to measure the hght-scattering 
value V, n mA, which 1s the intensity of the vertical 
polarized scattered hght transmitted at mght angles from 
a vertical polarized primary beam From the infrared 
spectra, registered with a Hitachi EPI-Q after Goode’, 
we calculated Goode’s J-value for each mixture The 
iefractive index measurements and measurements on 
other isomer mixtures are recorded in ref 5. 

The curves ın the graph clearly show an anomaly not 
only at the weight ratio 1/2 1/s PMMA mentioned by 
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Fig 1 Fe, J-value and the reduced specific viscosity as a function of 
the weight percentage of the syndiotactic isomer in the mixtures 
Solution concentration 0 60000 g/dl 
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Liquor: but also at the 2/1 1/s ratio Because the curve 
of the J-value (which 1s related to movement of the 
«-CH; groups) also shows mflexions at the same two 
ratios, these «-CH, groups must be mvolved in the com- 
plex conformations It 1s evident that the two special 
interactions appear independently of the isomer molecular 
weights or tacticities®, and we expect the stereocomplexes 
not to be large structures We also proved’ that the 
21 A interference in the X-ray spectra of the PMMA 
stereoisomers, used by Liquor! for structure calculation, 
1s a parasitic one caused by a wavelength of the residual 
“white X-rays” These mvestigations lead us to doubt 
the structure and occurrence of one single stereocomplex 
proposed by Liquor: Careful examination of the measured 
points m graph 2 of Liquoni’s second publication? indicates 
that he, too, measured, without recognition, both special 
interactions 
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Stereoselective Interaction of 
Amino-acids and Metal Complexes 


STEREOSELECTIVE effects frequently occur! in the forma- 
tion and reactions of optically active co-ordmation 
compounds ‘The formation of ions of the type [Co(1- 
dipeptide),|- shows? very marked stereoselectivity which 
may be attributed to the three pomt attachment‘ of the 
dipeptide acting as a terdentate ligand, giving a puckered 
chelate rng Similarly, peptides of the type gly-La, « 
bemg an amimo-acid, react? with the 10on p[Coen,(H.0) 
(OH)}** more rapidly than with its enantiomer, through 
three-point attachment. Related three-pomt attachment 
can also occur with amino-acids contaming a polar side 
cham For example, we recently demonstrated? that 
i-glutamate 10n reacts specifically with pi[{[Coen,(H,O).]**+ 
giving D(+ )[Coen,(rglu)]*. 

We report some stereoselective interactions of basic 
amino-acids with metal complexes of 1,2-diamine-tetra- 
acetate 1ons which probably also mvolve three-pomt 
bonding For example, resolution of the pxt[Co(EDTA)}- 
ion 1s achieved when t-histidme ıs added to its acidic 
solution in aqueous ethanol The optically pure diastereo- 
isomer [i-hisH,] (+)s4e:,[CoEDTA], 2H,O crystallizes 
first Other Læ amino-acids with basic side chains (for 
example, L-arginine) can be used, although crystallization 
proceeds less readily [Co(PDTA)]~ and other similar 
anions may also be resolved using L-histidine The present 
route provides a much simpler resolution of [Co(H#DTA)]- 
than commonly used’ which involves an initial resolution 
of a vDtL-c1s-dinitrobisethylenediammecobalt(ITI) salt 
DL-Histidine may also be resolved by using its diastereo- 
isomeric salts with (+) or (—) [CoBDTA]- 

Related to this convenient new resolution 1s a novel 
resolution of lysme usmg [Co(EDTA)}- or the trans-1,2- 
diaminocyclohexane-NNN’N’ -tetra-acetatocobaltate(TT1) 
anon When a solution of dodecatungstophosphoric acid 
1s slowly added to a concentrated solution of K (—)see1 
[Co(EDTA)] (1 mole) and pu-lysme hydrochloride (2 
moles), the muitial precipitate 1s the tungstophosphate of 
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D-lysine If sufficient dodecatungstophosphorie acid 1s 
added, then its n-lysine salt ıs eventually precipitated 
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BIOCHEMISTRY 


Relationship between Concentrations 
of Human Chorionic Gonadotrophin in 
Plasma and Cerebrospinal Fluid 


Homan chorionic gonadotrophin (HCG) has been detected 
by various bioassay procedures in the cerebrospinal fluid 
of pregnant and non-pregnant subjects with a high con- 
centration of the hormone ın the plasma and urmet-5 Tt 
was not detected ın the cerebrospinal fluid when the 
plasma and urine concentrations were lower In agreement 
with these earher workers, MeCormick! and Tashima et al 7 
concluded that HCG did not appear in the cerebrospinal 
fluid until a high threshold value, equivalent to a urinary 
excretion rate of about 250,000 10 of HCG/day, was 
exceeded 

The opportunity to obtain cerebrospinal fluid during 
normal pregnancy rarely arises, but patients with tropho- 
blastic tumours also have HCG in their body fluids and 
this permits study of the plasma—cerebrospinal fluid 
1elationship for this hormone We report here radıo- 
immunoassay estimates of corresponding concentrations 
of HCG of plasma and cerebrospinal fluid in twelve sub- 
jects who had trophoblastic tumours but who did not 
have any evidence of metastases ın the central nervous 
system The observations indicate that for a thousand- 
fold range of concentrations there ıs no evidence of a 
threshold effect and that the concentration of HCG in 
the cerebrospinal fluid, determmed immunologically, 1s 
directly proportional to that in the plasma 

Details of the radiommunoassay have been described 
earlier®1° Both HCG and lutemizimg hormone (LH) are 
estimated and approximately 1 ml of the sample fluid 1s 
required Twenty-four hour urme samples were collected 
with merthiolate (100 mg) as a preservative Cerebro- 
spinal fluid obtained by lumbar puncture was stored at 
— 15° C without anticoagulant or preservative Plasma 
samples were collected at the time of lumbar puncture 
with 2 mg/ml of ethylenediamme tetraacetic acid (EDTA) 
as anticoagulant 

Gonadotrophic activity was not detectable ın the 
cerebrospinal fluid of ten hospital patients with normal 
plasma concentrations of LH who underwent lumbar 
puncture in the course of investigations for various com- 
plants Total cerebrospmal fluid protem concentrations 
of the patients with choriocarcinoma were determined by 
a turbidometrie method using sulphosalicylic acid, and all 
were normal (<40 mg/100 ml) The corresponding con- 
centrations of HCG in plasma and cerebrospinal fluid are 
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shown ın Table 1 and are plotted on a double logarithmic 
scale in Fig 1 The log HCG cerebrospinal fluid and log 
HOG plasma are significantly correlated (P <0 001—two- 
sided tests) and the data are adequately represented by 
the simple relationship concentration of HCG m cerebro- 
spinal fluid=0 0057 x concentration of HCG m plasma 
The results demonstrate a close corielation between the 
concentrations of HCG in plasma and cerebrospinal fluid, 
determined immunologically, for a range of plasma con- 
centrations of 0 28-280 1u/ml 


Table 1 CONCENTRATIONS OF HCG IN PLASMA AND CEREBROSPINAL FLUID 
OF PATIENTS WITH TROPHOBLASTIC TUMOURS 
HCG (10/ml ) Plasma/ 
Case No Plasma Cerebrospinal fid Cerebrospinal fluid 
69 0 320 0 003 106 
111 0 280 0 002 140 
182 280 000 3 550 790 
133 15 0 009 169 
149 17 600 0 088 200 
153 18 000 0 094 192 
157 12 000 9 127 945 
161 2170 0007 $11 
164 1 880 0 009 209 
169 0 700 0 006 117 
191 270 000 0 450 600 
193 3 620 0 015 240 


The discrepancy between our findings and the sug- 
gestion, from results of bioassay studies, that a threshold 
effect mits the entry of HCG mto the cerebrospinal fluid 
at low plasma concentrations could be accounted for if 
much of the HCG entering the cerebrospinal fluid lost 1ts 
biological but not 1ts mmunological activity It is known 
that the biological activity of HCG can be lost without a 
parallel loss of mmunological activity as a result of 
heating or exposure to neuraminidase which modifies the 
charge of the molecule (unpublished work of Wilde, Orr 
and Bagshawe) We have, however, no evidence that 
degradation occurs in the cerebrospinal fluid or that there 1s 
selective transport of immunologically active, biologically 
inert molecules The mean plasma cerebrospinal fluid 
ratio of 177 1 found by radioimmunoassay in this work 
can be compared with a ratio of 187 1 obtamed by 
bioassay? after HCG was infused into a nephrectomized 
dog It 1s also clear that the bioassay procedures used 
were too msensitive to detect the small amount of HCG 
present in the cerebrospinal fluid when the plasma con- 
centration was relatively low and the proposition of a 
threshold effect may be attributed to failure to recognize 
fully the consequences of this sensttivity 

The relatively low concentration of HCG m the cere- 
brospinal fluid 1s typical of protems in general!#, and if 
equilibration between the compartments 1s slow, rapid 
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changes ın the plasma concentration will not be 1eflected 
promptly m the cerebrospinal fluid concentration The 
presence of HCG producmg tumours ın the central nervous 
system may also disturb the plasma cerebrospmal fluid 
ratio and observations on patients with intracranial 
metastases will be reported later 
Although differences between HCG produced by tumours 
and the normal placenta have been suspected", these 
have not been confirmed by later work}*:5, and we have 
found no reports of a disturbance of plasma-—cerebro- 
spinal fluid transport ın normal pregnancy or in patients 
with trophoblastic tumours outside the central nervous 
system On present evidence ıt therefore seems likely 
that the plasma cerebrospinal fluid relationship for HCG 
reported here also obtains in normal pregnancy 
We are not aware that sumlar plasma-—cerebrospinal 
fluid relationships have been established for any other 
substance, although ıt may also apply to msulin Margolis 
and Altszuler™ have recently examined the concentration 
of insulin in plasma and cerebrospinal fluid by radio- 
mmamunoassay during insulin infusion m the dog When 
their data are plotted on a double logarithmic scale a 
sumilar linear relationship 1s seen between the concen- 
trations of this hormone in plasma and cerebrospinal 
fluid 
This work was supported by grants from the British 
Empire Cancer Campaign for Research and the Charing 
Cross Hospital Research Sub-Committee We thank Dr 
M C Pike for advice 
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Glycogen Synthetase Activity in 
Blood Platelets 


LELOI et al 1- found the key enzyme in glycogen syn- 
thesis to be UDP glucose «1-4 glucan-4-glucosyl trans- 
ferase (E © 2 4 1 11), also called glycogen synthetase The 
enzyme has been extensively studied in liver!-? and 
muscle‘, and has been identified in blood leucocytes’ 
The results presented here indicate that pig blood plate- 
lets have a significant glycogen synthetase activity, and 
some general properties of the crude enzyme are reported 
Pig blood was collected on acid citrate dextrose medium 
(B formula of the National Institutes of Health) and 
maintamed at 0° C until the platelets had been separated 
The blood was centrifuged at 1,200r pm for 10 min m an 
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International PR, refrigerated centmfuge (rotor No 259), 
the plasma was collected and run at 2,300 rpm for 5 
min and the supernatant was used as a source of platelets 
which were isolated by centrifugation at 15,000 rpm for 
20 min in a refrigerated Sorvall centrifuge (rotor SS 34) 
The platelets were washed three times ın saline to which 
was added 1 mM versene, pH 75 The final pellet was re- 
suspended m twice distilled water or m a medium made 
up of 1 mM tres, pH 7 5, 0 25 M sucrose and 1 mM versene, 
pH 75 All the centrifugations were performed with 
plastic tubes Examination of the platelet suspension by 
phase contrast microscopy indicated that no aggregation 
had occurred during preparation The homogenate was 
prepared by treating the platelet suspension in a tissuc 
grinder fitted with a rotating ‘Teflon’ pestle for 5 min at 
0° C 

Glycogen synthetase activity was measured by a method 
simuar to that described by De Wulf and Hers’, and the 
amount of radioactivity mcorporated nto glycogen from 
UDP-glucose labelled with carbon-14 was determined The 
assay mixture contained 2 mg of shellfish glycogen, 
02 umole of UDP-glucose, 5,000-6,000 cpm of C- 
UDP-glucose (Radiochemical Centre, Amersham) and 
4 umoles of glycylglycine, pH 84, m some cases. 
05 yumoles of glucose-6-phosphate was added in a 
volume of 005 ml The reaction was mitiated by adding 
01 ml of homogenate, the mixture was meubated at 
37° C, and the reaction was stopped by the addition 
of 05 ml of cold 10 per cent TCA A volume (0 05 ml ) 
of a 10 per cent glycogen solution was then added and 
the total glycogen precipitated and collected in the way 
described by De Wulf and Hers? Radioactive samples 
(0 5 ml) from the various tests were added to vials con- 
taming 10 per cent naphthalene, 1 per cent 2,5-dipheny]- 
oxazole, 0 025 per cent 1,4-bzs-2-(5-phenyloxazolyl) ben- 
zene and 20 per cent ethanol in dioxan, and the radio- 
activity was then counted m a Nuclear Chicago hquid 
scintillation counter Glycogen was determined by the 
anthrone method! and proteins were measured by the 
method of Lowry et al °? 

Homogenates of pig blood platelets can catalyse the 
meorporation of radioactivity from ™“C-UDP-glucose 
mto glycogen Within certain limits, the reaction 18 
lnearly proportional to the amount of homogenate (Fig 1) 
and to the time of meubation (Fig 2) Addition of 
glucose-6-phosphate greatly creases the enzyme activity 
(Figs 1 and 2) At a concentration 3 3 mM, a three to six- 
fold increase has been observed ın different preparations 
Half the maximal activation 1s obtained with a con- 
centration of glucose-6-phosphate of about 0 8 mM 

Fig 3 illustrates the effect of changing the concentra- 
tion of UDP-glucose The Km value im the presence of 
glucose-6-phosphate ıs 55x 10-4 M The sugar phosphate 
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¥ig 1 Dependence of the reaction rate of glycogen synthetase on 


enzyme concentration The amount of enzyme preparation added was 

varied asindicated The assay mixture was incubated for 20 min at 37° C 

without glucose-6-phosphate (A— A) or in the presence of 0 5 moles of 
giucose-6-phosphate (A-——A) 
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causes a striking increase in the V value but does not 
considerably affect the Km value for UDP-glucose The 
optimum pH for the platelet enzyme was found to be 
about 8 5 in the presence of glucose-6-phosphate Glycogen 
synthetase of pig blood platelets 1s chiefly associated with 
structure sedimenting at high speed ın 0 25 M sucrose 
The enzyme ıs purified seven to nme-fold m the sediment 
obtained by centnfugation of the homogenates at 105,000g 
for 60 mm Homogenates of pig platelets maintained at 
0° C or at — 20° C1etain their glycogen synthetase activity 
for at least 1 month without any significant change, 
purified preparations obtained by centrifugation (105,000g 
pellet) are less stable and lose a significant part of their 
activity after 24 h at 0° C or at — 20° C 

Mercaptoethanol at a concentration of 0 05 M stimulates 
the total activity of the enzyme Table 1 shows the 
results obtained on a partially purified enzyme (105,000 
pellet) The thiocompound significantly increases the actı- 
~vity of the enzyme when tested in the presence of glucose- 
6-phosphate, but the effect 1s less marked ın the absence 
of the sugar phosphate Premcubation of the preparation 


Table 1 EFFECT OF MERCAPTOETHANOL ON THE GLYCOGEN SYNTHETASE 


ACTIVITY OF BLOOD PLATELETS 


C pm /mg glycogen 


Preincubation Without 
tıme (min) With glucose-6-phosphate glucose-6-phosphate 
~M-SH +M-SH —N-SH +M-SH 
0 142 183 40 44 
60 127 178 36 43 


01 ml of enzyme (105,000g pellet) containing 1 36 mg of protein 1s pre- 
incubated at 30° C for 0 or 60 min in the presence or absence of § x 10-? M 
mercaptoethanol(M-SH) The assays are then performed with or without the 
addition of 3 8 mM glucose-6-phosphate for 20 min 


for 60 mm at 30° C in the presence of mercaptoethanol 
does not significantly change the effect of the compound 

The general properties of the glycogen synthetase in 
pig blood platelets are comparable with those of glycogen 
synthetase found m other tissues, ın particular with 
liver and muscle enzymes! As with these enzymes, 
UDP-glucose-transglucosylase activity ın pig blood plate- 
lets 1s at least partially dependent on the’ presence of 
_glucose-6-phosphate, 1ts optamum pH ıs shghtly alkalme 
and the Km value for UDP-glucose is comparable with 
that found by Leloir and Goldembe:g* for crude prepara- 
tions of liver and muscle Moreover, after centrifugation 
the platelet enzyme ıs chiefly recovered ın a 105,000g 
pellet with which the platelet glycogen ıs probably 
associated 

Rosell-Perez and Larner usmg a dog muscle prepara- 
tion’? have found that mercaptoethanol promotes the 
conversion of glycogen synthetase from a form which is 
dependent on glucose-6-phosphate to a form independent 
of that compound On the other hand, according to these 
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Fig 2 Time course of the glycogen synthetase reaction The times were 
agindicated The tests were performed at 37° € with 01 ml ofa homo- 


genate contaming 5 mg of protein/ml without glucose-6-phosphate 
(A—A) orin the presence of 0 5 zmoles of glucose-6-phosphate (A —A) 
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Fig 3 Reciprocal plot of the dependence of UDP-glucose concentration 

on thrombocyte glycogen synthetase without glucose-6-phosphate 

(A—A) orin the presence of 0 5 umoles of glucose-6-phosphate (A —A) 

The tests were performed with 0 1 ml y à homogenate contaimng 5 mg of 
protein/m. 


authors, total actrvity of glycogen synthetase of frog and 
toadfish muscle ıs stimulated by mercaptoethanol in the 
presence of glucose-6-phosphate without conversion from 
one form to another The platelet enzyme behaves in the 
same way, total activity bemg mereased by the thio- 
compound without any apparent conversion of the enzyme 

Glycogen seems to be one of the prmezpal energetic 
matenals of thrombocytes!! The enzymes mvolved in 
its metabolism are thus of particular terest with respect 
to the general metabolism of blood platelets Most of the 
enzymes of glycolysis'? and phosphorylase’? have been 
identified in these blood constituents Our results show 
that thrombocytes can also synthesize their own glycogen 
and do not depend completely on glycogen obtamed from 
the megakaryocytes 

This work was supported in part by a grant from the 
Centre International de Recherches sur le Cancer, Lyon 
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Formation of Melatonin and 5-Hydroxy- 
indole Acetic Acid from “C-Tryptophan 
by Rat Pineal Glands in Organ Culture 


THE rat pmeal gland contains large amounts of serotonm! 
and the enzymes tryptophan hydroxylase? and aromatic 
l-amıno-acıd decarboxylase? which synthesize this mdole- 
amine from tryptophan We have reported that rat 
pineals m organ culture retain the ability to produce 
serotonm from 1ts ammo-acid precursors tryptophan and 
5-hydroxytryptophan‘ Most of the serotonm normally 
formed in the pineal is oxidized to 5-hydroxyidole acetic 
acid’ by the enzymes monoamine oxidase® and aldehyde 
dehydrogenase In addition, a portion of the mdoleamme 
is N-acetylated? and then converted to melatonin by 
hydroxyindole-O-methy] transferase*, an enzyme present 
ın mammals only in the pineal gland? By using isotopic- 
ally labelled tryptophan as the substrate for our organ 
culture system, we have observed that such preparations 
can transform the serotonm produced to two end pro- 
gues 5-hydroxyindole acetic acid (SHIAA) and mela- 
onm 

Sprague-Dawley female rats weighing 160-180 g each 
were killed by neck fracture, and therr pineal glands were 
removed and clotted to the walls of a Wasserman tube as 
deseribed before? Nutrient medium (0 5 ml )* contaming 
1C-tryptophan or 4C-5-hydroxytryptophan was added, 
and the tubes were sealed with a rubber stopper and 
incubated for 2 days at 37° C. Control cultures were 
frozen ummediately after the addition of the nutrient 
medium or were incubated without a pineal gland At 
the’ end of the cubation period, the media were frozen, 
samples were then assayed for their contents of total 
radioactivity, 44C-serotonin, “C-melatonin and *C-5HIAA 
as follows A 01 ml sample of the medium was trans- 
ferred to a glass-stoppered centrifuge tube contammg 2 ml 
of 0-1 M borate buffer, pH 10, and the “C-melatonm was 
extracted into 6 ml of chloroform After centrifugation, 
a 1 ml sample of the aqueous phase was transferred to a 
second glass-stoppered centrifuge tube and the ™C-sero- 
tonin was extracted into 6 ml of a mixture of butanol 
and chloroform (1 3) The rest of the aqueous phase in 
the first tube was removed by suction The chloroform was 
washed with 2 ml of borate buffer, pH 10, and 4 ml was 
transferred to a counting vial and evaporated The radio- 
activity was measured in a liquid scintillation spectro- 
photometer after the addition of phosphor The chloro- 
form-extractable radioactivity was identified as 4C-mela- 
tonm by chromatography m three systems (ascending 
paper chromatography, butanol acetic acid water, 
8 2.2, ascending paper chromatography, isopropanol 
ammonium hydroxide water,8 2 2, thin-layer chrom- 
atography, chloroform methanol, 94 6) The butanol 
chloroform mixture in the second centrifuge tube was 
washed with 2 ml of borate buffer, pH 10, and 4 ml. of. 
the washed mixture was transferred to a vial and evap- 
orated, its radioactivity was counted after the addition 
of phosphor ‘This radioactive material was identified as 
“C-serotonin using the chromatographic systems already 
described A further 01 ml of the culture medium was 
transferred to a glass-stoppered centrifuge tube contaming 
l ml of 02M hydrochloric acid and the “C-5HIAA was 
extracted nto 6 ml of ethyl ether The ether layer was 
transferred to another centrifuge tube, and the 5HIAA 
was re-extracted into 2 ml of 01M buffer, pH 79 The 
ether layer was removed by suction, and the aqueous 
layer was shaken again with 6 ml of ether The ether 
layer was discarded, the aqueous layer was acidified with 
l ml of 10 M hydrochloric acid, and the radioactivity 
was re-extracted mto a final 6 ml of ether A 4 ml 
sample of the organic phase was transferred to a vial and 
evaporated to dryness, its radioactivity was measured 
after the addition of phosphor The radioactive material 
was shown to be “C-5HIAA, using the chromatographic 
system already described The recoveries of serotonin, 
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melatonin and 5HIAA were approximately 80 per cent, 
90 per cent, and 50 per cent, respectively, and were 
relatively constant from experiment to expermment The 
sum of the labelled serotonin, melatonm and 5HIAA 
extracted from each culture tube was taken as an estimate 
of the total amount of serotonm produced in that tube 
Each treatment group contained four culture tubes 

Pineal organs were meubated with ™C-tryptophan 
{10-4 M, 460,000 cpm) or C-5-hydroxytryptophan 
(25x10-+ M, 460,000 cpm ) for 2 days The culture 
tubes were held stationary or were rotated m a roller 
wheel. 

In all conditions studied, considerable amounts of 
serotonin, melatonm and SHIAA were formed. The mean 
synthesis of each indole from “C-tryptophan m roller 
tubes was simular m four separate expermments When 
tryptophan was used as the substrate, rotation was 
associated with an increase both ın the total serotonin 
formed and ın its conversion to SHIAA Pineals in 
stationary tubes transformed 0 81+ 0 07 per cent of the 
M4C-tryptophan into its three indole metabolites Sımılar 
organs ın roller tubes converted 203+017 per cent of 
the amino-acid to serotonm, melatonm or SHIAA Most 
of this difference was represented m the serotonin and 
5HIAA fractions, the concentrations of 4C-melatonin m 
the media did not differ between groups of stationary and 
rotated tubes (Table 1) When pineals were incubated 
with “C-5-hydroxytryptophan mstead of tryptophan, the 
total “C-serotonin formed was not increased by rotating 
the culture tubes 201+ 0 21 per cent of the radioactivity 
in the media from stationary cultures was serotonin, 
melatonin or 5HIAA, as compared with 2 2440 22 per 
cent m the media from roller tubes The formation of 
MC-5HIAA, however, was sigmficantly enhanced in the 
roller tubes (Table 1) These results mdicate that the 
metabohsm of tryptophan by rat pmeal glands in organ 
culture proceeds as follows 

melatonin 


A 
tryptophan—5-hydroxytryptophan—>serotonm 
5SHIAA 


The formation of serotonin from tryptophan (but not 
from 5-hydroxytryptophan) mvolves the action of an 
oxidative enzyme, tryptophan hydroxylase Simularly, 
the production of 5HIAA (but not melatonin) from sero- 
tonin mvolves successive oxidations of the amine to an 
aldehyde and then to an acid Only those three of the 
foregoing reactions which mvolve the action of oxidative 
enzymes were suppressed by stationary imcubation 
(Table 1) In strkmg contrast, the remainmg three 
enzyme reactions which do not mvolve oxidation pro- 
ceeded at the same rate ın both stationary and rollmg 
cultures Thus the most hkely explanation for increased 
synthesis of serotonin and 5HIAA (but net melatonm) m 
the roller tubes 1s that rotation makes more oxygen 
available to the cells, thereby facilitating the actions of 
the oxidative enzymes but not altermg the rates of the 
non-oxidative reactions 

The metabolism of pmeal indoles 1s wnfluenced by the 
activity of the sympathetic nerves to the pmeal’® The 
development of an ın vitro system in which all the pineal 
enzymes involved in indole metabolism remain operative 
should facilitate studies on the biochemical mechanisms 


Table 1 BIOSYNTHESIS OF SEROTONIN, MELATONIN AND 5HIAA IROM 
14G-AMINO-ACIDS BY BAT PINEAL GLANDS IN ORGAN CULTURE 
Tubes 30s MC. MC. 
Substrate rotated Serotonin Melatonin 5HIAA Total 

“C-Tryptophan No 017 0 23 O41 081 
Yes 074* 0 27 102° 2 03* 

4C-5-Hydroxytryptophan No 099 0 29 073 201 
Yes 0 65 019 140* 224 


Groups of four culture tubes each_contaiming a single rat pineal were 
incubated with C-tryptophan (104 M, 460,000 c pm ) or “C-5-hydroxy- 
tryptophan (2 5 x 10- M, 460,000 c p m ) for 2 days at 37° C 

+ P <0 01 differs from stationary group 
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by which nerve impulses contro] pmeal parenchymal 
function This system might also provide a relatively 
simple mechanism for testing the effects of drugs and 
hormones on the biosynthesis of serotonm and related 
compounds 
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MICROBIOLOGY 


Enzootic Rabies in Rodents in Thailand 


Rages virus has occasionally been isolated from feral 
rats? and yet rodents are not considered to be a significant 
reservoir of sylvatic rabies? These conclusions are based 
on negative results of surveys of small mammal species in 
areas in which rabies is endemic®3 The isolation of rabies 
vnus from a field rat, Bandicoota indicus, in the course of 
routine diagnostic procedures prompted a survey of 
several small mammals in Thailand, a country where rabies 
ig endemic When ıt was certain that the virus was 
present in a number of Bandicoota indicus, 1t then became 
important to determine whether overt disease occurred 
and if virus was bemg transmitted as an mapparent 
infection ın the species The results of the survey and 
preliminary data on the epidemiology of rabies in Bandı- 
coota indicus are the subject of this report 

Rodents and other small mammals were trapped in 
rural farm and forest areas and around small towns m 
central and south-eastern provinces of Thailand between 
August 1 and December 31, 1966 The animals were 
identified, their heads were removed, frozen in dry ice 
and shipped to the laboratory Initially only B Indicus 
and B bengalensis were retained for exammation, but 
later all trapped animals were tested for rabies 

The fluorescent antibody technique (FAT) as described 
by Goldwasser and Kissling* was utilized with shght 
modifications to make the initial diagnoses The mod:fica- 
tions consisted of the use of a commercially prepared 
anti-rabies fluorescein dye conjugate, equine origin 
(Baltimore Biological Laboratories), and rhodamine in a 
1 100 dilution as a background stain® 
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Positive control shdes, interspersed among the survey 
samples, were prepared from weanling mice which had 
been moculated with street virus FAT positive spec- 
mens were confirmed by intracranial inoculation of wean- 
ling mice Most specimens negative by FAT were dis- 
carded without further testing, but a few were inoculated 
along with the FAT positive specimen 

Homogenates of brain tissue from all specimens giving 
a positive fluorescent antibody test and selected specimens 
giving a negative reaction (10-20 per cent brain suspen- 
sion m buffered saline, pH 72, prepared using a Ten 
Broeck tissue homogenizer) were each moculated mtra- 
cranially into sıx weanling white mice (0 3 ml per mouse) 
Mice were observed daily for symptoms of rabies Animals 
showing terminal signs of rabies were killed and examined 
by the fluorescent antibody test 

One 1solate from each species was identified in a serum 
neutralization test Seral ten-fold dilutions of the isolate 
(2x 10-12 x 10-8) were prepared from first passage mouse 
brain Dulutions of virus (0 5 ml per dilution) were then 
incubated with an equal volume of hyperimmune equine 
anti-rabies serum (Lederle) or with normal horse serum 
for 1 h at 37°C The serum—virus mixtures were then 
moculated mtracranially into weanling mice (003 ml 
per mouse) The mice were observed daily for 28 days 
for signs of rabies 

For the susceptibility tests ten ummature bandicoot 
rats were inoculated mtiamuscularly in the quadriceps 
region and subcutaneously m the neck region (0 05 ml per 
site) with a 20 pe cent suspension which consisted of a 
composite of all the bandicoot isolates after first mouse 
brain passage The suspension contamed 10¢* weanhng 
mouse LD;/0 03 ml as computed by the Reed—Muench 
method! Inoculated anmmals were caged individually 
and observed daily for symptoms of rabies Those found 
dead or killed when moribund were examined by the 
fluorescent antibody test and mouse moculation tests to 
confirm the cause of death 

Rabies virus was isolated from several species of wild 
rodents as shown ın Table 1 The percentage of positive 
cases was highest m B indicus Ten of the 126 examined 
(79 per cent) were positive both to the fluorescent anti- 
body test and to mouse inoculation Only seven of 375 
(19 per cent) B bengalensis, a closely related species, 
were found to be positive 

All isolates were confirmed by mouse inoculation 
Mice injected intracranially with suspensions from 
brains which gave a positive fluorescent antibody test 
usually began to show symptoms of rabies 10-14 days 
after moculation Symptoms and death rarely occurred 
between 5 and 10 days One hundred and fifteen speci- 
mens negative to the test were confirmed by mouse 
inoculation (MI) Several negative specimens were 
included with each group of positives There was 100 
per cent correlation between the fluorescent antibody test 
and mouse moculations Hyperimmune equine anti-rabies 
serum had a log neutralization index of 30 or greater 
when tested against isolates from each species 

Table 2 shows the results of susceptibility tests Five 
of the ten rats injected parenterally with the homologous 
virus isolate died, and four showed typical symptoms of 
rabies There was an average incubation period of 20 6 
days and a range of 14-33 days One apparently normal 
rat was killed 78 days after moculation and virus was 


Table 1 RODENT AND SMALL MAMMAL SURVEY FOR RABIES 


Species No examined No positive % positive 
Bandcoota indicus 126 10 79 
Suncus murmus 30 2 67 
Rattus rajah 16 1 83 
Rattus norwegicus 192 9 47 
Rattus rattus 58 2 85 
Ratius exulans 236 6 26 
Bandicoota bengalensis 375 7 19 
Mongoose 2 0 0060 
Rattus berdemorer 2 (i 00 

Totals 1,037 37 36 
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Table 2 INFECTIVITY OF RABIES VIRUS FOR Bandicoota indicus 


Incubation Duration Fluorescent Mouse 
period Symptoms ofillness antibody test moculation 
(days) (days) results results 

14 Lethargy, paralysis 2 Positive Positive 
16 Lethargy, paralysis 5 Positive Positive 
H None noted i o Positive Positivo 
2 ethargy, paralysis 2 ositive ositive 
33 Ruffled hair, lethargy, 

N paralysis 3 Positive Positive 
78* None noted 0 Positive Positive 
113* None noted 0 Negative Negative 
212* None noted 0 Negative Negative 
212* None noted 0 Negative Negative 
212* None noted 0 Negative Negative 


Ihe parenteral route of inoculation was used 
* Animal was killed 


isolated from both brain and salivary gland One rat 
killed after 113 days and three after 212 days after mocula- 
tion were negative to both FAT and MT 

The well known century cyclic nature of rabies 1aises 
the ımportant question Why does the meidence increase 
dramatically in endemic areas? WHO experts suggest 
that the answer must he m the wildlife reservoir The 
information reported here and the studies by Svet- 
Moldavskaya’ indicate that 1abies virus mfections may 
be chronic or mapparent m some species of 1ats The 
fact that one apparently healthy 1at was shown to have 
rabies virus m the bram and salivary glands 78 days 
after moculation suggests that mappaient infections can 
oecur naturally 

The high percentage of rabies positive specimens in 
B wmdeeus 18 surprismg The possibility that the occur- 
rence of rabies in the rodent population results 
from exposure to stray dogs and cats m an area where 
the disease incidence 1s high cannot be dismissed Another 
possible means of introduction of the disease into the rat 
population might be from fruit and insectivorous bats in 
the area Their close proximity m natural habitats such 
as temples, caves and heavily forested areas lends credence 
to this suggestion The incidence of rabies ın some species 
of bats in certain areas of Thailand has been shown to be 
as high as 3 per cent? The oral route in infected tissue or 
food must also be considered according to a recent report 
by Soave? 

Rabies has been diagnosed in six different species of 
1odents ın Thailand Approximately 8 pe: cent of 
Bandicoota indicus tested were positive, but the percentage 
was much lower in other species of wild rodents Thirty- 
seven of 1,037 specimens of rodents or other small mam- 
mals were examined and found to be positive A prelimin- 
ary experiment revealed that one apparently healthy 
B ndicus killed 78 days after moculation with a massive 
dose of rabies virus had virus in brain and salivary 
tussue The evidence presented here suggests that the 
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bandicoot rat may be an mnmapparent carner of rabies virus 
infections Rabies virus was also isolated from two of 
thirty common house shrews, Suncus murinus 
PauL C SMITH 
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Genetics and Cultural Properties of 
Mutants of Salmonella typhimurium 
lacking Glucosyl or Galactosy] 
Lipopolysaccharide Transferases 


THE somatic (0) lypopolysaccharide of smooth salmonella 
strains contains an inner part or core, beheved to be the 
same 1n all species, this consists of a heptose-contaming 
“backbone”, with short side-chains which contain glucose, 
galactose and N-acetylglucosamine and are thought to 
have the structure shown in Fig 1 (Qef 1) The outer, 
O-specifie part of lipopolysacchande (absent in rough 
strains) 1s made up of many repeat units of an oligo- 
saccharide the composition of which determines the O 
antigens of the stram These O-specific chains are prob- 
ably attached to the distal ends of the core side-chains 
This and the following commumcation describe mutants 
in glycosyl-transferring enzymes concerned in the bio- 
synthesis of the side-chains of the core 

Mutants lacking the enzyme UDP-galactose-4-epimerase 
are unable (in the absence of exogenous galactose) to syn- 


1,3 








-——> (hept, KDO, ethanolamine. P, lipid) 


1,6 
a gal 
(No 2) 
1,3 
gleNAc———> glu - æ gal - glu 
(No 2) (No 1) (No 1) 
Bond not made by galactosyl 


transferase I (rfaH) mutants 


Bond not made by glucosyl 
transferase I (rfaG) mutants 


Fig 1 Structure of side-chain of Salmonella lipopolysacchamde core glu, Glucose, gal, galactose, hept, heptose, KDO, 3-deoxy-D-manno- 
octulosonic acid, gleNAc, N-acetylglucosamine, P, phosphate 
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Table 1 PHAGE RESISTANCE PATTERNS OF TRANSFERASE-DELICIENT AND 
OTHER DIRIVATIVFS OF Salmonella typhimurum STRAIN LT2 


Action of phage* 


P22 760 
Strain and Febx and C21 Ffm and Br2 
9NA 0 gX-174 P221 
Smooth+ + + - ~ es = 
rfb» (=rouB) — + + ee + me 
Galactose epimerasec = - ~ + + + 
Glucosy] transferased - - ~ + + = 
Galactosyl transferasee = — ~- - + + + 
or + 


a Smooth parent strain SL1027, and its pm derivatives S$D1028 and 
&11030 (tested on mannoge-supplemented medium) 


b Pattern of rough parent strains 7'V119 ()fb-430) and TY149 (1fb-433) 
c Pattern of various mutants lacking UDP-4-galactose epimerase 


d Pattern of $1004 (rfa-571), SL1005 (rfa-572) and SZ1063 (rfa-654), 
isolated from 7V119 (rfo), S£1006 (rfa-653), from T V149 (rfb), SL1059 
(rfa-494), from SL1028 (pm), SL1061 (rfa-488) and SL1062 (rfa-489), from 
S8L1030 (pmt), and 81032 (rfa-471), from $1027 (wild-type) 


e Pattern of 8£1033 (rfa-481) and SZ1060 (rfa-487), both derived from 
Draped (pm) SL1060 was resistant, SL1033 partly sensitive, to Felix O 
phage 


* Effect of phage (10° plaque-forming U/ml ) on surface inoculated nutrient 
agar (mannose-supplemented, in the case of pm strains) 


thesize UDP-galactose, the donor of the galactose com- 
ponents of lipopolysaccharide, and so they make a poly- 
saccharide with incomplete core side-chains, lacking the 
galactose units and all the sugars which normally he 
distal to them? When UDP-galactose 1s added to a 
broken-cell preparation of such a mutant, galactose 15 
transferred to the lpopolysaccharide*® We thought 
that mutants lacking the enzyme or enzymes which effect 
this transfer would make lpopolysacchande similar to 
that of the galactose-eprmerase-negative mutants Such 
transferase-negative mutants would, however, retain the 
wild-type ability to ferment galactose, which abihty, 
because ıb involves the epimerization of UDP-galactose 
to UDP-glucose, is absent ın epimerase-negative mutants 
We found that galactose-epimerase-negative mutants of 
S typhimurium strain LT2 had a distinctive pattern of 
resistance and susceptibility to a battery of smooth-specific 
and rough-specific phages—which, presumably, utilize 
hpopolysaccharide as their site of adsorption to the bac- 
teria (Table 1) Unlike other non-smooth mutants, includ- 
ing roud (=rfa) and 10uB (=rfb) mutants* and semi-rough 
mutants of classes C and D (ref 7), they were sensitive 
to phage C21, which in Escherichia cols strain K12 attacks 
only mutants unable to synthesize UDP-galactose o1 
UDP-glucose? We therefore looked for LT2 mutants 
which were sensitive to phage C21 but able to ferment 
galactose, in the expectation that they would be galacto- 
syl-transferase-negative In some experiments we used 
as parent strains TV119 and T V149, LT2 mutants of the 
type rouB (=rfb) which cannot synthesize the O-specific 
distal part of the side-chain and are sensitive to Felix 
anti-O phage’ and to the rough-specific phage 6S'R (ref 10), 
neither of which attacks galactose-epimerase mutants 
Among spontaneous mutants selected for resistance to a 
mixture of these two phages, we encountered four which 
were C2l-sensitive but galactose-fermenting We also 
attempted to isolate mutants of this sort from a genetically 
marked LT2 smooth line, $1027, of genotype metA 
wpB H1\-b H2-e,n,@ fla str xyl, and from two phospho- 
mannose-isomerase-negative (pm) mutants of 16 Mutants 
of the latter class make incomplete lipopolysaccharides 
unless grown with exogenous mannose", the pmt mutants 
were grown on mannose-supplemented medium ‘The 
phenotypically smooth cultures were exposed to a mixture 
of virulent phages comprising P22c, (ref 12), which 
attacks only smooth cultures, Felix O phage and, m some 
experiments, the rough-specific phage 6SR Six 021- 
sensitive galactose-fermenting mutants were thus obtained 
The cultural and phage-resistance properties of these pre- 
sumed galactosyl-transferase-negative mutants were tested 
on mannose-supplemented media in the case of strains 
lackmg phosphomannose isomerase All ten strains had 
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some of the cultural properties of 1ough mutants they 
grew in broth as a deposit, leaving a clear supernatant 
fluid and agglutinated in 0 9 per cent, but not 0 2 per cent, 
sodium chloride Such suspensions were not agglutinated 
by undiluted anti-04 antiserum in slide tests Then 
pattern of susceptibility to phages divided the mutants 
into two classes (Table 1) Al resembled galactose- 
epimerase mutants in that they were resistant to the 
smooth-specific phage P22 and to 9NA (a smooth-specific 
phage serologically and otherwise unrelated to P22, per- 
sonal communication from P Gemsk:), resistant to the 
rough-specific phages 69 and 9X-174, bit sensitive to 
C21 and to the rough-specifie phages P221 (ref 13) 
Ffm (ref 14) and Br60 (phage 60 of Brandis) Eight 
mutants were completely resistant to Felix O phage and 
to the rough-specific phage Br2 (phage 2 of Brandis15) 
which attacks eprmerase mutants The other two mutants, 
§L1033 and SL1060, were sensitive to Br2, SL1060 was 
completely resistant, S£1030 partly resistant, to Felix O 
phage 

Biochemical examination of the ten mutants by Dr 
M J Osborn (see followmg communication) showed that 
the two mutants sensitive to phage Br2 as expected lacked 
@ galactosyl transferase, but that the eight mutants 
resistant to phage Br2 had normal galactosy] transferase 
activity, they mstead lacked the enzyme which transfers 
to glucose-deficient lypopolysaccharide the glucose unit 
which hes proximal to the galactose units of the core side- 
chains The sugar composition of the hpopolysaccharide 
from the two classes of mutant and their abilities to 
accept glucose or galactose in the presence of extracts of 
wild-type cells confirmed these conclusions 

To map the mutated loci of the glucosyl and galactosy] 
transferase mutants, we mated some of them with smooth 
Hfr sublines of DT2 (ref 16) Recombinants from various 
selections after purification were scored for all segregating 
characters, their glycosyl transferase character being 
inferred from their sensitivity to appropriate phages, 
phage-pattern always segregated as though determined 
by a single locus The glucosyl transferase mutant 
SL1032 was first mated to LT2 HfrA (ref 17) which 
injects 1ts chromosome clockwise, with le as the leading 
locus (Fig 2) None of the seventy recombinants selected 
for possession of the donor marker trpBt had the smooth 
character of the Hfr parent We infer that the glucosyl 
transferase locus does not le between the point of origin 
of this Hfr and the last donor locus represented, his We 
then used HfrB2 (ref 16) which injects clockwise from a 





Fig 2 
donors used, with their pomts of entry and approximate extents of 
chromosome transfer (loci bracketed, order unknown) met, trp, hig, ale, 
Requirement for methionine, tryptophan, histidme, isoleucine, gal, 
gyl, fermentation of galactose, xylose, fia, flagellation, H1, H2, phase- 
and phase-2 flagellar antigens, sir, streptomycin-resistance, rfb 
{=rouB of ref 6), defect in biosynthesis of O-specific part of lypopoly- 
saccharide, rfa (=rouá of ref 8, and rfaG and rfaH of this communica- 
tion), defect in synthesis of Inpopolysaccharide core 


Linkage map of S typhimurium (distances approximate) and Hfr 
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point between trp and fla In the cross HfrB2—~SL1032 
more than 85 per cent of 1ecombinants selected for 
acquisition of the donor metA* and more than 85 per cent 
of those selected for possession of the donor xyl+ had the 
smooth character of the donor, and were completely 
resistant to phage C2] and the other rough-specific phages 
active on SL1082 Analysis of the number of crossovers 
required to account for the observed recombinant classes 
indicated that the transferase locus mapped between sir 
and metd ‘Taken together with the negative result of 
the cross with HfrA, the data show that the transferase 
locus of S£1032 ıs closely linked to vyl and les between 
str and the pomt of ongin of HfrA (Fig 2) but do not 
show on which side of vyl ıt ıs Two further glucosyl 
transferase mutants, S£1061 and SL1062, and the two 
galactosyl transferase mutants, SL1033 and SL1060, were 
simularly crossed to HfrB2 In all four crosses 89 per cent 
or more of recombinants selected for possession of the 
ayit and metA+ loci of the donor had also its transferase- 
positive character, as indicated by their phage resistance 
pattern This suggests that im these four mutants also 
the site of mutation ıs close to syl Several LT2 rough 
mutants inferred to be able to make O-specific material 
but unable to attach ıt to lypopolysacchaiide core (because 
this matenal was absent m lpopolysaccharide but 
accumulated in a non-sedimentable fraction) were mapped 
in the str-cle-metA region by Subbaiah and Stocker® and 
were named rou mutants Probably the genes affected 
in ther roud mutants and the glucosyl and galactosyl 
transferase genes now reported all form pait of a cluster 
of genes concerned with the synthesis of the l:popoly- 
saccharide core Because there are several such genes, and 
to accord with the prmeciples of the suggested umiform 
nomenclature for bacterial genetics}*, we now propose to 
call mutants with defects ın such functions rfa, mstead of 
10uA, and we assign the symbol rfaG to the gene for the 
transferase which adds the proximal glucose unit (glucose 
No 1) to hpopolysacchande, and the symbol rfaH to 
the gene for the transferase which adds a galactose umt 
(galactose No 1) to the 3 position of glucose No 1 of 
lipopolysaccharide 
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Biochemical Characterization of Mutants 
of Salmonella typhimurium lacking 
Glucosyl or Galactosyl 


Lipopolysaccharide Transferases 
Previous work!-5 on the mechanism of biosynthesis of 
the somatic (0) lpopolysaccharide of Salmonella typho- 


murvum has identified four enzymes mvolved in synthesis 
of the core region of the polysacchande* 


UDP-Glucose + Glu-deficient LPS 


glucosyl transferase I 
+ Glu-LPS (1) 


UDP-Galactose + Glu-LPS 


Galactosy! transferase I 





> a-Gal-1,3-Glu-LPS (2) 


UDP-Glucose + «-Gal-1,3-Glu-LPS 


Glucosy] transferase IT 


> Glu-a-Gal-1,3-Glu-LPS (3) 


UDP-N-Acetylglucosamine + Glu-«-Gal-1,3-Glu-LPS 


N-Acetylglucosaminyl transferase 
—GleNAc-Glu-a-Gal-1,3- 
Glu-LPS (4) 





The tetrasaccharide sequence so formed makes up the 
distal portion of the core region (Fig 1, preceding 
communication) and 1s linked through the proximal 
glucosyl unit to the heptose-contaming polysaccharide 
backbone It should be noted that the complete core 
structure contains a second galactosyl residue hnked as 
an «-1,6 branch to the proximal glucose unit® The 
enzyme (galactosyl transferase IT) responsible for addition 
of this galactose to the chain has not yet been demon- 
strated in a cell-free system A lpopolysaccharide (glu- 
deficient LPS) which ıs able to act as acceptor of glucosyl 
iesidues in reaction (1) was obtained from a mutant 
strain lacking phosphoglucose isomerase (SL797) (ref 7) 
This organism is deficient in biosynthesis of UDP-glucose 
and is therefore unable to carry out reaction (1) en vwo 
As a result, an complete lipopolysaccharnde 1s formed, 
the polysaccharide components of which contain only 
the constituents of the backbone (heptose, KDO, ethanol- 
amine and phosphate) Similarly, mutants which lack 
UDP-galactose-4-epimerase and fail to synthesize UDP- 
galactose are unable to carry out reaction (2) and sub- 
sequent steps Such orgamsms produce an incomplete 
lipopolysaccharide which terminates at the first glucosyl 
residue of the core (compare Fig 1, preceding communica- 
tion), and serves as acceptor of galactosyl residues in the 
isolated galactosyl transferase I system}-? 

In mutants deficient in biosynthesis of a nucleotide 
sugar, the defect ın lipopolysaccharide synthesis is a 
secondary phenomenon resulting from a lack of the 
required substrate, rather than from absence of the 
glycosyl transferase enzyme The present report 1s con- 
cerned with biochemical characterization of two classes 
of mutants lacking glucosyl transferase I and galactosyl 
transferase I, respectively These mutants were isolated 
by Wilkinson and Stocker (see previous communication) 
as galactose-positive strains sensitive to phage C21. Of 
ten isolates examined, eight have been found to lack 
glucosyl transferase I activity (reaction (1)), while two 
contain normal concentrations of this enzyme but are 
deficient ın galactosyl transferase I (reaction (2)) 

The mutants could be divided into two classes on the 
basis of lipopolysaccharide composition Lapopolysac- 
charide was isolated from each of the mutants by extrac- 
tion with aqueous phenol, and purified by precipitation 


glu, glucose, gal, galactose, 


* LPS, Lipopolysaccharide, 
deoxy-D-manno octulosome acid 


GleN Ac, 
N-acetsiglucosamine, KDO, A 
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with magnesium chloride! The sugar composition was 
exammed qualitatively by acid hydrolysis and paper 
chromatography In eght strams (SL1004, SL1005, 
811006, SL1032, SL1059, SL1061, SL1062 and SL1063) 
heptose, KDO and glucosamime (from lipid A} were the 
only sugars observed Neither glucose nor galactose could 
be detected, and O-specific sugars (mannose, rhamnose 
and abequose) were also absent These results were 
confirmed by quantitative analysis of lipid-free poly- 
saccharide preparations obtained from three of these 
strains (Table 1) The polysaccharides contamed normal 
amounts of heptose and KDO, but no detectable glucose, 
galactose or glucosamime The composition of these lpo- 
polysaccharides was very simular to that of the mutant un- 
able to synthesize UDP-glucose’ In contrast, both glucose 
and galactose were present in the polysaccharides isolated 
from S£Z1033 and SL1060 (Table 1) however, the molar 
ratio of these sugars relative to heptose was approximately 
50 per cent of that observed in the polysaccharide of 
TV119, an rfb (=rouB) mutant which forms the complete 
core structure 


Table 1 OARBOHYDRATE COMPOSITION OF THE POLYSACCHARIDES OF GAL*+ 
C213 MUTANTS 

Mutant Molar ratio 

stram Heptose KDO Glucose Galactose Glucosamine 
SL1004 10 042 0 04 0 02 0 02 
§L1005 10 051 0 02 0 02 0 02 
SL1032 10 0 56 0 02 0 02 002 
811033 10 0 54 0 56 0 59 005 
S1060 10 0 44 0 50 0 66 0 08 
rfb (T V119) 10 053 112 089 047 


Lipid-free polysaccharides were prepared by mild acid hydrolysis of hpo- 
polysaccharide’ KDO was determined by the semicarbazide method", and 
heptose by a previously described modification! of the cysteine-sulphuric 
acid reaction’? Analyses for glucose, galactose and glucosamine were per- 
formed after acid hydrolysis of the polysaccharide (1 N hydrochloric acid, 
3 h, 100° ©) Glucose and galactose were determined with glucose and 
galactose oxidase, and hexosamine by the method of Reissig et al 18 


Table 2 ACCEPTOR ACTIVITIES OF MUTANT LIPOPOLYSACCHARIDES IN THE 
SOLUBLE GLYCOSYL TRANSFERASE SYSTEMS 
Source of Acceptor activity (mymoles of sugar incorporated) 
lipopolysaccharides Glucosyl transferase I Galactosy! transferase I 
SL1004 100 0 08 
SZ1005 1 62 0 04 
SL1006 119 005 
SZ1082 136 001 
ST1059 124 017 
SD1061 096 0 05 
SE1062 0 89 012 
SL1063 074 001 
8§2£1033 008 182 
SLI1060 0 21 2 40 
ETI-1 (pgr, gal-epr-) 0 72-1 54 0 07-0 19 
G-30 (gal-epr-) 0 06-0 18 164-217 


Purified hpopolysaccharides were employed as acceptors in the standard 
assay system of Rothfield and Horecker® Comparable amounts of acceptor 
(8-11 mumoles, as heptose) were employed in each case Standard acceptors 
for glucose (strain EI-1) and galactose (strain G-30) were included in each 
experiment, and the figures given show the range of values observed with 
these lipopolysaccharides EJ-1 1s a doub'e mutant lacking both phospho- 
glucose isomerase and UDP-galactose-4-epimerase’* The enzyme fraction 
consisted of the 105 000g supernatant fraction obtained from strain FI-1, 
this preparation contains both glucosyl and galactosyl transferase activity 
Incubations were continued for 60 min ın order to give maximal levels of 
incorporation of both sugars 


Tho abihty of the purified mutant hpopolysaccharides 
to act as wm vitro acceptors of glucosyl and galactosyl 
residues in reactions (1) and (2) was tested using the 
soluble glucosyl transferase I and galactosyl transferase 1 
systems described before*° The results are summarized 
in Table 2 As expected, those lpopolysaccharides which 
lacked glucose were active as acceptors m the glucosyl 
transferase I reaction, and ther activity was equal to 
that of the chemically similar lipopolysaccharide produced 
by a phosphoglucose isomeraseless mutant which 1s unable 
to synthesize UDP-glucose The lipopolysaccharides of 
this group did not accept galactose, presumably because 
they lacked the glucosyl residues which are necessary for 
attachment of galactose The lpopolysaccharides of 
SL1033 and SL1060 showed the opposite pattern of 
acceptor activity. In spite of the fact that these hpo- 
polysaccharides already contained 50 per cent of the 
normal amount of galactose, they were highly active as 
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Table 3 SOLUBLE TRANSFERASE ACTIVITIES 


Specific activity (mzmoles/mg/30 min) 


Enzyme source Glucosyl transferase I Galactosyl transferase I 


SL1004 005 416 
SL1005 0 04 274 
S$£1006 0 09 312 
SL1032 0 02 2 30 
$£1059 012 2 94 
SL1061 011 262 
8L1062 007 253 
$L1063 0 03 242 
SL1033 ‘ 93 f n 
SL1060 

EI-1 1 53-2 54 216-4 73 


The 105,000g supernatant fraction was prepared from the indicated strains 
by the method of Rothfield and Horecker® Strain HJ-1 is a mutant of S 
typhimurium lacking both phosphoglucose isomerase and UDP-galactose-4- 
epimerase, and has been used in this laboratory as a standard source of both 
soluble glycosyl transferase enzymes The en7yme fractions were assayed as 
described by Rothfield and Horecker® Glucose-deficient lipopolvsacchanide 
employed as acceptor in the glucosyl transferase assay was isolated from 
EI-1 The galactose-deficient lipopolysaccharide of the UDP-galactose-4- 
eprmerase mutant, G-30, was employed as acceptor in the galactosyl trans- 
ferase assay 


acceptors in the galactosyl transferase I system Both 
the rate of galactose mncorporation and the total amount 
incorporated were indistinguishable from that obtamed 
with the lpopolysaccharide of a UDP-galactose-4- 
epimmeraseless mutant (@-30), which 1s completely devoid 
of galactose The lipopolysaccharides of rfa (=rowA) and 
rfb mutants, which contam the normal complement of 
galactose, did not accept galactose in the soluble trans- 
ferase system The composition of the lipopolysaccharides 
of SL1033 and SZ1060, together with their acceptor 
activities in the galactosyl transferase reaction, suggested 
that these strains might lack galactosyl transferase I 
(which catalyses addition of galactose to the 3-position of 
glucose), but retain a second, independent activity speci- 
fically transferring galactose to the 6-position of glucose 
(galactosyl transferase IT) 

Determination of soluble transferase activities in 
extracts of the mutant strains confirmed that the two 
classes were deficient m glucosyl transferase I and 
galactosyl transferase I, respectively (Table 3) No sig- 
nificant glucosyl transferase activity was detected in the 
105,000g supernatant fractions obtained from the eight 
mutants the lpopolysaccharide of which lacked glucose 
Essentially normal concentrations of soluble galactosy] 
transferase activity were found in these organisms By 
contrast, the glucosyl transferase I activities of SL1033 
and S£Z1060 were withm the normal range, but the 
soluble galactosyl transferase activity of these strains 
was only 10-15 per cent of the normal level The available 
evidence indicates that the galactosyl transferase activity 
observed in cell-free systems results ın addition of 
galactose predominantly if not exclusively, to the 
3-position of glucose, and ıt appears to be this enzyme 
activity which is lacking in SD1033 and SL1060 It ıs 
not yet clear whether the low residual levels of galactosy] 
transferase activity observed in extracts of these strains 
represent the «-6-galactosy] transferase (transferase IT) 
or reflect leakiness m the transferase I defects There is 
evidence that ın vwo the block in hpopolysaccharide 
biosynthesis 1s not absolute, which suggests that in both 
strains the defects are somewhat leaky 

Mutants of 821033 and S£L1060 lacking galactosy] 
transferase I would be expected to produce an incomplete 
polysaccharide of the type 


glu—{hep, KDO, PO,, ethanolamine] 
1,6 
a-gal 


Evidence for this structure was obtained by characteriza- 
tion of the oligosaccharide products of partial acid 
hydrolysis of the polysaccharides Lipid-free polysac- 
chanide fractions derived from SL1033 and SZ1060 were 
hydrolysed as previously described"! with 60 per cent 
formic acid (45 min at 100° C), and the products were 
separated by preparative paper chromatography (What- 
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man No 3 MM paper, descending chiomatography in 
ethyl acetate acetic acid H,O (3 1 3) for 96h) Asa 
control, parallel experiments were also carried out with 
the polysacchande of an rfa mutant (T V161), which con- 
tams both galactosyl residues The hydrolysates of the 
SL1033 and SL1060 polysaccharides showed a single 
major oligosaccharide product with an Rr identical to 
that of melrbiose («-galactosyl-1,6-glucose) This material 
was also present as a major component ın the hydrolysate 
from the rfa stram The disaccharides from the three 
polysaccharides were indistinguishable from each other, 
and from melibiose, in chromatography in four solvent 
systems, and in borate electrophoresis The reduced 
disaccharides also had the same electrophoretic mobility 
as melibutol in sodium molybdate buffer, pH 5 Analytical 
data confirmed the identification as «-galactosyl-1 6- 
glucose (a) each oligosaccharide contained equimolar 
amounts of glucose and galactose (as determined by 
enzyme assay with glucose and galactose oxidase after 
acid hydrolysis), (b) reduction of the oligosaccharides 
with NaBH, led to destruction of more than 90 per cent 
of the glucose, with quantitative recovery of galactose, 
(c) treatment with coffee bean «-galactosidase resulted in 
quantitative hydrolysis of the oligosaccharide with 
liberation of corresponding amounts of free glucose and 
galactose, (d) periodate oxidation of the reduced disac- 
charides gave 0 93 to 1 17 moles of formaldchyde/mole of 
disaccharide 

No fraction corresponding to the other possible galactose 
disaccharide, «-galactosyl-1,3-glucose, was detected im 
the partial acid hydrolysates of any of these stiains This 
galactosyl linkage has previously been found to be 
extremely acid-labile? The hydrolysate of the rfa poly- 
saccharide, however, contained a minor component in the 
trisaccharide area, which was tentatively identificd as the 
branched trisaccharide 


«-gal-1,3-glu 
1,6 | 
a-gal 


This component was entirely absent fiom the hydro- 
lysates of S£1033 and SZ1060 Although not conclusive, 
the results provide some additional support for the hypo- 
thesis that the «-galactosyl-1,3-glucose linkage ıs lacking 
in these mutants 
The glucosyl and galactosyl transferaseless mutants, 

like rfa strains, form incomplete core polysaccharides 
which presumably lack the sites required for attachment 
of the O-specific side chains Beckmann and her col- 
leagues'* have shown that, although the hpopolysacchat - 
ides of rfa mutants are devoid of O-antigen, these strains 
produce a separate polysaccharide chemically and mmmuno- 
logically sumlar to the O-specific side chains of the 
lipopolysaccharide (O-specific hapten) The hapten was 
not found im 7fb mutants, ın which the lesion directly 
affects synthesis of the O-antigen chain Examunation of 
the mutants lacking glucosyl or galactosyl transferase fo1 
the presence of O-specific hapten 1s summaiized in Table 4 

The hapten-containmg fraction was obtamed from the 
aqueous phenol extract after removal of lipopolysac- 
charide by magnesium chloride precipitation, as described 
in the legend The presence of the O-specific sugars 
(mannose, rhamnose and abequose) in this fraction was 
taken as the criterion for the presence of hapten As 
expected, no hapten was detected ın transferase-negative 
strams derived from an rfb parent. Large amounts of this 
material, however, were found in SL1032, a glucosyl- 
transferase-negative stram derived directly from the wild 
type The hpopolysaccharide of SL1032 was entirely 
free of O-specific sugars The two galactosyl transferase 
mutants, 8£1033 and SL1060, and three of the strains 
lacking glucosyl transferase are double mutants which 
also lack phosphomannose isomerase Except when pro- 
vided with an external supply of mannose, these organisms 
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are unable to synthesize GDP-mannose, a required 
precursor of O-antigen mannose?! When the five strains 
were grown on mannose-supplemented medium, O-specific 
hapten was recovered in large amounts Chromatographic 
analysis of the hpopolysaccharide fractions obtained from 
mannose-grown cells also showed 1n each case the presence 
of small amounts of the O-specific sugars This suggested 
that the transferase defects in these strains mght be 
somewhat leaky In order to obtam more quantitative 
information, strains SZ1060 (galactosyl-transferase-de- 
ficient) and SZ1061 and SL 1062 (glucosyl-transferase- 
deficient) were grown in the presence of !4C-mannose, and 
the relative amounts of radioactivity in hpopolysaccharide 
and the hapteme fraction determined After phenol 
extraction of the cell envelopes, the total polymer fraction 
(that ıs, hpopolysaccharide plus hapten) was isolated by 
gel filtration on ‘Sephadex G-25’, and hapten and hpo- 
polysaccharide were separated by filtration on ‘Sephadex 
G-200° Lapopolysaccharide is excluded from the gel, 
while the haptenie material ıs recovered in the partially 
meluded fraction Ultracentrifugation and chromato- 
graphy on DEAE cellulose confirmed identification of the 
two fractions The amount of *C-mannose recovered in 
the lipopolysaccharide fraction, expressed as percentage 
of total radioactivity incorporated into polymeric form, 
was 22 per cent m SZ1060, 19 per cent in SZ1061 and 
12 per cent in SL1062 In parallel experiments carııcd 
out with a phosphomannose isomeraseless mutant (M,) 
(ref 11) with normal core transferase function, more than 
98 per cent of the total *C-mannose incorporated mto 
polymeric form was recovered as lipopolysaccharide, and 
only trace amounts in hapten The total meorporation 
of 4C-mannose into O-antigen, however, was seven to ten 
times greater in M, than ın the mutants deficient in 
glucosyl or galactosyl transferase Thus, the lipopoly- 
saccharide of the transferase-deficient strains actually 
contained only 1-2 per cent of the normal amount of 
mannose 


Table 4 PRESENCE OF HAPTENIC O-ANTIGEN 


Genotype Stran Hapten 
rfa TV161 + 
rfb TV119 
rfb, Glu transferase neg §1L1004, SL1005, SL1006, SL1063 0 
Glu transferase neg SL1082 + 
pm, Glu transferase neg SL1059, SL1061, SZ1062 
Minus mannose 0 
Plus mannose + 
pm, Gal transferase neg S8L1033, SL1080 
Minus mannose 0 
Plus mannose + 


Cellenvelope fractions prepared from 10 g wet weight of cells were extracted 
with 45 per cent phenol at 70° C (ref 1) Lipopolvsaccharide was precipitated 
from the aqueous phase with magnesium chloride (ref 1) The supernatant 
fractions were concentrated and the bulk of the RNA was removed by precipi- 
tation at pH 30 The supernatant material was deronized and low molecular 
weight material was removed by passage through ‘Sephadex G-25’ Samples 
of the excluded fractions were hydrolysedin 0 1 N hydrochloric acid for 15 min 
at 100° C for detection of abequose, and ın 1 N hydrochloric acid for 3 h at 
100° C for detection of other sugars The sugar composition was determined 
by paper chromatography in n-butanol pyridine water(6 4 3) 


The results indicate that formation of the O-specific 
hapten 1s a general property of mutants which are blocked 
ın biosynthesis of the core region of the hpopolysaccharide 
The incomplete hpopolysaccharides made by such mutants 
therefore presumably lack a structure required for attach- 
ment of the O-specifie chains Studies on the mechanism 
of biosynthesis of O-antigen (refs 13 and 14 and unpub- 
lished work of Osborn and Kent) have provided some 
support for the hypothesis that the hapten represents a 
precursor of the O-spec:fic side chains of hpopolysacchar- 
ide, but have not entirely excluded the possibilty that 
this material 1s formed as a side product only in con- 
ditions in which the normal biosynthetic sequence 18 
disturbed 
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PHYSIOLOGY 


Membrane Surface Specialization of 
Blood Platelet and Megakaryocyte 


Recenr evidence has mdicated the importance of the 
surface of blood platelets in initiating the chain reaction 
in relation to platelet aggregation, and the formation of 
haemostatic plugs and thrombi! During an mvesti- 
gation of the coating of the platelet surface, we noticed 
an elaborate surface structure which differs from that of 
other blood cells (unpublished results) 

Platelet-rich plasma and platelet concentrates were 
prepared as follows 450 ml and 10 ml of whole blood 
were drawn from normal human and rat, respectively, with 
sodium citrate or heparin as anticoagulant The blood 
was centmfuged at 1,300 and 1,800 rpm for 15 min at 
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Fig 1 Two blood platelet surfaces in contact show dense extraneous 
coat across the midline of the micrograph ana identical pattern in 


demarcation tubules (D) C, Space surrounded by surface patches 
Ruthenium red preparation stained with uranyl and lead (xe 65,800 ) 
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Fig 2 A portion of megakarvocyte shows selective stamming of demarca- 
tion system The left edge of the picture shows detaching platelets (2) 
Ruthenium red preparation, otherwise unstained (xe 3, 


room temperature to obtain platelet-rich plasma and 
platelet concentrate, respectively Samples (3 ml ) of each, 
in a conical centrifuge tube, were fixed with osmium! 
Another 3 ml of each was fixed with ruthenium red, as 
suggested by Luftë and Kelly: The final sediment was 
dehydrated in a series of graded concentrations of acetone 
and embedded in ‘Epon’ Thn sections were cut on a 
Porter-Blum ultramicrotome and examined with a 
Hitachi electron microscope 

Bone marrow from several rats (10 days and 1 yr old) 
was prepared for electron microscopy as follows one 
limb was injected through the femoral artery with the 
combmation of glutaraldehyde fixative in cacodylate 
buffer contaiming ruthenium red The other limb was 
injected similaily with either 6 per cent glutaraldehyde 
in cacodylate buffer? only, or buffered osmium tetroxide 
The marrows were then processed identically 

In contrast to the platelets and megakaryocytes, none 
of the other blood cells showed obvious extraneous 
coatmg m ruthenium red preparations The platelets 
showed distinct dense patches on the outer dense layer 
of the unit membrane as shown in Fig 1 The circulating 
blood platelet surface was studded with ruthenium red. 
stamed material, which varied m size between 50 and 
300 A (average 100 A) and was irregularly globular 
There was also noticeable variation in staining, sug- 
gesting heterogeneity in composition The interior cyto- 
plasm of the platelets contained many tubular and vesi- 
cular profiles which were identical m appearance to the 
plasma membiane (Fig 1D) but inverted or mside-out 
No othe: structures showed staiming comparable to the 
extraneous coating 

The bone marrow showed exclusive and dramatic 
staining of megakaryocyte (Fig 2) m the region of the 
intracellular demarcation system and m the imtercellular 
adherent materal at the interface between the mega- 
karyocytes and othe: bone marrow cells The megakaryo- 
cytes (Fig 2) showed almost identical 1uthemum red 
stained material at the surface of developing platelets 
The cytoplasm of megakaryocytes showed numerous 
vesicles and tubules which again revealed mtense staining 
with ruthenium red These vesicles and tubules are 
identical m stiucturc with the membrane of the eircu- 
lating blood platelets, and coincide precisely with the 
demarcation system which occurs ın the development, 
maturation and separation of platelets® 

Furthermore, the midzone of the exoplasm of Heiden- 
hain showed numerous myelin figures—reported earlier as 
hpoid granules (lecithin)’—inteimingled with the demar- 
cation tubules The myelm figures were associated with a 
mucroglobular stiueture, particularly toward its surface 
lamellae, suggesting miczro-emulsification of myelin figures 
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Fig 3 Part of the demarcation tubules ın Fig 2 shows electron-dense 

ruthenium red stained material (R) surrounding the myelin figures 

Arrows indicate developing microglobular structure of phospholipid 

mucromicelles See Tod. Psi aa otherwise unstained 
xe 131, 


m relation to phospholipid micelles, measuring 10-30 A, 
and apparently embedded ın mucopolysaccharide present 
within the demarcation tubules (Fig 3) Thus specialized 
type of chemical assembly suggests a possible site of 
locahzation of coagulation factors! 

Ruthenium red reacts strongly with chondroitin sul- 
phate and so our finding supports the existence of a 
mucopolysaccharide, probably a chondroitin sulphate, ın 
the extraneous coat, this has been reported previously 
from chemical analysis although no precise localization 
was found!??? This structural elaboration suggests that 
blood platelets have a specialized function in aggregation 
and haemostasis, they would rapidly form an agglutinated 
platelet mass when altered by various factors, such as 
pH, 10me strength, size and shape of interactants, and so 
on-14, besides foreign surfaces, especially collagen 
fibrils!?#® This seems to support the suggestion of a 
“maskmg” and ‘“unmasking” mechanism of functionally 
active phospholipid mucelles?°-?* 

Furthermore, the patchy layer of acid mucopolysac- 
chande on the surface seems to be very interesting when 
compared with the red blood cell surface Morgan has sug- 
gested that the stability of the erythrocyte plasma mem- 
brane ıs probably related to either an enzyme mechanism or 
mucopolysaccharide patches at the surface? We have 
not so far encountered such specialization of the surface 
of the erythrocyte ın our preparations 

The structural integrity of specifically combined phos- 
pholipid micelles, mucopolysaccharide and serum proteins 
(Fig 10) suggests that the triggering of normal and 
abnormal adhesiveness depends on the “plasmatie milieu” 
produced 
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Simultaneously Recorded Oscillations 
in Membrane Potential and Isometric 
Contractile Force from Cardiac Muscle 


IN 1943, Bozlert:? reported unusual sinusoidal oscillations 
in membrane potential and contractile tension which 
occurred immediately after relaxation of a normally 
triggered contraction in turtle heart muscles bathed in 
calcium solutions of high concentrations Reiter?-5 ob- 
served simular contractile oscillations (which he called 
“aftercontractions”) m mammalian myocardium in a 
variety of conditions that enhance contractility Con- 
tractile oscillations have been shown to be unaccompanied 
by propagated action potentials: Kaufmann’s group, 
however, detected slow corresponding oscillatory waves in 
membrane potential similar to those described by Bozler, 
and they assumed that the contractile oscillations are 
initiated by electrical oscillations 

Oscillatory contractile phenomena in cardiac muscle 
have now been studied in detaıl?-5:8, but a similarly 
detailed analysis of oscillatory electrical phenomena and 
the relation of electrical oscillations to contractile oscilla- 
tions has not been made In this communication, we 
report some prelimmary observations for simultaneously 
recorded electrical and contractile oscillations ın guinea- 
pig left atrial preparations in a variety of conditions The 
results indicate that there ıs a direct coupling between 
electrical and mechanical activity ın cardiac muscle in 
these conditions 

The atria were isolated from animals of e1ther sex weigh- 
ing 470-810 g Each preparation was mounted hori- 
zontally in a ‘Plexiglas’ muscle chamber surrounded by a 
thermostatically controlled water jacket One end of the 
preparation was mmpaled on a strain gauge (‘Grass F'T-03°) 
lever arm ‘The other end was fixed to the termmus of 
an adjustable rod, the movement of which provided the 
establishment of the resting length of the muscle All 
preparations were continuously perfused at a rate of 
about 3 ml/min with a solution composed of 154 mM 
sodium chloride, 56 mM potassium chloride, 71 mM 
sodium bicarbonate, 11 2 mM dextrose and 5 0 or 10 0 mM 
ealerum chloride as indicated Intracellular membrane 
potentials were recorded by conventional microelectrode 
techniques’ Transduced muscle contractions and mem- 
brane potentials were displayed on a “Tektronix 565’ 
oscilloscope and photographed with a “Tektronix’ oscilo- 
scope camera, o1 were recorded with a ‘Grass’ direct 
writing oscillograph 

Each preparation was mitially driven at a basal stimulus 
interval of 1,000 ms at a temperature of 30° C for a period 
of not less than 60 mm. After being stabilized the tissue 
was perfused with a high concentration calcium solution 
(10 0 mM) and the temperature of the bath was lowered 
at a rate of about 1°/min to 20° C or less (mmimum of 
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10°C)  Oseillations m membrane potential (electrical 
oscillations) and isometric contractile tension (mechanical 
oscillations) were then elicited or “unmasked” by stimulat- 
ing the preparation with repeated trains of impulses (40 
impulses per tram) at stimulus intervals of 400, 500, 630, 
800 or 1,000 ms, alternated with (a) periods of quiescence, 
or (b) periods of stimulation at a constant stumulus interval 
of 2,000 ms In this communication, oscillations (electrical 
as well as mechanical) recorded during quiescent periods 
are termed “post-strmulation oscillations’’, and osculations 
recorded between stimulated contractions are referred to 
as ‘“‘inter-stunulation oscillations” 

Electrical and mechanical oscillations were observed in 
a total of fifteen atrial preparations Firm ceritera were 
established for transmembrane recordings considered 
suitable for analysis of oscillatory electrical phenomena 
at high sensitivities These criteria were uniform action 
potential configuration (that ıs, smooth repolarization 
phase and constant AP amplitude) during the train of 
driven beats, and a noise level of less than +1 mV _ All 
records not meeting these criteria were rejected 

Representative examples of electrical and mechanical 
oscillations recorded fiom guinea-pig atrium are shown 
in Fig 1 At all times the recorded mechanical oscillations 
were found to be identical with those previously described 
fo. guinea-pig atria m similar conditions?! Further- 
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Fig 1 Photograph of oscillations in membrane potential and isometric 
contractile tension recorded from guinea-pig left atrium with a direct 
writing oscillograph The temperature was 18°C The calcium con- 
centration of the bath was 10 0 mM A and B show oscillations occurring 
during a quiescent period (post-stimulation oscillations) following a 
train of forty driven contractions at a 630 ms stimulus interval C 
shows oscillations occurring between stimulated contractions (inter- 
stimulation oscillations) followmg a change of stimulus interval of 
500-2,000 ms Two extra beats occur during the qmescent period of A 
Numbers on left indicate polygraph channel (1) high sensitivity 
electrical, (2) low sensitivity electrical, (3) high sensitivity mechanical, 
(4) low sensitivity mechanical 
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Fig 2 Relation between oscillation amplitude (lower), oscillation 
rise time (upper), and oscillation number in a series of nterstimulation 
oscillations Oscillation rise time and amplitude measured between 
origin and peak of oscillation Guinea-pig left atrium was used (——-) 
Mechanical oscillations, (---—-) electrical oscillations Stimulus 
interval of preceding train 500 ms (@), and 630 ms (O) The tem- 
perature was 20°C The calcium concentration of the bath was 10 0 mM 


more, the electiical oscillations observed ın this study were 
generally comparable with those reported by Kaufmann 
et al® In each case the oscillatory wave was smooth 
and smusoidal, with the electrical peak generally preceding 
the mechanical peak In the quiescent period after a 
series of stimulated contractions (post-stumulation oscilla- 
tions, Fig l, A and B) the electrical and mechanical 
oscillation peaks were followed by a slow curvilinear 
1ecovery toward resting conditions Multiple oscillation 
peaks generally occurred ın each trace The number of 
these varied between two and seven and appeared to be 
directly dependent on the amplitude of the first oscillation 
in the trace Two extra beats (stumulated) are interpolated 
into the qmescent period in Fig 14 Each elicited a small 
oscillatory electrical and mechanical response but did not 
alter the overall pattern of the slow recovery phase 
Oscillations occurring between a series of stimulated beats 
following a change in driving rate (interstumulation osalla- 
tions) are presented m Fig 1C The amplitude of both 
the electrical and mechanical oscillation progressively 
decreases with oscillation numbei (that 1s, between the 
first and last oscillation of the seres) The change in 
oscillation amplitude as a function of oscillation number 
has been plotted for another experiment m Fig 2, which 
also shows concurrent changes m oscillation rise time 
These data make it evident that changes in electrical 
oscillatory phenomena closely parallel those m mechanical 
oscillatory phenomena This relationship holds for quanti- 
tative as well as qualitative changes Temperature has 
been shown to be a very important determinant of 
mechanical oscillatory activity’ Fig 3 illustrates the 
effect of this vaiiable on sumultaneously recorded electrical 
and mechanical oscillations As temperature is decreased 
the amphtude of both the electrical and mechanical 
oscillations mereases, again in a closely parallel fashion 
A primary purpose of this work was to establish an 
mitial correlation between oscillatory electrical changes 
at the cardiac cell membrane and oscillatory contractile 
1esponses withm the cell Previous efforts to relate elec- 
tueal activity with mechanical activity ın muscle, both 
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mechanical (-——-) oscillation amplitude Guinea-pig Jeft atrium was 
used Stimulusinterval of preceding train 630 ms (©), and 800 ms (@) 
The calcium concentration of the bath was 10 0 mM 


skeletal and cardiac, have been chiefly concerned with 
attempting to correlate changes m resting or action 
potentials with contractile changes, and usually vay 
little correlation has been found (see ref 10) In the 
present work with guinea-pig atria, we have found good 
correlation between membrane electiical activity and 
developed tension in the form of oscillatory electrical and 
contractile responses 

In the interpretation of these results, two umportant 
questions immediately arise are the electrical oscilla- 
tions artefacts arismg from the mechanical oscillations 
and, if not, do the electrical oscillations elicit, and m some 
way control, the time course of the mechanical oscilla- 
tions? That the electrical oscillations are not artefacts 
is suggested by the smoothness and remarkable repeat- 
ability of oscillatory changes m membrane potential 
This idea 1s supported by the fact that the electrical and 
mechanical events can be altered ın parallel, with oscilla- 
tion amplitude inversely related to rise time in the case 
of the electrical as well as the mechanical oscillations A 
third, more indirect piece of evidence 1s suggested by the 
fact that electrical oscillatory phenomena are not un- 
known ın excitable tissues, ın addition to the previously 
mentioned examples ın cardiac muscle}? ®, electrical 
oscillations of various forms have been documented for 
nerve tissue'!, smooth muscle and skeletal muscle! in 
a variety of conditions At this stage of the investigation 
no answer can be given as to the mechanisms involved in 
electrical and mechanical oscillatory phenomena It 1s 
clearly evident, however, that there 1s a close relationship 
between the two events 

R A JENSEN 
B G Karzune 


Department of Pharmacology, 
University of California, 

San Francisco Medical Center, 
San Francisco 
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Distribution of Ethanol between Plasma 
and Erythrocytes in Whole Blood 


WHEN capillary and venous blood samples were collected 
sunultaneously from volunteers who had taken varying 
quantities of alcohol by mouth, certam discrepancies were 
noted im their alcohol content Further mvestigation 
revealed that when added to human blood a vitro ethanol 
was distributed unevenly between the plasma and the 
red cells! If a similar uneven distribution could be 
demonstrated ın vwo when alcohol was absorbed from the 
gut, 1t might help to explain the differences between 
capillary blood and venous blood It might also help to 
explain the observed discrepancies ın the blood breath 
ratios and urme blood ratios reported by different 
authors 

Accordingly twenty volunteers were mvited to drmk 
varying quantities of alcohol ın the form of whisky or 
gın durmg a period of up to 1h A blood sample of 
approximately 20 ml was then withdrawn from a super- 
ficial vem on the forearm Part of the sample was used to 
derive the alcohol content of whole blood by duplicate 
analysis using the Nickolls modification? of the Cavett 
method, asecond small fraction was used to determine the 
haematocrit value The remainder of the sample was placed 
m a glass test tube sealed with a ground-glass stopper and 
spun at 2,000 rpm for 20 min at room temperature in a 
Griffin-Christ centrifuge (type UJ 3) After centrifuging, 
enough plasma and packed red cells were removed 
separately by pipette to allow duplicate analyses Again 
the alcohol content was determmed by the Nickolis 
modification of the Cavett method By means of the 
haematocrit value and a correction factor for trapped 
plasma? the alcohol content of the whole blood sample 
was calculated from the plasma and erythrocyte contents 
for comparison with the measured value 


Table 1 ALCOHOL CONTENT IN PLASMA, ERYTHROCYTE AND WHOLE BLOOD 
SAMPLES FROM TWENTY VOLUNTEERS, TOGETHER WITH THE RATIOS OF 
DISTRIBUTION 


Alcohol content (mg/100 ml ) Ratios 
Red Calculated Plasma Plasma 


Sub- Haem- Whole blood whole red blood whole 
ject atoerit blood Plasma cells blood cells blood 
(a) (2) (8) (4) (5) (6) (7) (8) 
1 39 114 127 93 114 137/1 111/1 
2 45 148 181 96 143 189/1 122/1 
3 39 58 88 46 59 148/1 117/1 
4 46 87 101 74 89 138/1 116/1 
5 42 70 83 52 70 180/1 119/1 
6 42 64 78 54 68 144/1 4122/1 
7 37 44 50 33 44 152/1 114/1 
8 47 41 49 31 41 158/1 1 20/1 
9 45 41 49 35 43 140/1 120/1 
10 41 48 58 39 50 149/1 121/1 
11 44 37 48 29 38 159/1 124/1 
12 29 43 48 38 45 126/1 112/1 
13 43 60 69 47 59 147/1 115/1 
14 46 40 49 31 41 158/1 123/1 
15 4 21 24 21 150/1 114/1 
16 48 167 189 134 163 141/1 113/1 
17 45 68 75 4 63 156/1 110/1 
18 45 68 89 45 69 198/1 135/1 
19 50 52 82 35 49 177/1 119/1 
20 46 54 62 38 51 163/1 115/1 


The values obtamed are set out in Table 1 from which 
it is obvious that the alcohol content of plasma was con- 
sistently higher than that of the erythrocytes by a mean 
factor of 1 54 (S D 0176) with a range from 1 26 to 1 98 
Similarly the alcohol content of the plasma was con- 
sistently Ingher than that of the corresponding whole 
blood In this instance, the plasma + whole blood ratio 
was 118 1 (SD 0057) with a range of 110 to 135 
No significant difference between the measured values 
and the calculated values for the alechol content of whole 
blood was observed (P>0 9) 

Expressed in another way, 1b can be shown that the 
distribution of alcohol between the plasma and red blood 
cells of a given blood sample has a ratio of about 2 1 
(mean of twenty samples 207 1,8 D 0365, range 1 53 
to 3 09) 

The idea that there ıs a difference ın the distribution 
of alcohol between the plasma and the erythrocyte com- 
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ponents of whole blood ıs not new In 1923, Miles! 
demonstrated in ten volunteers that the alcohol concen- 
tration in the plasma was between 20 per cent and 25 per 
cent higher than that ın whole blood On the basis of 
these measurements, he calculated that the aleohol content 
of the plasma component was about twice that of the 
red cell component of a given blood sample Our results, 
obtamed by direct measurement, are ın broad agreement 
with the calculated values given by Miles 
The difference ın alcohol content between plasma and 
red blood cells can be attributed to the uneven distribu- 
tion of water between plasma and cells, as suggested by 
the work of Polonovski, Lindenberg and Rabussier® on 
dogs and later confirmed by that of Gruner: on man 
Gruner showed that alcohol and water had the same 
uneven distribution between plasma and cells His ratio 
of 115 11s shghtly lower than our figure of 118 1, but 
this can probably be explaimed by the small size of his 
series of four subjects 
The significance of this observation ıs that ıt mvahdates 
the use of such accepted standards as the urme blood 
ratio and the blood breath ratio for the determination 
of blood alcohol levels When the distribution of alcohol 
has reached equilibrium im the body, the tissue levels, 
meluding those of the lung and kidney, reflect the con- 
centration in the plasma In particular, the tension, and 
therefore the amount, of alcohol m the alveolar air 1s m 
equilibrium with the tension in the plasma which in turn 
1s directly related to the plasma concentration But 
because the plasma concentration 1s substantially higher 
than the red cell concentration the whole blood concen- 
tration musi vary mversely with the haematocrit for any 
given plasma concentration and therefore for any given 
breath concentration Thus ıt follows that the blood 
breath ratio and similarly the urme blood ratio cannot 
be constant even ın one individual but must always be 
dependent on the haematocrit once equilibrium has been 
achieved 
This problem would be elimmated if plasma breath 
and urme plasma ratios were used 
J P Payne 
D W How 
D G L Woop 
Research Department of Anaesthetics, 
Royal College of Surgeons of England, 
Liıncoln’s Inn Fields, 
London 
Received February 12, 1968 
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Variations in Embryospecific 
Globulins of Human Blood Sera in 
Foetuses and the Newborn 


THE use of immunochemical methods for studying the 
composition of foetal human blood serum protems led to 
the discovery of, in addition to the known alpha foeto- 
protem?!-*, other embryospecific globuhns with electro- 
phoretic mobility of beta, (refs 5, 6, 9) and beta, 
globulns® Alpha foetoprotem is a relatively constant 
component of foetal blood serum Embryospecific beta, 
globulm was discovered in about 75 per cent®° and 
embryospecific beta, globulin in 50 per cent of the cases? 

In 1965 (ref 9), variations of human blood sera were 
classified with respect to three embryospecrfic globulins It 
was interesting to find at what stage of embryogenesis 16 1s 
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possible to discover group vatiations of foetal sera and 
whether these variations remain until the end of intra- 
uterine development 

Immunochemical investigations of group variations ın 
embryospecific globulms have been carried out on the 
sera, of 6-10 week embryos (medical interruption of preg- 
nancy), 11-30 week foetuses (spontaneous interruption) 
and 40 week newborns Two hundred and sixty samples 
of foetal blood sera from one hundied embryos, sixty 
foetuses and one hundred newborns were studied 

Antisera agamst embryospecific globulins were pie- 
pared by repeated rermmunuization® of rabbits with pooled 
foetal serum The serum used as the antigen was obtained 
from 10-30 week foetuses Rabbit antisera against foetal 
serum were adsorbed by a surplus of pooled human serum 
obtained from healthy donor adults Detailed descriptions 
and identification of embryospecific alpha globulin 
(ESA, globulin), beta, globulin (ESB, globulin), and beta, 
globulin (ESB, globulin) have been given before?! 

Foetal sera were tested ın identical conditions, by the 
Ouchterlony method!* modified by Khramkova and 
Abelev!® This modification permits a comparison of an 
antigen with the antigen of a standard test system, and 
can reveal an antigen even if ıt ıs m a “below threshold” 
concentration Some selected fractions of globulins of 
pooled human foetal serum, prepared by electrophoresis 
on agar gel, were used as the antigens of test systems for 
determining components of each embryospecific antigen 

Each of the embiyospecific globulins 1s found equally 
often in the sera of embryos, foetuses and newborns", 
the analyses (Tables 1 and 2) did not register the stage 
of pregnancy ESA, globulin, the alpha foetoprotein of 
Bergstrand and Czar1, ıs a more constant antigen com- 
ponent in the foetal sera than ESB, globulm and ESB, 
globulin (Table 1) The embryospecific globulins, 
migrating ın the region of beta globulms, may be dis- 
tinguished not only by electrophoretic mobility (Fig 1), 
but by their relation to the Schiff reaction It was shown" 
that ESB, globulin 1s a typical glycoprotem 

The characteristics of foetal sera with respect to three 
embryospecific globulins are given m Table 2 Sera of 
group 1, containing all the known embryospecific globulins, 
were observed more frequently than any other groups 
The sera of group 2, ın which there ıs a characteristic lack 
of ESB, globulin, were found only half as often as sera 
of group 1 Quantitative relationships between groups 3 
and 4 are similar The sera in which there is ESB, 
globulin but not ESA, globulin (groups 5 and 6) were 
observed in about 2 per cent of the cases Sera from 
which all the known embryospecific globulins are absent 
or which contam only ESB, globulin are found very 
seldom 

Immunochemical investigations of three embryospecific 
globulins made ıt possible to subdivide foetal sera mto at 
least eight groups If variations of foetal sera are dis- 
covered at an early stage of human embryogenesis and 
remain up to the end of the period of mtrauterine life, 
genetic control of the synthesis of each embryospecific 
globulin may be considered 


Table 1 EMBRYOSPECIFIC GLOBULINS IN FOETAL HUMAN SERA 


Embryospecific Total amount of foetal Positive result 
antigen components sera ın analyses Number Per cent 
ESA, globulin 260 248 95 4 
ESB, globulin 260 194 746 
ESB, globulin 260 150 58 4 


Table 2 CHARACTERISTICS OF HUMAN FOETAL SLRA WITH RESPECT TO THREE 
EMBRYOSPECITIC GLOBULINS 


Group Globulins* Number of sera observed 
number present with group characteristics Per cent 
1 1-2-3 121 464 
2 1-2-0 63 242 
3 1-0-0 44 167 
4 1-0-3 19 81 
5 0-2-3 5 19 
6 0-2-0 5 19 
7 0-0-3 1 04 
8 0 04 


0 1 
*1—ESA, globulin, 2—ESB, globulin, 3—ESB, globulin 
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Hed Immunoelectrophores's of foetal human sera. Precipitation lines 

obtained by development with adsorbed antiserum against human foetal 

serum proteins, Group variations of the embryospecific globulins 

(Fable 2): 1, (1-0-3); 2 and 3, (1-2-3); 4, (1-0-0); 5, adult human 

serum. The zone of migration: c, colour T-1824; Hb, haemoglobin; 
p, pyronine, 


Tt will be interesting to find out if antibodies are pro- 
duced in women during pregnancy where mother and 
foetus belong to different groups. In such cases some 
embryospecific globulins would have become heterogenic 
antigens for the mother. Analogous views relating to 
stadiospecific antigens can be found in the early litera- 
ture’. 

Yu. S. TATARINOV 
Immunochemical Laboratory, 
A. V. Lunacharsky State Medical Institute, 
Astrakhan, USSR. 


Received January 18, 1968. 


1 Bergstrand, C. G., and Czar, B., Scand. J. Clin. Lab, Invest., 8, 174 (1956). 
> Gonos Na Casado, J.-P., and Talavera, R., Arch, Franç. Pediat.. 16, 954 
(1959), 
2 Bodman, J., Clin. Chim. Acta, 4, 103 (1959). 
4 de Muralt, G., and Roulet, D. L. A.. Helv. Paediat, Acta, 16, 517 (1961). 
err ri S. 8., and Yablokova, V, I., Buill. Eksp. Biol. Med., 57, 4, 52 
(1964). 
+ Tatarinov, Yu. S., Vopr. Med. Khim.,10, 6, 584 (1964); Fed. Proe., 24, 916 
(1965). 
-3 Masopust, J., Rev. Czech, Med., 8, 214 (1962). 
* Gitlin, D., and Bosmann, M., J. Clin, Invest.. 45, 1826 (1966). 
9 Tatarinov, Yu. S., Vopr. Med. Khim.,2, 3, 98 (1965). 
-/4@¥agileisky, S. 5., and Annenkov, G. A., Fopr. Antropology (Moscow), 18. 
: 102 (1964), 
at Patarinov, Yu. S., Vopr. Med. Khim.,18, 1, 37 (1967). 
it Ouchterlony, O., Lancet, 256, 346 (1949). 
ae pep a N. L, and Abelev, G, I., Buill. Eksp. Biol. Med., 52, 12, 107 
41961). 
1 Tatarinov, Yu. S., Masyukevich, V. N., Mesnyankina, N. V., and Parfenova, 
L. F., Akush. i. Gin., 48, 8, 20 (1967). 


3 Vjasov, O. E., Immunology of Embryogenese, Moscow (1962). 


965 


In vivo Detection of Circulating Gas 
Emboli associated with Decompression 
Sickness using the Doppler Flowmeter 


THE ultrasonic Doppler flowmeter’ has been used to 
measure blood flow in several animal species?:? and man* 
by monitoring the frequency shift produced in the scatter- 
ing of ultrasonic waves by moving blood cells. The 
extreme sensitivity of this instrument to air bubbles in 
the circulating fluid is a familiar nuisance encountered 
during in vitro testing and calibration procedures. We 
have exploited this characteristic for the in vivo detection 
of circulating gas emboli in an animal decompressed 
rapidly from a hyperbaric environment. 

The transducer used in this experiment consists of two 
piezoelectric crystals mounted opposite each other in a 
rigid cuff which encircles the vessel. One crystal is 
electrically excited at a fixed frequency, producing ultra- 
sonic waves which propagate into the vessel at an angle 
relative to the vessel axis. Waves backscattered from the 
moving cells cause sympathetic vibrations of the second 
crystal, producing an electrical signal of a slightly 
different frequency. The two crystal signals are combined 
to form an amplitude modulated signal which is then 
demodulated, producing an audio frequency signal the 
amplitude of which is a function of the amount of back- 
scattered energy and the frequency of which is directly 
proportional to flow velocity. 

Because of the disparate acoustic properties of plasma 
and air, the interface between plasma and a gas embolus 
is a highly efficient scattering surface. A circulating gas 
embolus thus produces an artefact on the flow signal 
which may have an amplitude many times greater than 
the flow background. Such an artefact can be detected 
by ear even when electronic discrimination is difficult, 
having a characteristic sound best described as a “ehirp”. 

Because of interest in the miniature swine as a physio- 
logical analogue to man, this species was selected for 
hyperbaric investigations which include evaluation of 
the Doppler flowmeter as a detector of circulating gas 
emboli. A thoracotomy was performed on a 60 kg 
male Hanford miniature swine* and the Doppler flow 
transducer was placed on the caudal vena cava about 
8 em cranial to the diaphragm. After a 3 week recovery 
period the animal was fitted with a harness assembly on 
which was fastened the crystal exciter, crystal receiver/ 
demodulator and telemetry transmitter circuits’. The 
blood flow audio signal was telemetered from within 
the hyperbaric chamber to a receiver outside, thus permit- 
ting the animal to move about without danger of lead 
entanglement. 

Using an atmosphere of air the chamber pressure was 
varied according to a schedule (Fig. 1) consisting of com- 
pression to 5-3 atm. gauge (equivalent to about 53 m 
of sea water), maintenance at that level for approximately 
1 h, rapid (6 min) decompression to zero atmospheres 
gauge, recompression to the original level, and stepwise 
decompression according to a therapeutic schedule? which 
was admittedly inadequate considering the observed signs 
of decompression sickness. Flow audio was recorded on 
magnetic tape throughout the experiment. 

The first embolic event, defined as an unmistakably 
characteristic artefact on the flow audio, was detected 
2 min after beginning rapid decompression, or at about 
3 atm. gauge chamber pressure. T he rate and loudness 
of these events increased as decompression continued. 
Within 5 min of the completion of decompression the 
embolic events had become largely confluent and obliter- 
ated most of the flow background. There were momentary 
periods of total loss of signal probably indicating total 
inhibition of ultrasound transmission by gas in the vessel. 
Oscilloscope observations of the tape recorded audio 
indicated that the peak voltage of most embolic events 
was at least twice that of the flow background. Using 
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EMBOCLIC EVENTS 
CONTINUE AT LOW RATE 


EMBOLIC EVENTS INCREASE IN RATE, 
H EVENTUALLY DOMINATE AUDIO SIGNAL 





> 


DEATH 


300 400 500 
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Fig. 1. Chamber pressure against time. Occurrence of embolic events, defined in the text, 
is described qualitatively. 


a triggered sweep with the threshold set above the maxi- 
mum flow signal, and connecting the vertical gate pulse 
output to a pen recorder, embolic events could be dis- 
played as shown in Figs. 2 and 8. 

The animal was removed from the chamber 
after decompression and allowed to move 
freely about the room. Its gait was hesitant 
and mildly ataxic, with evidence of carpal 
pain. Increasingly severe ataxia and partial 
paraplegia appeared within minutes, fol- 
lowed closely by complete collapse. Clonie 
convulsions and unconsciousness occurred 
11 min after completion of decompression. 

The animal was returned to the chamber 25 
and recompressed to the original level of 
53 atm. gauge. After about 1 h at this 
level, only occasional embolie events were 
detected. There was no significant change 1-0 
in embolic event rate during therapeutic 
decompression to the 1-22 atm. gauge level, 
except for occasional embolic “showers” 
which followed movement of the animal. At 
the 1-22 atm. gauge level the embolic event 
rate gradually increased until their signals 
again obliterated most of the flow back- 
ground, and continued at this rate to the 
completion of therapeutic decompression. 
The animal died about 20 min. later; imme- 
diate post-mortem examination showed the 
entire venous system to be filled with frothy 
blood. 

The conditions of this pilot experiment 
were extreme, but suggest the potential 
usefulness of the technique in milder situa- 2 
tions. Transcutaneous transducers capable 
of measuring blood flow in superficial 
vessels have been in use for some timet, 
making the technique immediately applic- 
able to humans. Should circulating gas 
emboli be detectable by this method before 
the onset of the subjective symptoms 0 
presently used as indicators of decom- 
pression sickness, contemporary decom- 
pression schedules may require re-evaluation 
or it can be argued that any gas embolus, 
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regardless of size, is potentially dangerous. ‘The 
experimental animal will continue to be valuable in 
more fundamental studies using implanted trans- 
ducers, such as monitoring gas embolus clearance or 
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Fig. 2. Simultansous recording of embolic events and average flow audio frequency during 
rapid decompression. Chamber pressure is indicated in the upper chart, 
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Simultaneous recording of embolic events and average flow sudio frequency 
immediately after rapid decompression. Note the increased rate of embolic events and 


absence of appreciable change in vena cava flow rate, 
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evolution by selected organs The ultimate value of the 
technique depends on the sensitivity attamable Because 
this apparatus is designed for measurement of blood 
flow, changes in design may increase iis efficiency for 
detection of gas embol The use of artificial emboli 
of known size should facilitate efforts ın this direction 
as well as aid in the development of more refined diserrmin- 
ation techniques which may permit some degree of 
quantitation of embole density or size or a combination 
of the two 
This work was sponsored by the Battelle Memorial 

Institute, Pacific Northwest Laboratory, Richland, 
Washington 
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Secretion of 36-Hydroxypregn-5-en- 
20-one (Pregnenolone) by the 
Adrenal Gland 


IN a previous communication! it was reported that a 
compound behaving in a manner simular to pregnenolone 
in several paper and gas chromatographic systems 18 
secreted by the adrenal gland of the dog and pig The 
same compound was later found in extracts 
of adrenal glands of these species and of P 
rats? 

Further evidence for the identity of this 


compound was obtained by analysis m an Pe, 
LKB 9000 gas chromatograph-mass spectro- 

meter (GC-MS) The compound was isolated 60 
from adrenal venous blood collected from a 

female dog under chloralose anaesthesia 40 
The purified blood extract was chromato- 
graphed first in the E,B system of Eberlein g 20 
and Bongiovanni’, to separate pregnenolone $ 
from the principal gluco- and mimeralo- § 
corticoids, and then m the E, system (Eberlein Š 
and Bongiovannı?) The eluate of the #100 
pregnenolone region of this chromatogram 3 
was applied to a 38 per cent SH-30 column E 20 


(120 em, 230° C) of an F and M gas chromato- 
graph fitted with a flame ionization detector é0 


(260° C) a peak with a retention time of 
061 relative to that of cholestane was i 
observed (Fig 1) This retention time was 
equal to that of authentic pregnenolone After 


acetylation both the peak observed in the 
blood extract and that of authentic preg- 
nenolone changed their relative retention 
time to 0 91 

A portion of the purified extract of 
blood was then injected mto the GC-MS 
(fitted with a 1 per cent S#-30 column 
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Fig 1 Gas chromatograph tracing of extract from dog adrenal venous 

blood collected for 30 min and chromatographed in E-B and E, Region 

with Rr value of pregnenolone eluted, eluate dried, dissolved in 40 ul of 

ethanol, 1 ul applied to column (range 1, attenuation 8) The number is 

the retention time relative to that ofcholestane Authentic pregnenolone 
had a relative retention time of 0 61 


at 240° C) The mass spectrogram obtained (Fig 2a) 
shows that the compound has a molecular weight 
of 316 The spectrum is in satisfactory agreement 
with that of authentic pregnenolone (Fig 2b) Further 
evidence for the identity of the steroid isolated from 
adrenal venous blood with pregnenolone was obtamed 
after forming its trimethylsilyl ether The mass 
spectrogram of this derivative ıs shown in Fig 3a = It 1s 
m good agreement with the spectrogram of the trimethyl- 
suyl ether of authentic pregnenolone obtamed under the 
same conditions (Fig 3b) The moleculaı weight of the 
ether ıs 388 The retention time of the ether formed from 
authentic pregnenolone on a 1 per cent SH-30 column at 
240° C was 0 42 in relation to that of the trimethylsilyl 
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Fig 2 Line diagrams of mass spectrograms obtained with the LKB 9000 gas chromato- 
graph—mass spectrometer (1 per cent SE-30 column) a, Pregnenolone, separated from. 


dog adrenal venous blood b, Authentic pregnenolone 
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Table 1 SECRETION OF 38-OH-PREGN-5-EN-20-ONE (PREGNENOLONE) BY 
THE LEFT ADRENAL OF AN ADULT FEMALE DOG (20 KG) UNDER CHLORALOSE 
ANAESTHESIA 


Adrenal secretion rates Adrenal blood concen- 


Exper:mental conditions fale adrenal/h} trations (#g/100 ml ) 


Teg- Teg- 
nenolone Cortisol nenolone Cortisol 


Pituitary intact, 30 min after 


cannulation of adrenal vein 112 715 33 5* 212 
1 hafter hypophysectomv 6 166 19 53 
During imfusion of ACTH 

(0 3 mz/min/kg) 82 690 307 260 
After ACTH infusion (150 min 

after hypophysectomy ) 4 140 14 50 


Adrenal venous blood was collected fo1 periods for 30 min from the can- 
nated left adreno-lumbar vein (Purification and assay as described in 
Te 


* The concentration of pregnenolone in arterial blood collected smul- 
taneously was 017 «g/100 m} 


ether of cholesterol The same retention tıme was found 
for the trimethylsilyl ether of the compound extracted 
from blood 

Pregnenolone was found to be a regular secretion pro- 
duct of the adrenal gland of dogs, puppies and piglets In 
the dog, ıt was secreted at an average rate of 100 ug/g 
adrenal/h im conditions of stress This was about one- 
tenth of the secretion rate of cortisol Tts concentration 
m adrenal venous blood was m the order of 30 yg/100 ml, 
whereas its concentration 1n a1terial blood under the same 
conditions was less than 03 ug/100 ml Table 1 shows 
the dependence of the adrenal secretion of pregnenolone 
on the presence of the piturtary gland It can be seen 
that hypophysectomy caused a fall in the secretion of 
pregnenolone by more than 90 per cent Its concentration 
m adrenal venous blood, however, was still ten times 
greater than ın arterial blood collected before hypophysec- 
tomy This observation mdicates that pregnenolone 1s 
secreted under resting conditions 

The release of pregnenolone from the adrenal gland 1s 
not only a function of its concentration m the adrenal 
tissue In exper:ments on piglets, decreasing the haemato- 
erit to 4 per cent by infusing dextraven during adrenal 
blood collection caused a severe fall in the rates of secretion 
of corticosteroids and also of ther concentrations ım 
adrenal tissue The adrenal concentration of pregnenolone 
was not decreased, however In spite of this, its rate of 
secretion fell by 85 per cent 

The GC-MS data were recorded using the LKB 9000 
instrument purchased from an SRC grant to Drs C J W 
Brooks and G Eglinton, Department of Chemustry, 
University of Glasgow We thank Dr C J W Brooks 
for arranging for the analysis of the blood extract on this 
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mstrument and for evaluating the spectrograms, and 
also Miss Jamee Malcolm who carried out the GC-MS 
analysis, and Miss H Humphrys who drew the lne 
diagrams 
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Comparative Uitrafiltrability of 
Calcium and Strontium in 
Human Plasma 


Unit recently there have been few and conflicting reports 
about the comparative ultrafiltrability of calcr:um and 
strontium in human plasma Some report that there 1s 
no difference!, others that strontium filters to a greater 
extent? The lack of further expermmental data on this 
subject prompted us to look for differences m the ultra- 
filtrability of these elements 

Ten patients, studied at the time of bone scanning, 
were injected intravenously with 1-3 mCi of strontrum- 
87m This was obtained from an yttrium-87-strontium-87m 
generator with 0 005 per cent citric acid, the eluate was 
sterilized and adjusted with sterile saline to 1sotonicity 
with blood plasma Blood samples were taken m anaerobic 
conditions from the other arm 5-10 min after injection 
Anaerobic ultrafiltration was carried out on fresh plasma 
by the method of Lavietes* as modified by Smarsz‘ 
Plasma calerum (Cay) and ultrafiltrate calum (Cay) 
were determined by a standard method', and the amounts 
of strontium-87m m the plasma (Sr;) and plasma ultra- 
filtrate (Srpy) were measured in a semtillation spectro- 
meter, “Tracerlab SC 78’, with a counting error not 
greater than 13 per cent The percentage ultrafiltrabilty 
of calcium and strontium was calculated from the follow- 
ing formula 


Percentage ultrafiltrability 
ni ultrafiltrable value 
~ total value in equal volume 


The results are shown in Table 1 The 
percentages of ultrafiltrable calcium and 
strontium were similar and the ratio of 
these percentages was almost unity We 
conclude that the distribution of calcium 
and strontium ın the plasma 1s sumiar 

These results are of particular importance 
m calecium-strontium diserimination studies 
They imply that there ıs no renal discrumina- 
tion of strontium against calaum in the 
glomerulus during filtration, because the 
filtered plasma water contams the same 
percentages of calcium and strontium Thus 
plasma specific activity and the corre- 
sponding body retention of radiostrontium 
can be used instead of radiocalecrum to calcu- 
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Fig 3 Line diagrams of mass spectrograms obtained with the LKB 9000 gas chromato- 
graph-mass spectrometer (1 per cent S#-30 column) a, Trimethylsilyl ether of preg- 
nenolone extracted from dog adrenal] venous blood 6, Trimethylsilyl ether of authentic 


pregnenolone 


late the bone accretion rate, for no real 
difference in the rate of skeletal uptake of 
these elements has been found® 

We thank Dr D J Silvester for the stron- 
trum generators, Dr C Smarsz for the ultra- 
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Table 1 PLASMA CONCENTRATIONS AND ULTRAFILTRABILITY OF CALOIUM 
AND STRONTIUM 
Cay Caur Sr; Silur Cagy- 
Patient mg/100 mg/100 % cpm epm % Stour Cop 
ml ml x1,000 x1,000 % Sior 
1 8 90 587 66 0 35 38 18 76 530 +130 125 
2 877 5 94 877 20 75 12 97 625 +52 108 
3 877 476 543 33 52 18 49 552 ~—09 098 
4 871 457 525 31 47 18 69 594 -69 088 
5 8 84 444 50 2 31 64 14 24 450 +52 112 
6 900 489 543 26 85 13 91 618 +25 105 
7 907 5 08 560 10 18 6 00 589 -29 095 
8 10 51 614 58 4 18 60 12 56 675 -91 0 87 
9 9 97 6 37 63 9 673 448 666 —-27 0 96 
10 9 42 579 615 12 88 7 52 584 +31 105 
Mean 9 20 53839 585 578 +07 102 
+S EM +0190 +0224 +190 +218 2206 + 0 036 
D F 


filtration apparatus and for advice on its use, and Mrs 
K Rogalska for technical assistance 
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Environmental Temperature and Plasma 
Electrolyte Regulation in the 
Carp, Cyprinus carpio 


WHILE the abilty of the freshwater teleost to control body 
fluid electrolyte composition has been appreciated 
primarily m terms of neuromuscular and related mem- 
brane-dependent phenomena, an increasing body of 
evidence points to an equally important role m the regula- 
tion of mtermediary metabolism! Control of water- 
electrolyte balance in these animals involves adjustment 
of a variety of passive and metabolically-dependent trans- 
fer processes operating at phase boundaries within the 
body fluid system, and at the several sites at which ex- 
change with the environment is possible Regulation 1s also 
influenced by the mass transport activities of the cardio- 
vascular and 1espiratory systems, the primary functions 
of which prompt both endosmosis and electrolyte efflux 

Adaptation to changes ın environmental temperature 
frequently imposes marked variations ın oxygen require- 
ments Satisfaction of these mght, a priors, be expected 
to entrain stresses demanding adjustment of the 1ono- 
regulatory apparatus In addition, the complexities of 
the overall regulatory mechamism provide scope for 
expression of any differential thermosensitivities existing 
among component elements Despite this, surprisingly 
little attention has been directed toward this facet of 
teleostean 1onic regulation Durmg a study of systemic 
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aspects of the thermoacclimatory process, we have tried 
to determine the relationship between temperature and 
regulatory ability ın a typical freshwater eurytherm, the 
common carp (Cyprinus carpo) 

Experimental stocks of the anmmals were obtamed by 
seining and trapping in local waters Holding and 
expermental facilities and analytical procedures have 
been outlined before? Assessment of regulatory ability 
was based on determmation of plasma osmolarity, and 
the concentrations of the principal blood electrolytes 
(sodium, potassium, calcium, magnesium, chloride and 
phosphate) ın groups of animals acclimatized to 4°, 17°, 27° 
and 33° C for intervals of not less than three weeks 

The results of the mvestigation are summarized in 
Table 1 It ıs apparent that both the set-points of regula- 
tion (as judged by sample means) and the precision of 
regulation (as judged from sample variability) are modified 
by temperature In some eases, the relationships are 
non-lhnear Thus plasma sodium concentrations were 
maxunal at 27° C, with a mean concentration of about 
9-10 mmoles/] greater than those observed at 4° C 
and 33° C By contrast, concentrations of chloride 
increased steadily from a mean of 1156 mmoles/] at 
4° C to 137 0 mmoles/l at 33° C Coupled with this the 
precision of chloride regulation dimmished markedly 
at higher temperatures Phosphate concentrations 
increased sharply between 4° C and 17° C, and then 
dmunished slowly, but showed no great change in 
variability Plasma calcium also mereased with temper - 
ature from 194 mmoles/l at 4° C to 254 mmoles/l 
at 33° © Potassrum and magnesium concentrations, on 
the other hand, displayed no consistent vanation m 
either set-pomt or precision at the different acclumation 
temperatures employed 

Determinations of blood pH were not mcluded in the 
investigation It 1s apparent, however, that the ratio 
pCl/& (cation) increased with temperature Taking mto 
account the relationship between phosphate concentration 
and temperature, and assuming the condition of body 
fluid electroneutrality, this observation suggests that the 
concentration of some anionic species, presumably bica - 
bonate, increases at lower temperatures Accordingly, 
the occurrence of a condition of essential alkalosis might 
be predicted in cold-acclimated specimens, an interpreta- 
tion consistent with the findings of a recent study on 
acid-base balance ın this species? 

The data suggest a fall ın plasma osmolarity at increased 
temperatures, with a pronounced drop between 27° C 
and 33°C In contrast, the sum of all cations plus chloride 
steadily rose with temperatuie An increasing contribu- 
tion of non-electrolyte to total osmolarity at lower 
temperatures ıs suggested The nature of the materials 
involved ıs uncertain Values for total plasma protein 
levels indicate that ıt was not protem 

While no similar studies on cyprimid fishes appear 
to have been carried out, information relating plasma 
composition to environmental temperature 1s available 
for a number of salmonids The data are, however, some- 
what inconsistent Hickman ef al‘ report an mverse 
relationship between plasma sodium and temperature in 
rainbow trout, while neither Gordon® (working on brown 


Table 1 PLASMA COMPOSITION OF THERMALLY ACCLIMATED CARP 


4°c 

Size (g) 4789 +16 6 (15)* 453 4 
pOsm (mOsm/} ) 277 + 1(13) 274 
pNa (mM! 1279 + 11 (15) 130 3 
pK (mM! 274+ 013 (14) 293 
pCa (mM) 194% 0 04 (15) 212 
pig (mM/Ii } 119+ 002 (14) 123 
pCi (mM) 1156 + 09 (15) 125 2 
pro, (mg/i00 ml ) 37 + 03 (14) 69 
= (cation) + Cl (mM/I > 2499 + 14 (13) 2617 
CIX (cation) 086+ 001 (13) 091 
pProtei (g/100 ml ) 18 + 01 (35) 22 


* Mean + one standard error (sample size) 


Acelimafion temperature 
°C 


27°C 33° C 

+16 6 (15) 409 4 +123 (14) 393 1 +23 0 (15) 
+ 3 (13) 270 + 4(9) 257 + 2(14) 

+ 14 (15) 1373 + 23 (13) 1282 + 14(14) 
+ 011 (15) 239+ 019 (13) 277+ 013 (14) 
+ 010 (15) 244+ 0 10 (13) 254+ 009 (14) 
+ 003 (15) 121+ 005 (3) 113+ 003 44) 
+ 18 (15) 1222 + 26 (13) 1870 + 5544) 
+ 03 (15) 67 + 033) 60 + 02 (15) 
+ 28 (45) 2625 + 4411) 2764 + 64 (11) 
+ 001 (15) 085+ 002 (11) 101+ 00641) 
+ 01(14) 23 + 01(9) 21 + 015) 
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trout) nor Houston et al? (in investigations on rainbow 
trout) observed any consistent variation ın this ion 
Hickman ef al describe an merease with temperature 
in the chloride levels of 8° and 16° C-acclimated trout 
A similar situation was noted by Houston et al ın summer 
fish of the same species, but not m winter anmals A 
relationship of this type does not appear ın the brown 
trout’ Increases in plasma potassium were observed by 
both Gordon and Houston et al at elevated temperatures 
A shght drop in the plasma concentration of this 10n 
was, however, recorded by Hickman et al Simularly, the 
studies on rambow trout disagree with respect to the 
relationship between calcium levels and temperature 
Both rambow*4 and brook trout? display mcieases m 
total phosphate levels at higher temperature 

The significance to be attached to the differences 
observed in these studies is uncertain It would appear, 
however, that both the set-pomts and precision of tonic 
regulation can be altered by temperature acclimation 
Nevertheless, recent studies on thermal shock effects‘? 
suggest that the anımals are capable of some considerable 
degree of compensation The functional importance of 
this 1s clear with regard to sensory-neuromotor activity, 
and may be important in terms of metabolic adjustment 
to temperature as wellt 
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State Conservation Department, and the financial support 
of the US National Science Foundation 
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Pyrogenicity of ‘Pyromen’ 
Wylhe, Limbosch and Nyhus', in commenting on the 
results of Baume, Nicholls and Baxter’, state that the 
inhibition of gastric secretion by lrpopolysaccharide “was 
clearly described in 1950” by Blckenstaff and Grossman? 
Bhckenstaff and Grossman used ‘Pyromen’, a com- 
mercially available pyrogen (Nesset et al 4), which 1s very 
umpure and only partially characterized It was for this 
reason that thew results were not discussed by Baume 
et al ? m their brief communication 

‘Pyromen’ is an extract of Pseudomonas obtamed from 
autoclaved cells by tryptic digestion‘ The material 
represented 25-35 per cent of the cell mass Analyses for 
nucleie acids, protem and ash accounted for approx- 
mately 80 per cent of cell dry weight and 50 per cent 
of the extract The authors‘ then assumed that the 
remainder represented pyrogenic polysacchande From 
newer methods of extraction 1b is concluded that lpo- 
polysaccharide represents 1-2 per cent of cell mass rather 
than the 20 per cent inferred by Nesset and co-workers 

The actual amount of lipopolysaccharide ın the pre- 
‘aration of ‘Pyromen’ is difficult to deduce From the 
chemical analyses no conclusions are possible Studies on 
pyrogenicity mdicated a three-fold merease m activity 
compared with whole cells which could mean the presence 
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of 5 per cent lypopolysaccharide, but the pyrogenic dose 
was at least one thousand times greater than that for the 
purified lnpopolysaccharide used by Baume et al * 

From its biological properties, we may presume that 
‘Pyromen’ contams some lipopolysaccharide but, unhke 
Wylhe e¢ al 1, conclude that there ıs no evidence that the 
lipopolysaccharide component was responsible for the 
inhibition of gastric secretion In contrast, Baume et al * 
used a purified lpopolysacchanide which has been fully 
characterized®, and was made available in a water soluble 
form? This left no doubt that the effects on gastric acid 
secretion were caused by the lipopolysaccharide 

PETER BAUME 
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Permeability and Excitation 
of Insect Muscle 


Tue membrane of most nerve and muscle cells 1s assumed 
to be more permeable to potassium ions than to sodium 
ions in the resting condition and the potential observed 
approaches that of a potassium electrode as predicted 
by the Nernst equation The plasma membrane becomes 
much more permeable to sodium ions during excitation, 
and the potential across the membrane reverses, producing 
a positive overshoot of the action potential The skeletal 
muscles of herbivorous insects, however, have unusual 
bioelectric properties and have been studied by Wood?-4 
and Huddart'-? Analysis of the haemolymph and 
myoplasm of Orthoptera, Dictyoptera and Lepidoptera 
reveals an unusual ionic distribution® and it 1s suggested 
that the observations of the resting and action potentials 
fail to agree with the values predicted by the Nernst 
equation and with the classical studies of excitable cells 
For example, frequently no positrve overshoot to the 
action potential has been recorded It has been suggested 
that active transport of chloride ions may contribute to 
the resting potential’, and that an mward movement 
of sodium? or magnesium ions! may participate in the 
action potential Our present knowledge in this field 
has been reviewed by Adley? 

If sodium ions enter the cell durmg the action potential 
some system must be present to remove them A 
sodium-—potassium—magnesium-ATPase has recently been 
found m the plasma membrane of many tissues of other 
species and is believed to be associated with active cation 
transport?? A study of the enzyme properties of the 
muscle membrane of herbivorous msects could represent 
the first step m establishing which 1ons move and carry 
the 1onic current during excitation 

Cockroach (Peryplaneta americana) coxal muscle was 
therefore studied to determme whether a sodium—potas- 
slum—magnesium-ATPase was present ın a microsomal 
preparation The muscle microsomal fraction was 
prepared according to experimental details grven else- 
where’ except that the isolation medium contaimed 
10mM EDTA ATPase activity was determmed as the 
morganıc phosphorus liberated! m 15 mm at 25° C, the 
reaction. being linear during this period Other conditions 
of incubation are given ın Table 1, mn which the results of 
two representative experiments are summarized It can 
be seen that the magnestum—ATPase activity constitutes 
much of the total activity, addition of either sodium 
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ions or potassium ions increases this activity, although 
sodium ions have been found to be consistently less 
effective than potassium ions. When sodium and potas- 
sium ions are, however, added together, little or no 
synergistic action was found; indeed, higher concentra- 
tions of sodium 1ons inhibited the potassium—magnesium— 
ATPase activity Strophanthm-G at high concentra- 
tion (10-4 M) had only a small inhibitory effect on the 
activity that was stimulated by the addition of mono- 
valent cations Thus there ıs little genume sodium- 
potass1um—magnesium—ATPase (with an obligatory re- 
quirement for both sodium and potassium 10ns8!?) in 
this preparation and, furthermore, we have found that 
the monovalent cation-stimulated fraction of the ATPase 
activity 18 suppressed by extraction with DOC, a treat- 
ment which usually mereases the ratio of sodium—potas- 
slum-—magnesium—ATPase magnesium-ATPase activity 
m mammalian tissues}? 

These results can be directly compared with those 
obtained with a microsomal preparation from cockroach 
nerve cord’, where a genuine sodium—potassium—mag- 
nesium—ATPase, which is sensitive to strophanthmn-G, 
constitutes 75 per cent of the total ATPase activity 
Thus while the monovalent cation-stimulated ATPase 
found in the muscle microsomal preparation might be 
concerned with the active transport of cations, its proper- 
ties are clearly very different from those of the nerve 
cord from the same animal, and also from those described 
m mammalian tissues" (although compare frog muscle"), 
It 1s therefore possible that there ıs little requirement 
for the active outward extrusion of sodium ions across 
the muscle membrane, and the view that sodium ions 
do not enter during excitation 1s supported by the observa- 
tion that [Na{]>[Nat] m the muscle of some species of 
msects’, 

There may well be a wide variation in the underlying 
mechanisms accompanying excitation of muscle ın herbi- 
vorous insects, but the followmg hypothesis 1s tentatively 
advanced to account for some of the observed phenomena. 
THE RESTING POTENTIAL im Bombyx muscle fibres sodium 
tons (as well as potassium ions) are more concentrated 
intracellularly than ın the haemolymph’ (compare squid 
and vertebrates) while chloride 10ns are more concentrated 
in the haemolymph’? This 1on1c rmbalance 1s presumably 
maintained by organic anions inside the fibre, and possibly 
assisted by organic cations m the haemolymph’ It 
seems clear that the resting potential 1s the resultant of 
the differential permeability of the membrane to potas- 
stum and chloride ions!’, although sodium 1ons may have 
an additional effect, augmenting the potential where 
[Naj]>[Nat] and reducing ıt when the concentration 
gradient ıs established in the opposite direction. 

THE ACTION POTENTIAL could be the result of (1) An 
inward movement of sodium ions 1n some species, although 
such an explanation is not tenable for muscles (for 
example, Sphinx, Telea, Bombyx, Actias) where [Naj]> 
[Nat] (ref 7). The avypical and low specific activity of 
the monovalent cation-stimulated ATPase of the cock- 
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roach muscle (where [Naj]>[Na}] (ref. 3)) also suggests 
that the movement of sodium ions may contribute 
ttle to the action potential (n) An mward movement 
of magnesium ions The magnesrxum-ATPase found 
m the microsomal preparations ım these experiments 
would then act m the subsequent active transport of 
these 10ons outwards Such a hypothesis 1s also unlikely 
to be the complete explanation (a) [Mg?4] 1s low ın some 
species (only 1 4 mequiv /l m Anabrus)!*, (b) the action 
potential of Carausvus persists when [Mg*?] ıs reduced to 
zero’, (c) there is evidence that some of the [Mg*t] 18 
bound to orgamic molecules ın the haemolymph"; and 
(d) ın Callaphora larvae, no exchange of magnesium 10ns 
takes place when the muscle membrane permeability 18 
artificially mcreased in heat death (personal communica- 
tion from T F Davison) 

We therefore suggest that, after excitation, the action 
potential ıs produced by a transient, simple decrease m 
permeability of the muscle membrane to the diffusible 
ions (potassium, chloride and possibly ın some species 
sodium), so that the membrane ıs depolarized and the 
resting potential approaches zero Such a system requires 
no form of active transport We visualize the magnesium- 
ATPase found m our preparation as bemg a contractile 
protem which ıs sited at the membrane pores and which 
controls the diameter/charge relationships there1-?° 
There would therefore be a change in potential across 
the muscle membrane at the multiterminal endings, and 
excitation would spread decrementally to the local 
sarcoplasmic reticulum. The change m membrane 
potential possibly initiates muscle contraction by a 
displacement of bound calcium ions from the endings of 
the sarcoplasmic reticulum 

Such a hypothesis is almost certamly not the complete 
explanation of the complex events observed during the 
excitation of these muscles, but the production of a depolar- 
wation by a decrease m permeability would serve to 
explain many of the phenomena observed ın these insects. 
Where an active membrane response, with a small positive 
overshoot, ıs superimposed on this basic endplate poten- 
tial, however, other 1on1e factors must be mvolved This 
may well be an mward movement of magnesium or 
calcrum ions 

The permeability of all excitable cells 1s controlled by a 
dynamic system, but m most excitation 1s achieved by 
opening “gates’’ for sodium ions to enter??? Our sugges- 
tion for the membrane of the muscle of herbivorous insects 
mvolves a more fluid control of passive permeability which 
controls both the restmg potential and the changes m 
permeability durmg excitation It 1s mteresting that 
temperature changes have small effects on the resting 
potential of crab and frog muscles (Qi9=1 06), whereas 
the Q,, for cockroach muscle 1s higher at 1 296 (ref 21). 
Ths marked effect of temperature ıs much higher than. 
would be predicted by a simple application of the Nernst 
equation 

Communication m the nervous system of these sects, 
however, necessitates genume, non-decremental, propa- 


Table 1. ATPase ACTIVITY OF A MICROSOMAL PREPARATION FROM COXAL MUSCLE OF THE COCKROAOH (Periplaneta americana) 


Effect of 


Experi- Tonic cone Pi addition Experi 
ment (mM) liberated of alkah ment 
Mg Na K metal ions Mg 
A 1 4 - - 523 - Bia 4 
2 8 - - 598 - 1b 4 
8 - ~ 10 18 - 2a 4 
4 ~ ~- 50 17 - 2b 4 
5 m 10 ~ 23 - 3a 4 
6 - 50 ~ 25 - 3b 4 
7 4 - 10 714 191 4a 4 
8 4 ~ 50 762 239 4b 4 
9 4 10 - 607 84 5a 4 
10 4 50 ~ 707 184 5b 4 
11 4 10 10 740 217 6a 4 
12 4 50 10 730 207 6b 4 
13 4 ww 50 813 290 


Envvme activity expressed a8 mmoles of inorganic phosphate liberated/mg of protein/min Effect of the addition 
additional enzyme activity found above that in the presence of 4 mM magnesium ions alone (Experiments A1 or Bla) 


Effect of 
Ionie cone Strophanthin- Pi addition Strophanthin- 

mM) liberated of alkali sensitive 

Na K (10~* M) metal tons activity 
~ - ~ 507 ~ bp 
~ = + 474 - 33 
- 20 ~ 828 321 - 
_ 20 + 764 - 31 
10 20 _ 843 336 ~ 
10 20 + 729 - 81 
20 20 ~ 876 869 _ 
20 20 + 710 _ 133 
50 20 ~ 790 283 ~ 
50 20 + 716 = 41 
100 20 - 760 253 ~ 
100 20 + 657 - 70 


of alkali metal ions is shown as the 
No correction 18 made for the small 


activity found in the presence of sodium or potassium ions alone (experiments A 3-6) Enzyme activity sensitive to strophanthin-@ ts calculated as 


[a~b-(ia~1b)] Conditions 2 mM ATP (iris salt), 50 mM éris-HCl (pH 7 2), 25° 


c 
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gated transmission and therefore a typical permeability PRN e J 
increase (probably to sodium ions) can be predicted m - 
nerve cells? An appropnate transport sodium-potas- ‘ 
slum—magnesium-ATPase has been identified ın cock- Z p S 

roach nerve cord? The need for this form of excita- ; ¢ 


tion may explain the presence of the sheath and com- 
partments around the msect nerve cord, which serve to 
isolate it m its appropriate ionic micro-environment*** 


A. © WAREHAM J 
© J Duncan e 
K BOWLER 
Department of Zoology, ; 


Science Laboratories, e A S 
South Road, Durham : Ce a 
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PSYCHOLOGY 





New Method of Testing Long-term 
Retention with Special Reference to Fig. 1. Example of incomplete picture (from Gollin’s‘ series) 
Amnesic Patients 


A SPECIFIC isolated and severe defect of memory, with à 
preservation of other intellectual functions, meludmg co a 
span of attention, may occur as the result of localized brain 
pathology In amnesie patients the memory defect 1s 
so marked that performance on tests of recent memory 
declines sharply within a matter of minutes? 

Because normal subjects show excellent 1etention on a 
test which we devised, 16 seemed mteresting to find out y 
whether amnesic patients would show day to day reten- pr 
tion on 1t This communication describes the technique l 
and reports results showing day to day retention in a series 
of amnesic patients The findings are considered in 
relation to some theoretical issues 

Milner? reported that maze learning ın one severely ~ n 
amnesic patient with bilateral hippocampal lesions was a J f 
impaired on the easiest form of the test, that there was per yA 
some learning within a test session on one day, and some 
evidence of retention between days In contrast she also 
reported that a motor skill, mirror drawing, was learnt 
at anormal rate So far, however, there has been no clear 
demonsiration of day to day retention of pictorial and 
verbal material by severely amnesic patients 

The subjects of this expermment were six patients with 
a@ severe and circumscribed memory defect, and five 
patients with perrpheral nerve lesions who had no known Fig 2 Example of incomplete word 
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2g | 





Error score 


Yuals 1 2 3 4 5 4.2 
Day 1 


8 4 6 
Day 2 
Fig $ Mean error scores for each trial, for each patient group, on the 


128 4 5 
Day $ 


mecomplete picture test @—-@, Amnesics, O---O, controls 


Error score 





Trials 1 2 3 4 6 1 
Day ł ~ 


2838 4 6 
Day 2 
Fig. 4 Mean error scores for each trial, for each patient group, on the 


128 4 5 
Day 3 


mncomplete word test @—-@, Ammesics, © --- O, controls 


cerebral disease The six amnesic patients all had ıntellı- 
gence quotients not less than average, as had the control 
group, and the ages of the two groups were also matched 
The amnesic patients were all unable to recall day to day 
events and had retrograde amnesias which, as far as could 
be determmed clinically, varied m length from 10 to 30 yr 
Five of these amnesics were patients with alcoholic 
Korsakoff psychoses, and the other (N T) became 
severely amnesic after a right temporal lobectomy. This 
case has been described ın detail by Dimsdale, Logue and 
Pierey* 

In 1960, Gollin‘ prepared a graded series of fragmented 
drawings There are five versions of each drawing, the 
first being very mcomplete, and the fifth bemg a complete 
representation of the object, with three imtermediate 
versions (Fig 1) Ten sets were used for this experiment 


Group I Group Ir 


Error score 
r 
~ 


Trails 1 2 3 4 5 


4 weeks 


Mean error scores for each trial ın normal subjects 


Fig 6 
: re-tested after 1 week, and Group II (N = 10) after 4 weeks 


Group I (N =8) were 
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We also prepared a series of graduated incomplete words 
Five letter words, all of high frequency ın the Thorndike- 
Lorge word count, were photographed through patchwork 
filters of varying density Ten sets were prepared, with 
three incomplete versions of each word (Fig 2) 

A testing situation was devised in which the recognition 
of meomplete pictures and words could be used as a 
measure of learning and retention The most mcomplete 
drawing was presented first, and then the succeeding 
versions, until there was a correct recognition or identifica- 
tion A recognition error score was established on the 
first trial and the series was ummediately repeated and 
the reduction ın errors noted. All subjects were tested on 
3 successive days, five trials were given on each day 
The total error score on each trial was recorded ‘The ten 
sets of each test were always presented ın the same order, 
each subject domg the incomplete pictmes first The 
incomplete word test was done by two amnesics and two 
controls immediately after the mcomplete picture test 
Two amnesics and two controls were further tested, start- 
ing on the third day, usmg the same procedure with an 
equivalent but new series of incomplete pictures 

The mean score for each trial for each group of patients 
on the incomplete picture test is shown in Fig 3, and for 
the incomplete word test in Fig 4 It ıs evident that 
learning proceeded rapidly and smoothly ın both control 
subjects and amnesic patients, although the amnesics 
were slower The controls showed almost perfect reten- 
tion 24 and 48 h later The amnesic group, although 
unpaired in comparison with the control group, neverthe- 
less showed retention on the second and third days 
For both types of maternal the scores obtamed on the 
second and third days were better than at the starting 
point of the previous day, that 1s, in re-learning some 
saving was demonstrated 

Two amnesic and two control patients were tested on a 
new but equivalent series of incomplete pictures The 
performance was comparable with their original scores in 
terms of initial speed of learning and retention between 
days It cannot therefore be argued that the improve- 
ment within days and the retention between days reflect a 
non-specific sensitization for sumilar types of material— 
that 1s, that the subjects simply became better at “guess- 
mg” independently of the specific content of the test 

Retention and re-learnmg over an mterval of 1 week 
and 4 weeks in a group of eighteen normal subjects for 
incomplete words (eleven sets) 1s shown in Fig 5, which 
demonstrates that retention 1s good over relatively long 
periods One amnesic patient (N T ) was re-tested on the 
incomplete pictures after an interval of 3 months, com- 
parmg the summed error scores for the first five trials on 
each occasion, there was a saving of 20 per cent after 
3 months 

In amnesic patients, the striking aspect of the results: 
1s the excellence of retention between days The words, 
all of high frequency ın the Thorndike—Lorge test, were 
also used in more conventional tests of 
recall and recognition, and very poor reten- 
tion was found after delays as short as 
5 minë 

Meanwhile, it is clear that evidence for 
some (1f incomplete) retention from day to 
day can be found m severely amnesic 
patients, and therefore the characterization 
of their defect as a rapid decay of traces 1s 
not easy to maintain, and the hope! that 
the rapid forgetting curves of amnesic 
patients could be used to generate the shape 
of the short-term trace seems forlorn m the 
face of the evidence reported here 

Significant retention from day to day 
by amnesic patients has been reported 
for motor tasks, sumple stylus mazes and 
stores!? and now for the present type of 
task The question whether these tasks 
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have anything m common other than being favourable 
for good retention in normal subjects remains to be seen 
Measurable retention 1s certainly not restricted to examples 
in which each learning trial can be encompassed by the 
immediate memory span, as suggested by Milner? for her 
simple stylus maze, because our perceptual tasks exceeded 
the immediate memory span. 

Talland! and Willams? used a similar approach to 
investigate recognition m patients with cerebral dysfunc- 
tion, and found that pre-exposure to fragmented drawings 
or “perceptual prompts” improved performance There 
are several features which distmguish this type of test 
from more conventional memory tests, and at this stage 
one can only speculate as to which factors are important 
m accounting for the difference ın performance Further 
work 1s planned to elucidate this question. It 1s, however, 
worth mentioning that m addition to the rapidity and 
uniformity in learning this task, patients find ıt a much less 
exacting test than more conventional ones They treat 
1t more as a “guessing game” than a formal test of memory. 
The test might therefore commend itself for use with a 
broader class of patients 

We thank Dr R. T. C Pratt for providing facilities to 
carry out this work and for advice in the preparation 
of the manuscript 

ELIZABETH K. WARRINGTON 
The National Hospital, 
Queen Square, London 
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CYTOLOGY 


Mitotic Activity in the Primate 
Subependymal Layer and the Genesis 
of Gliomas 


Globus and Kuhlenbeck!:? drew attention to the presence 
beneath the liming of the cerebral ventricles of a distinct 
cell layer, which they named the subependymal cell 
plate They demonstrated ıt ın the brain of human m- 
fants, showed 16 to contain primitive cells and stressed its 
possible role in the development of certam paraventricular 
neoplasms Various workers*-> have shown the persistence 
of a subependymal! layer in man from foetal to adult hfe, 
but except for explaining the origin of “subependy- 
momas’’¢ the 1dea that this zone plays a part ın the genesis 
of gliomas has met with little support 

A mitotically active and well-defined subependymal 
layer ıs present in mammalian brains throughout lfe 
Allen? and Bryans’ described mitoses ın the lateral ven- 
tricular wall of adult rats Smart? used autoradiography 
to demonstrate proliferation of subependymal cells in 
the young mouse and their transformation nto mature 
neurogha, and Altman? has shown this to occur m cats 
Fischer"! examined the brains of dogs aged up to 17 yr 
and found subependymal mitotic activity, and this 
phenomenon is thus common to different species at all 
ages 

According to Kershman™ the subependymal plate 1s a 
source of neurones and gha m early life In the embryo 
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1t 18 formed from the ependyma as a broad layer of neuro- 
blasts and spongioblasts and ıt decreases ın thickness m 
later foetal life, persisting after birth only as a thm, dis- 
contmuous lamina. In adult rodents the subependymal 
plate 1s situated ın a rostral and dorsal position, with an 
extension into the olfactory lebe®, its cells exhibit mor- 
phological (unpublished work of W. B Blakemore) and 
histochemical? signs of immaturity, show frequent mitotic 
figures and can divide and migrate away from the ven- 
tricle!® 

To what extent 1s the human subependymal layer 
comparable with this active and proliferative plate ? 
Although many of the cells underlying the mfant’s ven- 
tricular surface are refractory to ghal stains and are 
therefore considered to be mmature*, the presence of 
mitoses in this region has not been shown after birth 
Mitotic figures are seldom if ever seen in post-mortem 
cerebral tissue or non-tumour biopsy mateial from the 
brain". 

An important reason for this 18 that fixation by ummer- 
sion, the method commonly employed, allows many 
mitoses which have begun before death to go to comple- 
tion, because diffusion of fixative through a piece of tissue 
may take longer than the mitotic cycle, which lasts 
between about 30 and 150 min m mammalian species", 
In 1960 Cammermeyer** introduced perfusion fixation 
into neuropathological practice, with this technique vir- 
tually instantaneous bram fixation can be achieved and 
post-mortem changes can be reduced to a mmimum_ This 
has led, among other things, to a reassessment of con- 
cepts of cell multiplication ın the brain Lapham?’ pro- 
vided evidence to support the idea that reactive neurogha 
divided by amutosis- while this may occur, ıt 1s now 
recognized that mutosis 1s the usual method of division in 
glia}#,19, 

The apparent absence of mitoses m the human brain 
1s an obstacle to the equating of the rodent with the 
primate subependymal layer, as well as to the acceptance 
of Globus and Kuhlenbeck’s theory of the omgin of 
certain gliomas, and so this study was carried out on the 
brains of monkeys fixed by perfusion Sections were 
examined microscopically for evidence of cell proliferation 
m the subependymal region 

Five young (less than half grown) monkeys were killed 
with ‘Nembutal’ and decapitated, and their brains were 
immediately perfused through the carotid arteries with 
1 per cent formo|—acetic acid solution, perfusion continued 
for 30-40 mın Coronal brain slices were made through 
the head of the caudate nucleus, the rostral part of the 
thalamus, the anterior commissure and the optic chiasma, 
and five paraffin sections of each slice, stained with haema- 
toxylin and eosin, were scanned with a x 90 oil-tmmersion 
objective for mitoses ın the paraventricular region. Sec- 
tions of midbrain and hindbrain from one monkey were 
also examined 

The findings were similar in all five animals A distinct 
subependyma!] layer is present ın the monkey as a dis- 
continuous band of cells beneath the surface of the 
ventricles, separated from the ependyma by a fibre layer 
of variable thickness It 1s most marked anteriorly ın the 
lateral ventricles and ıs tenuous and sometimes difficult 
to recognize posteriorly and in the wall of the third and 
fourth ventricle and the aqueduct In addition to astro- 
cytes and microglia the layer contains cells of an unusual 
type, with nuclei measuring 5:0-6 Ou x 3 5-4 5u and pro- 
fuse finely stıppled chromatin without marginal] clumping 
or a definite nucleolus, as in microgha These cells are 
most numerous in two prolongations of the subependymal 
layer in the anterior part of the brain, one dorso-lateral 
and spreading from the angle of the lateral ventricle 
between the undersurface of the corpus callosum and the 
caudate nucleus, and the other ventral and passing below 
the head of the caudate to the olfactory area Here the 
cells are often m nests, which are sometimes related to 
small blood vessels 
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Fig. 1. 
phase; 


Mitoses in the subependymal layer. 


a, Metaphase; 6, meta- 
c, anaphase; and d, telophase. Photomicrographs x 960, 
stained with haematoxylin and eosin. 


Mitoses (Fig. 1) were found in all brains, confined to 
the subependymal layer of the anterior part of the lateral 
ventricular wall and distributed as shown in Table 1. 
Most were found in the dorselateral aspect of the anterior 
horn and in the ventral prolongation below the head of 
the caudate, and few were present in sections through the 
optie chiasma. Mitoses were seen in the walls of the tip 
of the temporal horn in three monkeys. 


Table 1, DISTRIBUTION OF MITOSES IN THE SUBEPENDYMAL LAYER 
Weight No, of mitoses in lateral ventricular wall 

Monkey Sex (kg) Dorsal Lateral Medial Ventral Temporal Total 
Patas i M 2" 2 12 0 2 1 17 
Patas2 M 2-6 3 9 0 6 1 19 
Patas 3 M 2-5 2 3 1 9 0 15 
Patas 4 F 25 0 11 0 2 1 14 
Cyno- 

? 25 0 2 0 7 0 9 


These findings suggest that the rodent and primate 
aubependymal layers are homologous. Their distribution 
is similar, with thickenings of the periventricular layer 
extending between the eaudate nucleus and the corpus 
callosum and in the wall of the remnant of the obliterated 
olfactory ventricle, rostral in the rodent® and ventral in 
monkey and man. In addition they have similar histology 
and contain, besides active astrocytes, characteristic 
immature cells with small dark nuclei, distinguishable 
ultrastructurally from microglia (unpublished work of 
W. B. Blakemore) and frequently Iving in small nests*°. 
The number of mitoses per section is considerably smaller 
in the monkey than in the rat. This may reflect the rela- 
tively diffuse nature of the subependymal layer in the 
primate and explain why Noctzel and Rox*® did not find 
selective uptake of tritiated thymidine in. this zone in 
rhesus monkeys. 
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_ Does similarity in structure imply similarity of fanc- 
tion? In newborn rats*! and mice’ subependymal cells 
divide, migrate and mature into neurones and glia. An 
autoradiographic study of adult rats (my unpublished 
work) provides evidence that astrocytes, oligodendroglia 
and microglia are derived from the cells of the sub- 
ependymal layer, which are thus primitive and pluri- 
potential. The weight of the rat’s brain increases through- 
out life? and the marked subependymal proliferation in 
rodents may be an indication of ever-increasing glial 
number. In man, adult brain weight is reached by the 
time of adolescence? and the relatively low mitotic index 
may be a sign of a smaller degree of neuroglial prolifera- 
tion. The pluripotential nature of the subependymal cells 
suggests that they could be a possible source of different 
histological varieties of glioma, in particular those tumours 
in a paraventricular situation and “butterfly” ghomas 
of the corpus callosum. A scrutiny of these neoplasms in 
the light of the present findings may lead to a reappraisal 
of Globus and Kuhlenbeck’s theory. 

I thank Professor J. B. Cavanagh for guidance and 
Dr V. Udall for the monkey brains. 
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BIOLOGY 


Integumental Pigments of the Millipede, 
Polydesmus angustus (Latzel) 


So far little is known about the tissue pigments of the 
myriapods', except that there is xanthommatin or a 
nearly related ommatin in some iulids* and a water-soluble, 
violet pigment in some opisthogoneates*. The poly- 
desmids, although rather closely related to the iulids, con- 
trast sharply in morphological details and colour, which 
prompted this investigation of the integumental pigments 
of P. angustus. These differ from those of Iulus even 
more than anticipated. 

The animals were eviscerated and divided into pieces 
two or three metameres long. Treatment with such 
solvents as acetone indicated that there were no significant 
amounts of common lipochromes and so the same sequence 
of extractants was used as for the tissue pigments of 
leeches*; that is, water, 0-1 N HCl, N HCI and finally N 
HCI in absolute methanol. These extractants seemed to 
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extract’ with inereasing efficiency each of the three pig- 
ments recognized; MeOH-HCI eventually removed all 
detectable colour from the carcass. 

Two chief pigments were found, both pink in colour, 
as well as a yellow minor constituent. An intense crimson 
fluorescence in ultraviolet light was associated with one 
of the pink pigments, which seems to be coproporphyrin. 
The other pink pigment is probably a derivative of this 
porphyrin, such as a porphyran (metalloporphyrin) or a 
complex of this with a nitrogen compound (for example, 
ahaemochrome); it retains the Soret absorption band but 
lacks the ultraviolet fluorescence. Porphyrins and their 
derivatives have not previously been found as integu- 
mental pigments in arthropods. Usually there was no 
trace of fluorescence in the living animal so that the 
porphyrin is probably protein-bound in situ. 


Wavelength (my) 
300 400 500 600 700 


100-transmittance 





Fig. 1. 


The principal peaks in its absorption spectra (Fig. 1) 
in various solvents were as follows: 283, 403, 551 and 
593 mu for N HCl; 282, 398, 498, 530, 572 and 627 my 
for diethyl ether; 401, 499, 533, 568 and 625 my for 
chloroform; 382, 396, 498, 534, 563 and 614 mu for N 
KOH. Some of these values differ in detail from published 
figures for coproporphyrin*-?, but the colour is that of 
coproporphyrin and the “HCl-numbers” of the free 
porphyrin and its methyl ester were found to be 0-1 and 
18 per cent, respectively, which are near the expected 
values for coproporphyrin. 

The porphyran was best isolated by partitioning into 
carbon tetrachloride from methanolic HCl, or into ether 
from aqueous HCI by cautiously adding sodium acetate, 
insufficient to drive up the free porphyrin. In CCl, 
its absorption spectrum (Fig. 2) showed peaks at 335, 
402, 528 and 567 my, that at 402 my being a typical 
Soret, much sharper and more intense than the others, 
and virtually in the same position as that of the porphyrin 
in chloroform. The positions of the other peaks, however, 
differed by 10 my, or more, and that at 567 muy was higher 
than that at 528 mu. In ether the Soret peak was at 
398 my, again in the same Position as that of the porphy- 
rin, and the others were at 526 and 564 my. In both 
solvents there was also a peak at 333 mu. The suspicion 
that it is a derivative of the porphyrin, of the type sug- 
gested, was confirmed by the appearance of the typical 
porphyrin ultraviolet fluorescence on treatment with 
concentrated H,SO,. The absorption spectrum in dilute 
H.SO, was virtually identical with that of the native 
porphyrin in HCl. The artefact porphyrin partitioned into 
ether, using the sodium acetate method, and in this solvent 
the spectrum was again identical with that of the native 
porphyrin. 

The porphyran closely resembled protoferrihaem’ in 
partitioning directly into CCl, from methanolic HCl, 
without adding water, and iron could be detected, using 
igo-amanol to increase the sensitivity of the familiar 
ammonium thiocyanate test®. This Polydesmus pigment 
therefore is probably a coproferrihaem derivative, if not 
the ferrihaem itself. It differs from protoferrihaem! in 
retaining, scarcely shifted or otherwise modified, the 
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Soret peak of the free porphyrin. . The high solubility in 
such a relatively apolar solvent as CCl, rules out any very 
hydrophil nitrogenous conjugant, particularly any large 
molecule such as a protein. 

This association between a porphyrin and its non- 
fluorescent derivative, as integumental pigments, re- 
sembles that between protoporphyrin and its ferrihaem 
in earthworms‘, where the porphyran sometimes con- 
tributes most of the visible colour. The present derivative, 
however, is almost as delicately coloured as the free 
porphyrin, as indicated by its very low peaks in the 
visible range (Fig. 2). In the tissues of polychaetes, 
again, porphyrins in association with their iron porphyrans 
are very common’, and the copro III pair are perhaps the 
most widespread. ; 

It is diffieult to free the Polydesmus porphyrin com- 
pletely of the porphyran, although the latter is relatively 
easily obtained quite free of the porphyrin; that is, of 
the red ultraviolet fluorescence. After two passages from 
HC] solution to ether and back, with thorough washing 
at each stage, there was still demonstrable iron present, 
although the amount did decrease by a large factor at 
each stage. Also at each stage non-fluorescent pigment 
was left behind. Protoporphyrin appears to be more 
easily cleared of protoferrihaem. , 

The yellow pigment remained in aqueous media after 
driving out the porphins, and it was possible to partition 
it into butanol, carbon tetrachloride and ether. It had a 
relatively sharp peak in light absorption at 459 my, in 
all of these solvents and in methanolic HCI, and it may also 
have spectral features in the ultraviolet range. A moderate 
blue-white ultraviolet fluorescence was associated with it, 
and furthermore it showed some resemblance to a water- 
soluble yellow pigment extracted from Hirudo and other 
leeches‘, which may be a porphyrin derivative. The 
present pigment may therefore be related to the two 
porphins. The peak in light absorption at 459 my. is 
near that of xanthommatin?, but this pigment did not 
show the characteristic redox colour change of the om- 
matins. Reciprocally the iulids examined have yielded very 
little porphyrin—in fact, less than most invertebrates— 
whereas Polydesmus has an unusually high content. The 
two diplopods thus further emphasize the fact that the 
integumental pigments of animals vary more than most 
classes of biochemical materials, particularly in the lower 
taxa. For comparative biochromatology, it is therefore 
not enough to study a few species in each phylum. 

Like the other tracheate arthropods, Polydesmus has 
no evident circulatory pigment and the presumption 
must be that its integumental porphins are synthesized 
in the same pathway as are the cytochromes and other 
tissue haemoproteins. This pathway does not usually 
produce such large amounts of by-products and the 
polydesmid integumental pigments would seem to have 
become an end in themselves. 

In conclusion, the integumental pigments of Polydesmus 
are (a) coproporphyrin, (b) a non-fluorescent derivative 
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-soluble'in carbon tetrachloride, and (c) a yellow pigment, 
possibly a derivative of the same metabolic pathway. 
A. E. NEEDHAM 

Department of Zoology, 

< University of Oxford. 
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Familial Behaviour of Tilapia 
(Pisces, Cichlidae) and its Implications 


Two types of familial organization are known in Tilapia 
-and in cichlid fishes in general’, In the biparental type, 
which is considered to be the more primitive?*, both 
partners participate in digging the nest and defending the 
territory. The eggs are deposited on the ground (‘‘sub- 
stratum spawners”) and both parents take care of them 
and of wrigglers and fingerlings for days or even weeks. 
Hundreds of young form a group which stays within the 
“limits of the territory, and which is kept together by 
special movements of the parents. The bond between 
- the parents is very strong’. 

“In most oral incubators, different males in a number of 
territories are successively visited by different females, 
whose eggs are thus fertilized in small batches*. As soon 
as a male has emitted his milt, the eggs are picked up in 
the female’s mouth and she leaves the territory and 
retreats from the spawning ground to another area 
where she incubates the eggs orally. When they have 
absorbed their yolk sacs, the fingerlings can swim about 
freely, but they stay in a group near the female, following 
all her movements and retreating into her mouth when 
there is danger. By this time this familial group has 
generally reached shallow waters sheltered by plants. 

Recent work? has revealed something of the nature of 
the bond between the young and their parent(s). Batches 
of young fish, reared without parents, were exposed at 
different times to moving models. At about the age at 
which the rejection normally occurs the young of both 
T. mossambica Peters and T. macrochir Bigr., both of 
which are maternal brooders, immediately showed an 
orientation and following response when exposed to the 
moving model. This response was established at the time 
when the yolk sac was nearly reabsorbed (9--12 days after 
spawning) and was maintained until the time at which 
the young usually become independent of their mother 
© (30 days after spawning). If, however, the first exposure 
was made later (22-23 days after spawning), it was im- 
possible to evoke a positive reaction; on the contrary, 
fear and escape behaviour occurred. This indicates that 
there is a precocious sensitive period for the establish- 
ment of the familial attachment which suggests that 
young are really imprinted in maternal-brooders. 

In species of the biparental familial type (T. guineensis) 
territorial behaviour is shown until the young become 
independent; fingerlings do not show such an innate 
disposition to form a precocious attachment te the first 
. moving object they meet. They can learn to follow a 
_ model, but only after several hours’ exposure, so that it 
ig impossible to determine the learning process responsible 
_ for the establishment of the attachment. Finally, in T. 
_- galilaea the young react towards the moving model in a 


männer similar to T. guineensis. From an ethological 


point of view. this species is intermediate between the 
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two principal ethological groups: both parents incubate 
the eggs and the fry orally, but they are territorial until 
the young become independent. 

In substratum spawners, the young are born and 
develop at the place where their parents met, and they 
seem to be more linked to the territory and the sub- 
stratum itself than to their parents. On the other hand, 
with females which incubate their young orally the young 
do not know the habitat where their parents met, for they 
are born away from the spawning ground. It is essential 
therefore for the young to be strongly linked to the 
incubating parent so that they can follow this parent 
when it moves. 

We can assume that the aequisition of oral incubation 
and both peregrinating behaviour in the incubating parent 
and imprinting in the young represent a progressive step 
resulting in a greater independence of the fish from one 
type of habitat. This facilitates adaptive radiation, which 
in turn facilitates speciation. Most Tilapia species are 
known to be oral incubators, and only a few are sub- 
stratum spawners®:?, 

In African waters where water level is periodically 
lowered, as in artificial lakes producing hydroelectric 
power, the substratum spawners are often obliged to leave 
their territory, whereupon the eggs and the fry are des- 
troyed and dried up. If they are free-swimming fingerlings, 
they stay within the limits of the territory and do not 
follow the retreating parents. On the other hand, there is 
no danger to the oral incubators, because the females 
leave the spawning grounds in search of deeper waters 
with their eggs and fry in their mouth and retreat with 
their fingerlings*. We know that the water levels of several 
African natural waters, such as Mweru Wantipa‘, are 
sometimes lowered; oral incubator species are better 
armed to face these fluctuations. With this in mind it 
has been suggested that ponds or artificial lakes which 
show fluctuations of water level should be charged with 
oral incubators only*. 

J. CL. RUWET 
Institut de Zoologie, 
Université de Liège. 
Belgium. 
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Mitotic Chromosomes of 
Glossina pallidipes Austen 


Tus chromosomes of several species of tsetse-fly have 
been studied by Itard!. These include Glossina tachinoides 
Westwood and Glossina morsitans orientialis Vanderplank 
(Glossina morsitans morsitans Westwood in the termin- 
ology adopted by Itard). Glossina morsitans orientalis is 
one of the two main tsetse-flies which occur in Rhodesia, 
and so I thought it worthwhile for comparison to study 
the other, Glossina pallidipes Austen. The G. m. orientalis 
material used by Itard originated in Rhodesia. 

Glossina pallidipes puparia were supplied by Dr R. J. 
Phelps and G. J. W. Dean of the Agricultural 
Research Council in Rhodesia. This material originated 
from collections of puparia from natural pupation sites 
near Kariba Township in the Zambezi Valley. The 
puparial contents were thus aged from 24 h (the time 
from the last collection to the arrival of the puparia at 
the laboratory) upwards, although the exact age of 
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Fig. 1. Normal chromosomes of Glossina pallidipes from brain of puparial 
contents, Two large pairs, one medium and one small, are present. 
(x 2,500.) 


puparia, was unknown. The procedure of Itard! was 
followed, except that propionic acid replaced acetic acid 
wherever the latter had been used, staining being allowed 
to proceed overnight and the material mounted in 2:3 
lactic acid : propionic acid. 

Good results were obtained up to a month after fixation 
of the brains in propio-alcohol, a factor which could be 
useful when collections are made in remote areas. 

Glossina pallidipes has four pairs of chromosomes: two 
long, one medium and one short (Fig. 1). All of the three 
larger chromosome pairs are metacentric, an interesting 
departure from the situation in Glossina tachinoides and 
Glossina morsitans orientalis, where one of the three 
larger pairs is said to be sub-acrocentric. 

The average absolute lengths of the chromosomes are 
given in Table 1. The two larger chromosome pairs are 
treated together (described later). Table 1 also shows the 
relative lengths of the chromosomes, which provide a 
better basis for the comparison of chromosomes than do 
the absolute lengths. The relative length of a chromosome 
is given by the actual length expressed as a percentago of 
the total diploid chromosome length. 

The small and medium pairs of chromosomes in 
Glossina pallidipes are easily recognizable by their size. 
The similar lengths of the two large pairs make it impos- 
sible to distinguish between them with certainty. One is 


he, 


Fig. 2. Unusual chromosome complement from brain of puparial 

contents of Glossina pallidipes. Only three large chromosomes are 

normal, the fourth is clearly sub-acrocentric. Between the sub-acro- 

centric chromosome and the nearest large metacentric chromosome can 

be seen the single small chromosome; the other member of the pair is 
absent. (x 2,000.) 
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Table 1. LENGTHS OF G, pallidipes CHROMOSOMES 


Chromosome: small pair medium pair large pairs 
Actuallength(u) Mean (n) 1-68 (27) 5-72 (31) 7-80 (58) 
Standard error 0-1106 t2189 0-3264 
Relative length Mean (n) 3-7 (30) 12-3 (36) 16-9 (84) 
(%) Standard error 0-2821 0-2607 0-2470 


Fable 2. RELATIVE LENGTH FREQUENCY DISTRIBUTION OF LARGE CHROMOSOME 
PAIRS 


Class 13-0- 140- 15-0- 16:0- 17-0- 18-0- 19-0- 20-0- 21-0 220- 23-0- 
13-9 1+9 1659 169 179 18:9 199 20-9 219 229 23-9 


No, 4 8 8 15 8 13 5 0 2 0 1 


usually longer than the other, but variation is such that 
one cannot be sure that the longer is always the same 
chromosome. It has not been possible to detect any 
constant morphological feature to aid in identification. 
The banding which shows up in occasional figures (see 
Figs. 1 and 2) might be of use in this way if it could be 
routinely shown up in preparations. The frequency dis- 
tribution of the lengths of fifty-eight large chromosomes 
from eighteen figures derived from seven puparial contente 
is shown in Table 2. 





Fig. 3. Unusual chromosome complement from brain of panier 

contents of Glossina pallidipes. Only one member of the smal ir of 

chromosomes is present. One member of the medium pair is masked by 
the other which lay above it. (x 2,500.) 


There is a hint of bimodality, which may be shown to 
be real if large numbers of chromosomes were measured. 
This was not undertaken because the results of such an 
exercise would not help in identifying the large chromo- 
somes in any one figure, even if bimodality were estab- 
lished. The measurements of the two largest pairs of 
chromosomes have thus been lumped and the chromo- 
somes treated as if of equal length. This seems to be the 
only way of dealing with these chromosomes at present. 

Some variability seems to occur in the chromosomes of 
Glossina pallidipes. Two unusual chromosome comple- 
ments are shown in Figs. 2 and 3. Each of these was seen 
in numerous figures and cannot be a result of some 
accident in preparation of the material. Fig. 2 shows a 
complement in which one member of the small chromo- 
some pair is missing, and one member of a large pair is 
a sub-acrocentric chromosome. A similar situation was 
seen in another brain, except that both small chromo- 
somes were in this case present. Although this could 
clearly be seen, no figure gave satisfactory photographs 
for illustration. In Fig. 3 is seen an otherwise normal com- 
plement where one member of the small chromosome pair 
is missing. (The apparent lack of a medium chromosome 
is a result of the screening of one member of the pair by 
the other lying above it.) Itard? mentions an instance 
(an abortive ‘‘pupa’’) in Glossina morsitans orientalis where 
an extra small chromosome was present. Three unusual 
chromosome complements in the comparatively small 
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` sample carefully investigated (many of the field-collected 
puparia were of unsuitable age; completely satisfactory 
: preparations from twenty-five puparia, each showing a 
- number of figures, comprised the actual sample size) 
indicate that considerable variability in chromosomal 
complement and structure might be found to exist in 
‘Glossina pallidipes. 
-o Itard* has shown that there is a difference in chromo- 
-some number between Glossina morsitans orientalis (2n = 
10) and Glossina tachinoides (2n=6) which belong, 
_ respectively, to the “morsitans” and “palpalis” groups’. 
<The present study has shown that the chromosome 
number (2n = 8) of Glossina pallidipes (‘‘morsitans” group) 
“differs from both. There are thus differences in chromo- 
-some number between species belonging to the same group 
ag well as between species belonging to different groups. 
~The work on these three species thus indicates that there 
“might perhaps be found to be less correlation between 
chromosome morphology and the taxonomic entities com- 
prising the tsetse-fly groups than one might have hoped. 
. More data, however, are necessary before eonclusions can 
be drawn. 
ce. P. E. HULLEY 
Department of Zoology, 
University College of Rhodesia, 
_ Salisbury, Rhodesia. 
Received January 23, 1968. 
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- Accumulation of Dry Matter by 
- Chrysanthemum morifolium 
after Flower Removal 


Sweet and Wareing! have recently discussed the role of 
plant growth in controlling the rate of photosynthesis by 

increasing the translocation of assimilates from the leaves. 
We have worked with Chrysanthemum morifolium grown 
as a flowering pot plant? in conditions in which the flowers 
_ became an important sink for assimilates. We have 
examined the effect of removing these sinks on the 
accumulation of dry matter and our results seem to illus- 
“trate a system in which the rate of accumulation of dry 
matter is not affected by the removal of an important 
sink. 

Rooted cuttings of the cultivar ‘Bright Golden Anne’ 
were potted into John Innes No. 1 compost on May 18, 
1967, and raised in a glasshouse under 8 h days at a 
minimum night temperature of 15-5° C. One week after 
potting, the growing point and young leaves were removed 
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“Wig. 1. The distribution of dry weight with time in Chrysanthemum 

morifolium cv ‘Bright Golden ‘Anne’. Means of five plants on each 

~ pecasion, Shaded areas, branch; white areas, main axis. F, Flower; 
L. leaf; S,stem; RB, root. 
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Fig. 2. The distribution of dry weight after flower removal in Chry- 
santhemum morifolium cv ‘Bright Golden Anne’. Means of five plants, 
Control harvested July 26, 1967. Treatment (a): Flowers removed 
June 24, 1987, plants harvested July 27, 1967. Treatment (6): Flowers 
removed J i re 1967, plants harvested July 27, 1967. Symbols as 
in Fig. 1. e dotted line encloses the weight of flower removed. 


from all plants to induce lateral growth. After a further 
2 weeks the lateral growths were reduced to three per 
plant and the axillary buds were removed from each 
lateral growth to leave a single terminal flower per 
branch. 

Five plants, chosen at random, were removed on each 
of five occasions (after 5, 7, 8, 9 and 10 weeks from potting 
up) and divided into leaf laminae, stems plus petioles, 
flowers, and roots. The leaves and stems were further 
subdivided into main axis and branch components. The 
fresh and dry weights of each of these fractions were 
measured together with stem length, and an assessment of 
flower development was made using the scale which we 
outlined earlier? The data from these harvests are 
presented in Fig. 1 from which it is clear that as the 
terminal flowers developed they became almost the only 
site for the net accumulation of dry matter and the 
weight of the vegetative parts remained relatively 
constant. We also modified this pattern of accumulation 
by two treatments involving removal of flowers. In 
treatment (a) all three terminal flower buds were removed 
on June 24 when they were less than 15 mm in diameter 
(flower stages 2-3) and before they were the sole centres 
for the accumulation of dry matter. In treatment (b) 
terminal flowers were removed on July 14 when the 
flowers were expanding rapidly (flower stage 6-7) and 
when a pattern of diversion to flowers only was clearly 
established. It is worth noting that because all axillary 
buds had been removed there was no capacity for new 
aerial growth. Five plants were removed from each of 
these treatments on July 27 and divided as previously 
described. The data are presented in Fig. 2, together with 
the results obtained on July 26 from the plants with 
flowers. 

These data show that if flowers were removed then an 
alternative existing sink assumed predominance and 
material was diverted in particular to the roots and to a 
lesser extent to the leaves. If the weights of flowers at 
the time of removal were added to the total weights of the 
flowerless plants at July 27, then the gross total of dry 
matter formed was similar in all cases. The leaves were 
almost fully expanded at the times when flowers were 
removed and at the end of the experiment the total leaf 
areas were similar in all three treatments. 

The measurements of stem length in Table 1 show that 
the removal of the developing flower at stage 2 (treat- 
ment (a)) caused a cessation of stem extension although 
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Table 1. EFFECT OF FLOWER REMOVAL ON GROWTH OF THE LATERAL STEMS 
Wt./unit 


Treatment Harvest Length Weight length Flower 
dates {em} (mg) (mg/cm) stage 
With flowers 21.6.67 9-0 178 19-8 2-0 
With flowers 6.7.67 i54 435 28-2 55 
With flowers 13.7.67 16-1 469 29-1 6-6 
With flowers 20.7.67 16-2 429 26-5 8-0 
With flowers 26.7.67 15-0 421 26-5 87 
(a) Flowers removed 27.7.67 11-0 404 37-8 — 
June 24, 1987 
(b) Flowers removed 27.7.07 155 519 833:5 — 


July 14, 1967 
Means of three laterals per plant, five plants on each occasion. 


the accumulation of dry matter continued and at the final 
harvest the dry weight of the lateral stems was similar 
to that of the controls with flowers. The weight of unit 
length of stem was therefore increased considerably. 
Thus extension growth was terminated by flower removal 
and did not seem to be affected by a continuing supply of 
dry matter. In the control plants, extension of lateral 
stems ceased when the flowers had reached flower stage 6 
and the net accumulation of dry matter stopped at about 
the same time. 

The evidence therefore suggests that when sinks are 
removed from the chrysanthemum without altering the 
area of the leaf surface (although the weight per leaf and 
possibly the thickness are changed), then there is no 
marked depression in the rate of accumulation per unit 
area of leaf surface and in the long term no great differ- 
enees are observed in the total dry weight produced. 
Although short term changes may have occurred, the 
chief effect has been to direct materials to an alternative 
sink, A similar effect has been noted by Edelman? in the 
Jerusalem artichoke in which, in normal conditions, the 
growth of the aerial organs ceases and photosynthates are 
diverted to stem tubers. If these stem tubers are removed, 
then an alternative sink becomes predominant and the 
dry matter accumulates in and distends the fibrous roots. 
Thus the main change induced by the surgical removal 
of the principal sink has again been in the distribution 
pattern. 

Although the total dry weights in Fig. 1 are similar, the 
total dry weight of plants with flowers was slightly less 
than the gross total for plants without flowers. This 
difference was probably the result of a combination of 
two factors. First, shading of the leaves by the opening 
flowers during the period from approximately July 13 to 
July 26 and, second, a reduction in the respiratory load of 
the treated plants because of the removal of flowers, This 
would give the maximum benefit to treatment (b) in which 
the weight of flowers removed exceeded 2 g. 

In an earlier experiment, the rooted cuttings were potted 
into John Innes No. 1 compost on September 22, 1966. The 
cultural treatments were as described previously and the 
flowers were removed at flower stage 2-3 (November 17, 
1966) when their contribution to total respiration was 
probably small. The plants were harvested after only 2 
weeks of further growth (December 1) when the florets 
were just beginning to expand rapidly (flower stage 6) 
but before any appreciable shading of the leaf surface had 
oceurred. In these conditions, the total dry matter pro- 
duced by treated and untreated plants was the same 
after only a fortnight of further growth (Table 2). The 
distribution pattern had altered, however, and the roots 
had again become the most important sink for assimilates. 

We conclude that growth in the chrysanthemum (in the 
restricted form we have studied) has been controlled by 
the rate of photosynthesis. The removal of the most 
important sink (flowers) permits the other sinks to control 
the distribution. 


Table 2. DRY WEIGHTS (g) OF PLANT PARTS AT HARVEST 
Flower 
Leaf Stem Root Flower removed Total 
With flowers 1-49 177 0-77 1-02 — 5-24 
Without flowers 2-04 1-83 1-26 — 0-16 5°29 
Difference 0-36 0-06 049 
Means ef five plants. Potted September 22, 1966. Flowers removed 


November 17, 1666. Harvest December 1, 1966. 
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ANTHROPOLOGY 


Fossil Hominoid Vertebra from 
the Miocene of Uganda 


THE Miocene site of Moroto II in Karamoja, Uganda, was 
first described by Bishop and Whyte in 1962 (ref. 1). The 
only primate specimens so far recorded from this site are 
dental and cranial remains that have been assigned to 
Proconsul major, Le Gros Clark and Leakey?, Among 
fragmentary specimens from Moroto II in the Uganda 
Museum, Kampala, eight can be shown to be part of the 
vertebral column of a chimpanzee-sized ape. Four of the 
fragments, although collected in different years, combine 
together to make an almost complete lumbar vertebra— 
the first recorded not only for the Proconsul group but 
for any dryopithecine. The specimens are: U.M.P.67,28— 
an almost complete middle lumbar vertebra; U.M.P.68.08 
—a badly eroded middle lumbar vertebral body; U.M.P. 
68.06-—a last thoracic vertebral body; U.M.P.68.07— 
the laminae and base of spine of a lumbar vertebra; and 





tte wade 
SMSO da a 
Fig. 1, Anterior, lateral, posterior and dorsal views (from above down- 


wards) of first lumbar vertebrae of a chimpanzee (left) and a juvenile 
gorilla (middle) compared with the Moroto vertebra (right), 
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U.M.P.68.08—-the laminae and base of spine of a thoracic 
vertebra. 
_ The almost complete vertebra lacks the anterior 
articular processes, the right transverse process, and the 
tip and both anterior and posterior borders of the spine. 
The body is robust and presents reniform anterior and 
posterior surfaces, with the anterior surface being more 
nearly circular than the posterior. The posterior surface 
shows a well defined and fused ring epiphysis (as seen in 
Homo and the modern pongids but not in monkeys), but 
the anterior epiphysis has been mostly broken away to 
` reveal the radiating rugae on the body proper. There is a 
slight ventral roughening for the longitudinal ligament. 
The body is distinctly “waisted”, expanding anteriorly 
and posteriorly but not dorsally in the midline. This expan- 
“sion accentuates the reniform outline of the anterior and 
-posterior surfaces, narrows the vertebral foramen anteriorly 
and makes the posterior vertebral notch shallow dorso- 
ventrally. The pedicles are extremely thick and elongated 
antero-posteriorly, with the result that the posterior 
vertebral notch is shallow antero-posteriorly and the 
vertebral foramen further narrowed. The ventral part of 
a small anterior vertebral notch is evident on the left. 
The transverse process is triangular in section with a 
dorsal flattened surface, and springs from near the base 
of the pedicle. The posterior articular processes are short 
and nearly parallel. The articular facets are almost cir- 
cular in outline and face ventro-laterally at an angle of 
‘about 60° to each other. They are gently convex trans- 
‘versely and almost totally overhang the posterior border 
‘of the body. The spine is long, slender and directed 
slightly posteriorly. A slight thickening at the dorsal 
“extremity is taken to represent the base of the tubercle. 
Although both the anterior and posterior borders are 
eroded or missing, it is clear that the spine was a thin 
triangle in section, the apex anteriorly. There are two 
conspicuous pits at either side of the base of the spine at 
‘the anterior border of the laminae and two elliptical 
depressions on the neural surfaces of the laminae which 
represent the attachment of strong ligamenta flava. The 
anterior notch between the laminae is small and does 
not extend posteriorly to the extent seen in modern 
pongids. Measurements are given in Table 1. 

The complete lumbar vertebra is of the same size as 
those of an adult male chimpanzee (Pan troglodytes). The 
only cranial remains of any primate from the site are 
those of Dryopithecus (Proconsul) major, which was the 
size of a large male chimpanzee, so it seems reasonable to 
assign these vertebral remains to the same species. In 
most important respects the lumbar vertebra resembles 
‘those of Pan and Gorilla, but possesses some hominid 
features. In the very narrow vertebral foramen, the 
extent and small size of the anterior laminar notch and 
the steepness of the articular surfaces, this specimen 
resembles the condition seen in Homo rather than in the 
pongids. In the long, thin spine and the thin transverse 
process, the Moroto vertebra resembles those of Pan. In 
the stoutness and position of the pedicles and in the 
detailed marking and positions of the pits for the liga- 
-menta flava this vertebra is much more like those of 
Gorilla. There are therefore quite eclectic resemblances 
to modern hominoid vertebrae to be seen in the Moroto 
vertebra, but none of them would necessarily preclude 
Dryopithecus (Proconsul) major from being a direct 
“ancestor of the genus Gorilla, a relationship which Simons 
and Pilbeam! support. Leakey®, although not regarding 





Table 1. MEASUREMENTS (U.M.P.67.28) 





mm 
Max. transverse diam. ant. surface of body 34-0 
Max. dorso-ventral diam. ant. surface of body 29-0 
Max, transverse diam. post. surface of body 37-0 
Max, darso-ventral diam, post, surface of body 27-0 
Max. antero-posterior length of body 29-5 
Total dorao-ventral diam. vertebra 64-0 
Max. width vertebral foramen 11-0 
Max. height vertebral canal 8-0 


<: The other spoeimens are too fragmentary to add many data at this stage. 
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the Mcroto hominoid as Dryopithecue (Proconsul) major, 
nevertheless accepts the possibility of it being ancestral 
to Gorilla. It is hoped that a more detailed study will 
throw light on the varied resemblances of this vertebra. 

We thank the trustees and the curator, Mr C. Sekintu, 
of the Uganda Museum, and Dr W. W. Bishop for their 
kindness and assistance. 
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APPLIED SCIENCE 


Wear of Carbon Fibre Reinforced 
Polymers in a High Vacuum 
Environment 


Tae friction and wear properties of carbon fibre re- 
inforced polymers in dry conditions of sliding in air have 
recently been reported by Lancaster!*. His findings, that 
the fibres reduced the wear rate and coefficient of friction 
of almost all the polymers studied, have promoted 
considerable interest in these materials. In addition, the 
resulting improvements in strength and stiffness properties 
suggest that they are attractive for use as self-lubricating 
components in aerospace engineering. The wear per- 
formance of a variety of these composites in a high 
vacuum environment has been investigated in this 
laboratory. It has been found that the addition of fibres 
can be effective in reducing the wear rate of the polymer 
in vacuum, but it is also evident that whereas in air 
rates of wear tend to decrease with increasing fibre 
content, in a vacuum high fibre concentration (40-50 per 
cent) is definitely deleterious to the wear performance 
of the composite. 

Wear rates were determined by means of a pin and 
cylinder type wear rig. Hemispherically tipped cylindrical 
pins 4 in. in diameter were machined from the polymer 
test specimens and loaded radially against a } in. diameter 
stainless steel (EN58BM) cylinder, polished to 6 u in. 
centre line average. This apparatus was enclosed in a 
bakable vacuum test chamber of ‘Pyrex’ glass and stain- 
less steel construction, capable of being pumped to pres- 
sures in the region 10-* to 10-8 torr. Vacuum processing 
was in accordance with high vacuum technique and 
contamination of surfaces was minimized by the use of 
oil-free pumping systems. 

The wear rates obtained in vacuum for a number of 
different composites are given in the second column 
of Table 1. The carbon fibres in each composite were 
oriented randomly and are specified in weight percentage 
concentrations. All tests were conducted at the same 
sliding speed, 70 cm/s, and applied load, 120 g. 

The extent to which the carbon fibre can reduce the 
specific wear rate of the polymer in vacuum is demonstrated 
in the case of acetal homopolymer where the reduction 
is approximately three orders of magnitude compared 
with the unfilled material. The wear rate for a polytetra- 
fluoroethylene (PTFE)-glass fibre-molybdenum disulphide 
composite is also included in Table 1, because this is 
a self-lubricating material commonly used in vacuum 
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Fig. 1. 


applications and therefore provides a convenient yard- 
stick for comparison. Two of the carbon fibre composites 
have been found to exhibit greater wear resistance than 
this material. 

Wear rates for the various composites were also de- 
termined in air. These results are presented in the third 
column of Table 1. The wear rates measured in air were 
usually substantially lower than for the same composites 
in vacuum. It is notable that for the lowest concentration 
of fibre used, that is, 15 per cent in acetal copolymer, there 
was virtually no difference in performance in the two 
environments, whereas the greatest differences were 
observed for the highest (45 per cent and 50 per cent) 
earbon fibre content materials. High fibre contents there- 
fore tend to give a low wear rate in air but a high wear rate 
in vacuum. These findings are consistent with the 
established behaviour of carbons and graphites indepen- 
dently of the polymers. It is well known (see, for example, 
refs. 3 and 4) that carbons lose their lubricating ability 
in vacuum or dry atmospheres, becoming severely abrasive, 
Tt seems that at low concentrations any abrasive action 
attributed to the carbon fibres does not degrade the 
wear performance of the composite, and may even be 
beneficial in aiding the establishment of a thin, friction- 
reducing transfer film on the metallic surface. At high 
concentrations, however, the carbon abrasion becomes 
dominant in the wear mechanism with consequent 
degradation in the wear performance of the specimen. 


‘Table I, SPECIFIC WEAR RATES OF CARBON FIBRE FILLED POLYMERS AGAINST 


ENSSUM STAINLESS STEEL IN VACUUM OF 10-* TORR 
Specie wear rate 





Composite (emVom/kg x 10-29) 
Vacuum Air 
Acetal homopolymer + 25 per cent carbon fibre 0-06 0-03 
Acetal copolymer + 15 per cent carbon fibre 0-18 0-14 
Acetal copolymer + 45 per cent carbon fibre 058 0025 
PTFE +25 per cent carbon fibre 0-89 0-26 
(Type 2)* 
Nylon + 25 per cent carbon fibre 1-50 OS 
Polyimide + 50 per cent carbon fibre 230 0-01 
PTFE + glass fibre + MoS, 0-30 0-16 
Acetal homopolymer (unfilled) 74 19 


* Type 2, high strength fibres: ultimate tensile strength (UTS) ~410 x 10° 
tb. inž; elastic modulus «32% 10° Tb.in.?, Remainder, high modulus 
fibres: UTS +280» 1P Ib. int; elastic modulus +54 x 10° Ib, in.*, 


Table 2. INFLUENCE OF COUNTERPACE ON WEAR OF COMPOSITES IN AIR 


Specific wear rate 
fem*/om/kg x 10-9) 


Stainless Mild Mud 
steel steel steel* 
(EN58BM) (B515) {(BS15) 
Aveta copolymer + 15 per cent carbon Olt 2-4 9-9 
fibre 
Nylon +25 per cent carbon fibre O18 a9 2-0 


*After Lancaster (personal communication). 


Photomicrographs of the wear sears produced on riders of polyimide reinforced with 50 per cent by weight high modulus carbon 
fibres, sliding against EN58BM stainless steel (a) in air, (b) in vacuum of 10-* torr. 


Load, 120 g; speed, 70 cm/s. {x 200.) 


Visual evidence supporting this conclusion is presented 
in Fig. 1, which shows photomicrographs of the scar areas 
produced on specimen pins of polyimide+50 per cent 
earbon fibre after sliding in air and vacuum. The nature 
of the wear surface produced is clearly different in the 
two environments. Whereas the in-air sliding has resulted 
in a smooth, polished surface, in which the ends of the 
earbon fibres are themselves smooth and clearly defined, 
the sear produced in vacuum is severely scored and shows 
evidence of carbon “dusting”. 

There is an apparent disagreement of about one order 
of magnitude between the in-air wear rates presented 
here and those reported previously’. But it should be 
noted that different substrates were employed in the 
two investigations—stainless steel in the former and mild 
steel in the latter. On re-determining the results for acetal 
copolymer and nylon composites against mild steel (BS15) 
it was confirmed that these materials exhibited significantly 
greater rates of wear against mild steel than against 
stainless steel. These results are presented in Table 2, in 
which the values obtained by Lancaster (private communi- 
cation) using a mild steel counterface are also given 
for comparison. 

It is clear that the counterface material can play an 
important part in determining the wear of these com- 
posites in air, The wear mechanism in vacuum appears 
to involve the transfer of composite material to the metal 
surface. Inspection of the cylinder specimens after a 
sliding test showed that in most cases a thin visible track 
of transferred material had been formed and in the case 
of polyimide, containing 50 per cent carbon fibre, gross 
transfer was observed. 

This work was carried out as part of a programme 
supported by the Ministry of Technology. We thank Dr 
J. K. Lancaster of the Royal Aircraft Establishment, 
Farnborough, for his co-operation in supplying the range 
of sample materials studied and general interest in the 
work. The materials discussed are the subject of patent 
application No. 33570/66 by R. C. Fullerton-Batten, 
J. K. Lancaster, L. N. Philips and G. Wood, “Carbon 
Fibre-Resin Composite Bearing Materials”, 
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BOOK REVIEWS 


AGE OF FACTS 


American Science in the Age of Jackson 
By George H Damels Pp vi+282 (New York and 
London Columbia University Press, 1968) 72s 


Tas am of this original book 1s to characterize a particular 
aspect of a specific society the attitude towards science 
in the United States of America between 1815 and 1845 
Mr Daniels ıs not interested ın scientific achievement and 
this 1s just as well, for, as he 1s aware, and as the men of his 
period lamented, there were few notable contributions 
to science from early nineteenth century America. The 
heroic age of colonial science represented by Benjamm 
Franklin, the two John Winthrops, or David Ritten- 
house, all Fellows of the Royal Society, had ended with 
the emergence of the new American nation; only Asa 
Gray and James Dwight Dana, both still young men m 
1845, were to become FRS (in 1873 and 1884, respectively) 
moig the many men whose ideas and work are described 

ere 

Admurably, Mr Damels sees his subject ın perspective 
and neither makes nor wishes to make great claims for the 
men whose ideas he analyses The active scientists were 
& serious and professional group, nearly all American 
born, nearly all associated with education-—most college 
graduates, and the majonty employed in the growing 
number of colleges and universities as teachers of science, 
though many lacked formal trammg By analysing 
journal articles Mr Damiels concludes that American 
science in this period was, on the whole, specialized, not 
specifically utilitarian, and by no means largely devoted 
to natural history 

A considerable part of this book ıs devoted to an 
examination of published views on scientific method, 
from which 1t appears that American philosophers and 
theologians wrote much on the subject Mr Daniels finds 
the preferred scientific method of this period an extreme 
“Baconianism”, a reverence for what was taken to be 
Bacon’s (and Newton's) exaltation of fact at the expense 
of theory, a tendency to decry hypothesis as fanciful and 
to demand the collection of ever more facts To some 
extent this was justified Darwin and Hooker deplored 
the free speculation of The Vesteges of the Natural History 
of Creation every bit as much as Asa Gray Many of the 
subjects investigated by American scientists—the theory 
of storms, the aurora borealis, the geological structure of 
ther continent—could hardly proceed without more 
facts, and the first theories were indeed wildly speculative 
Further, fact was safer than theory, which often led to 
heartbreaking controversy And, as Bacon himself had 
recognized, factual science 1s more democratic than theor- 
etical science, because it 1s more readily understood by all 
One very obvious reason for this excessive empiricism 
was American mtellectuals’ fear of European ‘‘material- 
ism”, ironically they saw Baconianism as a conservative 
force, where European conservatives lke De Mastre 
saw it as an agent of revolution Another reason was the 
peculiarly theological tone of the American intellectual 
scene American colleges and universities were not 
secular, on the contrary, they were highly sectarian 
and, as college teachers, scientists were expected to accept 
the tenets of the sect associated with their mstitutions 
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A scientist unconcerned with religion would find employ- 
ment difficult All geological speculation was therefore 
particularly suspect; 1t 1s no wonder that Darwin created 
such a storm in the New World 

By his choice of subject Mr Daniels has avoided many 
of the pitfalls usual ın a national history of science 
Unfortunately he has neglected European science of the 
period excessively So he does not find ıt odd that, m 
1819, a Boston physician deplored the “overthrow” of 
Lavoisier’s “system” and hence he musinterprets the 
complaint of a professional chemist (Robert Hare, not a 
great theoretician) that non-chemists could not under- 
stand his work. Both these remarks are signs of what 
Mr Daniels instances elsewhere, a growing degree of 
professionahzation. That Benjamin Rush was praised 
for expounding mechanistic physiology m 1768 whereas 
& physician named Emmet was censured for doing the 
same thmg in 1822 merely reflects events in Europe the 
decline m popularity of Haller’s views and the dominance 
of the French school which followed the, doctrines of 
Bichat, whose definition of “life” 1s given here as original 
with Elisha Bartlett in 1844 The works of Bichat and 
Richerand were printed m Philadelphia in this period, 
and were widely popular Indeed, ın view of the fact that 
European travel and study were still uncommon, the 
concepts of American scientists reflect those of the main 
stream of European science remarkably well That 
writers on science were unaware of this 1s not surprising, 
nor that they were less well prepared than the scientists 
for the tremendous growth of science m America after 
1845 It 1s to be hoped that Mr Daniels will analyse the 
later period in the same way as he has here analysed the 
earher one For he has illuminated many mteresting 
aspects of the American scientific scene 

Marre Boas HALL 


CALCIUM AND REPRODUCTION 


Calcium in Reproductive Physiology 

A Comparative Study of Vertebrates By K Stmkiss 
(Modern Biological Studies.) Pp xiv + 264 + 9 plates 
(London Chapman and Hall, Ltd , New York Reimhold 
Publishing Corporation, 1967) 60s net 


Dr Simxiss’s capability as a reviewer of the literature 1s 
well illustrated in his new book on ealecrum regulation 
throughout the vertebrates Whereas m his previous 
articles ın Buological Abstracts only specific topics of the 
subject were touched on, m the present book the entire 
scope of contemporary thinking on the hormonal regula- 
tion of calcium balance has been treated The author has 
done himself an injustice by entitlmg the book Repro- 
ductwe Physiology, thus implying that it deals solely with 
the role of calcrum ions m the reproductive process In 
fact, the content 1s much greater and covers most aspects 
of the controlling mechanisms of calcium levels in animals, 
as well as a more specialized consideration of excess 
calcium demand during the reproductive period 

The first part of the book ıs devoted mainly to the 
general mechanisms of calcium regulation ın different 
classes of vertebrates and deals with the role of calcified 
tissues, the digestive system including the liver, and the 
ladney in the adjustment of calerum balance and serum 
calcium concentrations The effects of the thyroid- 
parathyroid complex, the sex steroids and vitamin D on 
these organs are also discussed The author has nghtly 
emphasized the non-mnfallibility of some of the exper- 
mental approaches m these studies, particularly those 
which attempt to extrapolate results from short-term 
measurements into long-term balance effects Although 
there has been no attempt to deseribe the experimental 
techniques ın detail, the prmeiples behind them have been 
adequately treated and their usefulness evaluated 

The second part of the book ıs a survey of the regula- 
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tion of calerum during ovulation, egg-shell formation, 
pregnancy and embryonic growth, as the case may be, in 
different classes of tetrapods It terminates with a 
stimulating chapter of conclusions and speculations As 
the author has admitted, this book 1s theoretical rather 
than applied and caters primarily for zoologists and com- 
parative physiologists Nevertheless, 1t 1s very informative 
owing to the melusion of large numbers of tables and 
figures, so that for the apphed physiologist and vetermary 
and medical scientists who are interested m calcrum 
metabolism ıb serves as a useful handbook On the whole, 
the hterature covered 1s quite complete It illustrates the 
amazing paucity of information on the regulation of 
calcium in vertebrates other than the tetrapods With the 
recent discovery of (thyro)-caleitonin and its identity as 
the hormone secreted by the ultimobranchial bodies, the 
subject of hormonal regulation of calerum balance 1s 
bound to attract more and more attention. This book 1s a 
timely review of the past hterature and stands out as a 
mulestone to mark the beginning of perhaps a new era. 
B Lorts 


PHENOLS OXIDIZED 


Oxidative Coupling of Phenols 

{Organic Substances of Natural Origin a Series of Mono- 
graphs, Vol. 1) By W. I Taylor and A R Battersby 
Pp. xiv+387 (London Edward Arnold (Publishers), 
Ltd , New York- Marcel Dekker, Inc , 1967) 260s net. 


PxHENOLs and phenol ethers represent a large proportion 
of the benzenoid-aromatic compounds which are of such 
widespread occurrence in nature Many of the more 
complex compounds, for example, alkaloids, tannins, 
hgnins, and many quinonoid pigments are clearly the 
result of the oxidative coupling of two or more phenolic 
nuclei, and so much work on this subject has been done 
in the past few years that the tıme is ripe for the pub- 
lication of a monograph on the subject. 

It may be said straight away that the present mono- 
graph 1s extremely good It consists of a number of 
reviews on the most important aspects of the oxidative 
coupling of phenols written and edited by internationally 
recognized experts Each chapter ıs self-contamed and 
there 1s surprisingly little overlap or duplication between 
one chapter and another. The text is profusely llustrated 
with beautifully prmted structural formulae. 

The first chapter (ninety-four pages, 424 references) is 
by H Musso and deals concisely with the general problem 
of phenol coupling in terms of mechanism, formation of 
C-C and C-O aromatic bonds, and so on. A particularly 
valuable feature 1s the comprehensive table of products 
formed by phenols (mostly ‘unnatural’? ones) when 
oxidized by various reagents ‘There ıs also a table of 
phenoxyls investigated by electron spin resonance methods 
The second chapter (twenty-three pages, sixty-six refer- 
ences) by A I Scott describes “Some Natural Products 
Derived by Phenol Oxidation” and gives a glimpse of the 
variety of naturally occurring phenolic products It 
whets the appetite for the specialized chapters which 
follow In the third chapter (fifty-seven pages, 134 
references), A R Battersby discusses ‘““Phenol Oxidations 
in the Alkaloid Field”. Since the onginal suggestions on 
the possible biogenesis of morphine and other alkaloids 
by Robmson m 1931, ıt has been shown that over 
200 of the more than 2,000 known alkaloids can be 
accommodated within the framework of the oxidative 
coupling of phenols For many alkaloids the detailed 
pathways of biosynthesis have been unravelled by feeding 
labelled mtermediates to plants as well as by carrying 
out ın vuro experrments In the fourth chapter (thirty- 
five pages, 105 references), entitled ‘Biochemical Aspects 
of Oxidative Coupling of Phenols”, B R Brown summar- 
1z€3 our present, all too scanty knowledge of the enzymes 
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which catalyse phenol-coupling The fifth chapter (thirty- 
eight pages, fifty-seven references), by D. W. Cameron 
and Lord Todd, gives a fascmating account of the aphm 
pigments The sixth chapter (seventy-nme pages, 277 
references), by J M Harkin, and the seventh chapter 
(thirty-six pages, sixty-three references), by K Weimges 
and R Spang, deal respectively with the mdustnially 
important, highly regular polymer known as hgnin and 
with “Lignans and Cyclolignans”, which are essentially 
dimeric derivatives of propenylphenols 

All chemists and biochemists terested in phenols and 
m phenolic natural products should read this monograph 
It ıs therefore most unfortunate that the price puts it 
beyond the range of all but a few mdividuals and the 
wealthier libraries J.F W MoOmre 


VIRUSES IN THE LABORATORY 


Virological Procedures 
By J Mitchell Hoskins. Pp xiv+358 (London: Butter- 
worth and Co (Publishers), Ltd , 1967) 70s 


Tus book has been written for those coneerned with the 
laboratory diagnosis of virus infections of man, with 
particular reference to the problems existing ın the 
British Isles. The author considers that a virus diagnostic 
laboratory should have certain essential services available, 
and that these services should be used in different way: 
to meet the particular requirements mvolved m diag 
nosing mfections with different viruses. Following thx 
logical approach, the book ıs divided into five sections 
The first and largest deals with basic laboratory facilities 
ranging from considerations of the design of suitable 
accommodation, through technical poimts concerning 
equipment, washing and sterilization procedures, to mort 
detailed accounts of the uses of exper:mental animals 
embryonated eggs and tissue cultures in virology Thi 
preparation of monkey kidney cell cultures 1s described a: 
an instance of primary cell cultures, and the handling o 
HeLa cells ıs used to ulustrate the uses of cell hnes Thi 
treatment of diploid cell cultures and of organ cultur 
methods 1s less detailed, although useful m the context o 
the book ‘The mformation on the uses of laboratory 
animals and of embryonated eggs ıs presented clear: 
with appropriate illustrations 

The second section 1s concerned with the isolation o 
viruses, starting with the collection of clinical materia 
and describing the various ways in which virus isolation 
may be attempted Virus strains successfully isolate: 
must then be identified, and the third section deals wit] 
this problem, indicating some of the clues which ma: 
assist the virologist in his task, and concluding wit! 
methods for the identification of specific viruses 

Some virus mfections are diagnosed on the basis c 
serological evidence, and the fourth section 1s concerne: 
with serological procedures Recommended methods fc 
preparing and standardizing diagnostic antigens an 
reference antisera are given, with details of the ways 1 
which complement fixation, haemagglutination-inhibitior 
neutralization and other serological tests are carried ow 
The fifth section suggests the methods of choice fc 
investigating different groups of viruses This material : 
presented in the form of tables summarizing criter: 
which are considered useful in diagnosing infections du 
to particular groups of viruses, for example the picorns 
viruses and the myxoviruses This whole section 1s shor 
and while tabulation has many advantages the presenc 
of forty-nine footnotes to the table on myxovu uses 1s nc 
an attractive feature The book concludes with appendixe 
giving formulae of commonly used media, buffers an 
stains, and tables of logarithms and antilogarithms 

This fairly compact volume contains much that will t 
of great practical value in a virological laboratory Tk 
author has been selective, and not everyone will agre 
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with his selection on points of detail A major criticism 1s 
the complete absence of references to original sources, 
apart from a lst of twelve books recommended for 
supplementary reading J S. PORTERFEÆLD 


BIOLOGY OF DREAMING 


The Biology of Dreaming 

(A Monograph m the Bannerstone Dıvısıon of American 
Lectures in Living Chemistry) By Ernest Hartmann 
Pp xm+206 (Springfield, INmois Charles C. Thomas, 
Publisher, 1967) $9 75 


SLEEPING and dreaming are of increasing interest to a 
range of research workers from widely differing basic 
backgrounds The mformation explosion of the past 
decade, due to energetic sleep research, has led to a situa- 
tion where research ıs now reported in almost every 
journal at some time or another It can therefore be 
very difficult at times to find what is being thought 
currently about some aspects of this research Many 
sleep researchers are aware of this difficulty and have 
produced reviews, usually contamed within suitable 
journals or more massive books 

Dr Hartmann has taken on the task of deseribing present 
ideas on the biological, clinical and some psychological 
aspects of the problem of dreaming 

He describes the basis for the experimental studies of 
sleep—although his illustrations m this section have not 
come out well It ıs also most unfortunate that after 
pomtmg out—admuirably—that the neurophysiological 
state ın which most dreaming has been found has already 
twenty-two names, he adds his own—the “D or dreaming 
state’ The fact that he goes to pains to review at 
various points the data that dreams have been collected 
from the other type of sleep, now christened the “S 
state”, emphasizes the semantic difficulty. Surely ıb 1s 
time we agreed on universal terminology 

After a short but comprehensive account of the “dream 
deprivation” experiments and discussion of the demand 
for the “D state”, the author gives a very neutral account 
of the controversies of the posstble chemical basis for this 
state. There are very full accounts of the association of 
dreaming with mental ıllness despite the apparent gaps 
and conflicts m this area Association of the “D state” 
with physical illness 1s also interesting and I enjoyed his 
discussion of a possible connexion between the “D state” 
and psychosomatic illness, although our ignorance ın 
this area is made apparent 

The biological importance and function of the “D state” 
are dealt with without bias at the expense of over-inclusion 
at times 

Obviously m this book there are instances where the 
current knowledge has outstripped the 1deas present when 
the book was written, but these examples are minor 

I enjoyed the book and despite 1ts short length and very 
cornprehensive data did not get the feeling of compres- 
sion The bibliography 1s good 

It ıs, however, an expensive volume, much of which 
will be dated rapidly I would see ıt as a good review 
which, made available by libraries, will carry its ideas to a 
wide range of people who otherwise might find difficulty 
in finding this material m the journals J I Evans 


ECONOMIC ANTHROPOLOGY 


Themes ın Economic Anthropology 

Edited by Raymond Futh Pp x-+292 
Tavistock Publications, Ltd, 1967) 45s net 
CONTEMPORARY economic theory 1s becoming increasingly 


divorced from reality and its arguments have assumed 
largely the character of futile intellectual jeux d'esprit. In 


(London 
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so far as this volume 1s representative for the prevailing 
trend in economic anthropology—which 1t ought to be, 
considering that ıt ıs based on the collective wisdom of 
two scores of anthropologists assembled ın conference in 
1965—it seems that many economic anthropologists are 
well on their way towards adopting the most deplorable 
features of contemporary economics—choice of deliber- 
ately abstruse aspects of their subjects and their obscur- 
antist treatment 

The language of some of the essays in this book is 
admittedly still that of Marshall, Keynes and Malinowski, 
but others are domunated by the economic terminology 
invented for the purpose of deterrmg the layman from 
taking an mterest That the participants of the con- 
ference, while at pains to famuharize themselves with 
the teachings of sophisticated contemporary economists, 
missed out then elementary lessons seems to be indicated 
by the fact that none of those who pooled their resources 
at the conference corrected Mary Douglas when she 
attributed to Adam Smith a frequently quoted remark 
by John Stuart Mill about the difficulties of barter 
between a tailor and a baker 

Disregarding that minor error, Mary Douglas’s essay 
on “Primitive Rationng A Study in Controlled Ex- 
changes” 1s a contribution of outstanding interest But 
in spite of being an emmently lucid presentation of a 
subject of essentially practical interest, 1t must be classed 
among the intellectual jeux despri For the author uses. 
her remarkable erudition, incisive analysis and clarity of 
exposition for a tour de force to prove an utterly absurd 
thesis—that primitive moneys serve the purpose of 
rationing She failed to produce a single valid argument 
in support of her thesis But the superb skill with which 
she presented her basically false case compels admiration, 
mingled as 1t 1s with regret for the waste of such a superb 
display of scholarship in the service of such an undeserving 
case 

Nothing could indicate more clearly the possibihty of 
defending a wrong thesis in an impressive and con- 
vinemg way than the fact that Mrs Douglas managed to 
convert such a formidable scholar as Raymond Firth, at 
any rate to the extent that, instead of rejecting her con- 
tention out of hand, he suggested in his opening essay 
that the analogy of primitive moneys to ration coupons 
offered “an intriguing set of criteria for discussion” 
(page 18) Had Professor Firth examined closely enough 
the factual evidence provided by Mrs Douglas I am sure 
he would have discovered that her ethnological instances 
are either perplexingly irrelevant or they prove exactly 
the opposite of what she seeks to piove. 

Rationing 18 a system to ensure egalitarian distribution, 
while the evidence offered by Mrs Douglas conclusively 
reaffirms the generally known fact that the operation of 
piimitive monetary systems results ın increasingly unequal 
distribution. Such effect 1s inherent in these systems. 
This 1s certainly the case of the system on which she 
writes on the basis of first-hand knowledge, the use of 
raffia cloth units by the Lele In the course of her field 
research in that community, embodied in her excellent 
monograph The Lele of Kasar, she found that most raffia 
cloth—which could be produced by anyone—tended to 
accumulate ın the hands of a small number of rich old 
men I could quote scores of instances of moneys operating 
m primitive communities that produced a simular effect 
It puzzles me beyond words how a highly intelligent. 
anthropologist hke Mary Douglas can possibly imagine 
that such a system makes for egalitarianism And since 
it does exactly the opposite, how can it be called rationing ? 

Mrs Douglas stated that among the Lele every man 
could issue his own ration coupon to himself I failed to 
discover in her essay the strange process of reasoning by 
which she succeeded in convincing herself that virtually 
unlimited production of ration coupons ‘no more makes 
nonsense of the rationing analogy than 1t makes nonsense 
to speak of money when the unit of currency 1s freely 
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produced and marketed” (page 131) I agree that the 
free production of the wampun and tobacco currencies 
by North Americans during the early colonial period does 
not make nonsense of their description as moneys, even 
though these currencies did reduce themselves to nonsense 
eventually as a result of then extreme depreciation. 
After all, bad money is nonetheless money for being bad 
But it is unmitigated nonsense to label as rationing & 
system under which everybody ts in & position to mecrease 
the number of his coupons at will Such a system is not 
rationing, it is the very negation of rationing Unlike free 
money, ıt would not merely reduce itself to nonsense 
through its misuse over a period—it would be logically, 
necessarily and mevitably nonsense from the very outset 
because 16 conflicts with the basic principles of rationing 

Mrs Douglas emphatically rejects the idea that raffia 
cloth performs monetary functions among the Lele In 
my Proumitive Money (revised edition, page 434), I tricd 
to prove on her own evidence that ıt does play a limited 
pait as a medium of exchange However, whether raffa 
cloth ıs money ıs largely a mutter of definition and there 
1s room for two opinions about it But no conceivable 
definition of rationing could possibly fit to the part played 
by rafña cloth 

When she gets away from her fixed idea Mrs Douglas 
can and does make valuable contributions to the subject 
of money ‘Money in the mtez:national economy ” she 
says, “1s very like money in the piimitive economy where 
no sovereign authority is in control” (page 139) This 
and some other shrewd observations do indeed offer a 
basis for stimulating discussion They make me deplore 
1t all the more that she has not turned her wide know- 
ledgo of primitive moneys and her original analytical mind 
to worthier use than her attempt to prove the unprovable 

The other essays in the volume include an introductory 
essay on “Themes in Economic Anthropology”, by Ray- 
mond Firth, “One Economist’s View of the Relationship 
between Economics and Anthropology”, by Leonaid Joy, 
“Economie Anthropology One Anthropologist’s View”, 
by Ronald Frankenberg, ‘Economie Analysis and 
Economic Man”, by Perey S Cohen, “Economie Spheres 
in Darfur”, by Fredrick Barth, with an essay commenting 
on it by Leonard Joy, “The Structure of Decision- 
Making among Indians of Colombia’, by Sutti Ortiz, 
“Productive Efficiency and Customary Svstems of 
Rewards in Rural India’, by Scarlett Epsteim, and 
“Traditional Groups and New Economie Opportunities in 
Rural Yugoslavia”, by Lorraine Barne Between them 
these essays cover a very wide sphere It ıs a pity that 
between them they devote relatively little space to the 
task that could reasonably be expected to receive the 
utmost attention of present-day anthropologists—investi- 
gation of the problem arising from the sudden change 
from primitive to modern economy 

As a result of the violently sudden contact between 
backward and advanced communities during and since 
the war in various parts of Africa, Asia and Oceama, 
changes which usually occur very gradually have occurred 
very suddenly Modern money, modern systems of pro- 
duction and modern market economy have been forced 
on backward communities in a matter of years, before 
they have become ready for such changes The modern 
institutions are being applied, therefore, by communities 
whose minds are still primitive This strikmg anomaly 
has given rise to interesting situations which ought to be 
investigated very thoroughly They have been investi- 
gated in a number of communities by mdividual field 
workers during the past ten years or so There have 
appeared several very valuable monographs dealing with 
the sudden transition from primitive to modern economy 
m mdividual communities What ıs needed 1s an adequate 
summing up of their findings 

Admittedly, there are occasional references m this 
volume to such problems, but I have looked m vain for 
a systematic analysis of the evidence produced by field 
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research workers Is this because economic anthropology, 
like economic theory, has come to make ıt a point of 
honour to keep aloof from realities ? Some of the con- 
tributors deem ıt more important to try to prove that 
Karl Marx was right than to find an answer to the nter- 
esting problems ot the transition period of our days All 
in all, although this volume contains much that 1s valuable 
and interesting, it has failed to fill the most impoitant 
gap that exists ın the literature on economic anthro- 
pology. Pauk Einzia 


OBITUARIES 


Professor J. D. Boyd 


Proressor James Dixon Boyp died in Cambridge, after 
a long illness, on February 7, 1968 Born in the United 
States of America, he was taken to Northern Ireland at 
an eally age and educated at the Royal Belfast Academical 
Institution and Queen’s University, Belfast. Huis under- 
graduate career was a brilliant one, and he could obviously 
have made a niche for himself ın any branch of medicine 
He was, in fact, attracted to work ın the department of 
anatomy at Belfast, and became one of the brightest stars 
assembled in that department by Professor Thomas 
Walmsley. After a Rockefeller fellowship, he went to 
Cambridge in 1935, where he became a university lec- 
turer and Fellow of Clare College By this time he had 
already acquired what was to be his principal interest, 
and on his appointment at the extremely early age of 31 
to the chair of anatomy at the London Hospital Medical 
College, he had begun the collection of sectioned human 
embryos, second only to that of the Carnegie Institution, 
to which he was to add continuously durmg his period 
ın London, and after his appomtment to the chair of 
anatomy m Cambridge m 1951 Hus textbook on human 
development, known familiarly to generations of students 
as “Hamilton, Boyd and Mossman”, has become a 
standard text and will long survive to mark both the 
depth of his scholarship and the long and fruitful col- 
laboration he enjoyed with Professor W J Hamilton 

Although Dixon Boyd was an excellent administrator 
and one of the best and most enthusiastic of lecturers, his 
frends will remember him firstly as a mucioscopist, 
because on entering his room it was characteristic to see 
him bent over a microscopic preparation from which he 
would turn with his cheerful smile He made a large 
number of contributions to the study of embryology, 
clearing up a wide range of problems relating to structures 
such as the carotid body, the pharyngeal pouches and the 
ganglia of the sympathetic nervous system The subject 
ın which he took most mterest was the placenta and its 
formation He quickly reahzed the potentiality of the 
electron microscope in studying this structure and made 
valuable discoveries as to its contents, 

In some respects Dixon Boyd seemed to belong to an 
age earlier than the present, for he never allowed his 
own specific research mterests to dominate his position 
as head of a department He was one of the best-read 
men of his time, both within and outside his subject 
His knowledge of the anatomical literature was so exten- 
sive that he was often consulted by experts, who went 
away inevitably with something new they had gleaned 
from his rich store Durmg the past few years when his 
health was sadly failing, he was engaged with his old 
friend and colleague, W J Hamilton, m the preparation 
of what ıs clearly designed to be a classic monograph 
on the placenta Those who knew Dixon Boyd well will 
mourn the fact that he did not live to see its publication, 
but they will also know that, by his standards, to complete 
an important piece of scientific work was enough, praise 
from others for what he had done with his whole heart 
and mind was ever supererogatory Davip WooLLAM 
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University News . London 


Mx H. J. Gopwin, reader m pure mathematics at the 
University College of Swansea, has been appointed to the 
chair of statistics and computer science tenable at Royal 
Holloway College, and Professor A A Walters, professor 
and head of the Department of Econometrics and Social 
Statistics ın the University of Brmmgham, has been 
appointed to the Cassel chair of economics with special 
reference to money and bankmg tenable at the London 
School of Economics and Political Science The title of 
professor of rmmunology has been conferred on Dr I M 
Roitt, ın respect of his post at the Middlesex Hosprtal 
Medical School 


Appointments 


Carrain W E Morris has been appomted director of 
Royal Naval Arrcraft and Helicopter Development ın 
the Ministry of Technology, in succession to Mr L H. G 
Sterne 


Dr M Ssargat H Sipprai, chairman of the Pakistan 
Council of Scientific and Industrial Research, has been 
appointed the first overseas member of the Tropical 
Products Institute Advisory Committee 


Announcements 


Tue Counel of the Royal Society of Edmburgh has 
awarded the Keith Prze for the period 1965-67 to Dr 
A J Haddow, semor lecturer m epidemiology in the 
University of Glasgow, for his paper ‘The Natural History 
of Yellow Fever in Africa”? published ın the Proceedings 
of the society during the period of the award 


Tue Center for Theoretical Studies of the University of 
Miami has announced the establishment of the J Robert 
Oppenhemer Memorial Prize for significant contributions 
to the fields of theoretical physics, chemistry, biology, 
mathematics and the philosophy of science ‘The prize, 
which consists of a gold medal, a citation and a cash 
award, 1s to be a tribute to the late Professor Oppenheimer, 
who, as a member of the Scientific Council, was mstru- 
mental ın the founding of the centre Further mformation 
concerning this prize can be obtamed from the Scientific 
Council, Center for Theoretical Studies, University of 
Miami, PO Box 9055, Coral Gables, Flonda 33124 


Meetings 


Vacuum Congress, April 17-19, Manchester (The Secre- 
tary, Jomt British Committee for Vacuum Science and 
Technology 47 Belgrave Square, London SW1) 


Paysics of Thin Films, April 22-24, Southampton (The 
Meetangs Officer, The Institute of Physics and The 
Physical Society, 47 Belgrave Square, London SW1) 


ANNUAL Frequency Control Symposium, April 22-24, 
Atlantic City, New Jersey (Director, Electronic Com- 
ponents Laboratory, US Army Electronics Command, 
Fort Monmouth, New Jersey 07703) 


Tae Scanning Electron Microscope—The Instrument and 
Its Applications, April 30-May 1, IIT Research Institute, 
Chicago (Dr Om Joharie, IIT Research Institute, 10 
West 35th Street, Chicago, Illinois 60616). 


TIME-DEPENDENT Effects ın Polymeric Systems, May 
10-11, University of Bradford (The Registrar, University 
of Bradford, Bradford 7) 


MYELOPROLIFERATIVE Disorders of Anrmals and Man, 
May 20-23, Richland, Washington (Dr W J Clarke, 
Symposium on Myeloproliferative Disorders of Animals 
and Man, PO Box 999, Richland, Washington 99352) 
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CORRESPONDENCE 


Geology in British Universities 


Sir,—If geology ıs taken to mean the science of the 
Earth, then most university geology departments m 
Britain do not teach it Instead they offer a range of 
semi-independent, specialized courses withm the field, 
from which the student 1s expected to construct his own 
view of the Earth The main reason seems to be repeated 
subject segmentation resultmg from an accelerating 
merease in published data Departments at time of 
formation have been traditionally divided mto branches 
or subject segments, with one teacher for each. Examples 
are palaeontology, stratigraphy and mineralogy (Fig 1). 
As data accumulate ıt eventually becomes clear that a 
segment wil have to split, the omgmal teacher taking one 
part and a new teacher the other For example, palaeon- 
tology might split into macro- and micro-palaeontology. 
The process can continue mdefinitely 

The system has three defects First, each subject seg- 
ment 1s usually, though not always, separated from its 
neighbours by a subject gap—or even a crevasse In order 
to bridge this, those responsible for adjacent segments 
would need to be familar with the topics covered by the 
other, and both would need to agree on a method of 
presenting the relationship. Such co-operation 1s rarely 
successful and 1s usually not attempted 


mineralogy |igneous & {geochemsshy|structural | geophysics |strahgraphy edimentarylpatazontotogy! 
elamorphi geology environments 
i pelrelogy 


Fig 1 Example of the traditional segmentation of geology 


The second defect 1s that the sumple segment structure 
tends to be self-perpetuatng For most departmental 
heads the temptation to split an already existmg segment 
rather than to create an entirely new one seems to be 
irresistible Tho effect on departmental research, neces- 
sarily closely related to segment structure, ıs obvious. 
Hence, developments during the past fifteen years, and 
particularly since the IGY in 1957-58, which have 
altered the very structure of the subject, are relatively 
neglected Geology as now usually taught 1s largely con- 
fined to the study of the exposed portions of the conti- 
nental mfts This was mevitable in the past when 
knowledge of the Earth was gamed from direct exam- 
mation of its land surface Then, the only known way to 
lnk observations was to place them either in tıme sequence, 
or m descriptive groups (for example, mmerals) But it 
1s now becoming increasingly clear that at any given time 
events in the crust are closely connected both to one 
another, and to those m the upper mantle and probably 
also the core. They cannot any longer be treated m 
isolation as if they were parts of a series of mdependent 
Markov chains (for example, local stratigraphic columns). 

The third and perhaps most serious defect of the present 
system 1s that virtually no research and httle teaching 1s 
directed towards synthesis of geological information at 
any level above that of the segment Even withm seg- 
ments the historico-deseriptive approach 1s commonly 
regarded as adequate The result is a rismg mountain of 
undigested data Hence the necessity for repeated segment 
splitting and increasing specialization The necessity 18 
largely illusory, the real need ıs for condensation of data 
into working hypotheses with a high degree of indepen- 
dence ın space and trme The fallibility of such hypotheses 
1s recognized, but ıt does not destroy their central mpor- 
tance to the development of the subject Without them 
the recitation of geological history, with ever increasing 
precision, becomes an end ın itself 

Two excuses are usually advanced for the lack of syn- 
thesis in geology The first ıs the difficulty of dealing with 
the huge volume of data and the consequent danger of 
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Fig 2 Suggested three-trer hierarchy of subject segments Subjects shown are merely examples The number of tiers 1s variable, but two 19 a 
minimum 


superficialhty. The second ıs the lack of suitable people 
to do the work However, the need 1s not for synthesis m 
the encyclopaedic style of Suess! or Gignoux?*, but rather 
the use of codified data to derive such thmgs as natural 
classifications of rocks and to define sedimentary, meta- 
morphic, geochemical and tectonic crustal regions The 
construction of a nested hierarchy of simple quantitative 
models ultimately embracmg the whole Earth can then 
follow. A similar approach has been suggested by Kosygm 
and Voronin? The contention of superficiality also over- 
looks the fact that the nature of problems changes with 
the scale of mvestigation (cf Haggett et al4) Thus, 
the petrographer working with a microscope does not 
dismiss field studies as superficial even though they are 
carried out on a scale at least five orders of magnitude 
greater 

The lack of workers experienced ın synthesis 18 cer- 
tainly real However, there are probably more frustrated 
synthesists m British geology departments than might be 
suspected from listed research topics The one certam 
way to utilize them and to generate new interest, and 
hence research, ın synthesis 1s to create a demand for it 

As an alternative to the existing organizational struc- 
ture m geology a three-tier hierarchical scheme 1s proposed 
(Fig 2) in which scale plays a key part and teaching 1s 
process oriented rather than deseryptive The chief 
advantage of this scheme over the traditional one (Fig 1) 
1s that the relationship between subject segments m any 
trer 1s dealt with by teachers m the next higher one— 
without, incidentally, the need for detailed collaboration 
of teachers either withm or between tiers Such a scheme 
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¥ig 3 Histogram showing the frequency distribution of staff in British 
geology departments Total number of departments 1s 48 and staff 484 


1-5 6-10 21-25 


would provide an effective antidote to the cancer of 
specialization. It also puts much greater emphasis on the 
rapidly growmg areas of the subject, which ıs essential 1 
universities are to equip students for a working hfe during 
which the total amount of geological knowledge may be 
expected to increase sixteen-fold 

An analysis of geological research m British universities 
and colleges’ shows that only 2 per cent falls within 
ters I and II m Fig 2 Of this, almost half 1s accounted 
for by one university—the only one which, to judge from 
its calendar, has succeeded in establishing a viable Earth 
sciences department An analysis of the number of 
academic staff m British geology departments’ shows a 
skewed distribution with a mode in the range 6-10 
(Fig 3) This is almost certamly too small to support a 
three-tier hierarchy of the kind shown in Fig 2 Such a 
scheme would, however, become a theoretical possibility 
if the number of geology departments was halved and 
ther modal size doubled. Whether they actually suc- 
ceeded in introducing the scheme would, of course, depend 
on their willmgness and abilty to reorganize Better 
utilzation and access to equipment and library resources 
could be an umportant by-product of the proposed con- 
centration of geological effort 

Needless to say, the voluntary hquidation of half the 
geology departments m Britain baffles the magination. 
It is more probable that geophysically oriented planetary 
science departments will spring up independently of class- 
real geology They will recognize that the crust of the 
Earth 1s the most sensitive meter of events m the mterior 
over the greater part of geological time And the geologists 
wil find their data incorporated mto planetary schemes 
which they have had no part m constructing, partly 
because they have declined to attempt large-scale syn- 
thesis themselves and partly because they have insuffierent 
knowledge of pure science Geology itself will then have 
been reduced to the status of a technique A simular fate 
may be awaiting other subjects the conceptual framework 
of which 1s still historico-deseriptive 

I am grateful to several fellow-workers for their 
thoughtful comments on early drafts of this commum- 
cation 

Yours sincerely, 
A D STEWART 

Department of Geology, 
Umversity of Reading 


7 Suess, E , The Face of the Earth, translated by Sollas, H B C. (Oxford 
University Press, 1904-24) 


2 Gignoux, M , Stratigraphic Geology, translated by Woodford, G G (Freeman, 
San Francisco, 1955) 

3 Kosygin, Yu A,and Voronin, Yu A, Int. Geol Rev , 9, 828 (1967) 

* Haggett, P , Chorley, R J, and Stoddart, D R , Nature, 205, 845 (1965) 

* Department of Education and Science, Scientific Research in British Uni- 
versitves and Colleges, 1966-7,1, 42 (1967) 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the public) 


Monday, March HI 


Soclzry OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (Jomnt meeting 
with the Colloid and Surface Chemustry Group, at 14 Belgrave Square, 
London, SW1), at 530 pm—Dr D A Haydon “Some Recent Develop- 
ments m the Study of Bromolecular Lipid Films” 


INSTITUTION OF ELECTRICAL ENGINEERS Gomt meeting with the Auto- 
matic Control Group of the I Mech E , and the Institute of Marine Engineers, 
at 1 Birdeage Walk, Westminster, London, SW1), at 6 p m —Meeting, on 
“Roll Stabilisation and Auto Pilots in Marine Engmeering Application 


Monday, March |1—Thursday, March 14 


INSTITUTE oF METALS (at Church House, Great Smith Street, London, 
SW1}—Spring Meeting 


Tuesday, March 12 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 2 30pm and 5 30 p m —Discussion Meeting on “Metrication” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 3 pm > 
Professor Ronald King “Experments—or Asking Nature Questions 
(Lecture for Preparatory Schoo! Pupils from Schools in London and the 
Home Counties To be repeated on March 13 and 14 ) 


INSTITUTION oF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, SW1), at 5 30 p m —Informal] Discussion on “Ground and Materials 
Taver tigations for Road Schemes—Needs and Methods” introduced by 

T reen 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 6 30 p m —Discussion Meeting on “Fault Diagnosis and Maintenance’ 


UNIVERSITY OF LONDON (ın Mechanical Engineering Lecture Theatre “A”, 
Imperial College of Science and Technology, London, SW7), at 5 30 p m — 
Professor Maria Luisa Bonelli (Florence) “Introduction The Scientific 
Renaissance in Florence” * 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 
1 Birdcage Walk, Westminster, London, SW1), at 6pm —Mr H © Cox and 
MrA E Norman ‘The Design of Automobile Door Latches” 


Wednesday, March 13 


Roya, INSTITUTION, HISTORY OF SOIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 pm —Mr Frank Greenaway “‘Con- 
vergent and Divergent Research--Some Historical Contrasts” * 


UNIVERSITY OF LONDON (1n Mechanical Engineering Lecture Theatre “A” 
Imperial College of Science and Technology, London, SW7), at 5 30, m— 
Professor Maria Luisa Bonelli (Florence) “The Personality of Galileo” * 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineerin 
Department, Imperial College, London, SW7), at 6 pm —Mr B G, Toms 
“Apphoations of Digital Computers ın Environmental Engineering 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, WCl), at 6 pm-—-Mr D Leigh “Sources of Maritime 
Archaeology-—Problems of Conservation of Underwater Discoveries” * 


INSTITUTE OF INFORMATION SOIENTISTS (at Knightway House, 20 Soho 
Square, London, W1), at 615 p m —Mr L Corbett and Mr P J Gallagher 
Pcs Use of Commercially Available Computer Tapes for Current Awareness 

ervices 


Wednesday, March 13—Thursday, March 14 


INSTITUTION OF MECHANICAL ENGINEERS, TRIBOLOGY GROUP (at 1 Bird- 
cage Walk, Westminster, London, SW1)—Symposium on ‘Experimental 
Methods mm Tribology” 


Thursday, March 14 


LINNBAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
W1), at 6 pm—Dr R Melville and Mrs F A Wrigley ‘Fenestration in 
Wonsteradelvevosa and Its Bearing on the Morphogenesisand Colour-Patterns 
of Leaves”, MrT Reynolds “Seed Germination” 


MINERALOGICAL SOCIETY (at the Geological Society of London, Burhngton 
House, Piccadilly, London, W1), at 5 p m —Scientufie Papers 


INSTIDUTH OF PETROLEUM (at 61 New Cavendish Street, London, W1), at 
530pm—MrK R Wilhams ‘The Challenge to the Gasoline Engine” 


INSTITUTION OF CIVIL ENGINEERS, TRANSPORTATION ENGINEERING GROUP 
(at Great George Street, Westminster, London, SW1), at 5 30 p m —-Informal 
Discussion on ‘Measures for Improving Pedestrian Safety” mtroduced by 
MrJ T Duff 

UNIVERSITY OF LONDON (in Mechanical Engineering Lecture Theatre “A”, 
Imperial College of Science and Technology, London, SW7), at 5 30 pm — 
Professor Maria Luisa Bonell: (F:orence) “The Accademia del Cimento” * 


UNIvERstry or LONDON (in the Botany Theatre, University College 


London, Gower Street, London WCi), at 530 pm—Professor J de Ley 
(Ghent). “Molecular Taxonomy, a New Parameter on Biological Classifica- 
tion” * 


INSTITUTION OF ELECTRONIC aND RADIO ENGINEERS, EDUCATION GROUP 
(at 8-9 Bedford Square, London, WC1), at 6 p m —Mr Harley R Sykes 
“Engineers must Manage or be Managed” 


Thursday, March |14—Friday, March 15 


ROYAL SOOTY (at 6 Carlton House Terrace, London, SW1), at 10 30 a m, 
daily-~—Discussion Meeting on “Triggered Enzyme Systems ın Blood Plasma’ 
organized by Professor R G Macfarlane, FRS 


Friday, March 15 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Lecture Theatre of the British 
Museum (Natural History), Cromwell Road, London, SW7), at 10 30 a m — 
Symposnm on “New Insecticides and Their Application in Public Health and 
Industry’ 
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ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marie antreet, London, pet a 1 p m T Cand D W Setser “Um- 
ons and Vibrational E f 

cally Activated Haloethanes” * Rey perc umes VAR Cheni 


INSTITUTION OF ELECTRICAL ENGINEERS Gomt meeting with the Auto- 
matic Control Group of the I Mech E , and the Institute of Measurement and 
Control, at Savoy Place, London, WCQ), at 5 30 p m —Discussion Meeting on 

Flow Measurement of Airborne Powders” opened by Mr F J Hiornset al 


SOCIETY OF CHEMICAL INDUSTRY, PLASTIOS AND POLYMER GROUP (joint 
meeting with the South Western Section, at the College of Technology, 
Elymouth), at 530 pm—Mr G A R Matthews “Recent Advances in 


UNIVERSITY OF LONDON (in the Botany Theatre, University College London, 
Gower Street, London WCl), at 5 30 pm—Professor J de Ler (Ghent) 
‘Evolution of Bacteria” * 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 pm — 
Professor Melvin Calvin, For Mem RS “From Molecule to Mars”. 


Saturday, March 16 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, SE23), at 330 pm—‘The Pulse of 
Africa” (Colour film on the birds, reptiles and mammals of Africa Co- 
Producer Pierre Koep )* 


Monday, March 18 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 10 a m —Colloquium on “Threshold Extension Techniques” 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, SW1), at 5p m —MrJ A R Bates “A Review of Govern- 
mental Control in Various Countries” 


UNIVERSITY OF LONDON (at the Royal Vetermary College, Royal College 
Street, London, NW1), at 5 pm-—Professor J R Buchanan (Pennisi. 
vania) ‘Radiology of the Canine Heart” * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WoR, 
at 530 pm -—Discussion Meeting on “The Class Structure of the Britis 
Single-phase House Service Meter” opened by MrA J Baggott 


UNIVERSITY OF LONDON (ın the Gustave Tuck Theatre, University College 
London, Gower Street, London, WC1), at 5 30 p m —Professor Horst Kunze 
(Director General of the German State Library, East Berlin) “The Training 
of Scientific Librarians and Documentalists in Eastern Germany” * 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, INSTRUMENTATION 
AND CONTROL GROUP (at the London School of Hygiene and ‘Tropical Medi- 
cine, Keppel Street, Gower Street, London, WC1), at 6 p m —ProfessorH H 
Rosenbrock “Control Past, Present and Future” (inaugural Meeting) 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), at 
6 p m — Professor Owen Lattimore “China To-day—Some Social Aspects” 
(first of three Cantor Lectures) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dato 7 TORPED (Grade IT or III) in the D. 

ECTURERS rade II or 10 the DEPARTMENT OF CIVIL ENGINEERING 
—The Registrar and Secretary, The University, Bristol (March 14) 
“mas IN PATHOLOGY—The Registrar, The University, Sheffield 

arch 22) 

LECTURER or ASSISTANT LECTURER (with special qualifications or interests 
1n one of the following fields low temperature, including solid state, laser 
physics, X-ray crystallography) in EXPERIMENTAL PHYSICS—'The Secretary, 

niversity of St Andrews, College Gate, St Andrews, Fife (March 23) 

RESEARCH ASSISTANT (with a first- or second-class degree ın some branch 
of engineering or physics) in the DEPARTMENT OF APPLIED MATHEMATICS for 
research in rheology—The Registrar, University College of Wales, Aberyst- 
wyth (March 23) 

CHAIR OF EXPERIMENTAL PHYSICS at Birkbeck College—The Academie 
Registrar (A), University of London, Senate House, London, WC1 (March 28) 

CHAIR OF PHYSICS at University College, Nairobi (University of East 
rian Inter-University Council, 33 Bedford Place, London, WCi 

arch 

LECTURER (with good academic qualifications, equipped to undertake Buper- 
vision of work for higher degrees, and preferably some teaching experience) in 
EDUCATIONAL PsYcHOLOGY—The Registrar, The University, Keele, Stafford- 
shire (March 31) 

ASSISTANT LECTURER IN BIOCHEMIbTRY—The Secretary of the Univerarty 
Court, The University, Glasgow (April 1) 

CHAIR OF GEoPHYSICS—The Secretary, University of Edinburgh, Old 
College, South Bridge, Edinburgh (April 1) 

CHAIRS (2) IN BIOLOGICAL SCIENCES—The Secretary, University of Exeter, 
Northcote House, The Queen’s Drive, Exeter, Devonshire (April 1) 

STAFF TUTOR (with a good honours degree in one of the biological sciences) 
IN SCIENCE in the DEPARTMENT OF ADULT EpucaTION—The Registrar, The 
University, Hull (Apni 1) 

SENIOR LECTURER or LECTURER IN MATHEMATICS at the University of 
Taan Mra The Inter-University Council, 33 Bedford Place, London, 

pn 
LECTURERS (2) (preferably with interest or experience in the followmg 
flelds quantitative methods, climatology, hydrology, cartography and 
survey) ın the DEPARTMENT OF GEOGRAPHY, University of Ife, Nigeria—The 
Inter-University Council, 33 Bedford Place, London, WCi (April 8) 

READER (with interests in freshwater ecology, hydrobiology and/or 
ichthyology) ın the DEPARTMENT OF ZOOLOGY, Makerere University College, 
Uganda (University of East Africa)--The Inter-University Council, 33 
Bedford Place, London, WC1 (April 11) 

SENIOR LECTURER or LECTURER IN SCIENCE CURRICULUM DEVELOPMENT 
in the Institute of Education, University of the West Indies, Trinidad—The 
Inter-University Council, 33 Bedford Place, London, WC1 (April 11) 

LECTURER in THEORETICAL Puysics—The Secretary to the University 
Court, The University, Glasgow (Apr) 12) 

LECTURDR/ASSISTANT LECTURER (preferably with research interests either 
im learning or cognitive processes) in PSYCHOLOGY at the University of Hong 
Kong—The Association of Commonwealth Universities (Branch Office 
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Fn rh saa House, Pall Mall, London, SW1 (Hong Kong and London, 
pri 

OFFICIAL FELLOW IN EXPERIMENTAL PHyYSIcs—The President, Magdalen 
College, Oxford (April 15) 

UNIVERSITY LECTURERS IN EXPERIMENTAL Puysics (Pure or Applied) in 
the CLARENDON LABORATORY and ın the DEPARTMENT OF NUCLEAR PHYSICS 
Gan See of Faculties, University Registry, Broad Street, Oxford 

pri 

ASSISTANT LECTURER and a LECTURER or SENIOR LECTURER (with teach- 
ing and research experience (at an advanced level for the senior post) in a 
branch of physiology) in the DEPARTMENT OF PHYSIOLOGY, University of 
Melbourne, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (Australia and 
London, April 17) 

CHAIR OF SOCIOLOGY 1n the RESEARCH SCHOOL OF SOCIAL SCIENCES of the 
Institute of Advanced Studies, Australian National University—-The Asso- 
cation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, 8W1 (Australia and London, May 17) 

MASTER to take charge of BIoLOGy—-The Rector, Edinburgh Academy, 
Edinburgh 3 


REPORTS and other PUBLICATIONS 


(not wncluded in the monthly Books Supplement) 


Great Britain and Ireland 


Department of Education and Science Education Survey 1 Units for 
Partially-hearing Cluldren Pp v+50 (London HM Stationery Office, 
1967) 5s net 2212 

Schools Council Working Paper No 16 Some Further Proposals for Sixth 
Form Work Pp v+29 (London HM Stationery Office, 1967 ) hed 
ne’ 

The Zoological Record, Vol 101, Section 19, 1964 Mammalia Compiled 
by Jean Ingles, John Fitzgibbon, Hazel Bartlett and Michael Dadd Pp 303 
(London The Zoological Society of London, 1967) 50s, $710 [2912 

Ministry of Technology Hydraulics Research 1966 The Report of the 
Hydraulics Research Station Steering Committee with the Report of the 
Director of Hydraulics Research Pp vi+101+8 plates (London HM 
Stationery Office, 1967) 11s net 2712 

Hill Farming Research Orgamızation Fourth Report, 1964-67 Pp 105 
(Edinburgh Hill Farming Research Organization, 1967) 5s 2712 

Englısh Electric Valves—Duplexer Devices Pp 12 (Chelmsford 
English Electric Valve Company, Ltd , 1967 ) 2812 

Social Science Research Council Research supported by the SSRC, 1967 

p 96 (London Social Science Research Council, 1967 ) [2912 

Philosophical Transactions of the Royal Societv of London Series B 
Biological Seiences No 788, Vol 253 (21 December, 1967) Ficus in the 
Solomon Islands and Its Rearing on the Post-Jurassic History of Melanesia 
ByE J H Corner Pp 23-159 51s, $665 No 784, Vol 253 (21 Decem- 
ber, 1967) Marine Molluscan Assemblages in the Early Pleistocene of 
Sidestrand, Bramerton and the Royal Society Borehole at Ludham, Norfolk 

yP E Norton Pp 161-200 15s, $195 (London The Royal 
Society, 1987 ) {2912 

Department of Education and Science Building Bulletin 39 Designing 
for Science—Oxford School Development Project Pp v+98 (London 
HM Stationery Office, 1967) 18s 6d net [11 

The Life of Robert Dick By J A Williamson (Caithness Notebook No 
5) Pp 48 48 The Fossil Fishes of Caithness By J Saxon (Caithness 
Notebook No, 6 81 8s 6d (Thurso John Humphries, 1, Bank 
Street, 1967 ) 21 

Chelsea College of Science and Technology (University of London) Annual 
Report 1966-1967 Pp 51 (London Chelsea College of Science and 
Technology, 1967 ) {21 

Taxes in the BEC and Britain The Problem of Harmonization. By 
Douglas Dosser and S S Han Pp 46 (London Political and Economic 
Planning, 1967) 7s 6d [81 

Ministrv of Technology Forest Products Research 1966 Report of the 
Forest Products Research Laboratory Steering Committee with the Report 
of the Director of Forest Products Research Pp vi+61+8plates (London 
HM Stationery Office, 1967) 8s 6d net 31 

Northern Ireland Ministry of Agriculture Leaflet No 146 Growing 
wi Ryegrass Seed Pp 10 (Belfast Munistry os Arnoa 

Enjoying the Countryside By Arthur Blenkinsop (Fabian Research 
Series, No 265) Pp 20 (London Fabian Society, 1968) 2e 6d {41 

The Less Developed Countries in World Trade a Reference Handbook 
By Michael Z Cutajarand Alison Franks Pp 209 (London The Overseas 
Development Institute, 1967) 30s 41 

Department of Education and Science Building Bulletin 41 ‘Rosebery 
County School for Girls, Epsom, Surrey Sixth-Form Centre Pp 59 
(London HM Stationery Office, 1967) 6% net (41 


HOW TO BUY NATURE 
Volumes start in January, April, July and October, but subscriptions 
may begin with any issue 
The direct postal price per subscription for one or two copies of 
NATURE each week is 

*12 MONTHS (52 issues and 4 indexes) 


Great Bntain and Ere 

United States of America 

Canada 

Elsewhere overseas by surface mail 
(Charge for delivery by air mail on application) 
*Shorter periods pro rata (Minimum three months ) 
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$48 each 
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(by ar freight) 
(by air freight) 
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Other Countries 


United States Naval Observatory Circular No 116 ‘Total Solar Eclipse 
of 22 September 1968 BvJulenaS Duncombe Pp 15 Circular No 117 
Ephemeris of the Radio Longitude of the Central Meridian of Jupiter System 
IIE (19570) Bv Berenice L Morrison Pp 4 (Washington, DC US 
Naval Observatory, 1967 ) {2712 

World Health Organization Specifications for Pesticides Used in Public 
Health Insecticides—Rodentic:des—Molluscicrdes—Repellents—Methods. 
Third edition Pp 800 (Geneva World Health Organization, London 
HM Stationery Office, 1967) 20 Sw franes, 35e, $675 (2712 

Counei! for Cultural Co-operation of the Council of Europe Education in 
Europe Section I Higher Education and Research—No 4 How to 
Qualify as a “Biologist” in the Universities of Europe By Jean Leclercq 
Pp 240 (Strasbourg Council for Cultural Co-operation of the Council of 
Europe, London HM Stationerv Office, 1967 ) (271 

Anuario del Observatoria Astronómica de Madrid para 1968 Pp 485 
(Madrid Observatorio Astronómico, 1967 ) {2712 

Organization for Economic Co operation and Development, European 
Nuclear Energy Agency Ninth Report on the Activities of the Agency, 
December 1967 Pp 71 (Paris Organization for Economic Co-operation 
and Development, European Nuclear Energy Agency, 1967 ) {271 

Bulletin of the California Institute of Technology, Vol 76, No 4 The 
President’s Report and Reports of other Officers, 1966-1967 Pp 135 
(Pasadena, California California Institute of Technology, 1967 ) [2812 

MitteiJungen aus der Biologischen Bundesenstalt fur Land- und Forst- 
wirtschaft, Berlin-Dahlem, Heft 125 (November, 1987) Neues uber Bacillus 
Thuringlensis und serine Anwendung Von Dr A Krieg Pp 106 (Berlin- 
Re Brologische Bundesanstalt für Land- und Forstwirtschaft, 13812 


Library of Congress Science and Technology Division Weather Modifl- 
cation in the Soviet Union, 1946-1966—a Selected Annotated Bibliography, 
Bv Nikolay T Zıheev and George A Douman: Pp x+78 (Washington, 
DC Library of Congress, 1967 Obtainable from US Government Print- 
ing Office) $055 (2812 

United States Department of the Interior Geological Survey Water- 
Supply Paper 1840-B Floods of June 1964 in Northwestern Montana By 
E © Boner and Frank Stermitz Pp vin+242+plate 1 (Washington, 
DC Government Printing Office, 1967) $150 2912 

Annals of the South African Museum Vol 50, Part 5 (November 1967) 
Some Bathypelagic Cephalopods from South African Waters By Gilbert L 
Voss Pp 61-85+plates1-9 (Cape Town South African Museum, 1084: 2 


c 
Annals of the Transvaal Museum Vol 25, No 8 Recent Hvracoidea 
(Mammalia) of Southern Africa By J du P Bothma Pp 117-152 (Pre- 
tora Transvaal Museum, 1967 ) (2912 
Annales de l'Institut de Physique du Globe de )’Université de Paris 
Bureau Central de Magnétisme Terrestre Fondees par Ch Mauran, et 
ublees par les soins de E Thellier, avec le concours du Centre National de 
@ Recherche Srientifique Tome384 Pp 147 (Paris Institut de Physique 
du Globe de l'Université de Paris, 1966 ) 2912 
Canada Department of Energy, Mines and Resources Geological Survey 
of Canada Paper 66-25 Bella Coola and Laredo Sound Map-Areas, British 
Columbia By A J Baer Pp v+18+maps $150 Paper 67-30 
Conodont Zonation, Waterways Formation (Upper Devonian), North- 
eastern and Central Alberta By T T Uyeno Pp v+21(2plates) $150 
Bulletin 153 Lower and Middle Devonian Trifobites of the Canadian Arctic 
Islands A R Ormiston Pp 148+17 plates $550 Bulletin 156 
A Standard for Triassic Time By E T Tozer Pp 103+10 plates $4. 
(Ottawa Queen’s Printer, 1967 ) [11 
United States Department of the Interior Geological Survey Bulletin 
1229 Geology of the Circle Cliffs Area, Garfield and Kane Counties, Utah 
By E S Davidson Pp vi+140+plates1and2 Bulletin 1231 Geology 
and Ore Deposits of the Lawson-Dumon-Fall River District, Clear Creek 
County, Colorado By C C Hawley and Frank Baker Moore Pp vit92+ 
lates 1 and 2 Bulletin 1248 Selected X-ray Crvstallographice Data, 
olar Volumes, and Densities of Minerals and Related Substances By 
Richard A Robie, Philip M Bethke, and Keith M Beardsley Pp 1v+87 
$035 Bulletin 1254-B Cretaceous and Lower Tertiary Stratigraphy in 
Weat-Central Puerto Rico By Peter H Mattson Pp i11+35 $020 
Water-Supply Paper 1576-H Ground-Water Resources of the Southern 
Part of Jicarilla Apache Indian Reservation and Adjacent Areas, New 
Mexico By Elmer H Baltz and S W West Pp iv+89+plates 1-5 
Water-Supply Paper 1824 Ground-Water Levels in the United States, 
1960-64, South-Central States Prepared under the direction of © L 
McGuinness Pp v+152 $045 Water-Supply Paper 1839-A Recon- 
naissance of the Chemical Quality of Surface Water of the Neches River 
Basin, Texas Bv Leon S Hughes and Donald K Leifeste Pp 1v+63+ 
lates 1-4 Water-Supply Paper 1839-N Hvdrologic Data for the Oah 
dge Area, Tennessee By Wiliam M McMaster Pp v+60. $025 
(Washington, DC Government Printing Office, 1967 ) (11 
Australia Commonwealth Scientific and Industrial Research Organiza- 
tion Annual Report of the Division of Meteorological Phvsics, 1966-67 
Pp 36 (Melbourne Commonwealth Scientific and Industrial Research 
Organization, 1967 ) {21 
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lle Kent Instruments 


tor the laboratory 


KENT CHROMALOG, completely self-contained and portable 
solid-state integration system that evaluates chromatograms 
accurately, immediately and automatically by providing direct 
digital print-out of peak areas The Chromalog renders obsolete 
all tedious manual methods of integratron and gives far more 
reliable results Already specified as standard equipment for a 
wide variety of analytical applications, the Chromalog is used 
extensively in conjunction with the Scientific Recorder 

KENT SCIENTIFIC RECORDER, asingle-point millivolt record- 
ər for measurement of any variable that can be expressed in 
‘erms of voltage TheScientific Recorderisa special development 
of the internationally familiar Mark 3 range and 1s designed 
© meet the particular requirements of research, development 


and academic laboratoties A 36-range plug-in card is 
available to complement the many built-in features of 
this versatile instrument 

Test our service -telephone Mr G H Sharp, Luton 
21151, or write for detatls by return 
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for the re-direction of replies co advertise- 


ments with a box number 


ADVERTISEMENTS SHOULD BE ADDRESSED 
TO T G Scott and Son, Limited, 1 Clement's 
inn, Strand, London, W C2 Telephone 
01-405 4743 Telegrams Textualist, London, 
wc2 


APPOINTMENTS VACANT 





UNIVERSITY OF THE 


WEST INDIES 
JAMAICA 


Applications are invited for (a) SENIOR LEC- 
TURESHIP or (b) LECTURESHIP in Morbid 
Anatomy in Department of Pathology Duues 
include routine work in the University Hospital 
and instruction in morbid anatomy to students 
working for the medical degree of the University 
under the direction of the Professor of Patho- 
logy Duties to be assumed August 1968 or 
soonest thercafter Salary scales (a) £2900 to 
£4100 per annum (b) £2000 to £2,960 per 
annum Child allowance FSSU Family 
passages Triennial study leave 

Detalled applications (6 copies} naming 3 
referees by April 10 1968, by persons lning in 
the Americas and Cambbean area to Registrar, 
University of the West Indies Kingston 7, 
Jamaica, and by all others to Inter-University 
Council 33 Bedford Place London, WCI 
Further particulars obtainable similarly (1019) 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF BIOLOGICAL SCIENCES 


A vacancy exists in the School of Biological 
Sciences for a SENIOR or JUNIOR RESEARCH 
ASSOCIATE in INSECT PHYSIOLOGY Pre- 
ference will be given to senior candidates of 
proven research abi'tty but jumor candidates of 
high academic ability will be considered The 
successful candidate will jom a research project 
in the fied of water relationships The appoint- 
ment, which will be made as soon as possible 
and not later than October 1, 1968, will be for 
up to three years in the first instance 

Applications should be made in writing giving 
full detas of educauon and qualifications, to. 
gether with the names of two referees and sent 
to the Administrative Assistant School of Bio- 
logical Sciences University of East Anglia Uni- 
versity Plain, Norwich, NOR 24B (931) 


UNIVERSITY COLLEGE 


HOSPITAL 
GOWER STREET, LONDON, WC1 


Apolications are invited for the post of 
BASIC GRADE BIOCHEMIST for routine 
chemical pathology laboratory The de- 
Partment ts parucularly Interested in the 
application of automation and the use of 
computing techniques and the post offers 
good all-round experience The department 
is due to move to a new laboratory within 
the year 

Applications with names of two referees, 
to Assistant Secretary (959) 


UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


SENIOR LECTURER IN 
PHYSIOLOGY 


Applications for this post are imvited 
from graduates in Physiology, Biochemistry 
or related subjects or persons with a medi- 
cal qualification registrable m this country 
Duties commence as soon as possible after 
July 1, 1968 Saary range per annum 
£2520 to £3,415 FSSU 

Particulars and application forms (return- 
able by March 29) from the Registrar 
Quote Ref 25/68/Na (997) 
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COTTON 
AGRONOMIST 
(MALE) 


AUSTRALIA 


DIVISION OF LAND RESEARCH 
KIMBERLEY RESEARCH STATION 


GENERAL Kimberley Research Station, which is jointly operated by the Common- 
wealth Scientific and Industrial Research Organization, Australia, and the Department of 
Agriculture, Western Australia, is sttuated 12 miles from Kununurra in the northern part 
of Western Australia Research at Kimberley provided the technical foundation for the 
recent development of irrigated agriculture on the Ord Rivar, where in 1966/67 over 
12,000 acres of cotton were grown ‘The function of the Station continues to be that of 
serving the irrigation project and of research into the principles of irrigated tropical 
agriculture 


Over the next few years it is anticipated that Kimberley Research Station will maintain 
ten graduate scientists Of these positions, one is in cotton agronomy, one im cotton 
breeding, and two others are closely associated with the cotton research programme in 
the fields of soil fertility and entomology The Station maitains a small fibre-testing unit 


DUTIES The appointee will be required to initiate and develop a research programme 
in the agronomy of irrigated cotton, with special reference to agronomic and environmental 
effects on fibre quality 


QUALIFICATIONS Applicants should have a degree in Agriculture or a related 
biological science, and a Ph D degree, or postgraduate research experience of equivalent 
standard and duration, supported by satisfactory evidence of research ability, in cotton 
research Preference will be given to applicants with experience and interest tn problems 
of fibre quality 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary ranges of Research Scientist, $A5,250-$46,622 pa or Senior Research 
Scientist, $A6,892-$A7,974 pa Promotion within CSIRO to a higher classification 1s 
determined by merit 


CONDITIONS Fares patd for the appointee and his dependent family. Further 
particulars supplied on application 


Applications (quoting Appointment No N620/62), and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
expertence, together with the names of not more than four persons acquainted with the 
applicant’s academic and professional standing, should reach 


Mr R F Turnbull, 

Chief Scientific Liaison Officer, 

Austrahan Scientific Liaison Office, 

Africa House, Kingsway, 

LONDON, W C2, by the 5th April, 1968 (1015) 
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Plasties Divisie 
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EXPERIMENTAL 
OFFIGER 


Electronic Apparatus Group 


We have a vacancy in the Electronic Apparatus Group serving the 
Research Laboratortes at Welwyn Garden City for an Experimental 


Officer Applicants preferably should be in their twenties and have 
experience in applying electronic systems to research problems H N C 
is desirable but not essential 

Conditions of service include a 5 day week, Pension Fund and Profit 
Sharing Scheme Assistance towards removal expenses and a temporary 
lodging allowance would be payable to a married man 


er eae O 
Please apply to 
O. Cheesmer, Personnel Department, 
Imperial Chemical Industries Limited, 
Plastics Division, 
Bessemer Road, Welwyn Garden City, Herts. 
or telepho arden 234(60, Ext. 2505. 


Yon aot 
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BEECHAM RESEARCH LABORATORIES 
BROCKHAM PARK, BETCHWORTH, SURREY 


have the following vacancy in the Immunochemistry Department at their 
fundamental research establishment for a 


RESEARCH 


IMMUNOLOGIST 


to undertake research as a member of a young 
and enthusiastic team ın the field of allergy, with 
particular reference to m vivo aspects of the 
mechanism of the allergic reaction 


Research experience in immunology 1s preferred, 
but not essential, as the person appointed will be 
encouraged to develop his or her own approach 
to the problems involved 


A good Honours Degree in a biological science 1s 
necessary, and postgraduate experience would be 
preferred 


Beecham Research Laboratories 1s part of the 
Beecham Group and 1s situated in a pleasant 


area of Surrey within easy reach of London 
There has been steady growth over the past years 
and this 1s expected to continue There are excel- 
lent dining facilities and a flourishing sports and 
social club 


A competitive starting salary ıs offered, which 
will be reviewed regularly, and we offer generous 
fringe benefits which include profit-sharing and a 
non-contributory pension scheme 


Please apply stating briefly age, qualifications and 
experience to The Head of the Personnel Depart- 
ment, Beecham Research Laboratories, Brockham 
Park, Betchworth, Surrey. 


XXXI 


SCIENCE RESEARCH COUNCIL 
THE RUTHERFORD LABORATORY, Chilton, Didcot, Berks. 


PHYSICIST OR CHEMIST 


with research experience in MAGNETIC RESONANCE 


is required for position as 


RESEARCH ASSOCIATE 


The Rutherford Laboratory 1s Britain’s largest centre for research ın elementary particle physics The Laboratory’s 7 GeV 
proton accelerator, NIMROD, has been in operation for several years, enabling physicists from universities and from the 
Laboratory itself to complete much significant work in this field, including experiments in which a number of new unstable 
fundamentat particles have been discovered using a polarized proton target It 1s with such targets that the present post 
1$ concerne 


Existing polarized targets contain such a small proportion of free protons (only about 1 ın 30 of all nucleons present), that 
they have very lumited use with regard to the wide range of spin-dependent imteractions which can m principle be studied 
using polarized targets 

The development of better targets ıs thus very umportant to the future work of the Laboratory Progress in this direction 
must be based on fundamental research on all the factors affecting dynamic nuclear polarization, including relaxation times, 
spin diffusion, and the properties of a wide range of proton containing materials and paramagnetic centres Progress will 
also depend on the use of advanced cryogenics at helium 3 temperatures, and special superconducting magnets 


The pone or chemist appomted to this research post would join a group already working at the Laboratory on these problems 
Applicants will be expected to have gained a first or good second class honours degree, a doctorate would be an advantage 


Research Associates are appointed for a period of 3 years and are pard a fixed salary for each year of the Associateship the 
salary will be based on the broad lines of the Scientific Officer Class, at present ranging from about £1,250 to £2,300 per 
annum according to age, qualifications and experience 
The post 1s superannuable under FS SU Dany travel and restaurant facilities are available Housing may also be available 
Tasas send a postcard for application form to Mr. G. N. Pickles, The Rutherford Laboratory, quoting reference 
134. 
(1061) 
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Project Leader 


Physics 


The Research and Development Department has been 
responsible for major advances tn spectroscopic 
Instrumentation and as a result of planned expansion now 
require a Project Leader for work on the design of 


spectroscopic instruments 


The Department has over 100 members and generous 
technical assistance ts available from the drawing office, 
model shop and electronics section 

This appointment cails for a Physicist with a good honours 
degree and either postgiaduate research or industrial 
experience together with a general interest in experimental 


physics or spectroscopy 


The Company has a world-wide reputation for precision 
and reliability in the field of instrumentation and 1s a rapidly 
expanding member of a powerful international group An 
attractive salary will be offered and generous assistance 


given with removal costs 


THE QUEEN $ AWARD 
Ta mGusTRY 19 6 


Please apply Durector, Research and Development, 
Unicam Instruments Ltd , York Street, Cambridge (989) 


UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF GEOGRAPHY 


(1) Applications are invited for places in 
the postgraduate section of the Geography 
Department Students may be registered 
for the MSc or M Phil degrees with pos- 
sible opportunity to transfer to PhD It 
1s hoped that some grants will be available 
for studies in both Physical and Human 
Geography 

(2) Applications are also invited for the 
Positions of Research Assistant and Gradu- 
ate Assistant in the East African Rainfall 
Project Minimum salary £1 000 and £700 
respectively with higher rates dependent on 
age, qualifications and experience It 1s 
desired to make these two appointments as 
soon as possible 

Full details may be obtained from the 
Head of the Department, Professor J C 
Pugh King’s College London Strand, 
WC2, to whom application should be 
made Candidates should specify whether 
they are interested in (1) or (2) (960) 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF CHEMISTRY 


SRC RESEARCH ASSISTANT 


Applications are invtted from graduates 
in Chemistry for the post of Research 
Assistant to Dr G D Parfitt The work 
involves an experimental study of the 
coagulation of colloidal systems involving 
miatures of solid particles (heterocoagula- 
tion) and 1s supported by a grant from the 
Science Research Council! The salary will 
be according to qualifications but will not 
exceed £900 per annum 

Applications, quoting two referees should 
be made as soon as possible to Dr Parfitt, 
from whom further particulars may be 
obtained (956) 


SOUTH-WEST 
METROPOLITAN REGIONAL 
HOSPITAL BOARD 


SENIOR GRADE PHYSICIST required 
to act as Radiation Protection Officer for 
the Region Applicants should have ex- 
perience in Health Physics and/or Diagnos- 
tic Radiology The successful applicant 
will be based mıtally on the Radiological 
Protection Service at Sutton but will be 
transferred to Guildford when the Physics 
Services there are expanded Salary scale 
£1 833 by £82 (2) by £87 (1) by £88 (1) by 
£92 (1) to £2276 per annum London 
Weighting allowance of £75 per annum will 
be payable while based at Sutton 

Application forms and further details of 
the post can be obtained from the under- 
signed (S2) at 40 Eastbourne Terrace, Lon- 
don, W 2 (or telephone 01-262-8011 Ext 
166) Completed applications to be re- 
turned by March 20 

E G BRAITHWAITE, 
Secretary 
(975) 


UNIVERSITY OF BRISTOL 


TECHNICIAN or SENIOR TECHNI- 
CIAN required for Tsetse Research Labora- 
tory Veterinary School, Langford (12 mules 
south of City) Interest in insect colonies 
climatic control and bio ogical techniques 
desirable Salary Technician £653 to £938, 
Senior Technician £912 to £1,150 plus £30/ 
£80 supp ementation for recognised qualifi- 
cations 


Applications, giving full details and the 
names of two referees, shou'd be addressed 
to The Director, Tsetse Research Labora- 
tory, Langford House, Langford, Bristol 

(999) 





UNIVERSITY OF MALAYA 


CHAIR IN THE DEPARTMENT OF 
MATHEMATICS 


Applications are invited for appomtment to the 
Char im the Department of Mathematics im the 
Faculty of Science The post will become vacant 
when the present incumbent leaves at the end of 
February, 1968, on resignation Candidates 
should have high academic qualifications and wide 
experience in teaching and research Administra- 
uve experience in running a Department 1s essen- 
tial The successful candidate 1s expected to 
assume duty as soon as poss.ble 

EMOLUMENTS (approximate sterling equiva- 
lents at current exchange rates) are 

(a) Salary There 1s a range of basic salaries, to 
a point on which a Professor is appointed de- 
pending on tus quahficauons and experience 
These are £2,882, £2,980, £3,077, £3,175, £3,273 
£3,370, £3 468 

In addition, the following allowances are pay- 
able 

(b) Variable Allowance 35 per cent of basic 
salary, subject to certain maxima depending on 
marital status Minimum £244 per annum, maxi- 
mum £651 per annum 

(c) Inducement Allowance Gf awarded), varies 
up to £1,628 per annum (In exceptional cases 
an inducement allowance exceeding this amount 
may be granted) 

HOUSING will be provided if available, for 
which a rent of £163 to £204 per annum will be 
charged 

PROVIDENT FUND Staff member contri- 
butes 5 per cent and University 15 per cent of 
basic salary “ 

Further particulars and application forms arc 
obtainable from the Association of Common- 
wealth Universities (Branch Office), Marlborough 
House Pall Mall, London, SW1 

The closing date for the receipt of applications 
in London and Kuala Lumpur is Aprl Saar 


UNIVERSITY OF MALAYA 
FACULTY OF ENGINEERING 


Applications ate invited for appointment to the 
following Chairs in the Faculty of Engineering 

CHAIR OF ELECTRICAL ENGINEERING 
CHAIR OF MECHANICAL ENGINEERING 

Candidates offering themselves for the above 
Chairs should be corporate members of the Insu- 
tution of Electrical Engineers and the Instututios 
of Mechanical Engineers respectively and have 
experience im teaching and research at university 
level Administrative experience will be an ad- 
vantage 

EMOLUMENTS (approximate sterling equiva- 
lents at current exchange rates) are 

(a) Salary There is a range of basic salanes to 
a point of which a Professor is appointed, de- 
pending on his qualifications and experience. 
These are £2,882, £2,980, £3,077, £3,175, £3,273 
£3,370, £3,468 

ae addition, the following allowances are pay- 
able 

(b) Variable Allowance 35 per cent of basic 
salary, subject to certain maxima depending on 
marital status Mimimum £244 per annum, maxi- 
mum £651 per annum 

(c) Inducement Allowance (if awarded), varies 
up to £1628 per annum (In exceptional cases 
an inducement allowance exceeding this amount 
may be granted) 

HOUSING wi! be provided, if available, for 
which a rent of £163 to £204 per annum will he 
charged 

PROVIDENT FUND Staff member contri- 
butes 5 per cent and University 15 per cent of 
basic salary 

Further particulars and application forms are 
obtainab'’e from the Associaion of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW 1 

The closing date for the receipt of applications 
in Malaya and London ts April 8, 1968 (981) 








POSITION OPEN 


CURATORIAL ASSISTANT To act as 
Museum Guide for school groups and to assist in 
organizauon care and display of rock mineral 
and fossil collections 

QUALIFICATIONS BSc or MSc im Earth 
Sciences , artistic talent desirable 

SALARY Commensurate with experience and 
potential 

WRITE INQUIRIES TO Chairman, Museum 
Committee, Department of Geology, University 
of Alberta, Edmonton Alberta, Canada 

(S72) 
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Cutting Cakes Blindfold 


THE increasing self-consciousness of science policy 18, 
of course, entirely to be welcomed even if, now and 
agam, those responsible for making policy decisions 
that affect science are a httle too mclined to con- 
gratulate themselves about ıt It would be wrong, 
however, to believe that the potentially good effects of 
this self-consciousness have already been reflected in 
the pattern of expenditure on science in countries such 
as Britam People say, with every appearance of 
solemnity, that their immediate concern 1s to establish 
priorities for expenditure m science and then to see 
that expenditure follows the appropriate rules, but 
there are stall plenty of examples of how expenditure in 
crucial fields of science 1s still more determined by 
historical than by rational considerations This week, 
which has seen the regular meeting of the planning group 
of the European Space Research Organization in Paris 
and mounting excitement among astronomers about the 
pulsating radio stars discovered at the Mullard Radio 
Astronomy Observatory, 1s a splendid occasion for 
reflecting that the British pattern of expenditure on 
space, astronomy and related activities 1s, to say the 
least of it, logical 

In Britain, the Science Research Council 1s the chief 
source of funds for the support of fundamental research 
and, quite properly, the council has delegated much of 
1ts responsibility to the Astronomy, Space and Radio 
Board (For practical purposes, the substantial sums 
of money spent on space research by the Ministry of 
Technology do not impinge directly on the work of the 
universities, although much of the work carried out m 
government establishments 1s, as 1t should be, of long- 
term importance to basic research ) In round numbers, 
the Astronomy, Space and Radio Board of the Science 
Research Council ıs responsible for giving advice 
about the allocation of £10 million a year to various 
kinds of activities, but it 1s exceedingly hard to be 
assured that the pattern of expenditure m this field 
1s one that a body of rational and sensible people 
would deliberately have chosen if ıt was really free to 
choose 

For one thing, the board ıs formally responsible for 
the expenditure of rather more than £4 million a year 
(m 1967-68) on ESRO—some 12 per cent of the budget 
of the Science Research Council as a whole Durmg 
the same period, the Science Research Council 1s likely 
to have paid the Ministry of Technology £1 2 mulion 
for engineermg work on satellites and for the launching 
of sounding rockets, and rather more than half a milhon 
pounds for the development of upper atmosphere and 
satellite research m the universities At the same time, 
the Radio and Space Research Station at Slough will 
have cost just over a milion pounds to run, mostly 


on recurrmg expenditure Pure astronomy, as it 
may be called, ıs a comparatively poor relation In 
1967-68, the cost of runnmg three observatories— 
Greenwich, the Cape of Good Hope and Edmburgh— 
was estimated a year ago to be just over a million 
pounds, and durmg the same period universities were 
expected to receive from the Science Research Council 
some £600,000—more than three-quarters of ıb for 
capital equipment such as new kinds of radio tele- 
scopes In other words, university astronomy, con- 
ventional astronomy and radio astronomy combmed 
cost rather less than 10 per cent of what the Astronomy, 
Space and Radio Board has to spend, and rather less 
than 8 per cent of what the Science Research Council 
spends each year on the support of research in the 
universities 

Although 1t 1s easy enough to see how this pattern 
of expenditure has grown up, and easy to be sympath- 
etic with those who take the hne that there 1s now very 
little to be done to change 1t, 1t 18 hard to mmagine that 
even the most cursory cost-benefit analysis would 
justify the expenditure of so much on space research, 
which has so far been useful but not spectacularly 
productive so far as Britam is concerned, and com- 
paratively so little on astronomy It 1s not, after all, 
as if there were no opportunities for constructive 
expenditure m astronomy It 1s hard, for example, to 
believe that one 98-inch telescope in Sussex and the 
promise of a larger instrument in Australia will satisfy 
the needs of British astronomers in the decade ahead 
There 1s also good reason to fear that not enough 18 
bemg spent on the development of instruments which 
can increase the productivity of optical telescopes and 
on the research and development from which new 
techniques must come And what, in any case, about 
radio telescopes? The Science Research Council has 
been extraordinarily far-sighted ın the past decade in 
its support for radio astronomy, but the financial 
uncertainties of the past few months may yet be 
reflected m an awkward hiatus unless somebody 1s 
resolute 

But space research, hke astronomy, sustams a 
demand for new expenditure The space research 
groups in the universities would no doubt be able to 
spend quite comfortably twice as much as they have 
been getting from the Science Research Council 
The question which they and others should ask, 
however, 18 whether, m circumstances m which no 
amount of spending ın Brita can hope to yield a 
harvest of scientific mformation comparable with that 
being gathered m the United States, there would be 
any good purpose m a substantial merease of expendi- 
ture on space research 
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But this, of course, 1s not the real question The 
reason why the pattern of expenditure on astronomy, 
space and radio 1s lopsided 1s that the Science Research 
Council 1s bound—or considers itself bound—to chariot 
wheels created in the past The expenditure on ESRO 
must, m this spimt, be reckoned more as a political 
commitment than a deliberate expenditure (which 
18 not to say that Professor Herman Bondi may not 
yet salvage something of importance from ESRO) 
And ıs ıt possible, anyway, that the Science Research 
Council should at this stage ask some of the subversive 
questions about the mstitutions which 1t admmusters 
which might lead to a radical recasting of the lopsided 
pattern? If, for example, a large part of the work of 
the Radio and Space Research Station and the Green- 
wich Observatory 1s no longer determined by the need 
to provide public services—time signals and the hke— 
1s there not a case for transferring these establshments 
to the universities? It 1s true that m the past few 
months the Greenwich Observatory has taken impor- 
tant steps to make the Isaac Newton telescope acces- 
sible to university astronomers, but there 1s probably 
a long way to go before the observatory will play its 
full part m stimulating and sustamimg university 
research m astronomy It would also be good to know 
just precisely how the work of the Radio and Space 


Are Students Subversive ? 


From Berkeley to Prague, students in universities are 
drawing attention to themselves and to their relation- 
ship with university authorities in ways which are, 
1t 18 true, characteristically different but which never- 
theless have more than a little m common In Berke- 
ley, the explosions of the past two years have now been 
reasonably battened down and the report of the Faculty 
Student Commission on University Governance which 
has just appeared (see page 1005) promises to provide 
at least a basis on which the development of the 
Berkeley campus can contmue without too much 
serious interruption In Eastern Europe, by contrast 
students appear to be less concerned about their own 
relationship with the universities than with more 
general questions of politics and society In Britam, 
in this respect more like the Californian universities, 
students are fighting or pretending to fight on two 
fronts—they are protesting at what seems to be their 
impotence in the making of university policy and, at 
the same time, are embarking on foolish and sometimes 
wild attacks on those rash enough to visit them— 
Cabinet ministers and officials from foreign embassies 
It remains to be seen whether the relationship between 
British students and the rest of British society will be 
further mflamed by the statement by Mr Patrick 
Gordon Walker, Secretary of State for Education and 
Science, a week ago that the taxpayers who provide 
students with grants cannot be expected to approve 
the way m which things are now bemg managed 
Given his long record for choosing the wrong words in 
public, however, Mr Gordon Walker himself may now 
agree that ıt nught have been better to say nothmg 
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Research Station at Slough, costmg more than 10 
per cent of what 1s spent m this whole field, contributes 
to the greater good 

To ask all these questions 1s m the first place merely 
to suggest that they should be asked and answered 
If the new broom of self-conscious planning m research 
and development ıs to be taken seriously, the Sorence 
Research Council must make a determined effort to 
ensure, first, that ıt 1s gettmg value for the money ıt 
spends on organizations hke ESRO and, second, that 
it 18 spending all that the circumstances require on 
activities where there are now immediate and promising 
opportunities for generosity Nobody at this stage 
would be surprised to learn that only half or even less 
than half of what 1s at present bemg spent on astron- 
omy, space and radio 1s likely to yield 1mmediate and 
tangible benefits m science The alarming thing, of 
course, 18 that there 1s every hkelihood that expendi- 
tures ın other fields of science have equally unbalanced 
distributions The problem of translating the will 
resolutely to pursue rational priorities m expenditure 
m science into action 1s uncommonly difficult Every- 
body would benefit, however, uf the comeidence of a 
straitened budget and the recent surge of excitement 
m astronomy served somehow to draw attention to 
the need that expenditure should be more rational 


The truth 1s, of course, that ıb 1s foolish to behave 
as if the problems which are arising m a host of universi- 
ties, not just in Britain, can be chased away with a few 
prim admonitions There are three quite separate 
causes of tension between students and the society m 
which they are embedded, and the chances are that 
these will become more and not less preoceupying as 
time goes on First, as developmental biologists must 
by now be tired of saying, people are maturing earlier 
and, perhaps more important, the mereasing com- 
plexity of industrialized societies 1s continually requir- 
ing still more mature behaviour from partly mature 
people In the circumstances, nobody should be 
surprised that students waste a lot of tume and energy 
on questions about the use of drugs or the rate at 
which they should be paid for hving m what their 
critics consider to be an unwarranted condition of 
idleness and luxury Second, the increasing population 
of the universities and the increasing diversity of those 
who attend them have created among students a greater 
will to be concerned in the planning of universities 
and in the making of academic policy So long as 
universities were monkish places, mtended to make 
academics, 1t was comparatively easy for students to 
accept the established pattern of the university curricu- 
lum Now that students at universities are quite 
properly concerned with other matters, however, 1b 1s 
understandable that they should want some say m 
the organization of the curriculum and even m the 
conduct of the teaching programme The question for 
university faculties to answer 1s how much they should 
yield to the students or, better, how they should devise 
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new means of wmning the collaboration and not just 
the acquiescence of students m forward planning. 
The third class of problems 1s probably not a problem 
at ail but somethmg that universities will have to 
hve with Indeed, the most surprismg feature of 
university politics 1s that universities have usually 
been much less concerned with the problems of the 
societies in which they are embedded than they could 
or even should be Outsiders often find them ritat- 
ingly indifferent to the real world and 16 will be no 
bad thing if the reawakening of political mterest 
among students turns out to be a brash foretaste of 
a more sohd concern for contemporary problems m 
the universities as a whole In this respect, British 
universities are more backward than those m the 
United States (where faculty members commute to 
Washington very often) and Eastern Europe 

So what 1s to be done? The most immediate need 
for change ıs in the relationship between students 
and the university machme The strength of the 
report of the Faculty Student Commission at Berkeley 
is that 1t suggests ways ın which students can be fitted 
into the apparatus for making decisions at all levels 
on the campus The object, the report argues, 1s not 
so much to create formal apparatus by which the con- 
flicting mterests of students and the faculty can be 
brought mto confrontation, but rather to create 
machinery which will somehow remind both sets of 
people of ther mutual mterest ın a smoothly function- 
ing machine for teachmg It remains, of course, to be 
seen how much of the commuission’s report will eventu- 
ally be embodied in the constitution of the University 
of California, but the mere fact that 1t has been written 
1s historic m itself In Britain, the nearest tangible 
step in this direction 1s that taken at the London 
School of Economics, where students are to be ap- 
pomted to a number of committees but specifically 
not the committees concerned with academic policy, 
and there are some reasons to believe that other 
universities will follow swt The trouble, of course, 18 
that 1t will take time for students to appreciate that 
devices like these can serve as real mstruments of 
power and possibly even longer for teachers to learn 
by experience that students have helpful as well as 
teresting things to say And in the long run, of 
sourse, 1t 1s hard to see how students can be entirely 
»xcluded from academic policy It 1s no longer sensible 
‘or the faculty to attempt to buy off students with 
a and muffins in the afternoon and sherry before 
Imner Until all these things are acknowledged, 
ension and trouble are likely to persist. 


Discussions in Paris 


“a ministerial meetmg organized last week in Paris 
xy the Organization for Economie Cooperation and 
Jevelopment seems to have been the sort of suc- 
ess these meetings generally are The meeting, 
ttended by mmusters of scence and education from 
10st of the OECD countries, discussed problems of the 
schnological gap, of fundamental research policy and 
f mformation retrieval and dissemmation Mr 
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Patrick Gordon Walker, the British Secretary of State 
for Education and Science, agreed after the meeting 
that some progress had been made In particular, 
it seems that one of his own suggestions met with some 
enthusiasm This was a proposal for the establishment 
of a European Research Council similar nm nature to 
the ones which operate in Britain 

The funds for such an agency would be provided by 
what the background paper to the conference calls a 
“matching fund” This would presumably mvolve the 
contributions of sums of money to a central organiza- 
tion from the countries of OECD The money would 
then be distributed to existing research groups in 
OECD countries As Mr Gordon Walker pomted out, 
“It would involve a central agency I am sure that 
such an agency must be composed mainly of scientists 
and have autonomy im the arrangement of 1ts busmess 
and the disposal of whatever funds 1t may have at its 
command” The beauty of the idea as far as Europe 
1s concerned is that 1t would not involve the formation 
of any new institutions, asthe background paper points 
out, 1t would mstead encourage the development of 
existing research groups of outstanding quality The 
paper suggests two fields in which experiments might 
be carned out, computer science and neurobiology and 
psychobiology The meeting m Paris agreed that a 
serious study of the setting up of such a research council 
in Europe should be carried out durmg the next 
year 

The meeting also spent some time discussmg the 
technological gap between the United States and other 
OECD countries The background paper makes a 
determined effort to define the gaps, concluding that 
the term can be taken to include almost any feature of 
hfe which 1s different on the other side of the Atlantic 
Educational systems, the conditions under which 
government support is given, the techniques of manage- 
ment, scientific and technological capability and the 
size and homogeneity of the market in the United 
States are all quoted as causes of the gap Given this 
diversity, ıb was hardly surprismg if the munisters 
were unable to define easy ways of reducmg the gap 
Mr Anthony Wedgwood Benn, the British Minister of 
Technology, came back to the idea of a European 
Technological Institute This time the stitute, 
which has become almost an obsession for British 
ministers, was described as a means by which Europe 
could carry out effective long term planning If 
Europe could carry out this task of long term market 
forecasting correctly, Mr Benn said, “it would then be 
possible to compare the existing need agamst the 
capabihty to meet 1t’ At this pomt firms would look 
to their own expansion plans, and see the need for co- 
operation on a European scale But Mr Benn made it 
clear what the technological mstitute would not be— 
1t would not be an academic research institute “Such 
laboratories may be desirable for their own reasons, 
as at CERN, but they do not close any technological 


gaps >? 


Gas Bonanza 


Tue British Gas Council has at last reached agreement 
over the price it 1s prepared to pay for natural gas 
from the North Sea So far, the agreement affects only 
one of the compames lucky enough to discover gas, 
the Philips Group The price agreed ıs 2 87d a therm, 
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on a 25 year contract affecting supplies of 350 million 
cubic feet of gas a day This is much like the figure 
which has been widely quoted since negotiations 
started eighteen months ago, with perhaps a slight 
upward revision because of the effects of devaluation 
The orgmal contract signed with British Petroleum 
at 5d a therm for 100 million cubic feet a day was 
obviously not gomg to be repeated—equally, the 
Gas Council’s origmal offer of 18d per therm was 
probably unreahstically low Both Philips and the 
Gas Council seem now to be satisfied 

This ıs entirely as one would expect Despite 
accepting a price which some would consider low, 
Phillips is gong to make a very handy profit When 
the gas ıs flowing at full speed through the pipes, it 
will be collectmg £1 milion about every three and a 
half weeks The investment probably cost £25 million, 
a sum which ıt will earn within two or three years 
After that, all bemg well, 1t will be pure profit But 
1t 3s only fair to pomt out that ıt may not be quite 
so easy—the field may need further development 
in order to keep the gas flowmg. And Phillips can 
fairly claim that without a generous return 1b would 
never have made the mvestment ın the first place 

With luck, the agreement with Phillips will encourage 
the other compames mvolved to come to terms 
Arpet, which shares Phillips’s field on the Hewett 
Bank, must surely now settle on the same terms 
And the other compames, Shell/Esso and Amoco (which 
shares 1ts find with the Gas Council), must also now 
knuckle under These finds are somewhat farther out in 
the North Sea, and rather deeper, so that Shell/Esso 
and Amoco may be able to squeeze a little more out 
of the Gas Council But 1t 1s now the Gas Council 
which 1s the master, principally because the reserves 
of gas which have been found far outstrip demand 
Even the Phillips find will be enough to supply one- 
third of present British demand for gas By 1971, 
demand ıs expected to double, but even so there 1s 
hkely to be somethmg of a glut of natural gas for a 
decade or so The oil companies negotiating with the 
Gas Council thus find themselves in a conspicuously 
weak position which no amount of bluster can conceal 

This should also have the effect of strengthening the 
case put forward by the Central Electricity Generating 
Board for a greater share of the gas If the CEGB 
wins its case—and m the long run it can hardly fail— 
the prmerpal loser will again be coal But nuclear 
power, just emerging from a long and bitter struggle 
with the coal lobby, may now find itself embroiled 
m a similar struggle with gas For the ordinary gas 
consumer, the Gas Counal can only promise jam 
tomorrow In the short term, ıt says, gas prices are 
certain to rise, m part because of the crisis m the 
Middle East In the long run, Sir Henry Jones of the 
Gas Council thinks gas prices will fall, but less optimis- 
tic observers fear that natural gas will do no more than 
prevent an upward spiral m prices To the domestic 
consumer, paying almost ten times as much as the Gas 
Council 1s paymg Plilhps for each therm of gas (the 
average price of gas to the consumer is about 25 5d 
per therm), this seems very hard to accept 


Exploiting Technology 


THE role of public research and development services 
m British technology has been evaluated by the 
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Institution of Professional Civil Servants, and recom- 
mendations for improvements are published this week 
m a report entitled Exploring Technology The execu- 
tive committee of the stitution decided to look mto 
the way research and development m the public sector 
are operating, with the belief that ıt could make pro- 
posals for action as well as examining the facts The 
70,000 members of the institution work m all branches 
of the public sector—government departments, public 
bodies, and with the research councils 

The report begms with the assumption that research 
and development are the key to any nation’s prosperity, 
and Britam 1s not making the best use of its resources in 
this direction Left to itself, dustry does not under- 
take the necessary research and development, and 
although there are various forms of government en- 
couragement—through such bodies as the Industrial 
Re-organization Corporation, the National Research 
Development Corporation and research associations 
and advisory services—there 1s scope for much 
more The report discusses suggestions that more 
research and development should be taken from the 
public sector by mdustry, and concludes that httle 
would be gamed from this, as ideas are often badly 
thought out or too long-term to be of practical value 
in the near future Any shake-out of staff from the 
public sector would in fact have very little effect in 
industrial research Buildings, equipment and ex- 
perienced. staff are already in existence m the public 
sector, but although many of the organizations have 
been domg a good job, the report suggests that most 
of them could be effectively streamhned 

In its recommendations, the report calls first of all for 
a clear statement of priorities from the Government, 
so that money ıs not wasted on research that 1s too 
expensive or will shortly be abandoned After this, 
closer cooperation between public sector research and 
industry 18 the mam theme Rationahzation of organ- 
izations domg similar research work and mdustnies 
with similar problems 1s called for, together with closer 
working of public bodies with mdustry so that research 
teams investigating problems m mdustry and mdus- 
trialists are brought into research councils and the 
management of government establishments A central 
body, orgamzed by the government, should take charge 
of the coordination of scientific and technical mforma- 
tion and its dissemmation, but commercial security must 
be safeguarded Exchanges of manpower are desirable, 
and the report suggests that mobility can be encouraged 
by workers having transferable pension schemes Re- 
fresher courses are recommended for qualified staff, 
and ıb ıs suggested that firms will benefit 2f scientists 
and engineers are trained in management techniques 
With the realization that streamlmmg of the puble 
sector will affect members of the mstitution, the report 
states that there must be adequate preparation for 
the social problems involved in the changes of emplov- 
ment resultmg from this reorganization 


Doctorates in Physics 


THE Royal Society has just published a report on thx 
traming of PhD students im physics The report form: 
part of a Royal Society survey, started m Novembe- 
1965, on postgraduate tramimg m science and tech 
nology in the United Kmgdom Sub-committees wer 
set up to investigate the content and quality of tramms 
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for the PhD degree in sıx groups of subyects—biology, 
chemistry, engmeermg, earth sciences, mathematics 
and physics The report of the chemistry group was 
published m March last year, and the Royal Society 
hopes that the reports of the other four groups will 
appear before the end of 1968 

The physics sub-committee, under Professor C © 
Butler of Imperial College, muted its attention to a 
study of postgraduate lecture courses attended by 
physics PhD students and a comparison with courses 
available ın graduate schools in the United States 
Butler sent a letter to the heads of all university physics 
departments askıng for brief details of postgraduate 
lecture courses attended by PhD students, and 1 1s 
on the rephes to this letter that the new report ıs 
based Rather surprisingly, the sub-committee did 
not ask the PhD students themselves for views on 
postgraduate traming 

The present undergraduate course 1s no longer 
sufficient to prepare students for a full professional 
career, and the report approves of the recent trend 
towards lecture courses for PhD students. The sub- 
committee realizes that ıb 1s often difficult for experi- 
mentalists to complete a PhD withm the three years 
of a Science Research Council mamtenance grant, and 
any extension of course work will increase the difficul- 
tres It therefore recommends that provisions for 
fourth year grants should be made ın certain cases 

Comparison with graduate schools m the United 
States—largely based on the opmuons of British physi- 
cists who have worked m American universities— 
revealed no evidence that the standards of PhD 
traiming are significantly different m the two countries 
There seems, however, to be some foundation for the 
widely held view that the American experimentalst 
has a broader theoretical knowledge than his British 
counterpart 

Some of the value of these six studies of postgraduate 
trang mn science and technology 1s bemg lost because 
the organization of the surveys 18 being left to the 
discretion of the mdividual chairmen The chemistry 
report, for mstance, was based on enquiries among 
university professors and six centres of chemistry 
the United States, while the more ambitious sub-com- 
mittee for engineering has written to 1,900 postgradu- 
ates and to 90 companies and institutions This will 
make comparison of the trammg afforded to students 
in different subject groups difficult 


Soul-searching for ESRO 


On Wednesday and Thursday of this week there 
was a meeting of Alternates of the European Space 
Research Organization (ESRO) where the main pre- 
occupation was expected to be the continumg exercise 
of preparmg ESRO’s case (see Nature, 216, 696, 1968) 
for the European Space Conference in Bonn m June 
It 1s hoped that here a policy and programme for 
European space will finally be settled At the last 
European Space Conference, m Rome last July, a 
special committee was set up to evaluate the various 
proposed projects in European terms This Advisory 
Committee on Programmes was chaired by J P 
Causse from the French aerospace dustry, supported 
on the technical side by five mdependent experts, and 
it produced its report at the turn of the year The 
ESRO Alternates were to consider 1t in detail at this 
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week’s meeting There seems no reason why the 
Causse Commuttee’s report should not then be pub- 
lished 

The main dilemma facmg ESRO 1s whether its 
activities should be substantially redirected towards 
“useful” satellites, such as the communications satel- 
hte sponsored by CETS (the European Conference for 
Telecommunications by Satellite), or retain 1ts original 
purpose of providing scientific research opportunities 
beyond the resources of mdividual countries The 
immediate clash 1s between the European communica- 
tions satellite and the large astronomical satellite as 
candidates for ESRO’s major project for its first decade. 
It seems out of the question that both projects could be 
adopted at the present financial level of European space 
organizations It will be mteresting to see what the 
Causse Committee has had to say about their relative 
merits 


Full Stop on Decimals 


Brirar’s plans to adopt the metric system of units 
have run into a httle local difficulty. A dispute has 
arisen over the decision by the Decimal Currency Board 
to use the full stop or point as a decimal marker, m- 
stead of the comma which 1s common m metric 
countries The British Standards Institution, which 1s 
responsible for organizing the change to the decimal 
system ın British industry, favours the comma, com- 
bined with a space to indicate thousands The con- 
struction mdustry, the first to embrace metric units, 
has already begun to issue reports ın this form If the 
Decimal Currency Board 1s to have its way, both the 
BSI and the construction mdustry will have to think 
agam 

The traditional system uses a full point for the 
decimal sign and a comma for mdicating thousands, 
the new system supported by the BSI would use the 
comma for the decimal sign, and each group of three 
figures would be separated by a space Thus the 
Decimal Currency Board would write 5,650:3286 and 
the BSI would prefer the form 5 650,328 6 It 1s no 
secret that the jomt metrication committee of the 
Ministry of Technology, an advisory body under the 
chairmanship of Mr A H A Wynne, favours the system 
adopted by the Decimal Currency Board Unlike most 
aspects of the metric system, there has so far been no 
international decision over which system to adopt, and 
this has made the commuittee’s decision a difficult 
one In reaching it, 1t took mto account a number of 
factors 

First, there was the evidence provided by two 
questionnaires sent out by the BSI The first, to the 
general engineering industry, produced inconclusive 
results The second, which meluded financiers and 
merchant bankers, produced, predictably enough, a 
result ın favour of traditional practices The bankers 
felt that a system usmg empty spaces was an open 
temptation to fraud The Decimal Currency Board— 
a notably conservative body—was swayed by much the 
same argument m favour of the traditional system 
The Confederation of British Industry 1s also said to 
prefer the traditional system In spite of this, the 
BSI continues to favour the space/comma system, and 
has written to the Decimal Currency Board to say so 
The Ministry of Technology’s answer to this is to say 
that, as long as there 1s no mternational system, 1t 


996 


would be best to stick to the existing system If the 
BSI’s appeal fails, ıt 1s likely that the construction 
industry will have to go back on its decision to use the 
space/comma system 

When an international conference 1s called, of course, 
it 18 not impossible that yet another system will emerge 
There 18, for instance, some support to be found for a 
system which would use a colon to mdicate the decimal 
pomt But thisis still highly speculative Meanwhile, 
the Ministry of Technology and the Decimal Currency 
Board say that Britain should stick to conventional 
practices Colonel J S Vickers of the BSI, the 
keenest supporter of the space/comma system, will 
find it difficult to change ther minds 


Physics Exhibition 1968 


by Professor S. Tolansky 


Tne 52nd exhibition arranged by the Institute of 
Physics and the Physical Society at Alexandra Palace, 
London, durmg March 11-14 was, true to an old 
tradition, essentially a British show Foreign con- 
tributors could be counted on one hand Noteworthy 
was the distribution of exhibitors, for while mdustry 
supphed a httle over a hundred, there were in addition 
no fewer than 45 government-sponsored laboratories 
represented and some 40 separate higher educational 
estabhshments (universities, colleges of technology 
and teaching hospitals) The encouragement of the 
latter by the offer of free stands 1s highly praiseworthy 
By far the dommant smgle contributor to the exhibi- 
tion was the United Kingdom Atomic Energy Authority, 
which controlled 23 separate stands with displays from 
7 different stations 

In accordance with usual practice, participation was 
by invitation Because all exhibits are expected to 
iulustrate novel features, and educational displays 
require to be passed by referees, the overall standard 
was both original and attractive The items displayed 
ran to nearly a thousand, with a distinct bias towards 
electrical and electronic devices Vacuum technology 
came off reasonably well, although there was some very 
expensive equipment, which would be too sophisticated 
for the university laboratories Quite a number of 
pieces of microwave equipment and several electrical 
bridges were shown 

One notable item was a Mullard mfrared microscope, 
easily adjustable and usmg a hquid air cooled indium 
antimonide detector Performance was attractive 
and there are clearly many uses for this compact device 
Mullard also demonstrated the modulation of the 
imfrared output from a filament lamp usmg yttrium 
iron garnet Engelhard-Hanovia demonstrated a neat 
sensitive optical observation device for the detection 
of small amounts of mercury vapour in laboratory 
atmospheres My distinguished former teacher, F 
Paschen, always used to insist ın the late twenties and 
thirties that the mercury level m many university 
laboratories was a dangerous hazard 

Particularly notable was the exploitation of gas 
lasers at light sources These seem to be quite common 
laboratory objects now Lasers apart, optics was not 
strongly represented True, there were some compact 
high speed cameras and a little-modified long-used 
optical testing interferometer, yet no special lenses, no 
visible hght microscopes, no new optical materials, ete 
In fact, “classical” physics was weakly represented, 
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although there were a mucrocalormmeter, micro- 
manipulator, a small photometer, an acoustic telemeter, 
a moisture recorder, cyrostats, new ultraviolet 
spectrometers and some applications of ultrasonics 
Holography was represented, but here there was 
nothing startling, and thin films, either ther production 
or measurement, occupied a few displays 

The educational displays with thew simple “hook- 
ups” attracted a good stream of visitors, but here too 
there was a strong bias towards electrical devices It 
was a relief to see some fine high resolution mterference 
frmges from Belfast, an ultraviolet radiation meter 
from Charmg Cross Hospital, and a new optical 
instrument from the Royal College of Surgeons which 
can measure alcohol vapour down to concentrations of 
400 parts per million These and numerous other clever 
original devices, many designed by the young research 
workers who were themselves enthusiastically demon- 
strating their own products, were a heartwarming 
indication that there is little need to worry about the 
ultimate future of British physics mstrumentation 
The feed-in from below is certamly sound, although 
regrettably too electrical 

The relatively wealthy government establishments 
laid on sophisticated devices, all beautifully constructed 
and magnificently illustrated Yet a lot of this quite 
expensive publicity polish is quite superfluous, espe- 
cially in a show for professional physicists A certain 
number of exhibits were frankly educational, but most 
of these were dull One, however, a well-concerved 
atomic optical pumping device from Oxford University 
using rubidium, clearly has wide teaching applications. 
There were some excellent book displays ın the 
educational section 

I came away from the exhibition somewhat be- 
wildered by the overpowermg emphasis on electronic 
circuitry There seem to be fashions m modern physics 
as well as much sad disregard of classical subjects 
There was, for stance, only one display devoted to 
Mossbauer effect, but no less than ten exhibits exploited 
lasers Indeed, lasers occupied more space than such 
normally popular subjects as telemeters or cryogenics 
or even semiconductor devices 


Information on Biodeterioration 


BroDETERIORATION means the deterioration of mater- 
ials of economic importance by living organisms The 
word was comed in America, but it 1s a centre at Aston 
University, Birmingham, which 1s takmg the lead m 
mforming research workers and others of developments 
in this particular field The centre, the Biodeteriora- 
tion Information Centre, under the direction of Dr 
Howard Eggms, was set up in 1965 with the help of a 
grant of £12,000 from the Office for Scientific and 
Technical Information It was the first of several 
information centres now functioning to be sponsored 
by OSTI The centre is now fully operational and a 
press conference to publicize 1t was held last week— 
the OSTI grant runs out this year, and the organizers 
naturally hope that more money will be forthcoming 
from other sources 

Some examples of biodeterioration are the attack 
on wood, paper, textiles and gram by fungi and insects, 
the blocking and corrosion of pipelines by bacteria, 
the growth of fungi and algae on concrete and painted 
surfaces, the foulmg of ships and marme structures 
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by barnacles and molluscs, the destruction of stored 
products by rodents, and hazards caused to aircraft by 
birds It has been estimated that European countries 
alone lose £400 million annually through biodeteriora- 
tion of goods such as timber, textiles, jet fuels, pamt, 
metals and plastics The figure must be very much 
higher than this for the whole world, because bio- 
deterioration 18 an ever more serious problem m 
tropical countries The loss of stored food products 
from spoilage, contammation and deterioration varies 
from one country to another, bemg worst m the 
developmg countries, but over the world as a whole it 1s 
probably about 30 per cent As the report of the US 
President’s Science Advisory Committee on The World 
Food Problem, published last year, put 1t, “If only half 
of the estimated world loss of food grams was pre- 
vented, it would represent an additional 55 milhon 
tons or enough to make the diet of 500 million people 
im. developing countries adequate mm total calories” 
And the loss of food supphes 1s only part of the bio- 
deterioration problem—a problem which 1s made worse 
by the interdisciplinary nature of the subject which 
leads to difficulties in communicating mformation 

The Biodetertoration Information Centre hopes to 
help solve the problem by providmg an information 
service to workers concerned with biodeterioration all 
over the world The centre collects articles on the sub- 
ject selected by specialists im more than 30 countries 
Each item 1s mdexed with appropriate keywords 
selected from a specially prepared thesaurus and 1s 
recorded ın a punched card mdex system All the acces- 
sions of the centre, which number 2,500 to 3,000 articles 
a year, are listed m a classified bibhography (IBBRIS) 
which 1s published quarterly A photocopy service 
for maccessible literature 1s operated and a question- 
answering service provides either IBBRIS accession 
numbers or, when available, author abstracts of articles 
in the collection <A further service ıs the publication 
of original and review papers m the International 
Brodetervorathion Bulletin Associated with the centre 
are two laboratories where research mto mucro- 
biological deterioration 1s done Current research 
projects include studies on the breakdown of cellulose 
by fungi, the growth of fungi m high temperatures 
and the detoxification of preservatives by fung: and 
bacteria 


Not for Drinking 


WATER from the mams is not as pure as most people 
would hke to think This was clearly emphasized on 
March 8 during the afternoon technical sessions of the 
sixteenth annual general meeting of the Society for 
Water Treatment and Exammation In the rather 
spartan main hall of the College of Preceptors, Blooms- 
bury Square, the audience was told how living organisms 
ranging in size from viruses to beetles are contammating 
water m Britam Fortunately, most of the animals 
involved are not known to involve risk to human health, 
although mfectious hepatitis—a faecally excreted 
virus—is transmitted by water DrS F B Poynter, 
senior assistant bacteriologist to the Metropolitan 
Water Board, suggested that not only are large num- 
bers of potentially pathogenic organisms excreted— 
for example, the three types of pohovirus, and adeno- 
viruses—but ıt has been shown that existmg methods 
of sewage treatment are ineffective mactivators of 
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these viruses A typical disinfectant, combmed chloride 
m its various forms, 18 relatively useless as a virucidal 
agent Asa result, viruses are discharged in the effluents 
flowmg into rivers and are then borne to water storage 
reservoirs ‘Trickhng filters seem to be particularly 
madequate, but a number of investigators have found 
that activated sludge treatment 1s more effective 
Durmg the discussion Mr R W Covill of the Lothian 
River Board, Edinburgh, said that he knew of a case 
of partially and unpurified sewage being used to irrigate 
crops of lettuces and strawberries, and suggested that 
there 1s a need for more stringent precautions in this 
connexion 

Animals im mams are also creating an increasing 
problem, which Mr I C Smalls and Mr G F Greaves 
of the Biology Division at the Water Research 
Association have mvestigated. According to a suivey 
which they have undertaken, mfesting animals may 
give rise to complamts by the appearance of individual 
animals at the tap, by discolourmg the water with, for 
example, faecal pellets, or possibly by causing tastes 
and odours as a result of the decomposition of dead 
animals m the mams by bacteria, fungi and actino- 
mycetes Regular tap samplings of a Scottish supply 
yielded whole anmals, such as Cyclops strenuus 
abyssorum, Chydorus sphaericus, Diaptomus sp and 
Rotifera 

Asellus aquatıcus grips tenaciously to nodular 
encrustations m mains, while some Nars sp and some 
blood worms form protective tubes from organic 
detritus and rust particles attached to pipe walls 
Other strans are able to produce restmg stages m 
order to survive unfavourable conditions According 
to Mr Smalls, underground supplies contam fewer 
species and smaller total numbers of organisms than 
supplies from the surface because underground water 18 
less productive of organic matter on which the animals 
feed Systemic flushing has been used as a control 
measure, either by itself to flush out free-swimmmg 
animals, or together with chemical dosing to remove 
more tenacious species 


Degrees by Television 


Tue plannmg committee of the Open University 
(which 1s the British Government’s name for its pro- 
posed television university) has now outlmed the pattern 
of the degrees which will form the core of the univer- 
sity’s work when 1t begins m October 1970 or January 
1971 Details of the courses will be left to the university 
staff to work out, but the basic system, which requires 
six credits for an ordmary degree and one year’s work 
for each credit, has been put forward by the committee 
appomted six months ago under the chairmanship 
of Sir Peter Venables, Vice-Chancellor of the University 
of Birmingham (see Nature,215, 1322, 1967) No formal 
academic qualifications will be required for entry and 
the normal minimum time for a degree will be four 
years In exceptional circumstances, particular 
individuals might be allowed to qualify m a shorter 
time, but part-time students might well take longer 
than the mmumum 

Four broad ‘“lmes’—science, technology, social 
science and arts—have been set out for degrees, but the 
maximum flexibility will be provided so that students 
can take courses from each lne Two credits m the 
first year foundation courses will normally be required 
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before students can proceed to further study, but, after 
that, courses offering different depths of speciahzation 
can be followed All credits for successfully completed 
courses will be of equal value, eight credits bemg 
required for an honours degree, two more than for 
an ordinary degree There will probably be contmuous 
assessment of student progress as well as exammations, 
and certificates will be awarded for each credit obtained. 
The committee considers that 1t will be essential to have 
an efficient student guidance service to advise on the 
hmitations and wide possibilities of the courses and to 
recommend courses suitable to the various aptitudes 
and interests of mdividual students 

Correspondence courses will form the basis of every 
degree, and viewing-—listenmg centres throughout 
Britam will have to supplement live broadcasting The 
four foundation courses for the four degree “Imes” will 
be broadcast m the first year of the university’s life, 
and will need to be repeated every year to start 
students off It will not be possible to broadcast all 
the component courses every year, but ıt 1s hoped that 
students will be able to obtam the broadcast material 
by some other means One contact a week between 
student and tutor 1s suggested for foundation courses, 
but the committee stresses that the subject of contacts 
must be carefully examimed 

The committee considers that other courses—profes- 
sional, technical and refresher—should be mstituted 
at the openmg of the university, some of them with no 
examinations at the end The committee adds that 
“shortage of transmission time of the broadcastmg 
media should not be thought of as an impediment to 
puttimg on such courses Other methods of making 
them available to potential audiences may very well 
have been developed by 1970 and should be used ” 

The university will also encourage other bodies such 
as local education authorities, extra-mural departments 
of universities and workers’ education associations to 
organize courses as preparation for the university’s 
own degrees Regional officers will be appomted to 
coordinate local efforts 

The planning committee meets at present once a 
month, but working groups for “ways and means”, 
“students and curriculum” and “constitution and 
organization” meet once a week for the bulk of the 
preparatory work A fourth group 1s to be set up to 
consider finance and the costs of decisions that have 
so far been taken by the committee With the charter 
of the university worked out, the constitution and 
organization group 1s hkely to fade out, and further 
decisions will be taken by the committee as a whole 
The relative merits of opening the university m October 
or January are at present bemg discussed, for there 
could be advantages m beginning the academic year 
in January and being able to contmue through the 
summer when educational facilities are least used In 
organizing local centres for study, the university hopes 
to pay rent for facihties that are under-used, such as 
television sets m schools which are not used in the even- 
ings Labrary facihties are also bemg discussed with the 
appropriate authorities The 1966 White Paper (A 
Unwersity of the Aw, HMSO, Is) stated that an 
“estimate of the potential audience can only be guess- 
work” As yet there has been httle progress towards 
translatmg the guesses into hard figures, but a survey 
will be carried out this spring It 1s expected that stu- 
dents will be older people rather than school leavers 
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Fiance has yet to be fully mvestigated, so no figure 
has yet been set for fees that students will pay Salaries 
for academic staff and fees to the BBC for broadcasting 
will obviously take large chunks of the budget Arrange- 
ments with the BBC have to be finally agreed, but 
transmission will be on BBC-2 which should, by the time 
the university begins, be covering at least 95 per cent 
of the country ‘The first courses are not expected to 
be broadcast ın. colour No academic staff have been 
appointed yet, but the planning committee 1s thinking 
in terms of a core of full-time staff with an additional 
floating staff to help im the production of courses The 
posts of vice-chancellor and secretary are the only two 
advertised so far and applications are under considera- 
tion 


Chairman for NERC 


Proressor V © WYNNE-EDWARDS, regius professor 
of natural history m the University of Aberdeen, 1s 
to be the new chairman of the Natural Environment 
Research Council in place of Sir Graham Sutton, who 
retires on September 1 this year Professor Wynne- 
Edwards 1s well known for his contributions to ecology 
—particularly for his studies on animal populations 
His book, Ammal Dispersion ın Relation to Social 
Behanour, was publshed m 1962 A fellow of the 
Royal Society of Edmburgh and of the Royal Society 
of Canada, he has held appomtments at the universi- 
ties of Bristol and McGill He has been regus professor 
of natural history ın the University of Aberdeen since 
1946, and it 1s understood that he will continue to hold 
this post 

From 1954 to 1957, Professor Wynne-Edwards was 
a member of the Nature Conservancy, from 1954 to 
1966 he was a member of the conservancy’s Committee 
for Scotland, and since 1964 he has been a member of 
the conservancy’s Scientific Pohcy Committee He was 
appointed a member of the Natural Environment 
Research Council when the council came into bemg in 
1965. From 1965 to 1967 he was chairman of the 
council’s Oceanography and Fisheries Research Grants 
and Traimmg Awards Sub-Committee He 1s at present 
a member of the council’s Oceanography and Fisheries 
Committee and chairman of its recently formed Fresh- 
water Research Sub-Committee 


Defence Research 


Tue House of Commons Select Committee on Science 
and Technology 1s now well set mto 1ts exammation 
of defence research and development policy in Britam 
In fact it has clearly been domg a good deal of work 
on the quiet, and showed off its progress at the first 
open meeting this session, when the witnesses came 
from the Ministry of Technology and the Ministry of 
Defence Both mmuistries had submitted memoranda 
to the committee and, perhaps revealingly, both were 
dated October 1967, a time when the select committee 
had only a notional existence—according to the rules 
of the House, 1t has to be re-established at the begin- 
ning of each session. 

One result of this was that the Ministry of Defence 
document was slightly out of date—perhaps an 
occupational hazard m a department which on 1ts 
own. admission 1s used to working on projects with lead 
times of seven to ten years Much of the discussion 
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was on the procedures by which the Mimustry of Defence 
keeps a check on research projects—the so-called 
Gibbs~Zuckerman procedures Mr G Leitch, Deputy 
Under-Secretary (Equipment), said that these were 
designed to give pauses for thought at crucial stages of 
any project Less charitable observers have suggested 
that the procedures are laborious and time-wasting, 
but Mr Leitch demed this With hindsight, he saad, 
one could say, “Well, perhaps we did waste thousands 
of pounds by waiting at a certam stage—but isn’t 
this better than wasting milhons later ?” 

The Ministry of Technology also submitted a memor- 
andum, parts of which bore evidence of the minuster’s 
personal touch (As well as callmg the Mimustry of 
Technology “Mintech”, the memorandum goes on to 
call the old Ministry of Aviation by the awful title 
“Avmin”) The memorandum explams that the 
majority of research contracts are let on the basis of 
“a carefully controlled development cost plan” It 
might therefore have been better if the memorandum 
had not gone on m the next paragraph to discuss the 
projects m which the United States Phantom has 
been refitted with Rolls-Royce Spey engmes This 
has been a very costly project The first thmg the 
mumistry witnesses revealed was that the long promised 
White Paper on research policy 1s not now expected 
until “the second half of this year” (It should origm- 
ally have been published by now) In part the 
delay was because of changes m defence require- 
ments, and m part because of the discussions the 
minister was having about the future of the Atomic 
Energy Authority 

Later, Dr G G Macfarlane, one of the three con- 
trollers of research m the mumustry, produced an mter- 
esting argument Defending the role of the mimistry 
establishments, he said that m reality the balance of 
research work between research establishments and 
industry was much the same m Britain as 1b was m 
the United States The general impression that the 
United States puts more research work mto mdustry 
and does less in establishments was wrong, he suggested 
The National Aeronautics and Space Admmistration 
had large laboratories The Lincoln Laboratory at 
MIT, publicly supported, was almost a replica of the 
Royal Radar Establishment at Malvern He did say 
that the tendency ın Brita was now to put more mto 
industry, but this did not mean that the establishments 
were redundant, and he denied the suggestion by Mr B 
Parkyn, a member of the committee, that the establish- 
ments were needed only to test the feasibility of 
schemes put up by industry There was plenty of 
basic research to be done, and the establishments were 
always useful as a fire-brigade when crises arose 

Although this first meetimg was dull, the mvestiga- 
tion as a whole will be a fascmating exercise The 
committee 1s likely to call, among others, Professor 
P M § Blackett, Sir Solly Zuckerman and Minister of 
Defence Mr Dems Healey To help it m the investiga- 
tion, the committee has signed on two advisers, Mr 
Christopher Harlow, who works for Political and 
Economic Plannmg, and Mr W R Thomas, chief 
scientist of Elhott Automation This 1s a welcome 
move, although the way the committee set about find- 
ing its advisers was a trifle odd Mr Thomas’s experi- 
ence of government service at the Royal Aircraft 
Estabhshment at Farnborough may well be of 
particular value 


Parliament in Britain 
by our Parliamentary Correspondent 


Radio-telescope 

Mrs Sureiey Wrams could give no information 
about the sitmg of the new radio-telescope for the 
Jodrell Bank Observatory But she did agree that 
Oswestry was one of the sites considered for the tele- 
scope The sites were all withm 100 miles of the Jodrell 
Bank radio-telescope (Written answer, March 7) 


Concorde 

Mr Huan Jenxrs, Labour Member of Parliament 
for Putney, seems to be opposed to the Concorde 
supersonic airlmer He asked the Minister of Tech- 
nology if he would take steps to ensure that, when 
the Concorde started to operate, the noise limits 
at Heathrow Airport would be the same as they are 
at present For the Mmistry of Technology, Mr Gerry 
Fowler agreed that this was a design aim, but hedged 
by saymg that the noise estimates were bemg con- 
tinually revised as development proceeded He refused 
to say when Concorde would make its first flight 
(Oral answer, March 11 ) 


Phantom 

Mr Tam DALYELL tried to establish how much ıt has 
cost to fit the Phantom aircraft bought from the 
United States with British engmes, the Rolls-Royce 
Spey For the Mimstry of Technology, Mr Gerry 
Fowler said that the cost so far had been about £75 
millon, which included the cost of developmg the 
engine and adapting the airframe About sixteen 
Phantoms out of the total order for 170 had been 
treated so far Mr Fowler added that they had been 
aware that 1t might be expensive, but that ıt had ım- 
proved the performance of the aircraft, which was 
necessary for naval operations (Oral answer, March 11 ) 


Defence Research 

Mr Tam DALYELL has also been trying to establish 
how much civil research work 1s carried out at defence 
establishments So far he has asked dozens of questions 
without recerving any very surprising answers On 
March 11, for mstance, he asked the Minister of Tech- 
nology what general policy he had for mcreasing the 
amount of cvil work ın progress at the mimustry’s 
defence establishments Mr Gerry Fowler sad that 1b 
was not the Government’s policy to build up these 
establishments as civil research establishments, or to 
seek civil work merely to keep them at their present 
size He seemed quite satisfied at the arrangements 
that had been made for getting the results of mibtary 
research over to mdustry Mr Dalyell later had a go 
at the chemical and microbiological research establish- 
ments at Porton First he asked what the toxicity of CS 
gas, ortho chloro benzyl malano nitrile, was Mr Roy 
Mason, for the Ministry of Defence, said that the toxic 
dose for man was about 150,000 milhgram minutes 
per cubic metre, which was 50,000 times the dose 
which could be tolerated by human beings, and 200,000 
times the dose needed to disperse rioters No authen- 
ticated report had been received of CS causing death 
orinjury Mr Mason also gave some information on the 
civil benefits of the work at Porton—protective cloth- 
mg, and the study of air pollution But he refused to 
de-classify all future work carried out at the Porton 
establishments (Written answers, March 11 ) 
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Where Escherichia coli K12 Came From 


Tue chances are that one of the many mutant varia- 
tions of Escherichia cole K12 is cluded m the stock 
culture collections of research laboratories investigating 
problems of bacterial genetics Mutant variations of 
E coh K12 form the basis of microbiological teaching 
studies m many university degree courses Yet few 
workers, despite their mtimate knowledge of the genet- 
ical and biochemical properties of the mutant variants, 
know the origin and date of isolation of the original 
parent stram of this organism One of the first records 
of its use appeared ım an article by © H Gray and 
E L Tatum called “X-ray mduced Growth Factor 
Requirements m Bacteria” (Proc US Nat Acad Sev, 
80, 404, 1944) Workmg m the School of Biological 
Sciences at Stanford University, Gray and Tatum 
used for their study the bacterial species E cole K12 
and Acetobacter melanogemcum (M A61) The object 
of the experiment was to see whether 1t 1s possible 
to mduce the formation of biochemical variants of 
the strains by exposure to X-rays Two such variants 
were isolated from the parent strain of E cols K12 
The authors m ther acknowledgments recognized 
their mdebtedness to Dr—now Professor—C E Chifton 
of the Department of Bacteriology at Stanford Univer- 
sity for providing the stram In a later paper, Tatum 
(Proc US Nat Acad Sev, 31, 215, 1945) described 
the isolation of further mutant variants by a second 
X-ray irradiation of the two mutant strains obtained 
by Gray and himself in 1944 J Lederberg and Tatum, 
writing m Nature (158, 558, 1946), dicated that they 
had obtamed triple mutants 

The first and apparently only mdication of the 
origin of E coh K12 was put forward by Tatum 
and Lederberg ım an article entitled “Gene Recom- 
bmation m the Bacterrum Escherichia cole” (J Bact, 
53, 673, 1947) There the authors stated that the 
mutants used were obtamed from a single strain of 
Escherichia coh K12 They described this organism 
as a “typical coliform bacterrum origmally isolated 
from human faeces—a Gram-negative rod, motile, 
lactose-fermenting, producmg indole and susceptible 
to each of the cols phages m the series TL to T7 of 
Demerec and Farro (1945)” It 13 also mentioned 
that the stram had been used for several years at 
Stanford University m the students’ laboratory In 
1960, Ida and Frits Ørskov pomted out (Acta Path 
Microbiol Scand , 48-49, 47, 1960) that “12” was a 
stram number and that the letter “K” had nothing to 
do with the K antigen of that stram The resolution 
of the ongm of E cole K12 depends, however, on 
Professor Chfton, whose records show that this 
particular strain had been isolated from the faeces 
of a diphtheria convalescent m 1922 and added to the 
stock collection at Stanford ın December 1925 The 
place of isolation 1s not clear, but Professor Clifton 


guesses that ıt may have been Stanford Hospital 
The “K” 18 a catalogue symbol and “12” mdicates 
that the particular stram was the twelfth culture of 
E colt that was added to the stock collection. Simce 
1925, the stram has remaimed on nutrent agar at 
Stanford as a stock culture for teaching and research 
purposes 


Comparative Zoology at Harvard 


Tur Museum of Comparative Zoology, the Agassiz 
Museum at Harvard University, bristles with famous 
names among its staff—Professor Ernst Mayr, the 
director, Professor F Carpenter, Professor P J 
Darlington, jun , Professor B Patterson, Professor G 
Gaylord Simpson, Dr A Sherwood Romer, Dr W J 
Clench—to name afew Some of the work of these and 
of the other staff of the museum during 1966-67 1s 
described in the latest annual report just published 

Like many other museums of its type, the Museum of 
Comparative Zoology has teachmg and curatorial 
responsibilities, expeditions are organized to build up 
collections, and staff travel to study collections m other 
museums Research conducted in the museum covers 
a wide range of topics—evolution, behaviour, ecology, 
zoogeography, physiology and biochemistry and tax- 
onomy Almost all the research produces results of 
interest to the evolutionist One mteresting find 
during the year was the discovery of a fossil msect 
from Cretaceous amber from New Jersey This 1s the 
oldest known ant and 1s apparently virtually a missing 
link between ants and wasps The presence of worker 
characteristics m these imsects 1s evidence of the 
existence of social Hymenoptera as far back as about 
100 million years 

The discovery of several new specimens has enabled 
Professor Simpson to start work on the evolution of 
an extinct family of South American marsupials, the 
Argyrolagidae Until recently, 1t was not even certain 
whether these animals were marsupials Apart from 
the mystery surrounding their relationship, these 
fossils are imteresting because they represent an 
ecological specialization umque among marsupials or 
any other South American mammals, and they con- 
vergently resemble the unrelated “kangaroo” rats of 
North America A method of food gathering umque 
for the bivalve molluscs and previously unrecorded 
was discovered by Dr Turner of the museum—she has 
found that the elaborately branched ciliated meurrent 
siphon of the shripworm Neoteredo reynu acts as a 
filter-feeding mechanism 

Dr R H Chesher has adopted a new approach to 
his studies of the classification and variation of heart 
urchins (Spatangoida) As a deep-sea diver, he has 
taken his investigations to the sea floor itself, and he has 
found that some of the features hitherto used in the 
classification of these animals may be subject to non- 
genetic modification by the environment 

An analysis of the ammonite fauna of the world m 
one subdivision of the geological time scale has been 


NATURE. VOL 217. MARCH 16 1968 


completed by Dr Bernhard Kummel A study of all 
collected taxa of ammonoids for the uppermost zone 
of the Scythian (Lower Triassic) shows that the total 
fauna consists of 65 genera and 155 species A com- 
parison of the faunas of the Tethyan, the eastern and 
western Pacific, and the crreum-Arctic regions shows 
that there ıs a diversity gradient, most probably 
reflecting a latitudinal change in chmate the faunas 
of the Tethyan region are rich ın numbers of individuals 
as well as ın species, the Arctic region, on the other 
hand, 1s poor both m number of specimens and ın species 
These results appear to support the thesis of contmental 
and oceanic permanence for this short segment of time 
Work on thermoregulation m the beaver was 
completed by Dr Coles He has been particularly 
concerned with the role of the tail in this regulation 
Beavers are unable to lose much heat from their 
bodies because of their heavy fur cover, when they are 
exposed to heat, the naked tail 1s the main region of heat 
loss When they are exposed to cold, however, little 
heat 1s lost from the tail because of a counter-current 
heat exchange system among the arteries and veins 


Long Haul 
from our Correspondent in Molecular Biology 


Drsrrre a great deal of information which has accumu- 
lated about the function of the ribosome, 1t remains 
a largely mscrutable structure The large number of 
protein components in particular gives an impression 
of discouraging complexity A number of groups of 
workers have, however, embarked on the heroic task of 
fractionating the protems of Æ cols ribosomes and 
characterizmg them mdividually The first studies 
were from the laboratories of Tissiéres and of Moller, 
and the Geneva group have now reported their findings 
to date (Moore et al, J Mol Brol, 31, 441, 1968) 

They have begun by fractionating the extracted 
protems of the 30S sub-unit The evidence of gel 
electrophoresis and 1on exchange chromatography 
mdicates that there are twenty separate components 
Of these, thirteen have been isolated in states of 80-90 
per cent purity Their molecular weights have been 
determmed by sedimentation equilibrrum, and are 
found to vary between about 5,500 and 28,000 
The relative weights of the various components were 
obtamed by radioactivity measurements on the MC- 
labelled components, separated in polyacrylamide gels 
This gave the important and unambiguous result— 
confirming earher surmise—that one molecule only of 
each ribosomal protein 1s present m each 308 particle 
Moore e al suggest that a true mbosomal protem 
should be defined as one which obeys this stoichio- 
met 

In order to ascertam whether common features of 
sequence exist in the thirteen isolated proteims, tryptic 
fingerprints were exammed By this criterion there 
are no detectable homologies It ıs thus likely that 
these are structurally unrelated molecules controlled 
by different genes 

A promising approach to the study of ribosomal 
protems ın situ 1s described by Ostner and Hultm 
(Buchym Biophys Acta, 154, 376, 1968) They have 
treated ribosomes (m this case from rat liver) with 
proteolytic enzymes, and then extracted the protem 
and examined it on polyacrylamide gels for fragmenta- 
tion Only some of the proteins were susceptible to 


1001 


proteolytic attack ın the mbosome and these were 
degraded by all three proteolytic enzymes which were 
tried The remaming protems were highly resistant 
By contrast, extracted protems are rapidly and exten- 
sively degraded It is concluded that the protems are 
in large measure maccessible ın the ribosome Because 
treatment with the enzymes brmgs about some dis- 
sociation of the ribosomes, 1t 1s not certam to what 
extent 1t 1s the separated sub-units which are attacked 
It ıs also, of course, difficult to be certam that the 
enzymes contam no nuclease contaminants, though 
the activity of the ribosomes m respect of mncorpora- 
tion after appreciable exposure to the proteases gives 
the hope that this may not be serious 

The function of the different mbosomal protems 1s 
another issue, and one on which some progress has 
been made The identification of a new protein factor, 
associated with the ribosome but washed off in am- 
monium chloride solution, has now been reported by 
Brown and Doty (Biochem Biophys Res Commun , 
30, 284, 1968) This protein (given the arresting name 
of Factor 3) ıs required for the bindmg of synthetic 
messenger and probably also viral RNA, and its dis- 
covery 1s therefore an important advance Apart from 
direct binding studies 16 was also shown that only in 
the presence of Factor 3 were ribosomes able to en- 
hance RNA synthesized by DNA-dependent RNA 
polymerase the freshly synthesized RNA causes 
product inhibition of the enzyme, and the ribosomes 
can act as a trapping agent for the mhibitor Brown 
and Doty also quote as yet unpublished work along 
these lines by Gros and his collaborators 


Polarity of RNA Phages 


from our Cell Biology Correspondent 


AN amber mutation at the position of the codon specify- 
ing the sixth amino-acid (glutamine) in the coat protein 
cistron of the virtually identical RNA bacteriophages 
Ri? and f2 has a polar effect The mutation not only 
causes the termination of synthesis of the coat protein 
but also reduces the level of expression of the cistron 
which specifies the enzyme RNA synthetase As a 
consequence, durmg single fection with the polar coat 
mutant there 1s a marked depression in the synthesis 
of phage double and single stranded RNA molecules 
and the polar coat mutant fails to complement amber 
mutants in the RNA synthetase cistron during mixed 
infections This polarity 1s, however, suppressed by 
hosts containing strong amber suppressor genes 

The question then 1s what 1s the mechamsm of polar- 
ity m RNA phages One possibility—a purely transla- 
tional model—is that the polar amber mutation m the 
coat cistron prevents the translation of the mfecting 
parental RNA molecule (parental plus strand) This 
model predicts that, as httle or no RNA synthetase 
1s made, very few of the parental RNA molecules 
should be mcorporated mto a double stranded replica- 
tive form am vwo (see Nature, 214, 1287, 1967) In 
the absence of RNA synthetase the synthesis of a 
complementary minus strand and then progeny plus 
strands ıs obviously blocked from the outset of infec- 
tion Alternatively, uf, as Stent omgmally proposed, 
translation and transcription are coupled, the mfectmg 
RNA molecule might be translated, RNA synthetase 
made and a mmus strand and replicative form made 


1002 


Further transcription, however, of progeny plus stiands 
from the replicative form would be blocked because 
translation of the nascent plus strands would be 
termmated by the polar mutation This less likely 
model requires that the mfecting plus strand can be 
translated whereas nascent progeny plus strands cannot 

Recent work by Roberts and Gussm (J Mol Biol, 
30, 565, 1967) and latterly Lodish (J Mol Biol, 32, 
47, 1968) mdicates that the first, purely translational 
model 1s correct Roberts and Gussm usmg the polar 
coat mutant of R17 showed conclusively that, as pre- 
dicted by the translational model, infectmg RNA mole- 
cules are only poorly mcorporated into a double stranded 
replicative form durmg ifection of a host that lacks 
amber suppressor genes Lodish has shown the same 
for the polar coat mutant of f2 The level of mcorpora- 
tion of parental RNA molecules mto a double stranded 
molecule is only 15-25 per cent of the wild type levels 

Furthermore, Lodish has shown that the few double 
stranded replicative form molecules that are formed 
with the polar coat mutant RNA function normally as 
templates for synthesis of progeny plus strand RNA 
molecules The amber mutation does not therefore 
block the transcription of progeny RNA molecules from 
a replicative form (Gussin’s 1966 delayed comple- 
mentation experiments also indicate this) 

To prove this, Lodish used a double mutant which 
has the polar coat mutation and m addition a tempera- 
ture-sensitive mutation m the RNA synthetase cistron 
This temperature-sensitive mutation affects the RNA 
synthetase enzyme so that at 43° C it can synthesize 
plus strands but not minus strands Thus at 43° Ca 
parental plus strand displaced from the double stranded 
template by the synthesis of a progeny plus strand 
does not serve as template for the synthesis of another 
minus strand At 43° C, therefore, displacement of 
parental plus strands which are not remcorporated 
into double stranded molecules becomes a sensitive 
measure of plus strand synthesis What Lodish found 
13 that both wild type and double mutant RNA 
molecules are displaced from a double stranded tem- 
plate at the same rate at 43° C The polar mutation 
therefore has no effect on transcription of double 
stranded RNA The only effect of the polar mutation 
on RNA replication ıs that ıt depresses the meor- 
poration of parental plus strands mto a replicative form 

These results, together with the demonstration of 
polarity in en vitro protem synthesizing systems pro- 
grammed with polar coat mutant RNA (see Nature, 
216, 1070, 1967), conclusively show that at least with 
RNA phages polarity 1s a translational phenomenon 


The Centriole and the Spindle 
from our Cytogenetics Correspondent 


TECHNIQUES for synchronizing the phases of the cell 
division cycle have allowed the taming of events in the 
cycle to be analysed in some detail Most work with 
synchronized cells has been concerned with events m 
the nucleus, but now Robbins, Jentzsch and Micah 
(J Cell Bool , 36, 329, 1968) have studied the timmg 
of centriole rephcation m a synchronized population of 
HeLa cells Electron microscope observations of the 
centriole complex at telophase and early G, mter- 
phase show that 1t consists of two orthogonally paired 
bodies Later m G, the members of the pair move apart, 
and as the cell enters S, each centriolar body appears to 
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bud a replica By the end of S there are two complete 
centriolar complexes This comeidence of centriole 
replication and nuclear DNA replication suggests there 
may be a common control of replication because cen- 
trioles may contam DNA 

A different view of centriole replication is held by 
Batisse (O R Acad Sev, 266, 130, 1968) Strictly 
speaking, he observed kinetosomes (in the Suctorian. 
Duscophrya), but these structures are probably homo- 
logous with centrioles Batisse beheves the parental 
kınetosome does not divide but 1s able to cause the 
condensation of precursors for a new kinetosome 

In the HeLa cells, signs of centriole activity are first 
seen in G, and as the cell enters prophase In these 
phases the centrioles are the focus for the aggregation 
of electron-opaque bodies and less opaque vesicles 
Moreover, the cytoplasm around just one of the cen- 
trioles becomes electron-dense These changes pro- 
bably represent early stages m the assembly of the 
mitotic spmdle Later m prophase the centriolar 
complexes migrate to opposite ends of the cell where, at 
metaphase, they define the apices of the spmdle 

Hoskins (Nature, 217, 748, 1968) recently suggested 
that chromosomal DNA at the kinetochore may play 
a part ım ordering the structure of the spindle, 1b 
may be equally plausible that the DNA contaimed by 
the centriole may play a similar part m spindle organ- 
wation Hoskins’s diagram of kinetochore structure 1s 
very sumilar to electron micrographs of the kmetochore 
at meiotic metaphase ın Tradescantia and Inhum 
pollen mother cells, published respectively by Wilson. 
(Planta, 78, 379, 1968) and Dietrich (O R Acad Sor, 
266, 579, 1968) In both cases the kinetochore 18 
large, less electron-opaque than the rest of the chromo- 
some and serves as an attachment pomt for spindle 
fibres These observations may ımply that DNA has 
another function besides genetic codmg, namely, 
serving as a site for the assembly of protein sub-units 
for the spindle 


Improving Crops 

AGRICULTURE 1s gomg to have to play an even more 
important part ın the economy of most countries, and 
plant breeding has a great deal to offer, as 1t has done m 
the past twenty years This was the startmg pomt 
taken by Dr G D H Bell, director of the Plant Breed- 
ing Institute m Cambridge, when he gave a review 
lecture at the Royal Society on March 7 His topic 
was ‘‘Plant Breeding for Crop Improvement ın Britain 

Methods, Achievements, and Objectives” 

Among the cereals, smce 1946-47 the yield of wheat 
has increased from 19 to 31 2 ewt/acre, that of barley 
has mereased from 17 8 to 28:7 cwt/acre and that of 
oats has increased from 16 3 to 244 ewt/acre During 
this time, many new varieties have been developed 
for commercial use, incorporating higher yields, better 
straw, and earlier rrpening Improvements ın barley 
were made possible by hybridization of British varte- 
ties with Scandmavian varieties A spring barley that 
proved particularly successful was Proctor, which 
shows a good yield, field resistance to some diseases, 
and high maltmg quality Winter malting barleys such 
as Pioneer and more recently Maris Otter have been 
developed by hybridization Higher yielding varieties 
than Proctor are now available, but the chief problem 
1s combating leaf disease, particularly mildew Some 
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of the new varieties have resistance to one or two races 
of the fungus, but non-specific resistance must be 
exploited if stability 1s to be attamed 

Resistance to disease m wheat, especially to yellow 
rust, 1s also a major concern, while raismg the yield 
and mamtaimung the bakmg quality are also important 
A useful breedmg variety called Compair has recently 
been produced by imtroducmg a chromosome mto 
hexaploid wheat by crossmg with two species of 
Aegilops This shows resistance to all known strains 
of yellow rust The yield of both winter and spring 
wheat has mereased considerably and there are new 
varieties, such as Maris Ranger, which give 8 per cent 
higher yield than the standard varieties of the past 
fifteen years Mars Widgeon, a winter wheat, and 
Troll, a sprmg wheat, are two with a high baking 
quahty The yield potential of wheat 1s undoubtedly 
mereasing, and new hybrids are mdicating even higher 
yields, although not combined with good baking quality 

Contmued mmprovement will depend on a more m- 
tensive use of more refined techniques and a closer 
mtegration of genetics, physiology and pathology 
New models are bemg formulated both morphologically 
and physiologically and wider genetic variation 18 
bemg used Dwarf wheats and barleys are bemg 
developed with higher ratios of grain to straw and 
good. yields, while huskless oats with good field charac- 
ters are also an important objective Physiological 
research m the field 1s showing differences between 
varieties on which breeding work can be based 

Dr Bell also showed how breeding work has made its 
contribution with potatoes and sugar beet The 
biggest breakthrough with potatoes has been the recent 
merease m higher yielding mam crop varieties such as 
Maris Piper and Pentland Dell Maris Piper also 
shows resistance to one form of eel worm Quality 
for processing—chips. crisps and so on—is also of 
mereasing importance In the case of sugar beet it 18 
less easy to distinguish the advances m yield due to 
breeding from those due to cultivation The develop- 
ment of monogerm and bolting-resistant varieties, 
however, is most significant for efficient husbandry, 
while polyploidy should make possible improvements 
m sugar production with better combmations of root 
yield and sugar percentage For the greatest expression 
of yield, diseases such as virus yellows must be con- 
trolled, if possible by breeding The production of 
Maris Vanguard, a vicus-tolerant variety, 1s important 
m this respect 


Climate Control 


Russan scientists have made significant advances m 
chmate control, judging by the bibhography Weather 
Motvfication ın the Soviet Union, 1946-66, published 
by the US Library of Congress m Washmgton The 
Russians seem to have become particularly adept at 
cloud dispersion—im November 1953 they cleared 
clouds from an area of 2,500 square kilometres for a 
parade in Moscow, and m February 1961 a contmuous 
cloud cover over the Crimea was broken in certain 
places to permit observations of a total eclipse of the 
Sun The new bibliography provides an almost com- 
plete coverage of Soviet publications on weather 
modification received by the Library of Congress 
between the years 1961 and 1966 

The Russians are having some success with fog dis- 
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persal In the winters of 1964 and 1965 fog dispersal 
methods were applied at 12 airports, making regular 
fights possible Noticeable economic effects are 
claimed for this work Hail suppression also receives 
considerable attention in the Soviet Union, especially 
ın meteorological mstitutions m the Transcaucasus 
where hailstorms frequently cause serious damage 
The bibhography lists entries under seven headings, 
and includes tables summarizing Soviet experiments ın 
weather modification It 1s available from the US 
Government Printing Office, Washington, at 55 cents 


Penta-Coordination 
from a Correspondent 


CHEMISTRY will lose much of its interest if the time 
arrives when the shapes of molecules and relative— 
or even absolute—bond lengths can be predicted A 
discussion on penta-coordmation, arranged by the 
Chemical Crystallography Group of the Chemicai 
Society on March 5, showed that we are a long way 
from reaching this state for compounds in which one 
atom 1s surrounded by five entities 

In the opening lecture, Professor H M Powell 
reviewed the problems of definmg, for example, 
whether a lone pair of electrons constitutes a co- 
ordmating entity Many compounds with empirical 
formulae consistent with penta-eoordination crystallize 
so that the actual coordination 1s six or more Where 
penta-coordination 1s established, two regular geo- 
metries are found, the trigonal bipyramid, favoured by 
non-transition elements, and the tetragonal pyramid 
The latter geometry 1s found for later transition metals 
where it 1s favoured by hgand field stabihzation energy , 
for example, a tetradentate tertiary arsine ligand (TTS) 
adopts a sterically stramed configuration round Pd 
in Pd TTS Cl to give this geometry, although a trigonal 
bipyramid would require less strain 

A careful study of Cu(II) complexes with «-hydroxy 
carboxylate anions by Drs J R Carruthers, © K. 
Prout and F J C Rossotti established that the struc- 
ture determining feature m the solid state was the 
formation of strong hydrogen bonds between the 
hydroxyl groups of one anion and the keto oxygen 
of another This might result ın five or six coordmation 
for the copper, with or without the presence of co- 
ordinated molecules of water For this ion, at least, 
hgand field effects are apparently weaker than hydrogen 
bonding and other imter-molecular interactions ın the 
crystals Factors affecting choice of coordmation 
number were also considered by Dr J M Pratt 
Stability constant measurements on the replacement 
or removal of water from the “‘sixth” position of metal- 
corrin-X-H,O systems showed that this was favoured 
as the electron donor properties of the hgand X 
increased, six, five and four coordination were preferred 
by Fe(II), Co(II) and Ni(II) respectively 

Early transition elements form trigonal bipyramidal 
complexes Dr J S Wood discussed three of these, 
correlating the magnetic properties with distortions 
from 120° in bond angles ın terms of ligand field effects 
Professor J W Limnett considered possible electronic 
structures of penta-coordinate non-transition elements, 
with particular emphasis on the need to explain relative 
bond lengths, for example, the short axial bond m 
BrF; 

There was a wide ranging discussion opened by 
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Professor G W A Fowles, both he and Dr F G Mann 
gave examples of apparently mexplicable differences m 
behaviour on dissolution of similar complexes Dr 
P Paulng told a cautionary tale about a Ni(II) complex 
which crystal structure analysis has established as 
penta-coordinated by one chelate and one tridentate 
tertiary arsine 


Use of Blood Grouping 


On March 6 the second public lecture was held at the 
Natural History Museum m memory of the late Sir 
Ronald Fisher, who made many important contribu- 
tions to both genetics and statistics The lecture— 
“Blood Groups m Human Genetics”—was delivered, to 
the large audience by Dr R. R Race of the Medical 
Research Council Blood Group Research Unit, who 18 
well known for his work on blood groups 

Sur Ronald reahzed that blood groups could be a use- 
ful tool for-the mprovement of knowledge in human 
genetics, especially for the mapping of genes on the 
chromosome From the bewildermg reactions of the 
various Rh antisera, he saw the simple pattern of a 
controlling system of three very closely lmked loci 
each with alleles. These loci were assumed to be so 
close together that crossing over between them could 
be only an extremely rare event The only way m 
which this concept has been modified ın more-recent 
times 1s that the three loci are regarded as bemg in one 
cistron, ‘with a number of mutational sites for each 
of the loci C, D-and E As postulated by Sir Ronald, 
the order of these sites 13 DCE. 

Sir -Ronald also apphed mathematical tests to 
atitosomal linkagé groups In the early days of 
blood groups, few niarker characters were available, 
but since then at least eight have been found, and the 
estimated distances bétween the pairs of loci range 
from about 1 to 22 cross-over units (centimorgans) “The 
next step will be to find-on which autosomes the loci 
are located, ‘the- most hopeful. development m this 
direction so ‘far has come from Paris, where a boy was 
found td havé an abnormal Hageman factor or factor 
XJi—fresponsible for a prolonged blood coagulation 
timé -It"seems-that the locus for this factor 18 on the 
upper part of the short arm of autosome No. 6 

“Chromosome mapping may also ‘contribute-to an 
undérstanding- of testicular femmuization, a raré-and 
mteresting conditiòn- “People with this. condition -not 
only pass av -fenialés. but tendi. to ‘be ‘particularly 
attractive onesp erem though- their chromosome counts 
show “that they are’ dytological males - It-was hoped 
that- the sèx chromosome-lnked blood group Xg might 
throw- séme-light on™-this problem, but these hopes 
havé ‘not yet beéd realized -~ - 

-Blood grõupımg has dlso`contributed to ‘the study of 
twin chimiérisni, a rare condition m which dissimilar 
twins have been reported to have two types of blood 
each” It may also be used to study dispermy, which 
results from the penetration of one ovum by two 
sperms Human examples are mosaics, often for sex, 
usually for blood groups and perhaps for eye and skm 
colour Itis thought that one sperm probably fertilzes 
the egg nucleus, and the other may perhaps fertilize 
the nucleus of the second polar body, but this 1s not 
known for certain The results of testing many father- 
mother dispermy sets for the blood groups and other 
markers thay in the future allow some estimate to be 
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made of the identity of the two female nucle: which 
have been fertilized 


Antioxidant Metabolism 
from our Medical Biochemistry Correspondent 


Devas and food additives are all tested ın laboratory 
animals before they are ever administered to human 
bemgs It 1s often assumed that enzyme reactions are 
universal, and species differences are negligible to the 
biochemist A recent paper on the metabolism of 
3,5-di-tert-butyl-4-hydroxytoluene (BHT) ın the rat 
and in man illustrates how great mterspecies differences 
can be (Biochem J ,106, 783, 1968) 

BHT 1s widely used in food as an antioxidant in fats 
Very different rates of excretion have been found m 
man and in the rat In man, half of any dose appears 
m the urme within the first twenty-four hours, but m 
the rat there ıs evidence suggesting that metabolites 
are retained ın a circulation between the intestine and 
lrver by excretion in the bile, reabsorption from the 
small mtestme and transportation to the hver MC- 
labelled BHT was given orally in olive oil to laboratory’ 
rats, and ın gelatine capsules to two male human sub- 
jects Urine, faeces and bile were collected from the 
rats, and urine from the two humans The radioactive 
metabolites were separated by extraction followed by 
chromatography, and identified by ultraviolet, infrared, 
nuclear magnetic resonance and mass spectroscopy. 

In the rat, most of the activity m the urme was m 
3,5-di-tert-butyl-4-hydrobenzoic acid (BHT acid), a 
glucuronic acid conjugate of BHT acid.and a mercap- 
turic acid §-3,5-di-tert-butyl-4-hydroxybenzyl-N-acetyl 
eysteme There was some evidence suggesting that the 
mercapturic acid was formed by a non-enzymic reaction 
between cysteme and BHT free radical_and not by any 
of the known enzyme systems By contrast, the human 
urines contained one major labelled product This was 
an ether insoluble glucuronide .m which the BHT 
residue had carboxyl groups replacmg the rmg methyl 
and one tertiary butyl methyl group, while another 
tertiary butyl methyl group appeared to be oxidized 
to an aldehyde group BHT acid and its glucuronide 
were found m only small quantities in human urine, 
and. there was practically none of the cores 
acid found ın large quantities m rat urine. 

-The ` -mercapturic. acid and BHT glucuronide were 
found’ im large quantities m ‘rat bile, and must have 
been the compounds circulating between the small 
intestine and liver in the rat Since these compounds 
were only formed ın very small amounts m man, this 
could account for the absence of an enterohepatic 
circulation in man. The main component m rat faeces 
was BHT acid, which was presumably excreted in the 
bile and not reabsorbed m the intestine 

The authors pomt out that these results do not show 
whether the pharmacological effects of BHT ın the 
rat and man are likely to be simular or different. Where 
such large differences exist m the detoxification reac- 
tions undergone by a compound in two different species, 
however, 1t 1s unsafe to assume that effects observed 
in the rat will be repeatable in man. With any sub- 
stance which is hkely to be used m considerable 
quantities by human beings, results lıke these indicate 
that there 1s no substitute for careful studies in man 
before a compound 1s released for mass consumption, 
however reassurmg animal studies may have been 
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All Change at Cal? 


NICHOLAS WADE 


Tue University of Califorma has had a longer history of 
orses than most universities, and 1t has now produced 
an attempt to resolve 1ts problems which merits the 
attention and admuration of all concerned with the politics 
of academic hfe The student strikes of November 1966 
prompted the Berkeley division of the university’s 
Academic Senate and the Student Senate to set up a jomt 
study commission, composed equally of faculty members 
and students, to examine the university’s problems and 
propose solutions for them In nmety-two pages of lapid- 
ary prose in which high ideals and legal niceties are given 
equal attention, the study commission has now produced 
its report (The Culture of the Unwersity Governance and 
Education) The report ıs in three parts—a diagnosis of 
the need for reform, the changes in practice that are 
required, and the steps that should be taken to effect 
these changes ‘ 

The commission begins its diagnosis of the university’s 
malaise by pomting to the high rate of disaffection and 
disinterest among students Only half those who enter 
Berkeley as freshmen receive degrees, and the drop-outs 
include many of the most promising students One reason 
for this ıs that “some of our most thoughtful students 
have come to repudiate many of the social goals and 
values they are asked to serve ın the university and on 
graduation The new world emerging seems to exact 
greater conformity, more routimized lives, more formalized 
relationships among individuals, and a deeper sense of 
helplessness amidst an mncreasingly abstract world devoid 
of human values” It ıs httle wonder, the commission 
considers, that students no longer wish to be groomed in 
the “knowledge mdustry” to take their place in such a 
society, especially when the unrversity’s atmosphere has 
come to reproduce the bureaucratic and dehumanized 
characteristics of that society 

How has this come to be? The demands of external 
mterests—economie lures, the rewards of prestige and 
now @ hostile state admuimstration—have increasingly 
dominated the ethos of the unrversity and shaped the 
direction of its educational activities In the face of these 
events the university has made two crucial failures—“‘its 
failure to develop a student body which respects the value 
of the intellect itself, and 1ts failure to order 1ts activities 
according to a conscious conception of 1ts unique purpose 
of nurturing that mtellect” 

In dhagnosing the consequence of these failures, the 
commission deplores the incongruity that an institution 
devoted to the ideals of free enquiry and discussion can 
be content to manage its own affairs so differently By 
domg so, ıt loses an rmportant educational opportunity 
“Campus governance 1s not simply a method for arriving 
at decisions about educational policies, it 1s itself a 
method of educating those who participate m 16” The 
commission rejects the assumption, impheit m its own 
terms of reference, that separate spheres of mterest 
should be defined for the admunistration, faculty and 
students. It considers ıt pernicious to suppose that 
campus society 1s composed of three such status-bound 
mterest groups whose conflicts can or should be settled 
by procedures appropriate to national politics Most 
issues of university policy require quahtative judgments 
rooted m values and principles, and should.not be decided 
on the basis of which group has the most bargammg power 
The behef that such procedures can solve the yniversity’s 
problems will merely perpetuate the continuous crises of 
the past, 1ts mevitable result has been “‘an endless process 
in which both sides lose, a true mmus—mimus game m 
which the game itself becomes the focus while the mam 
purpose of the community, namely education, suffers”. 
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The commission declines to blame any particular group 
m the university for past troubles, because such a diag- 
nosis would be purely superficial “The sources of our 
conflicts are very deep They he m the numerous 
functions, over and above teaching, which the university 
has acquired or had thrust on it, ım the failure of the 
State of Califorma to give adequate support to education, 
which has weighted the university m the direction of an, 
impersonal educational environment of large classes and 
anonymous relationships among and between students, 
and faculty, m the extreme vulnerability of the campus, 
to outside political pressures, and in the concept of 
education which—tailored as ıt 18 to the demands of a 
society devoted to economic growth, technological,.ad, , 
vance, and increased international infiuence and dominion 
—has ceased to nourish the best aspirations of the 
contemporary student and faculty member ” 5 

The problem as the commission sees ıb 1s to find ways, 
of avoiding the “blunt, non-educational methods of, 
agonistic politics” and to set up new institutions which. 
will resolve conflicts “in accordance,with our fundamental, 
educational objectives”, A major failing,of the present, 
institutions 1s that they are too large, their dimensions, 
“run counter to genwne and direct participation, discus- 
sion and resolution of issues” Dealt with at centralized 
levels, problems appear abstract and remote and par-, 
tierpants lack the experience necessary for,genume discus-, 
sion The consequence of centralized authority has been, 
that “only a few can play an active role, while the many, 
are passive spectators whose. lethargy ns periodically 
disturbed by a superficial form of partigipation, namely» 
voting” The remedy for this state of affairs 1s the delega- 
tion of authority to smaller umts which are ‘‘commen- 
surable with human possibilties” and in which “student— 
faculty-admmustration consultation and participation are 
natural forms of activity rather than contrived formalı- 
ties” 

To what extent ıs decentralization desirable and pos- 
sible? The commission pomts out that the Byrne Report 
of 1965, appomted by the Board of Regents itself! 
recommended “drastic devolution and greater local 
autonomy, but its proposals have been allowed to 
languish” Too much power has been allowed to reside 
with the administration, which ın consequence has been 
“badly skewed by repeated confrontations with dissident 
students and near-confrontations with the faculty” The 
Academic Senate also has suffered from centralization, 
the paucity of administrative expertise among its mem- 
bers has led to “a marked tendency for a relatively small 
number of faculty members to monopolize the membership: 
of the most powerful committees This situation has 
contributed significantly to the fact that over the years 
the Senate has been relatively meffectual as a vehicle for 
promoting educational change or stimulating discussion. 
of the fundamental purposes of the university” As to, 
the role of the students, the commussion considers that, 
to present them with the trappings of government has 
not only caused resentment and disillusion, but hag. 
“aggravated the tendency to cast students and administra-, 
tion im the roles of contending interest groups”, A separate 
student government 1s a “non-concept”, wholly mapplic- 
able to the university situation. The right solution 1s to. 
devise “a variety of institutional means through which 
students can be mcorporated mto, the decision-making 
process, rather than confined.to haggling over the extent, 
of peripheral powers delegated to a separate orgamzation”’. 

From its survey of the present state of-atfairs the.com- 
mission draws three mam conclusions. The first 1s that 
“highly centrahzed administrative authority has ceased 
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to command much enthusiasm on this or any other com- 
parable campus” The second conclusion is that voluntary 
compliance with university rules and policy can only be 
secured by “actions which command respect by the 
standards appropriate to a university” Third, the 
accumulated legacy of disloyalty and mistrust “must be 
dispelled by building new habits of co-operation between 
students and admunistrators, as well as between faculty 
and admimustrators, so that the administration does not 
remain politically isolated from the campus community” 

In the second part of its report the commission turns 
its attentions to the ways m which new patterns of co- 
operation can be built up The principal requirements 
for such change are these, that open discussion should 
precede policy decisions, that there should be substantial 
decentrahzation both at state and at campus levels, and 
that the students’ role ın governance should be signi- 
ficantly enlarged The case for open discussion is so 
strong as to verge on the platitudinous No group, the 
commission opines, has a monopoly of wisdom On several 
occasions in the past, administrative decisions have been 
announced without prior consultation and been revoked 
after student protests Discussion of an issue after the 
event occurs in a less cooperative atmosphere than 
discussion before ıt The commission therefore recom- 
mends that the processes of policy making should be 
opened up by institutmg public hearmgs, the public 
questioning of officials and improved access to university 
documents 

The case for decentralization ıs equally strong In 
reference to the Regents’ decision ın December 1966 to 
suspend any member of the university who participated 
in a strike, the commission comments that “problems 
which are extremely complex when seen ın their specific 
context give the ulusion of being easily solvable when 
seen from a Regental distance” The proper function 
for the Board of Regents is to allow the individual 
campuses of the university to manage ther budgets and 
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their affairs as they think best, and for its own part to 
resist any attempts by the state government or legislature 
to interfere Not only should authority be delegated, but 
the university should be divided into smaller units It 1s 
difficult to decide at what point a department becomes so 
large that 16 ıs umpossible to “speak any longer of its 
common culture”, but the commission suggests a maxi- 
mum strength of 20 to 30 faculty members, 200 under- 
graduates and 75 graduate students 

Turning to the question of student participation, the 
commission rejects any analogy to natural democracy or 
the nght of each member of the university society to 
have an equal vote ın its affairs But ıt also rejects the 
university’s claim to stand ın loco parentis and that of 
“the minority of parents who wish it to perpetuate its 
own supervisory role?” Pettifogging rules are inconsistent 
with students’ dignity and increasing maturity, nor 1s 
it ummediately obvious why young people at university 
should be treated differently than their contemporaries 
elsewhere “Such paternalism is anachronistic and should 
be forthrightly disavowed ” 

The commission submits definite proposals for mereas- 
ing student participation, the chief of which 1s the appoint- 
ment of students by a student board to the various com- 
muttees and boards which govern the university It con- 
cludes 1ts report with a list of the basic regulations which 
it considers should govern the enactment and enforce- 
ment of campus rules 

One of the major themes of the commission’s argument 
1s perhaps summarnzed by a paragraph in the final 
appendix to the report 

“The more opportunities that exist—at all levels of 
university governance—for students to take active roles, 
the easier ıt will be to attract, recognize and utilize the 
services of promising students The greater the range of 
significant and challenging policy questions which engage 
the student government, the higher the calibre of students 
likely to volunteer their services becomes ” 


Human Influence upon Vegetational History 


in North Cardiganshire 


by Pollen analytical investigations at Borth Bog and upon the upland 


PETER D. MOORE 


Department of Botany, 
King's College, 
University of London 


blanket peats of Cardiganshire have elucidated the role of man as a 
factor influencing the development and destruction of the vegeta- 
tion of the area 
appear to have been the Iron Age/Roman period and the fourteenth 


The times of the most severe forest destruction 


to eighteenth centuries 


Tae appheation of the technique of pollen analysis to 
the elucidation of problems relatmg to the influence of 
man. on vegetation 1s now fairly well established?.?, but, 
despite this, detazled analyses coupled with a correlation 
of pollen and archaeological data for an area are still 
few In this article the results of some investigations ın 
the northern part of Cardiganshire will be deseribed and 
a tentative correlation between these data and local 
archaeological and historical evidence will be suggested 

For the sake of brevity, only two sites will be con- 
sidered. Several other sites were studied and the results 
obtained fiom these will be published mm greater detail 
elsewhere 

The first sıte to be considered here 1s Borth Bog This 
1s an extensive raised bog on the southern side of the 
Dovey estuary, which has recently been acquired by the 


Nature Conservancy as a Nature Reserve Pollen analysis 
has been carried out at this site by Godwin}, but only the 
figures for the tree pollen have been published ‘The site 
selected for the present work was in the north-eastern 
part of the bog, the results of pollen analysis are shown 
in Fig land Fig 2 

The stratigraphy at this pomt shows that the bog 
developed on a stiff blue clay Phragmites reed swamp 
was the first vegetation, followed by trees, first alder, 
then birch and finally pme At other sites on the 
bog the tree layer 1s more pronounced It 1s this layer 
which extends beneath the shingle beach at Ynyslas and 
1s there exposed by tidal action‘ Above this there 1s a 
fibrous peat contammg the remains of Ereopherum 
vagenatum and above this is a considerable depth of 
Sphagnum wmbricatum peat 
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Figs 1 and 2 Pollen diagrams from Borth Bog, Cardiganshire The zones A-F are considered to be of local significance only and represent 
stages in the development of the vegetation of the area under varying degrees of interference by man 


The tree pollen curves at the base of the profile appear 
to reflect the local succession of trees on the site, but, with 
the disappearance of woodland ın the immediate locality 
as a result of ombrogenous bog formation, the pollen 
curves may be regarded as representing more widespread 
changes ın vegetation 

For the sake of convenience, the upper part of the 
diagram has been divided up into zones A-F These are 
considered to be of local significance only They are 
characterized by the following features 

A <A declme occurs m the pollen of Ulmus, elm, 
together with the first appearance m quantity of Plantago 
lanceolata, ribwort plantan, and Pterrndvum aquilinum, 
bracken These are species which are frequently asso- 
ciated with woodland clearance and grazing by domesti- 
cated animals, and the fall in elm pollen suggests that this 


was a species particularly affected by such clearance 
Human activity, however, may have been of hmuited 
extent, for weed pollen does not attain very large propor- 
tions m this period 

B Increases occur m Plantago and m Pteridium durmg 
this period, particularly at a depth of 200-220 cm. This 
implies that the influence of man on surrounding vegeta- 
tion was becoming more severe Pollen of Betula, birch, 
increases during this period, possibly as a result of the 
imvasion by birch of abandoned clearings 

C During this period there ıs yet further evidence of 
mereased human activity Not only do the weed species 
already mentioned increase, but also numerous other 
weeds, including Rumex, sorrel, become more abundant 
At the same time both Alnus, alder, and Quercus, oak, 
pollen curves suffer a decline, while Betula and Fraxinus, 
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Figs 3and4 Pollen diagrams from Ply nlimmon, Cardiganshire By eonen A-F are thought to correspond to the equivalent zonis of the Borth 
og diagrams 
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ash, both trees preferrmg relatively unshaded habitats, 
merease Grass pollen becomes more abundant during 
this period, which, together with Plantago lanceolata 
could indicate a pastoral economy among the local peoples 

D. Followmg the period of intensive clearance there ıs 
a period durmg which some recovery of trees appears to 
have taken place Alder in particular mereases, while 
many of the weeds and Pteridium decrease Evidently 
the activity of man lessened during this period 

E In this period, all weed species increase very rapidly 
to attain their highest values At the same time there 
is & marked drop ın alder pollen There ıs some evidence 
from the Plantago lanceolata and Ptemdium curves to 
suggest that this mtensrfication of forest clearance and 
agricultural actavity occurred m two phases, separated 
by a temporary lull It was during the second of these 
phases that weeds typical of arable farming reached their 
greatest prominence 

F. Followmg the period of activity there comes an 
equally sudden decline ın many weed species Grass 
pollen, however, continues to mcrease m abundance 
Pinus pollen (there are mcluded here some grains of the 
genus Picea, spruce) also mcreases ın period F up to the 
surface of the bog 

In many of the upland sites which I exammed a very 
similar pattern emerged, although there was some local 
variation ın detail By means of closer sampling tech- 
niques a more detailed account of this pattern was built 
up from a blanket peat site near the summit of Plynlim- 
mon, at an altitude of 1,850 ft (607 m) The zonation 
system is the same as that used for the Borth Bog diagram 

A few of the more obvious differences are worthy of 
note At Plynlimmon alder appears to suffer less in relation 
to oak durmg periods C and # Its hkely that woodland 
on the coastal plam and in the foothill valleys was richer 
in alder than the upland woods Clearance of these low- 
land woods could result ın a proportionately greater 
decrease ın alder pollen, which would be most noticeable 
in the lowlands, as at Borth Bog The curve for Gramineae 
at Plynlummon behaves in quite a different way from the 
one at Borth, because species of this family were present 
in the peat-forming vegetation at the upland site Cereal 
pollen grains are plotted separately from Gramineae at 
the Plynlimmon site, and reach ther greatest abundance 
in the latter part of period E 

In order to interpret these data in the context of chang- 
ing human culture and agricultural activity, 1t is helpful 
to have a means of dating certain horizons Radıo- 
carbon dating was not available for this study, and I had 
to use datable archaeological artefacts For this purpose 
two peat sites were chosen ın which such artefacts occurred 
In the first, Blaen yr Esgair, a Roman road of ap 78-80 
interrupted peat deposition and, in the other, at Llyn 
Gynon, an early medieval trackway occurred Peat from 
above and below these structures was analysed At 
Blaen yr Esga 16 was found that the entire period C 
was absent from the diagram, bemg replaced by the 
Roman road At Llyn Gynon period C and at least some 
of period E were present 

With the aid of these data, certain tentative conclusions 
can be drawn regarding the correlation of vegetational 
change with archaeological and historical records 

A Initial colonization of the region was probably by 
Neolithic people, whose population was probably very 
small (no megalithic tombs are known from the immediate 
area®) Their mfluence on the vegetation was hkely to 
have been small, as 1s evidenced by the pollen data The 
one exception 1s that of elm, which suffered a decline at 
this time That this was an anthropogenic phenomenon 
is by no means certain‘, but m all the Cardiganshire sites 
1b was found ın association with weed pollen 

B The more intensive forest clearance in this zone 
may be a consequence of the activity of Bronze Age 
peoples who occupied the uplands of Cardiganshire The 
Plynhmmon diagram shows evidence of mmor clearance 
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episodes, followed by periods of regeneration. This type 
of shifting culture 1s in agreement with what 1s known of 
the habits of these people, who were probably nomadie 
pastoralists’. 

C With the coming of Iron Age culture to this region, 
it 1s hkely that there was a movement of population from 
the uplands to the foothills and the coastal plan? These 
people, together with the Romans, who invaded Wales 
between AD 43 and 78, were probably responsible for 
the considerable destruction of forest which evidently 
occurred durmg this period Some forest destruction 
could have resulted from the fighting which ensued and 
from the building of roads, but ıt 18 hkely that an mcrease 
in pastoral farming under the pax Romana was the most 
important factor resulting ın forest clearance. 

D There follows a period of less mtense activity and 
some forest regeneration The withdrawal of Roman 
legions, probably completed by ap 400, led to times of 
tribal warfare, which contmued throughout much of the 
Dark Ages As a result, agriculture became once again a 
rather unstable activity Not until the Monastic period, 
begmning m Cardiganshire with the founding of Strata 
Florida Abbey ın the south, did this state of affairs change 

E The Strata Florida estate covered a large proportion 
of the uplands of Cardiganshire and supported large 
numbers of sheep This organized pastoral farming may 
well have resulted ın the renewed forest destruction which 
occurred durmg period Æ The direct mtervention of 
Edward I in 1280 could have been of considerable ımport- 
ance for Welsh vegetation, for he sent orders to various 
officers in Cardiganshire commanding that all woodland 
should be cleared so that it might not harbour thieves 
and rebels, with whom he was experiencing considerable 
difficulties It 1s quite possible that much of the lowland 
and valley woods, rich in alder, were cleared at this time, 
resulting ın the marked decrease in alder pollen during 
period Æ 

As has been mentioned, there seems to have been a 
pause in the destruction of forest durmg this period, 
which could have resulted from the reduction of the 
population of Cardiganshire ın the fifteenth century fol- 
lowing the Black Death and rebellion against Henry IV 

Subsequently forest destruction contmued as the catile 
breeding industry grew in importance and as the uplands 
were enclosed The process reached its climax during the 
Napoleonic Wars, when cereals were grown even at high 
altitudes, hence the abundance of cereal pollen at Plyn- 
lummon in this period The coming of peace in 1815 
resulted ın depression and mass emigration, which in 
turn led to the abandonment of upland holdings 

F Depopulation continued throughout the nineteenth 
century and there 1s some evidence for the recovery of 
woodland, particularly m the uplands Added to ths 
there was an mcreased interest ın afforestation by some 
of the local mhabitants These interests were finally 
taken up by the Forestry Commussion, resulting m the 
increase ın Pinus and Pecea pollen found m period F 

I thank Mr E H Chater for his supervision of this 
work and also Dr D D Bartley for help with the tech- 
niques of pollen analysis This work was carried out at 
the Department of Botany, University College of Wales, 
Aberystwyth, durmg the tenure of a Science Research 
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GEOCHEMICAL reconnaissance by stream sediment 
sampling was first developed systematically for purposes 
of mineral exploration ın 1952 Subsequently, 1t has been 
shown that by using appropriate methods of analysis and 
mterpretation, trace element patterns detected in the 
active sediments reflect in varying degree the distribution 
of the elements ın the rocks and soils as a whole? Pre- 
luammary studies of the application of this technique to 
agricultural problems ın the Irish Republic and the 
United Kingdom showed an encouraging degree of corre- 
lation between the regional distribution of molybdenum, 
selenium and cobalt ın stream sediments and the meidence 
m livestock of molybdenosis, selenosis and cobalt “pine”, 
respectively**. Subsequent geochemical and agricultural 
reconnaissance of some 3,000 square miles in parts of 
Devon, North Wales and the southern Pennmes has demon- 
strated a number of similar correlations between the trace 
element patterns and agricultural disorders The follow- 
ing description 1s concerned with one aspect of these 
current studies, namely, the distribution of molybdenum 
and associated elements m relation to hypocuprosis m 
cattle in parts of Derbyshire and North Staffordshire 


The Study Area 

The reconnaissance covered 900 square miles in the 
rectangle between Stockport, Sheffield, Derby and Stoke- 
on-Trent (Fig 1) Grossly simplified, the geological 
structure ıs that of a dome elongated along an N -S 
axis and slightly tilted to the east The outcrop of the 
Lower Carboniferous Limestone dommates the centre 
of the area and 1s surrounded by successively younger 
Carboniferous rocks of Namurian and Westphalian age 
In the Namurian, a series of basal marme shales 1s overlain 
successively by the mam Namurian sandstones and the 
mterbedded sandstones and shales of the Westphalian 
sequence In places, a shale facies of the Carboniferous 
Limestone separates the Namurian shales from the hme- 
stone proper The Carboniferous Limestone shales are 
lithologically indistinguishable from the Namuzian shales 
with which they have been groupedin Fig 1 In the south, 
the Carboniferous 1s overlain unconformably by Permo- 
Triassic sandstones, isolated outliers of which indicate 
their former extensive cover 

Thick Newer Drift of the Wechsel glaciation covers 
the Cheshire Plam to the west but thms eastwards to 
termmate along the 1,250 ft contour on the western 
slopes of the Staffordshire hills’ East of this lme there 
are sporadic relics of older Pennime glaciations and peri- 
glacial deposits, but, apart from these and loessia] deposits 
on the lmestone’, the soils are essentially residual South 
of the limestone, however, patches of Pennine drift are 
mixed with surficial remnants of Permo-Trias, though 
many of the valleys are drift-free 

The limestone outcrop forms a well developed undulat- 
ing plateau with steep marginal slopes To the north 
and east, valleys cut m the flanking shales he between the 
lmestone plateau and the scarps of Millstone Grit West 
and south, the Namurian rocks give rise to hilly country 
overlooking the undulating lowland on the Trias 

Dramage 1s predominantly south and east mto the 
Trent basm With the exception of the limestone plateau, 
the density of tributary streams ıs sufficient for stream 
sediment reconnaissance 


Regional geochemical reconnaissance in the Southern Pennines can 
aid the detecting and mapping of the incidence of hypocuprosis—a 
trace element disorder of agricultural importance. 


Stream Sediment Reconnaissance 


More than 600 samples of active sediment were collected 
from tributary streams at a mean density of one sample 
per square mile, except on the limestone where there 18 
virtually no surface drainage system The unground 
mmus 80-mesh fraction was analysed spectrographically 
for fifteen elements mcluding molybdenum? Arsenic 
and zine were determined colorimetrically®® 

Anomalous concentrations of 4-40 ppm. of molyb- 
denum were detected in streams dramıng parts of the lower 
Namurian shales compared with <4 ppm elsewhere 
(Fig 2) North and east of the hmestone the anomalies 
are confined to a narrow zone corresponding to the 
outcrop of these shales Widenmg of the shale outcrop 
to the south and west is accompanied by correspondmgly 
more extensive patterns in the stream sediments, referred 
to as the Ashbourne and Onecote anomalies, respectively 
The fact that streams draming comparable shales west 
and north-west of the Onecote area do not show anomalous 
contents of molybdenum 1s almost certamly a result of 
the mcreasing persistence of barren drift cover ın these 
directions and the proportion of arenaceous horizons, 
which are also more prevalent in the shale formation south 
of Onecote 

Similar stream sediment patterns also associated with 
the Namunan shales were detected for arsenic, nickel, 
vanadium, chromium, cobalt, titanium and iron Copper 
and zine also follow molybdenum, but the pattern 1s com- 
plicated by contammation from old base metal mmes 
around the periphery of the hmestone Apart, however, 
from arsenic, none of these metals gives the high contrast 
between anomaly and background shown by molybdenum 
A selection of molybdeniferous samples was also found to 
carry abnormal coneentrations of selenium!, but here, 
too, the contrast 1s usually low 


Geochemical Significance of Patterns 


Analysis of rock samples shows conclusively that marme 
facies of the Namurian shales with up to 50 ppm of 
molybdenum are the predominant source of this element 
in the area Elsewhere in the succession, shales usually 
contain <5 ppm of molybdenum as do the more impor- 
tant arenaceous and calcareous facies (Table 1) 

Reconnaissance soil traverses across the two main 
anomalous areas disclosed zones rich m molybdenum m 
the overburden above parts of the Lower Namurian 
succession In the Onecote area, the predommantly 
gleyed soils are mostly developed on residual parent 
material Over the shale the topsoil contains 4-35 p p m 
of molybdenum compared with less than 4 ppm over 
other rocks (Table 2) Apart from areas of moorland 
peaty soils where leachmg may have been intense, the 
molybdenum content of the topsoil ıs largely dependent 
on the nature of the bedrock 

In the Ashbourne area, on the other hand, the higher 


Table 1 RANGE AND MEAN METAL CONTENT OF ROCKS FROM THE VARIOUS 
FORMATIONS 


Metal content (p p m No of 
Rock-type and formation Molybdenum Ree samples 
Marine shale (Namurian and Visean) 11 <2-50 110 15-500 73 
Non-martne shale (Namurian and West- 
phalian) <2 <2-8 110 15-200 11 
Sandstone (Namurian and Westphalian) <2 < 2-5 15 6-59 12 
Carboniferous limestone <2 — 5 
Triassic sandstone <2 9 4 
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Fig 1 Simplified geology of the area covered by the regional geochemical 
survey (After Institute of Geological Sciences and B K Holdsworth, 
personal communication ) 


ground between streams 1s commonly covered by barren 
drift In these circumstances, the Namurian shales are 
associated with molybdeniferous soils only ın dmft-free 
areas mostly in the valleys and on the lower slopes of the 
hills 

In both areas, soils developed on alluvium flanking 
anomalous streams are alsomolybdeniferous Considerable 
tracts of such soils occur in the valleys of the major mvers, 

Reconnaissance soil traverses over molybdeniferous 
Namurian shale west of the Onecote stream sediment 
anomaly confirm that the overburden here 1s mostly 


Mo in stream 
sediment (ppm) 
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No samples on 
limestone 





Fig 2 Distribution of imolybdenum ın the stream sediment of tributary 
amay? 
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Fig 3 Incidence of hypocuprosis as reported before the regional geo- 

chemical survey (Luformation from National Agricultural Advisory 

Service, the Veterinary Investigation Service and private veterinary 

surgeons ) 
barren drift which accounts for the background values 
recorded in the local stream sediments. 

Analysis of soil and pasture herbage from selected plots ın 
anomalous and background stream sediment areas showed 
asignificant degree of correlation between the molybdenum 
content of the grass and clover and the supporting soil 
(Table 2) Though mean values for molybdenum in 
herbage are in each case higher on anomalous than on 
control soils, the contrast between anomalous and control 
vegetation 1s considerably less than that between the 
corresponding soils With regard to copper, no significant 
trend 1s apparent in the mean herbage values which range 
from 7-16 ppm, although sous from the anomalous 
plots contain 20-160 p pm of copper compared with 8-50 
ppm m the controls 


Agricultural Significance of Patterns 


Land in the Onecote area 1s largely poorly or very poorly 
drained permanent pasture Farms are small and the 
land is difficult to improve The growing season is short 
because of the cold wet climate above 1,000 ft, mixed 
dairy farming ıs practised, but milk yields are low and 
stock ıs frequently ın poor condition Farmimg m the 
Ashbourne area 18 again centred around dairying, with a 
small acreage of corn, but, being at a lower elevation and 
with a kinder climate than at Onecote, the farms are larger, 
methods more intensive and animals generally ın better 
condition 

The meidence of hypocuprosis m cattle, as reported 
before the geochemical reconnaissance, 1s shown m 
Fig 3 The greatest concentration was m two valleys in 
the Onecote area where the presence of molybden:ferous 
soil and herbage had suggested that the copper deficiency 
was molybdenum-mduced, though the source of the 
molybdenum was not known with certainty (personal 
communication from D J C Jones) Comparison of the 
Table 2 RANGE AND MEAN MOLYBDENUM CONTENT OF TOPSOIL AND HERBAGE 


FROM PLOTS WITHIN THE STREAM SEDIMENT ANOMALY AND ADJOINING 
BACKGROUND (CONTROL) AREAS 


Mo m) 
Sample type Anomalous plots Control plots 


Topsou* 16 4-35 (14) 2 < 2-35 (12) 
Grass (Mav) 87 1 0-8 0 (13) 21 1 6-3 0 (5) 
Grass (July) 31 1 4~7 0 (14) 20 0 6-5 0 (12) 
Clover (July) 72 18-300(11) 36 0 8-8 6 (10) 


* Data refer to minus 80-mesh fraction Number of samples ın parentheses 
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reported meidence with the stream sediment pattern for 
molybdenum indicates an appreciable extension of the 
suspect area, particularly to the north of Onecote and also 
around Ashbourne where previous records showed only one 
herd-incidence of bovine infertility possibly due to copper 
deficiency (personal commumieation from Č M Ford) 

To test the agricultural significance of the results of 
the geochemical reconnaissance m terms of animal health, 
twenty-six herds comprising 350 cattle were selected for 
blood copper analysis The selection was based solely 
on the distribution of molybdenum m stream sediment 
nineteen of the farms were situated within the molyb- 
denum anomaly and seven were in the adjoining back- 
ground area Farms where hypocuprosis had previously 
been reported were specifically excluded 

The results of these tests are summarized m Table 3 
in terms of the numbers of deficient animals defined as 
those with less than the accepted lower normal lımıt of 
008 ug of copper per 100 ml of blood. Although the 
drawbacks of blood copper analysis as a means of diagnos- 
mg chnical hypocuprosis are realized, the principal 
conclusions, which are similar to those that may be 
drawn. from the actual blood copper values, are as follows 

(1) There ıs a consistent trend towards a higher mei- 
dence of copper deficiency evident m animals of all age 
groups m both the Onecote and Ashbourne molybdenum- 
anomalous area as compared with the corresponding 
controls This trend is particularly evident (2) ın young 
stock (group II) from the Ashbourne area, where the 
blood copper data show mean values of 0 041 + 0 004 and 
0 095 + 0 003 mg of copper/100 ml. of blood for anomalous 
and control groups, respectively, and (b) in adults recerving 
no supplementary feed (group III) in the Onecote area, 
where the corresponding blood copper values are 0 049+ 
0 004 and 009040003 It 1s not known to what extent 
the hmuted meidence of copper deficiency observed in the 
control herds may be a result of (1) farm management, 
(u) absolute copper deficiency on parts of the control 
farms and/or (m) the local occurrence of patches of 
molybden:ferous soil too small in extent to mfluence the 
Molybdenum content of the stream sediments predomin- 
antly derived from normal sols The latter 1s not unhkely, 
as the majority of the controls he withm 3 miles of the 
anomalous stream sediment area 

(2) The effective umprovement obtamed in the molyb- 
denum-anomalous area by feeding mmerals 1s shown by 
the significantly smaller percentage of copper deficient 
adult stock of group IV compared with those recerving 
no mineral supplement m groups IL and IN (P<0 001) 

(3) Considering the combmed data for both areas, the 
greater incidence of copper deficiency ın animals from the 
anomalous areas compared with the controls 1s statistic- 
ally significant in groups II and IO (P<0001) Although 
it 1s not valid to compare the bulked data owmg to 
unequal numbers of animals in the various groups, 1b 1s 
none the less impressive that of the total stock sampled, 
64 per cent of the animals m the molybdeniferous areas 
were copper deficient compared with 35 per cent m the 
controls; excluding animals fed supplementary mierals, 
the corresponding percentages are 77 per cent and 37 per 
cent In either case, the percentage meidence of copper 
Table 3 INCIDENCE OF COPPER DEFICIENCY (AS INDICATED BY BLOOD COPPER 


ANALYSIS) IN CATTLE, GROUPED ACCORDING TO AGE AND THE MOLYBDENUM 
CONTENT OF THE LOOAL STREAM SEDIMENT 
District 


Percentage of copper-deficient animals 


and relative (No tested in parentheses) 
molybdenum No mineral supplement given Minerals No 
content of I IT given minerals 
stream <il 1i months Adult IV I-III 
sediment months -25yr Adult Combined 
Onecote 
Anomalous 40 (30) 89 (73) 79 (43) 18 (38) 76 (146) 
Normal 0 (4) 78 (27) 12 (24) — 44 (55) 
Ashbourne 
Anomalous — 80 (41) 80 (5) 38 (26) 80 (46) 
Normal — 9 (18) 43 (21) 0 (5) 26 (34) 
Combined areas 
Anomalous 40 (30) 86 (114) 79 (48) 27 (64) 77 (192) 
Normal 0 (4) 52 (40) 27 (45) 0 (5) 37 (89) 


Analysis was undertaken bv the Central Vetermary Laboratory, Weybridge 
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deficiency within the molybdenum stream sediment pattern 
18 approximately double that noted outside the anomaly 

In several herds, the outward symptoms of copper 
deficiency were absent despite low blood copper values 
Consequently, as a further test of the agricultural signifi- 
cance of the geochemical reconnaissance with particular 
reference to sub-clinical copper deficiency, supplementa- 
tion tnals were conducted on ten farms within the area 
of the molybdenum stream sediment anomaly These 
experiments, which are bemg conducted in collaboration 
with advisers of the National Agricultural Advisory 
Service and the Veterinary Investigation Service, will be 
reported m full later. Prelimmary results obtamed for 
April—October show a mean increase of 5 per cent in the 
live weight gam of young cattle recerving jected copper 
compared with comparable untreated contro] animals 
In some cases, the increased gain m weight was accom- 
panied by a marked mprovement m the physical appear- 
ance of the animals. Quite apart from the economic 
significance of these results, 16 1s equally important that 
in many cases they were obtamed on animals showing 
no clinical evidence of hypocuprosis. 


importance of Geochemical Reconnaissance 


Geochemical reconnaissance by stream sediment samp- 
ling disclosed molybdenum anomalies covering a total 
area of 60 square miles m parts of Derbyshire and North 
Staffordshire The anomalies are related to molybden:- 
ferous rocks and soils In places the pasture herbage 1s 
also molybdeniferous 

Copper deficiency mduced by molybdenum was known 
to occur in parts of the anomalous stream sediment 
pattern The results of blood copper tests carried out 
elsewhere within the anomaly mdicate that all the 
anomalous area 1s suspect, the meidence of hypocuprosis 
being twice that observed outside the anomaly Subse- 
quent trials carried out within the anomalous area have 
shown that copper injections can merease the live weight 
gain of affected herds by more than 5 per cent It ıs 
important that many of the animals which were found to 
be copper deficient and which responded to copper supple- 
mentation showed no outward symptoms of disorder. 

In our view, the results fully confirm the potential value 
of regional geochemical reconnaissance as an aid m 
dehneating suspect agricultural problem areas, wherem 
to concentrate detailed investigation usmg conventional 
methods which, though more precise, are far too costly 
and time consuming to be applied on the regional scale 
The results also stress the unique advantage of the method 
m focusmg attention on areas where clinical symptoms 
are absent yet where sub-clinical problems may be limiting 
agricultural productivity or where latent problems may 
adversely affect mtensified farming ın the future 

This work was assisted by the Natural Environment 
Research Couneil and the Institute of Geological Sciences 
We thank the National Agricultural Advisory Service 
and the Vetermary Investigation Service for ther 
co-operation, M G Davies for assistance in the Onecote 
area, and Miss © N Hebert for statistical advice 
R F Horsnail took part m the reconnaissance sampling 
which was supervised by I Nichol. Considerable help was 
also given by our analytical colleagues, under the direction 
of E J Newman and R E Stanton 
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THe requirements for correct initiation of protem synthesis 
in the Escherichia colt cell-free system mclude the following 
components ribosomes, formylmethionyl-transfer RNAr 
(F-met-tRNA,r), an initiator codon (ApUpG or GpUpG), 
two or three imitiation factors, and GTP (refs. 1-6) 
Most of the details of the mechanism by which these 
components interact to form the first peptide bond are 
unknown ‘The mmportance of the state of the ribosomes 
in this reaction has been emphasized recently?-11, It 
1s clear that ın the usual conditions (8-10 mM Mg++) 708 
ribosomes display little activity in mitiation, whereas 
308 particles, either alone or mixed with 508 particles, 
may be quite active®1°, In contrast, 70S particles are 
very active at about 5 mM Mgt+ (ref 10). It seems likely 
that this lower Mg++ concentration optimum for 708 
particles 1s a result of thear ability to dissociate m these 
conditions mto 50S and 30S sub-umts. These facts are 
consistent with results’ that suggest that ın vwo the first 
steps of the umtiation process do not occur on the 708 
ribosomes, but rather mvolve the “native” 508 and 308 
particles Nomura and Lowry? have proposed an mitia- 
tion mechanism m which the interaction of mRNA, 
F-met-sRNAr and imtiation factor(s) occurs on the 309 
ribosome, this complex bemg subsequently jomed by a 
508 particle to form the active 709 ribosome 

This article describes an mvestigation of the require- 
ment for the formation of this initial complex involving 
the 309 particle Both native 308 particles and those 
derived from 708 ribosomes have been studied In both 
cases 1t has been found that GTP and imitiation factors 
are required for the binding of F-met-iRNA-r stimulated 
by ApUpG The bound product is not reactive with 
puromycin, whereas the addition of derived 508 particles 
to this complex renders the F-met-tRNAr sensitive to 
puromyem These results confirm the report of Hille 
etal? GMP-PCP can substitute for GTP mm strumulating 
binding, but the complex formed does not react with 
puromycin in the presence of added 508 particles Both 
mutiation factors (f, and f.) are imvolved m the formation 
of the 30S complex 

For purposes of comparison, we have made a preliminary 
mvestigation of the poly U-directed binding of phe-tRNA 
to 308 particles It has been found that this reaction 1s 
analogous to that mvolvmg F-met--RNAr masmuch as 
GTP (or GMP-PCP) and an enzyme are required. This 
enzyme does not seem to be an initiation factor, for 16 1s 
found ın the supernatant (8-100) fraction. A study of 
the requirement for GIP m this reaction has revealed 
Lat AMP-PCP (the adenosme analogue of GMP-PCP) 
can serve as a substitute, at about the same level of 
activity as GMP-PCP This surprising result suggests 
that the requirement for GTP m protem synthesis may 
not be as specific as previously supposed 

Derived 30S and 50S particles were prepared by dıs- 
sociating 70S mbosomes, which had been washed with 
NH,Cl (ref 10), by overnight dialysis agaimst buffer B [0 01 
Mires HCl, pH 7 4, 0 1 mM Mg(OAc),, 0 05 M NECI, and 
1 mM dithiothreitol], followed by sedimentation m a 5-20 
per cent sucrose gradient contaming buffer B. Fractions 
from this gradient contammg 50S and 308 particles were 


Formylmethionyl-tRNAF seems to bind initially at the site used as 
a decoding site by all aminoacyl-tRNAs. A large part of this entry 
site must be located on the 30S ribosome particle, but some of it 
may extend to the 50S particle 


pooled and the Mgt+ concentration was imcreased to 
10mM The particles were pelleted by centrifugation at 
105,000g, resuspended m buffer © [001 M ine HCl, 
pH 74, 001 M Mg(OAc),, 006 M KCI, 1 mM DTT] and 
stored at 0° © 308 particles prepared ın this way were 
essentially free of contammation by 508 particles Con- 
versely, 509 particles were considered to be essentially 
free of contamination by 308 particles, for they did not 
support the bmding of detectable amounts of F-met- 
t(RNAr 

Native ribosomes were prepared as follows. S-30 
preparations from Ẹ. cols strain 1113 or K12, contaming 
buffer A [0 01 M ts HCl, pH 74, 010M NH,Cl, 001M 
Mg(OAc), and 1 mM DTT] were centrifuged for 1 h at 
105,000g, to remove polysomes, and the bottom fifth 
of the supernatant was diluted four-fold and layered on 
28 ml of a 10-20 per cent convex sucrose gredient, and 
then centrifuged at 25,000 rpm. for 10 h at 5° Cina 
Spinco SW-25 rotor. Peaks contaming 708, 50S and 30S 
components were pooled, and the particles pelleted by 
centrifugation at 105,000g Each component was further 
purified by one or two more cycles of sucrose gradient 
sedimentation 

Binding assays were conducted essentially as previously 
deseribed?®, using tRNA fully charged with either “C-met 
(110 or 187 pCi/ym) or *H-phe (25 uCi/um), nineteen 
cold amimo-acids and cold formate In addition to the 
various macromolecular components, *he amounts of 
which are given m the figure legends, nding reactions 
generally contamed 10 mM Mg(OAc),, 01 M NH,Cl, 0 05 
M tris HCl, pH 74, and 1 mM dithiothreitol. 

Initiation factors were prepared from #. cole strain 
1113 or K12 essentially by the method of Lucas-Lenard 
and Lipmann'’. Several preparations of f, were further 
purified by rechromatography on a column of DEAE- 
cellulose (in 0 02 M tras HCl, pH 74, 1 mM EDTA, 1 mM 
DTT), to remove any traces of contaminating fa These 
repurified f, preparations gave results mdistinguishable 
from the starting material, suggesting that the standard 
purification procedures give f, free from f, contammation 

In a previous communication’ 1t was reported that the 
optimum Mg++ concentration for the binding of F-met- 
tRNAvr to ribosomes depended strikingly on the manner 
of preparing the ribosomes undissociated 70S ribosomes 
were most active at 45 mM Mgt', and virtually inactive 
at 10 mM, whereas a mixture of 50S and 308 particles 
(derived by previous dissociation of 70S ribosomes) 
displayed a broad optimum from 8 to 11 mM Mg*t. Inas- 
much as these ribosomes were prepared by washing with 
a high concentration of salt [10 M NH,Cl and 40 mM 
Meg(OAc),], 16 was mteresting to determine whether the 
various classes of native ribosomes, which had not been 
exposed to such a high concentration of salt, would show 
similar Mgt+ concentration profiles. The binding of 
F-met-iRNA+- to native 708, 30S dan equimolar mixture 
of 50S and 308 ribosomes, as a function of Mgt+ concen- 
tration, 1s shown mn Fig 1. The profiles are virtually 
identical to those obtaimed with 70S ribosomes prepared 
by washmg with a high concentration of salt, on the one 
hand, and with a mrxture of derived 308 and 50S particles, 
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Table 1 BINDING OF F-MET-iRNA TO DERIVED AND NATIVE 30S PARTIOLES 


nuMoles of F-met-¢RNA bound 
Plus ApUpG Minus ApUpG 


Experiment 1* (derived 305) 


Complete 450 032 
Mimus GTP 0 26 031 
Minus factors 0 25 033 
Minus factors, minus GTP 030 031 
Experiment 2t (native 30S) 
Complete 2 94 065 
Minus GTP 099 — 
Minus factors 082 — 


*The complete reaction mixture contams 15 pumoles of derived 30S 
particles, 25 ag of charged (RNA, 20 ug of initiation factors, 0 08 umoles of 
GTP, 9 mumoles of ApUpG and Mgt, NH,*, tris buffer and DTT as described 
in the text, ın a final volume of 0 1 ml 

+The complete reaction mixture contains 19 uumoles of native 305 
particles, 7 ug of charged (RNA, 32 ug of mitiation factors, 20 mymoles of 
GTP, 10 mumoles ApUDG, tres buffer, Mg++, NH~, and DTT as described in 
the text, ın a final volume of 0 02 ml 


Table 2 COMPARISON OF THE BINDING OF F-MET-(RNA TO NATIVE AND 
DERIVED 30S PARTIOLES GTP REQUIREMENT 
puMoles of F-met-(RNA bound 
lus ApUpG Munus ApUpG 
Native 30S 
Complete* 141 19 
Mu us GTP 32 16 
Minus GTP, plus GMP-PCP 119 16 
Derived 30S 
Complete* 107 13 
Minus GTP 12 12 
Minus GTP, plus GMP-PCP 87 13 


* The complete reaction mixtures contain 16 zemoles of native 305 or 
12 pumoles of derived 30S particles 20 ug of charged tRNA, 33 ug of crude 
initiation factors, 01 gmoles of GTP or 001 yzmoles of GMP-PCP, as 
indicated, 9 mumoles of AnUpG, and NH,’*, tres buffer and DTT as described 
in the text, ın a final volume of 009 m! The final Mg++ concentration was 
4 mM in this experiment, the same results were obtained at the usual 
10 mM Mg++ 


on the other! In addition, it 1s evident that native 30S 
particles alone (Fig la) display a profile similar to that 
of the mixture of native 508 and 308 particles (Fig 1b), 
and quite distinct from that of the 70S ribosomes (Fig 1c) 
In the case of the latter, 1t 1s agam apparent that very 
httle bındıng occurs at or above 10 mM Mgt+, whereas 
at 5 mM Mgt+ these ribosomes are extremely active 
As suggested before’, ıt seems likely that this very low 
Mg++ concentration optimum may result from the fact 
that 70S ribosomes, which as such may be meapable 
of binding F~ -tRNAp, in these conditions begin to 
dissociate into avtively binding sub-units* 

Having established that mixtures of native ribosomal 
sub-units have an Mgt+ concentration dependence similar 
to that of the derived sub-units, and that both preparations 
are markedly different from undissociated 70S ribosomes, 
we concentrated attention on the binding of F-met--RNAr 
to 30S particles alone A study of the requirements for 
this reaction revealed that both GTP and initiation factors 
were needed for optimum bindmg This ıs true both for 
derived and native 308 particles (Table 1) This result 
shows that the sites of action of GTP and initiation factors 
(as ıs shown below, both f, and f, are involved ın binding 
to 80S) are on the 308 particle That the complex is 
mdeed specific for F-met-(RNAr, as opposed to met- 
tRNAm, 1s indicated by the fact that all the radioactivity 
bound ın the 30S complex reacts with puromycin in the 
presence of 5CS particles (see below), to give formyl- 
methionyl-puromycm (F-met-puro) Furthermore, little 
or no binding of purified met--RNA to 30S particles 
could be detected m conditions optimal for F-met-tRNA+r 
binding These results support the view that in the natural 
muitiation process the 30S complex (contammng F-met- 
tRNAr, mRNA, mitiation factors, GTP and a native 
30S particle) 1s first formed and then subsequently 1s 
jomed by a 508 particle?® If this sequence of events 1s 
correct, ıt umplies that the 50S particle may have httle 


* It is 'mporty t to note that the Mg++ concentrations employed in the 
wash solutions for these exp2riments were also varied as shown in Fig 1 
Wh n, however the Mg++ concentration of the wash is maintained at 10 mM, 
considerable increase tn the level of binding to 30S particles is observed when 
the Mg++ concentration m the reaction mixture is low (3-6 mM) This 
phenomenon accounts for the high activity at low Mgt* concentration 
reported in Tables 2 and 6 
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30S + 50S 







Ray. 


rae 
/ 


pumoles F-met-tRNA bound 
Fraction of ribosomes binding 
koad 


2 4 6 8 10 12 14 
Mg*+ concentration (mM) 


Fig 1 F-met-tRNA binding at various concentrations of Mgt+ The 
final concentrations of ingredients are 005 M tris HCl, pH 74,010 M 
NH,Cl, Mg(OAc), asinduated, 1 mM DET, 0 40 mg/ml ernde initiation 
factors, 06 mg/ml charged (RNA 05 mM ApUpG, and 10 mM GTP 
The amounts of ribosomes per aliquot are 12 5 uumoles of native 305, 
10 zemoles of each of native 30S and native 50S, 28 nzmoles of 705 
Each binding miy ture was filtered an I washed with buffer containing the 
corresponding concentration of salts and Mg++ 


or nothing to do with the specificity of initiation [that 1s, 
the selection of F-met-tRNAr and the mitiator codon(s) 
m the mRNA] 

An investigation of the specificity of the binding reaction 
has revealed that both GMP-PCP and AMP-PCP can 
replace GTP, whereas UTP and CTP are completely 
inactive (Tables 2 and 3) These results are quite con 
sistent with those previously obtained when 709 ribosomes 
were employed®!” 

Monro has shown that the reaction between puromy- 
cm and F-met-tRNAr occurs on the 508 particle On the 
basis of this result one might anticipate that the F-met- 
tRNAs bound to 30S particles would not react with puro- 
mycin unless 50.9 particles were added The reactivity 
of F-met-tRNA pr pre-bound to 30S particles was measured 
in the presence or absence of added 50S particles, and the 
results are shown m Table 4 It ıs clear that the F-met- 
tRNA,r bound to 308 particles alone does not react with 
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Table 3 NUCLEOSIDE TRIPHOSPHATE SPECIFICITY IN BINDING OF F-MET-(RNA 
TO 30S PARTICLES 
z#uMOoles F-met-(RNA 
bound 


Nucleoside triphosphate 
Added to complete system* 


08 
45 
42 
39 
08 
08 


* The complete reaction mixture contains 66 yzumoles of derived 30S 
particles, 38 ug of charged tRNA, 26 xg of partially purified factor (f;), 0 05 
“moles each of GIP, UTP, CLP and AMP-PCP, 0 001 umole of GMP-PCP, 
7 mmoles of ApUpG, and Mg++, NH,*, tris buffer and DTT as described in 
the text, in a final volume of 0 04 ml 


puromycin, whereas the subsequent addition of 508 
particles renders ıt reactive Furthermore, when GMP-PCP 
1s substituted for GTP, the bound F-met-tRNA-r does not 
react m any circumstances These results are consistent 
with the fact that peptide bond formation occurs on the 
50S particle!?:4, and that the role of GTP in imitiation 
mvolves two or more sequential functions, only the first 
of which can be fulfilled by GMP-PCP¥* Furthermore, 
it 1s clear that the first of these functions involves the 
binding of F-met-tRNA,r to the 3CS particle, a reaction 
m which the GTP molecule ıs not hydrolysed 


Table 4 REACTION OF PUROMYOIN WITH BOUND F-MET-IRNA 


BeMoles F-met-(RNA bound 
or F-met-puro formed 
Plus ApUpG Minus ApUpG 


Binding* 
Complete (GTP) 85 03 
Complete (GMP-PCP) 32 03 
F-met-puro synthesis t 
Complete (GTP) 13 0 94 
Plus 50S 51 100 
Complete (GMP-PCP) 10 0 98 
Plus 50S 10 102 


* Reaction mixtures contained 15 zumoles of derived 30S particles, 25 ug 
of charged (RNA, 20 ug of initiation factors, 9 mumoles of ApUpG, 008 
emoles of GTP or 011 moles GMP-PCP as indicated, and Mg++, NH,*, 
tris buffer and DTT as described in the text, in a final volume of 0 085 ml 
Incubation was at room temperature for 20 min 

+ Reaction mixtures were prepared and incubated as tn the binding reat- 
tions, after which 11 zumoles of derived 50S particles was added and the 
tncubation was continued for 20 min at room temperature The reaction 
mixture was then kept at 0° C, treated with 50 ug of puromycin dihydro- 
chloride and incubated for 3 mm F-met-puro synthesis was assayed as 
previously described?® 


Having found that a crude preparation contammg 
initiation factors stimulated the binding of F-met--RNAp 
to 308 particles, ıt seemed important to determine which 
of the two factors, f, and f,, was responsible for this activ- 
ity These factors were partially purified as described 
already, and assayed both individually and together for 
their ability to strmulate binding to derived 309 particles 
The results of these experiments are shown ın Fig 2 
It ıs clear that each factor 1s active by itself, although 
maximum binding is obtained only in the presence of 
both This result 1s qualitatively sumlar to those obtamed 
by others using uncharacterized mbosome preparations*'13, 
although the relative activity of fı reported here ıs higher 
than has been observed before Similar results were 
obtained with f, prepared from E cole strams K12 and 
1113, and with samples further purified by rechromato- 
graphy on DEAE-cellulose to remove possible traces of 
contaminating f, Native 308 particles show a pattern 
of response to f, and jf, which ıs similar to that observed 
with derived 30S, although the results are less conclusive 
because of the higher blank values obtained with these 
preparations Thus there seems to be little basic differ- 
ence between native and derived 308 particles While 
it 1s likely that native 308 particles are loosely associated 
with mutiation factors in vwo’, the purification procedure 
used here apparently removes them 

The surprising lack of any obvious functional difference 
between f, and f, 1s puzzling on several accounts First, 
it is difficult to understand why both are present when 
either one alone displays such high activity It seems 
possible that one of the factors ıs contammated with 
the other, perhaps m the form of a specific complex 
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30S + 50S (added late) 


h +1229 


f, alone 


minus ApUpG (blanks) 


ST et SEED 


30 S alone 


uumoles F-met-tRNA bound 


h +12 ugh 





Factors added (ug protein/assay) 


Fig 2 Effect of purified imitation factors, Jı and fz, on bindmg of 

F-met-tRNA to derived 30S particles Reaction mixtures contained 

11 zumoles of 30S particles, 15 “umoles of 50S particles (top figure 

only), 25 ug of charged (RNA, factors as indicated, 9 mumoles of ApUpG 

where indicated, 0 08 umoles of GTP, and Mg++, NH,*, tris bufferand DT'T 
as described in the text, ın a final volume of 0 1 mi 


between the two (this would account for then clear 
physical separability on columns of DEAE-cellulose) 
Second, the activity observed with f, alone 1s considerably 
higher than that previously reported®è!3 Ft seems 
possible that both these anomalies stem from the same 
source, namely, that the system employed here 1s quite 
different in many respects from those used elsewhere In 
particular, ın our system the fraction of 309S particles 
which bind F-met-tRNA- (thats, the efficiency) 1s between 
10 and 400 times higher than that reported by others®+12 
Furthermore, m our hands fı activity ıs extremely 
unstable, whereas f, seems to be more stable As a result 
of this instability, the level of binding observed with fı 
alone varies from 20 per cent to 70 per cent of the maxi- 
mum obtainable with both factors present, depending 
on the age and manner of storage of the preparation 

It was interesting to determme whether the F-met- 
IRNAr bound in the presence of only one of the initiation 
factors could react with puromyem, after the addition of 
508 particles Experiments to investigate this possibility 
were conducted essentially as described m Table 4, and 
the results are shown in Table 5 It ıs clear that either 
of the factors alone will support F-met-puro synthesis, 


Table 5 EFFECT OF fı AND f, ON ¥-MET-PURO SYNTHESIS 


ueMoles of F-met-puro 
Plus ApUpG Minus ApUpG 


Expernment 1* 
808 


305 plus 50S 089 102 
30S plus f, 0 83 110 
30S plus 50S plus fı 790 110 
30S plus f, plus fa 092 0 98 
305 plus 60S plus fı plus fa 905 110 
Experiment 2t 
305 plus 50S plus f (15 ug) 5 30 — 
30> nius 50S plus fa (150 #g) 6 30 — 
30> plus 50S plus fı (12 zg) plus fs (15 ug) 510 — 
80S plus 50S plus f, (12 øg} plus fa (150 ug) 7 82 — 


Reaction mixtures were prepared, incubated and analysed essentially as 
described tn Table 4, except that f, and f: were used in place of crude factor 

* Contains 11 zemoles of 30S, and 15 zumoles of 505 particles as indicated 

t Contains 11 zumoles of 30S and 15 zumoles of 50S particles 
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Table 6 BINDING OF PHE-fRNA TO 305 PARTIOLES 


puoles of 
phe--RNA bound 
Experment 1 


Complete* $3 
Minus GTP 03 
Minus S-100 01 
Minus GTP minus S-100 03 
Experiment 2 
Complete t 34 
Minus GTP 01 
Manus GTP, plus GMP-PCP 09 
Experiment 3 
omplete t 38 
Manus GTP 01 
Minus GTP, plus AMP-PCP 19 


* The complete reaction mixture in experiment 1 contains 8 0 zumoles of 
derived 308 particles, 25 ug of charged ‘RNA, 50 ug of supernatant-enzymes, 
0 1 umole of GTP, 15 ug of poly U, 5 mM of Mg (OAc), and NH,", tris buffer 
and DTT as described ın the text, ın a final volume of 6 09 mi 

+ The complete reaction mixtures ın expermments 2 and 8 contain 66 
Butooles of 30S particles, 10 ug of charged (RNA, 25 pg of supernatant 
enzymes, 005 moles of GTP, 0001 umole of GMP-PCP, 005 umole of 
AMP-PCP, as indicated, 7 5 xg of poly U, and Mg++, trı8 buffer and DTT as 
indicated in the text 


although the maximum level ıs obtamed only when both 
factors are present. 

Having investigated the requrements for the binding 
of F-met-tRNA, to 308 particles, we next exammed the 
binding of an aminoacyl-tRNA, phe-tRNA, for the purpose 
of comparison. It was hoped that such a comparison 
might shed light on the question of whether F-met- 
tRNA, initially binds at the same site as other (RNAs, 
that is, the “A site” or “smgle entry site”! A prelimin- 
ary study of the requirements for the bmdmg of phe--RNA 
to 309 particles, directed by poly U, ıs shown m Table 6 
It 1s clear that both a supernatant enzyme or enzymes 
present m the S-100 fraction and GTP are required for 
binding, and that AMP-PCP and GMP-PCP can partially 
replace GTP (recent experiments with GMP-PCP have 
indicated a greater activity than ıs evident m Table 6, 
that is, about half the activity obtamed with GTP) 
That the requirement for nucleoside-triphosphate 1s 
specific for the bmding step, and that no polypeptide 
synthesis occurs, 1s indicated by the followmg facts 
(a) none of the bound radioactivity 1s precipitable m 
hot TCA, and (b) nether GMP-PCP nor AMP-PCP 
support polypeptide synthesis. 

Other prelummary experiments suggest that the Mgt+ 
concentration dependence for phe-t+RNA bmding 1s 
sunuar to that observed with F-met-tRNAr, and that 
both reactions are mbhibited by tetracyclne, a drug 
thought to be specific for the A sıte (ref 15 and unpub- 
lished results of § Sarker) 
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These results show that the requirements for the bind- 
ing of phe-¢RNA to 30S particles are very similar to those 
observed for F-met--RNAr bmding ‘The chief difference 
between the two reactions hes m the nature of the enzymes 
mvolved Whereas the supernatant enzyme required for 
the bmdmg of phe-fRNA ıs probably T-factor**"”, 1b 18 
not clear whether f, or f, performs a strictly analogous 
function m the case of F-met--RNAr Indeed, 1t seems 
possible that one of the mitiation factors 1s actually a 
modified Z-factor that ıs specific for F-met--RNAF, 
this 1s suggested by the similarity m the nucleoside triphos- 
phate requirements for the two bindimg reactions Such a 
mechamsm would, of course, be consistent with the view 
that F-met-tRNA- mitially binds at the same site usually 
used as a decoding or entry site by all aminoacyl-éRNAs 
It ıs clear that much of this entry site must be located 
on the 808 particle, however, it also seems possible that 
this site actually extends to the 50S particle to mclude 
the site specific for the aminoacyl moiety of aminoacy]- 
tRNA (ref 14) Ths overlappmg site would be equivalent 
to the A site as previously envisaged’ 
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Haemoglobin Torino - «43 (CDI) Phenylalanine — Valine 


by 
A BERETTA 
V PRATO 


Institute of Medical Pathology, 
University of Torino 


E GALLO* 
H LEHMANN 


MRC Unit for Abnormal Haemoglobin Research, 
University Department of Biochemistry, 
Cambridge 


A CARPENTER from Treviso, Italy, was repeatedly ad- 

mitted to hospital ın Torno from the age of 36 bec use 

of haemolytic crises One occurred after treatment with 

a sulphonamide derivative, when 60 per cent of the 

circulating red cells contamed Hemz bodies After splenec- 
* On leave from the Institute of Medical Pathology, Torno 


An unstable haemoglobin causing inclusion-body anaemia ts described 
Its amino-acid substitution ıs in the haem pocket of the « chain, 
homologous ın position to that in Haemoglobin Hammersmith 
(B CDI Phe—Ser) The two disease states differ and an explanation 
is attempted in terms of molecular structure 


tomy he worked for 7 years without requiring any blood 
transfusions In 1967, nearly 80 per cent of the red cells 
contamed Hemz bodies, the half hfe of the red cells was 
measured by tagging with "Cr, and T}*'Cr was found to 
be only 16 days The fresh blood contained 47 per cent 
of methaemoglobin, and this level increased considerably 
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Table 1 AMINO-ACID SEQUENCE OF aTpVI OF HUMAN HAEMOGLOBIN WHICH COMPRISES RESIDUES 41-56 OF THE 141 RESIDUES OF THE @ OHAIN? 
Sequential No 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 
Helical notation c8 7 CDI 2 3 4 5 7 8 D6 7 El 2 3 4 5 
Residue Thr Tyr Phe Pro His Phe Asp Leu Ser His Gly Ser Ala Gm Val Lys 


A 


The arrows show where chymotryptic cleavage was demonstrated, and the dotted arrow indicates that hydrolysis at this pomt 1s only partial 


on incubation for 48 h, even when glucose was added 
The haemolysate formed a copious precipitate on mild heat- 
ing! The patient has three children, supposedly healthy 

The presence of Hemz bodies, the mereased proportion 
of methaemoglobin and the tendency to convert to met- 
haemoglobin on incubation, together with the fact that 
the haemoglobm could be precrpitated by mild heating, 
suggested that the cause of the anaemia was an unstable 
haemoglobm These haemoglobms become more easily 
converted to methaemoglobin, which precipitates and 
forms Hemz bodies?:3 

The severe haemolytic crisis following treatment with 
the sulphonamide derivative could also have been asso- 
cated with unstable haemoglobm In normal haemo- 
globin, as m myoglobm, protection of the haem against 
oxidation of its ferrous ion 1s due to its beg buried ın a 
tightly fitting fold withm the globm Thuis fold 1s held 
together by the hydrophobic bonding (van der Waals 
forces) exercised by the mternal ammo-acid residues 
lining the pocket+ In one group of unstable haemoglobins 
one of these internal residues has been replaced by another 
of different shape* This causes a change in the configura- 
tion of the haem pocket, water can enter 1t, and in the 
presence of oxygen and water iron 1s oxidized, that 1s, 
methaemoglobin ıs formed? Methaemoglobin loses 1ts 
haem ten times more easily than oxy or deoxy haemo- 
globin® Mild oxidizing agents, such as sulphonamide at 
dosages which cause no such oxidation to methaemoglobin 
m normal red cells, will oxidize the haem in haemoglobin 
when the haem pocket is disarranged For example, 
Haemoglobm Zurich (863 His—Arg) was discovered be- 
cause sulphonamide had caused haemolysis’ 


Investigation of the Haemoglobin 


Electrophoresis of the haemolysate yielded no abnormal 
fraction On warming to 50° C at pH 7 4 (ref. 1) some of 
the haemoglobin precipitated Haemoglobm solutions 
were submitted to paper electrophoresis at pH 8 9, until 
the haemoglobm A fraction had moved well from the 
origm It had thus been separated from any non-haemo- 
globin fractions which contam heat-labile material The 
haernoglobin A fraction was eluted from paper and the 
eluate was concentrated by vacuum dialysis It was then 
incubated at 50° C (phosphate buffer pH 7 4) for 20 mm 
A precipitate appeared which was washed three times 
with the same buffer which had been brought to a tem- 


“ Hb.TORINO ` i 


Pe 


perature of 50°C The washed haemoglobin precipitate 
was dissolved m 01 N HCl, and precipitated m acetone 
to obtam the globin After washing three times with 
acetone the precipitated globin was dried and digested 
with trypsin for the preparation of fingerprmts or 
peptide chromatograms The techmques used in this 
laboratory for the preparation of fingerprints and for the 
specific colour reactions to identify peptides contammng 
histidine, tyrosme, tryptophan and methionine have 
recently been summarized® 

Fig 1 shows a fingerprint of the precipitate All the 
soluble peptides expected are found ın the normal position 
Below the tryptic peptide of the « cham which contams 
residues 41-56 (see Table 1) of the 141 g cham residues 
(«TpVI) another peptide can, however, be noted 

As expected, colour reactions showed the presence of 
tyrosine and histidine m «TpVI and these were positive 
also for the peptide below «TpVI which had the same 
electrophoretic mobility but was less hydrophobic on 
chromatography 

It has been pomted out® that there is a general pattern 
for unstable haemoglobins which do not separate from 
haemoglobm A on electrophoresis If present together 
with haemoglobin A the fingerprint shows, in addition to 
one of the peptides m the normal position, another with 
the same electrophoretic but a lower chromatographic 
mobility This 1s caused by the replacement of one 
ammo-acid by another less hydrophobic ammo-acıd 
carrying the same charge 

It was concluded that the purification of the unstable 
haemoglobin had been only partial and that the precipitate 
which had been used for fingerprintmg contamed both 
normal and unstable «IfpVI By more gentle heat pre- 
cipitation—15 mn at 45° C—we have obtained a haemo- 
globm preparation in which only the abnormal peptide 
was present 

Table 2 shows the results of amino-acid analysis of the 
two peptides and ıt will be seen that their composition 
differs m one amino-acid residue In the abnormal 
peptide one of the two phenylalanine residues 1s missing, 
and two residues of valine are present instead of one To 
find which of the two phenylalanine residues had been 
replaced, «43 or «46, both peptides were submitted to 
chymotryptic digestion In the normal peptide Hull and 
Konigsberg* had described cleavage at Tyr 42 and at 
Phe «46 (CD4), but not at Phe «43 and Leu 48 Phe «43 


~g al ; 
a % 
& 
“ a 
6-4 — * 


Fig 1 Fingerprint of partially purified haemoglobm Torino (1) aATpVI, (2) aTormoTpVI 
In position 43 (CD1) a4 TpVI carries a phenylalanme residue and aTorino[pVI one of valine 
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Table 2 AMINO-ACID COMPOSITION OF NORMAL AND ABNORMAL aTpVI 
umoles No of residues 
Amino-acid A Torino A Torino 
Aspartic acid 0017 0018 10 09 
Threonine 0 016 0 022 10 11 
Serme 0 035 0 038 22 19 
Glutamic acid 0 016 0 022 10 11 
Proline 0 016 0017 10 09 
Glycine 0 020 0 023 13 12 
Alanine 0 018 0 019 11 10 
Vahne 0 018 0 037 11 19 
Leucine 0 017 0 022 10 11 
Tyrosine 0 014 0019 09 10 
Phenylalanine 0 027 0 020 17 10 
Histidine 0 065 0031 23 23 
Lysine 0 028 0 038 10 10 


Glutamine appears as glutamic acid after the acid hydrolysis of the 
peptide which precedes amino-acid analysis Histidine and lysine were 
estimated separately, hence there are different yields per residue for these 
basic amino-acids from those of neutral and acidic amino-acids 


1s protected against chymotrypsin because it 1s bonded to 
a proline residue, chymotryptic hydrolysis at Leu «48 
38 presumably counteracted by the acidic residue Asp «47 
Chymotryptic digestion of the normal «TpVI resulted in 
the expected four peptides 41-46, 41-42, 43-46 and 47-56 
The same procedure was applied to the abnormal peptide 
and gave exactly the same results, indicating that cleavage 
took place at Phe «46 (CD4) There was, however, a 
slightly lower chromatographic mobility of peptide 41-46 
and 43-46 A valine residue at position «46 (CD4) would 
not be subject to tryptic hydrolysis, and so the 1esult was 
interpreted as showing that the residue at «46 (CD4) was 
phenylalanyl, and that the Phe>Val substitution had 
occurred at «43 A replacement of phenylalanyl by valyl 
at this position would be expected to decrease slightly the 
chromatographic mobility of the chymotiyptic peptides 
41-46 and 43-46 To verify the exact location of the 
Phe->Val substitution in the abnormal peptide, ıt was 
treated by a combmed Dansyl-—Edman sequencing 
method?* All procedures were carried out also on normal 
«TpVI as a control 

Two preparative fingerprints were prepared each with 9 
mg of globin and from both the two peptides were eluted 
with 05 M ammonia The ammonia was removed in a 
desiccator and the dried material was re-dissolved and 
submitted to stepwise degradation of the N terminal 
residues accordmg to Edman After removal of two 
N terminals each, the new N terminal was dansylated and 
after hydrolysis identified by polyamide layer chromato- 
graphy 

In this way ıt was shown that the third residue of noi- 
mal «TpVI yielded dansyl-phenylalanine and that of the 
abnormal peptide dansyl-valne The haemoglobm under 
investigation was therefore a new and so far undescribed 
variant, an unstable haemoglobin with a substitution in 
the « chain haemoglobin Torino «43 (CD1) Phe—Val 

By combining mild heat denaturation with fingerprint- 
ing of the precipitate ıt could be established that haemo- 
globin Tormo amounted to 8 per cent of the total haemo- 
lysate This figure would not mclude any haemoglobin 
Torino present as Hemz bodies ın the red cells, for these 
would be removed when the haemolysate ıs prepared 

Haemoglobin Torino 1s the first unstable haemoglobin 
to be observed with an amino-acid substitution in the 
haem pocket of the « cham It 1s notable that ıt conforms 
with the pattern observed m unstable haemoglobins with 
abnormality of the 8 cham haem pocket, that 1s, there 1s a 
replacement of an mternal ammo-acid residue by another 
with the same charge but less efficient ın hydrophobic 
bonding® A previously described unstable haemoglobn— 
Hammersmith—has its substitution at the homologous 
site of the 8 chain CD1 Phe—>Ser (ref 12) 

Haemoglobm Hammersmith disease 1s more severe than 
haemoglobin Torino disease The first causes considerable 
anaemia in early childhood, and survival to adult age 
without blood transfusions, as has been the case in the 
patient with haemoglobin Tormo, might have been un- 
hkely m patients with haemoglobm Hammersmith (ref 
13 and personal communication from N K Shinton) 
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There are a number of possible explanations for the 
greater seventy of haemoglobin Hammersmith disease 
(B CD1 Phe—Ser) as compared with haemoglobm Tormo 
disease (« CD1 Phe—>Val), of which four may be men- 
tioned here 

(1) The phenylalanyl at CD1 of normal haemoglobms 
18 an invariant residue and 1s found ın this position ın all 
known globins‘ It stabilizes the haem by direct contact 
and one would expect replacement by an amino-acid with 
a shorter side cham to cause instability Of the two 
1eplacements, serme resembles phenylalanine less than 
valine does It has a shorter side chain, and, whereas 
valme and phenylalanine are both non-polar, serine 1s 
polar and can form hydrogen bonds either internally or 
with the surrounding water! Thus a replacement of 
phenylalanine by serine might be expected to cause more 
instabihty than a replacement by valine 

(2) It 1s noticeable that the soluble haemoglobin in 
haemoglobin Hammersmith disease mcludes 30 pei cent 
of the abnormal pigment, but m haemoglobm Tormo 
disease only 8 per cent of the soluble haemoglobin 1s 
abnormal This lower proportion of haemoglobin A m 
heterozygotes possessing haemoglobm A plus an « chain 
variant of A has usually been observed For example, in 
haemoglobins « A13 and B A13 Glu—Asp (haemoglobms 
J Oxford and J Baltrmote) the proportion of haemoglobm 
A m the heterozygote 1s higher ın the case of haemoglobin 
J Baltimore than in that of J Oxford}® The normal « 
chain gene can if necessary make considerably more than 
50 per cent of the total « chams Presumably the patho- 
logical msk for an erythrocyte 1s greater when the level of 
unstable haemoglobms is higher, and thus the 1ed cells 
m haemoglobmn Hammersmith disease would be more 
vulnerable than those ın haemoglobin Tormo disease 

(3) There are indications that the « cham haem ıs 
less easily removed than the B chain haem'* The mter- 
action of haem with globin stabilizes the molecule as a 
whole!” and the mere loss of haem from myoglobin results 
in a considerable change of molecular conformation?! 
Thus a better hold on the haem by the « chains per se 
might contribute to make haemoglobin Torino disease 
less severe than haemoglobin Hammersmith disease 

(4) Oxidation of the « and 6 chains occurs stepwise— 
at first the 893 cysteme residue 1s oxidized, and the 
oxidation of the second cysteme residue of the B cham 
and of the only cysteine residue of the « chain, B112 and 
«104, follow later!® Thus a normal 6 cham may extend 
some protection even to unstable « chams 
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Is Escherichia cole the amber codon UAG ıs one of the 
three “nonsense” triplets (reviewed in ref 1) that code 
as signals for termination of messenger RNA tianslation 
Strains of E cok, which allow translation of UAG as an 
ammo-acid and subsequent propagation of the poly- 
peptide chain, result from mutation m one of several 
suppressor genes There are two classes of UAG suppies- 
sors first, ochre suppressors which permit both UAG 
and the related chain terminating triplet UAA to be 
read with low efficiency, and, second, the relatively 
efficient amber suppressors which are specific fo. UAG 
It has been shown for three ambe: suppressors that 
suppression is caused by the presence of an altered tRNA 
m the sut cell’-§ Although there was no doubt that the 
suppressor itself was a tRNA molecule, these experiments 
did not show how the suppressor gene acts It could, for 
example, control the synthesis of a RNA not present in 
su~ cells, or of an enzyme which modifies (RNA More 
simply ıt could spectfy the sequence of a tRNA We will 
show that the amber suppressor surr gene 1s the structural 
gene for one of the tyrosme tRNAs of E colt and that the 
mutation suyjyy to suzy results in a base change in the 
anticodon of this RNA 

The nature of the mutational change 1s shown by com- 
parison of the nucleotide sequences of the sufrr tyrosine 
tRNA and the corresponding tRNA specified by the surn 
allele The sur suppressor tRNA ıs a small part of the 
total tyrosme tRNA ın the cell The rest of the tyrosine 
tRNA consists of two species (I and II) To overcome this 
difficulty we used a technique designed greatly to inciease 
the amount of surr gene product in the cell by increasing 
the number of copies of the gene The surr gene, which 
maps very near to the attachment site of phage 980, was 
placed on a defective transducing 980 Infection of E 
colt with the transducing phage resulted in a phage DNA 
pool contaming many copies of the surm gene In this way, 
the amount/cell of the surn gene product, surr tyrosine 
tRNA, was greatly creased This technique also allows 
selective isotopic labelling of the {RNA for sequence 
determination 


Transducing Phage 980 carrying the Surry Gene 


In the experrments described here, a paiticular defective 
transducing phage 980 dsufyr (V) was used* The surr 
gene was isolated as a spontaneous mutant from an suy 


In certain mutants a single base change alters the meaning of a 
messenger codon in such a way that, instead of spelling out an 
amino-acid, it spells out chain termination 
different gene, called a suppression gene, allow the chain-terminating 
triplet to be read as an amino-acid Experiments have shown that 
this ıs caused by a mutated tRNA which carries a single base change 
in its anticodon This allows it to read the chatn-terminating codon 
as if it spelt tyrosine 


Mutants in a quite 


stram The homologous phage. transducing the wild 
type allele, p80 dswzy;, was derived as a recombmmant from 
heterozygous strains lysogenic for p80 dsujyx Thus 80 
dsuyy; and ~80 dsujrr are identical except for the single 
spontaneous mutation which produced the sujjy allele 


Synthesis of Suzy Tyrosine tRNA after Infection by p80 
dsuyy 


Infection of E coh CA274 (su~ lac- amber) with 980 
dsujıy resulted ın the appearance of suppressor activity 
as measured by the suppression of an amber mutation m 
the B galactosidase gene This was closely paralleled by 
an increase in the amount of tyrosine {RNA ın the cell 
(Fig 1) No merease occurs in the relative proportion of 
any other (RNA 

Ribosome bmding experiments with the {RNA syn- 
thesized after infection with 980 dsujy; showed that the 
Sujzz Strains contain a tyrosine tRNA which recognizes 
the amber codon The corresponding tRNA in cells m- 
fected with 80 dsuy,;; recogmzes the normal tyrosine 
codons UAU and UAC! Although these experrments do 
not prove that the suppressor gene specifies a tyrosine 
tRNA, this, however, 1s hkely because 980 dsuj;; does 
contain a structural gene for tyrosine tRNA as shown by 
specific hybridization of tyrosine tRNA with the DNA 
fiom this phage® 


Nucleotide Sequences of sujj; and suyy, Tyrosine tRNAs 


If the surm gene 1s the structural gene for a tyrosine 
tRNA, we expect that the mutation from the surr to 
sujyz allele will have produced a nucleotide change m the 
sur (RNA To test this idea we have determimed the 
nucleotide sequence of the sufyr tyrosme {RNA and com- 
pared 1t with that of the sup; iRNA. 

The suj tRNA labelled with phosphorus-32 was pre- 
pared as previously described® or by a slightly modified 
procedure (see legend of Fig 1) The selective labellmg 
of sur tyrosme RNA after mfection was evident from 
the high proportion of {RNA labelled with phosphorus-32 
eluting with tyrosine {RNA durmg purification on the 
DEAE ‘Sephadex’ column Pooled fractions from this 
region often contamed about 70 per cent radiochemuically 
pure tyrosine {RNA and were sufficiently homogeneous 
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Fig 1 Increase of tyrosme {RNA and suppressor activity in E coh 
CA274 su- igo- amber following infection by 980 deuf,, E col CA274 
was grown to 2x 10° cells/ml ın LP medium? ‘The cells were collected 
by centrifugation and concentrated ten-fold m preconditioned LP 
medium MgSO, was added to 002 M and the cell suspension was 
uradiated with ultraviolet light for 90 s ‘This dose kills 70 per cent 
of the cells The culture was then infected with 30 980 dsuj}; particles/ 
bacterrum After adsorption for 7 min the cell suspension was diluted 
ten-fold in preconditioned media Two separate experiments are shown 
In one experiment, the suppression of an amber mutation in the $- 
galactosidase gene was measured by assaying enzyme activity at various 
tumes after dilution into the growth medium One mM of isopropylthio- 
galactoside was added to induce the f-galactosidase In the second 
experiment, aliquots of the infected culture were removed, ‘RNA was 
extracted, and tested for its ability to be acylated with several different 
amino-acids Fifty ug/ml of chloramphenicol added at 25 min prevented 
lygis which normally occurs at 60 min after dilution In experiments 
where the (RNA 18 labelled with **P, 0 05 m Ci/ml 18 added 5 min after 
dilution of the infected cells and the culture 1s collected after 2 h 


for some of the nucleotide sequence work In other cases, 
these fractions were further purified by either of two 
chemical methods which depend on the ability of the 
tRNA to be acylated with tyrosine’? 

The sequence of the sujyy tyrosme {RNA labelled with 
phosphorus-32 was determmed usmg the methods of 
Sanger et al®1° The end-products of complete digestion 
with T, ribonuclease or pancreatic mbonuclease were 
separated on a two-dimensional electrophoretic system 
and thew sequences determmed by further enzymatic 
digestion. These are listed ın Table 1 The combmation 
of products from the two enzyme digests gave only two 
significant overlaps—GAAGGTYCG and CCAAAGGGAGC 

To overlap the remammg end-products, larger frag- 
ments were obtained by partial enzyme digestion and 
separated as described before}! The sequences of these 
partial fragments were determined from the complete 
products of thew digestion with T, mbonuclease and 
pancreatic ribonuclease About one hundred large frag- 
ments were obtamed by partial digestion with various 
enzymes and their sequences were determmed. Fig 2 
shows a selected set of fragments from which the com- 
plete sequence was deducted Fig 3a shows the sutr 
tyrosme tRNA sequence arranged in the “clover leaf” 


PEGUGEGETUCCES ome 


l 
U-G-G-G-G-U U-C-C C-G-A-G-C-G-G-C-C-A-A-A-G 


C-C A-A-A-G-G G-A-G C-A-G 
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Table 1. END-PRODUCTS OF RIBONUCLEASE DIGESTION OF 8j TYROSINE- 


tRNA 
T', ribonuclease Pancreatic 
ribonuclease 
7G 20 © 
2 AG 8U 
UG y 
pGp AoH 
cca 2 AC 
CAG GC 
AAG AU 
CGoroareG GAC 
CCAAAG AGAC 
TyCG GaromeGC 
U*UCCG AA*AYp 
UCAUCG GAGC 
ACUUCG GU 
AAUCCUUCCOCCACCACCA-OH GAAU 
ACUCUAA*ARCUG AAAGGGAGC 
GAAGGT 
GGGGuU* 
peau 


pattern characteristic of the yeast {RNA structures For 
comparison, the sequence of yeast tyrosme #RNA as 
determmed by Madison, Everett and Kung™ 1s shown in 
Fig 3b. Note that m sujy tyrosme tRNA, CUA 1s in the 
position expected for the anticodon 

There 1s only a single nucleotide difference between the 
suf and suyy tyrosme tRNAs and this 1s best illustrated 
by comparison of their T, ribonuclease digestion products 
Fig. 4 compares the fingerprmts of the T, mbonuclease 
digestion products of the two tRNAs 

Comparison of the T, products shows that oligonu- 
cleotide 17, ACUCUAA*AUCUG, ın the suf RNA 1s 
replaced in the suzy {RNA by the two oligonucleotides 
ACUG and UAA*A)CUG For the moment we will 
ignore the presence ın the suf fingerprint of oligonucleo- 
tide 17a (which 1s related to 17); 1ts significance will be 
discussed later There are no differences m any other 
T, ribonuclease digestion products In the suir {RNA the 
sequence corresponding to oligonucleotide 17 (sujyq) must 
therefore be ACUGUAA*AYCUG which 1s spht by 
T, mbonuclease to give ACUG and UAA*AY~CUG The 
sequence GUA in sutr tRNA ıs thus changed to CUA in 
the sujt {RNA GUA 1s the expected anticodon for the 
dual recognition of the tyrosine codons UAU and UAC 
(ref 13) and in fact GWA 1s found m the expected anticodon 
position of yeast tyrosme ‘RNA (Fig 3b) which recognizes 
both these codons!4 CUA ıs the anticodon expected for 
the unique recognition of the amber codon UAG. In the 
complete sequence (Fig 3a) of sujyy tRNA, CUA occupies 
the anticodon position These results show that the 
mutational event grving rise to the sufy; allele can be 
accounted for by a G to C change ın the structural gene 
for a tyrosme tRNA. 


G ın the Anticodon ıs Normally Modified 


In these experiments, the surr {RNA had an unmodified 
G ın the first position of the anticodon Normally, how- 
ever, the G in the anticodon of the sup; tyrosme (RNA 18 


A-G-C-A-G-A-C-U-C-U-A-A-A-Y-C-U G-C-C-G U-C-A“U-C-6, 


OMe 


t 
pG-G U G G G-G-U U-C-C C-G-A-G-C-G G-C-C A A A-G-G-G A G C-A-G-A C-U-C-U-A-Â-A -C-U GC C-G-U C A U-C-G-A-C-U U-C-G A-A G G-T-Ẹ-C-G-A-A-U-C-C-U-U-C-C-C-C-C-A-C CHA COA 


U-C-A-U-C-G-A-C-U-U-C-G-A-A-G-G-F-Ẹ-C-G-A-A-U-C-C-U U © C C-C-C A-C-C*A C-C-à—opg 


OH 


Sequence of E col! Sut Tyrosine -tRNA 


Fig 2 Examples of overlapping oligonucleotides used to determine the sequence of euir tyrosine RNA The five ohgonucleotides were 
separated after partial 7', ribonuclease digestion and their sequences determined as described in the text 
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Sut Tyrosine tRNA E coll 
(a) 


Tyrosine tRNA Yeast 
(b) 


Fig 3 Clover leaf models of E colt and yeast tyrosine {RNAs The sequence of the 
suryy tyrosine {RNA 1s shown with the differences that occur in SUT and species I and 
H (a) Foridentification of the minor bases see Fig 4and the text The S8uyyy and species I 
tyrosine {RNAs have identical sequences and differ from suf; ın having a G* in the 
anticodon Species II tyr (RNA has the same anticodon sequence contaimng G* but is 
different in two positions where the T, ribonuclease product UCAUCG is replaced by 
UCACAG The latter oligonucleotide has been independently identified by B P Doctor 
and S Nishimura The sequence of the yeast tyrosine RNA 1s taken from Madison et 
al? (b) The sequences enclosed in solid boxes are common to all the five yeast tRNA 
structures so far determined (neglecting differences in modification), while those enclosed 
in dotted boxes are common to most of the sequences 


a modified guanme demvative (G*) In surr tyrosme 
tRNA synthesized ın conditions where the cells were 
starved before infection® we have observed that A* and 
Gyome remam largely unmodified The same 1s true of 
the G residue ın the anticodon In sujyy {RNA prepared 
from cells not starved before mfection (legend to Fig 1), 
the G residue m the anticodon ıs partly or completely 
modified to G* This is not spht by T, mbonuclease so 
that the 7, ribonuclease product containing the anticodon 
is ACUG*UAA*AUCUG ‘The same anticodon G*UA 
also occurs in the two principal tyrosine RNA components 
of E. cole (Fig 3a, I and II), and therefore 1t was possible 
to isolate small quantities of non-radioactive Gp to study 
its properties Gy has an ultraviolet absorption spectrum 
very similar to that of Gp It differs from Gp in having an 
additional basic group with a pK, between 5 and 6 
Neither T, nor pancreatic ribonuclease splits the anticodon 
at the position of Gp and hence in a pancreatic ribo- 
nuclease digest ıt 1s obtamed as the dinucleotide GZUp 
From ribosome bmding studies on Æ colt tyrosme {RNAs 
1b 1s clear that G* has the same codon recognition pro- 
perties as G The nature of the modification (which we 
suspect ıs on the imidazole part of the purme ring) and 
its biological significance remain unknown 


Heterogeneity of su;j; Tyrosine tRNA 


In the sufrr (RNA T, ribonuclease fingerprint we noted 
the presence of an additional oligonucleotide 17a (Fig 4) 
This has the sequence ACUG*UAA*AVCUG and is pre- 
sent m amounts varying between 20 per cent and 40 
per cent of the sujfj; anticodon-containing T, product 
ACUCUAA’*AYCUG The sum of the two ıs m molar 
yield in the RNA Thus the tyrosme {RNA synthesized 
after infection by 980 dsujy contains m addition to 
sut ERNA a smaller proportion of a tyrosine iRNA with 
the su~ anticodon sequence As will be shown later, the 
tyrosine tRNA in E colt can be separated into two kinds 
of molecules One of these, tyrosine {RNA I, has the same 
sequence as the su- tRNA The other tyrosine {RNA IT, 


differs by two nucleotides Fingerprints of the suty 
tyrosine tRNA exclude the presence of tyrosme {RNA II 
as the source of the contaminating su~ anticodon sequence. 
We have considered four possible explanations for this. 
(1) The 980 deuyj; carries an additional tyrosme RNA 
gene determining the structure of tyrosine {RNA species I 
This 1s not supported by hybridization experiments be- 
tween 980 dsujy, DNA and tyrosine {RNA, which show 
that the transducing phage carries a smgle RNA gene® 
(1) The 980 dsuiy phage preparations always contain a 
proportion of p80 dsuy,; transducmg phage Such phages 
could be produced by abnormal excisions occurrmmg n 
the induction of the heterogenote We have no good 
method of assessing the frequency of such events although 
the general phenomenon ıs known to occur’ (m) The 
transcription of genes near the 80 attachment site 1s 
specifically promoted on mfection by the p80 transducing 
phage (iv) The presence of many copies of the structural 
gene for the sui tyrosme tRNA specifically induces the 
expression of one class of chromosomal tyrosine tRNA 
genes A 

At present we cannot say which of these mechanisms 
produces the effect we have observed Experiments are 
m progress which should distinguish between them 


Tyrosine tRNAs in Uninfected E coli 


1 

There are two principal tyrosme tRNAs ın E cole which 
can be separated by column chromatography on DEAE 
‘Sephadex’* These are referred to as I and IJ in the order 
they elute from the column They are present in propor- 
tions of approximately 40 per cent (I) and 60 per cent (IT) 
We have determmed the sequences of I and II from 
CA265 suj umformly labelled with phosphorus-32 The 
labelled tyrosme {RNAs were isolated by a combmation 
of chromatography on DEAE ‘Sephadex’, and exther 
reversed phase partition chromatography?’ or chromato- 
graphy on benzoylated DEAE cellulose?! The sequences 
were derived in the same way as for sujy tRNA Certain 
overlaps of the complete 7, and pancreatic digestion 
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Fig 4 Two dimensional electrophoretic separation of a ribonuclease T, digest of Buty tyrosine tRNA labelled with *P a4, The end-products 
of rrbonuclease 7, digestion were separated by two dimensional electrophoresis first on cellulose acetate ın pyridine~acetate buffer, pH 35, 
and;then on DEAE-cellulose paper im 7 per cent formic acid (v/v) The lower diagram shows the identification of the nucleotides The three 
hexanucleotides 18, 14 and 15 can be resolved after removal of their terminal 3’-phosphates with phosphomonoesterase The appearance 
of CG 18 a consequence of incomplete 2’-O-methylation of CGaoxeG giving rise to CG plus G after digestion with ribonuclease F, The hexa- 
nucleotide, U*UCCCG, always occurs in low yield, a fact that has not vet been adequately explained pGp streaks badly and has partially 
migrated off the paper, making 1t difficult to detect The two spots to the mght and slightly above UG are minor contaminants which dis- 
appear on further purification of the tRNA U*1s a sulphur-containing nucleotide, tentatively identified as 4-thiouridvlic acid A* 18 derived 
from adenylie acid and, because ıt can be labelled with (S) sulphate and (}*C)-methj1 methionine, ıt presumably contains both sulphur and 
a methyl group b, Two dimensional electrophoretic separation of a T, ribonuclease digest of suzy t}rosine {RNA labelled with P produced 
after infection with p80 dsuy;;, In this separation spot 16 has trailed but ts normally present ın molar veld The time of electrophoresis on 
DEAE paper was longer than ın a 
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products in the first srxteen residues have not yet been 
obtained, and the sequence in this region 1s assigned by 
analogy with that of the sujj; (RNA 

Both tyrosme ‘RNAs I and II contam the anticodon 
G*UA and diffe: only in a sequence of two nucleotides in 
the loop between the anticodon and TCG arms (Fig 3a) 
Tyrosine I has a sequence apparently identical with that 
of suir tyrosine {RNA so that in E cole there are only 
two basic types of tyrosine tRNA sequences 

Thus ıt 1s clear that the two different sequences (I and 
IT) must be specified by separate genes If tyrosine {RNA 
I and sujy; were determined by the same gene, then we 
would expect that in an suf strain all of tyrosme {RNA I 
would be converted to sujy; {RNA When tyrosine RNA 
from E colt CA275 suf 18 fractionated on a DEAE 
‘Sephadex’ column, assays for sufrr RNA show that ıt 1s 
located between the peaks of tyrosme ¿RNAs I and II 
(Wig 5) This 1s confirmed by fingerprinting We conclude 
that there 1s a separate gene for sur {RNA even though 
it has the same sequence as tyrosine I 


Comparison between Yeast and E coli Tyrosine tRNAs 


It 1s interesting to compare the sequences of the yeast 
and Æ colt tyrosine (RNAs The shape and hydrogen 
bonding pattern of the clover leaf model are common to 
the two organisms As indicated on the diagram, most 
of the specific sequence similarities between the two 
tyrosine {RNAs are also shared by all the other yeast 
tRNA structures!*--2, so that when these are taken mto 
account the sequence differences between the two tyrosine 
tRNAs are very striking An interesting feature 1s the 
complete absence of dihydro-uridylic acid (D) from the 
E colt tyrosme tRNA The greatest similarity 1s ın the 
anticodon loop and the lower three base pairs of the anti- 
codon arm, which, except for modified bases, are identical 
m the two tRNAs 

At this stage ıt 1s not useful to speculate which part of 
the structures serve as the amimo-acyl synthetase recogni- 
tion site Neither yeast nor E cols tyrosine tRNA can be 
acylated by the heterologous synthetase**, so the two 
transfer RNAs may have quite different recognition 
sites 


Areo 


xC Tyr (cpm) 


28 32 36 40 





1023 


Discussion 


The mutation giving mise tu une suty; gene changes the 
anticodon of a minor tyrosine {RNA species from GUA to 
CUA This change enables the tRNA to recognize the 
amber codon UAG instead of the tyrosine codons UAU 
and UAC It seems likely that the mutations leading to 
the suf and suj; amber suppressor genes have similarly 
affected structural genes for serine and glutamine (RNA 
These ¿RNAs could have anticodons related to the amber 
anticodon by a single base change 

The ochre suppressor gene su, maps in the same position 
as the surm gene*4 and also causes the insertion of tyros- 
me? The suc gene may therefore be another allele of the 
surm gene Amber suppressor genes may only arise where 
there are multiple genes for a particular {RNA species 
In the case of tyrosme tRNA we have provided evidence 
that there are at least three structural genes If there are 
no more than three genes our results suggest that the 
genes are expressed at different rates We estimate that 
tyrosine {RNAs I, IT and su are present m the approx- 
mate ratios 25 60 15 ‘The need for this differential 
control 1s obscure because the three ‘RNAs have nearly 
identical sequences 

One might predict that multiple amber suppresso1 
genes could arise corresponding to the multiple tyrosine 
tRNA genes Perhaps not all of these could be obtamed 
as the large amount of tyrosine II {RNA ın the cell might 
make an amber suppressor mutant of this gene lethal We 
have examined three independently isolated amber sup- 
pressor strains which insert tyrosine All these map very 
close to the original sujy; In addition, Garen’s su3 (ref 
26) and Yanofsky’s suY mel (personal communication from 
G Dennert and U Henning) insert tyrosine and map in 
this region These results suggest either that only one 
of the tyrosine ¿RNA genes can mutate to sujyzz or that at 
least two of the genes are located close to each other 

The G to C change ın the nucleotide sequence of the 
su tyrosine tRNA specifically changes 1ts codon recognition 
but does not affect any of the other functional properties 
of the ‘RNA This formally designates this position as 
part of the anticodon and also shows that at least the 
first position of the anticodon 1s not necessary for recogni- 


Suppression 


*P(UAG) $ 
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Fig 5 Separation of the tyrosme {RNA components from E coh C.A275 suzy, and identification of the suyy, tyrosine {RNA Tyrosine (RNA 
(from 0.4265 suh was purified approximately five-fold by chromatography on benzovlated DEAE cellulose The figure shows the separation 


of this material by chromatography on a DEAE ‘Sephadex’ column (0 5 x 200 em) 
The suppressor {RNA was located by two methods (1) fractions were tested for their ability to bind (*P)pUpApG to ribosomes 
(u) Fractions were also tested for their ability to suppress ın miro the sus 3 amber 
This assay was performed by Dr Harvey Lodish using a modification” of the method of Engelhardt 
The measure of suppression is the percentage of transmission, defined as the ratio of completed coat protexn molecules the total number 


elution) 
at 30 mM Mg* using the Nirenberg and Leder assay*? 
mutation of the coat protein of the phage f2 
etal? 


Tyrosine {RNA elutes ın two peaks, I and TI (in order of 


of polypeptide chains imtiated, at a concentration of 8 g/ml of suppressor (RNA added 
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tion of amuno-acyl synthetase To identity the function 
of other parts of the molecule, different mutants of this 
gene must be studied These can be obtamed by isolatmg 
su- revertants of the sut gene Any mutation which gives 
rise to a non-functional {RNA will have the su- phenotype 
Garen, Garen and Wilhelm?! have isolated su- revertants 
of the sug gene These map m five closely hnked sites 
mdicating that different parts of the suj gene may be 
mutated to give the su- phenotype 

With L Barnett we have isolated a number of su- 
revertants of the suf gene We are in the process of 
characterizing the structural and functional changes in 
the su- tyrosine {RNA caused by these mutations This 
should provide insight mto the structural basis for func- 
tion in ¢RNA molecules 

We thank Dr F Sanger, Dr G G Brownlee and Mr 
B G Barrell for ther help Dr 8S Zadrazil helped to 
characterize the minor nucleotides We thank the Radıo- 
chemical Centre, Amersham, for preparmg labelled tRNA 
and Mrs R Fishpool, Miss E Holgate and Mr G Chambers 
for technical assistance One of us (A L ) was supported 
by US Public Health Service and American Cancer Society 
postdoctoral fellowships; another (J A) by a US Public 
Health Service postdoctoral fellowship, and another 
(H M G) by the Helen Hay Whitney Foundation 
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Erythropoietin and the Development of Erythrocytes 


During the differentiation of erythrocytes some cells develop which 
contain a high concentration of haemoglobin and no cytoplasmic 


basophilia 


Erythropoietin has the effect of increasing the propor- 


tion of these cells in preparations of marrow Two of the com- 
munications which follow discuss the effect on these cells of 


erythropoietin and of ageing and haemorrhage 


The third com- 


munication describes a factor in the serum of a polycythaemic calf 
which enhances the activity of erythropoietin 


Effect of Erythropoietin in vitro which 
simulates that of a Massive Dose 
in vivo 
In smears of normal rabbit marrow a few erythroblasts 
can be seen which are of the same size as the haemocyto- 
blasts, pronormoblasts and basophilic erythroblasts, with 
almost the same large ratio of nucleus to cytoplasm 
They differ, however, ın that they have no cytoplasmic 
basophilia. The concentration of haemoglobin seems to 
be greater in these than in their basophilic counterparts 
The high ratio of nucleus to cytoplasm as well as the larger 
size distinguishes them from polychromatie and ortho- 
chromatic erythroblasts For convenience they are 
referred to as line 2 cells and the typical early basophilic 
erythroblasts are referred to as lme 1 cells 

It ıs well known that m the marrow of a severely 
anaemic animal there is, with the erythroid hyperplasia, 
a shift of the distribution towards the less mature erythro- 
blasts In such animals the number of early line 1 cells 
and all lme 2 cells are mereased In the rabbit made 


severely anaemic by mwyections of phenylhydrazine, the 
ratio of line 2 lime 1 ıs mereased several times. Early 
line 2 cells are seen more often m some stage of cell 
division than any other class of erythroblasts Often 
ther nuclei became pyknotic, indicating their early con- 
version to large non-nucleated erythroid cells—reticulo- 
cytes and erythrocytes 

There are three possibilities regarding the origin of 
line 2 cells first, that they arise directly from the stem 
cell compartment, second, from early line 1 cells; or 
third, by both routes In the search for ways of obtaming 
direct evidence it was found that rabbit erythroblasts 
kept overnight in normal rabbit plasma at 5°-15°C 
seemed from their staiming characteristics to be well 
preserved At higher temperatures many had degenerated 
When 10 0/mi of erythropoietin was added to the plasma, 
there was a significant merease in the number of early 
Ime 2 cells on the following day. Without the erythro- 
poietin there was no increase 

The following procedure was adopted to mnvestigate the 
effect of erythropoietin m these conditions Rabbit 
marrow erythroblasts were fractionated m a buoyant 
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density gradient of bovine serum albumin (unpublished 
work of Borsook, Gunderson and Teigler) Cell fractions, 
washed free of bovine serum albumm, were suspended in 
normal rabbit plasma which contamed 50 mg per cent of 
sodium heparin and which had been heated at 56° C for 
30 mm and filtered Penicillin G, streptomycin sulphate, 
and tetracycline were added in the respective quantities, 
02, 02 and 005 mg/ml Ahquots of 1 ml contaiming 
about 107 cells were transferred to 15 ml plastic beakers, 
covered with aluminium foil, and set on one side at 
37 5° C for 1 h to prevent the growth of micro-organisms 
The materials the effects of which were to be tested were 
added after incubation at 37 5°C The cell suspensions in 
the covered beakers were set on one side at 10° © Better 
yields seemed to be obtamed by keeping the suspensions 
still m an atmosphere of oxygen or air + 5 per cent 
carbon dioxide After 16-20 h the cells were removed and 
centrifuged, and smears were made of the pellet These 
were stained with benzidine and counterstained with 
Giemsa solution After 20 h at 10° C in these conditions 
the cells mcorporated “C-2-glycine into haem and protem 
at 80 and 100 per cent of the respective mutial rates 

The phenomenon under mvestigation was the dis- 
appearance of cytoplasmic basophilia from the erythro- 
blasts To describe the changes the followmg scormg 
system was used, based on the yellow colour that benzidine 
confers on haemoglobin clear yellow, 5, yellow with a 
few greenish areas, 4, greenish yellow, 3, one-quarter of 
the circumference of the cell deep green or blue, 2, one- 
half to three-quarters blue, 1, more than three-quarters 
blue, 0 The long diameter of the cell was measured 
with a micrometer in the eyepiece 

Table 1 shows a representative effect of erythropoietin 
(BP) and calf serum erythropoietin enhancing factor (EH) 
(see communication by D Van Dyke, M L Nobr and B 
Tennant) on an erythroblast fraction from normal rabbit 
The distribution of scores of the different sized cells 
allowed them to be grouped into those with diameters 
9u or smaller and 10u or larger, corresponding to those of 
normal polychromatic-orthochromatic erythroblasts and 
of the early haemocytoblast, pronormoblast, basophil 
group According to conventional classification, the cyto- 
plasm of the one 18 acidophilic, the other basophilic. The 
cells scormg 0 in the 9u or smaller group would be desig- 
nated as small basophils, those scoring 3 or higher in the 
10u or larger group are the early line 2 cells Table 1 
shows that EP+EH accelerated the disappearance of 
the cytoplasmic basophiha in both groups of cells, irrespec- 
tive of whether the scores are expressed as an increase 1n 
average cell score, as a percentage of the total scoring 3 
or higher, or as a decrease in the percentage scoring 0 In 
plasma alone the scores differed little from the imuitual 
values 

Tables 2 and 3 summarize results from five experi- 
ments with sımılar erythroblast fractions from normal 
rabbits as used ın Table 1. They show the range of varia- 
tion observed mm the response to EP + EH 

The percentage of cells scormg 3 or higher ın the exper- 
ments of Tables 1, 2 and 3 was greater than m the whole 
erythroblast population of the marrow beeause a selected 
fraction was used 


Table 1 EFFECT OF ERYTHROPOIETIN 1” vitro AT 10° C ON THE DISAPPEAR- 
ANCE OF CYTOPLASMIC BASOPHILIA IN ERYTHROBIASTS FROM NORMAL RABBITS 


seer 9u or less Diameter 104 or larger 


ercentage Percentage 

Average of the total Average of the total 
‘Treatment and additive cell scoring cell scoring 

score 3or score 3 or 

higher Q higher 
Tuitially 163 35 30 0 62 72 0 
Normal plasma 160 35 30 080 66 11 
hat 10°C 

Normal plasma + EP + EH 2 16 59 218 31 50 


16 h* at 10°C 
* EP, 10 u/ml , EH, 0 09 ml /ml 
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Table 2 SUMMARY OF RESPONSES OBSERVED BY ERYTHROBLAST FRACTION 
OF INTERMEDIATE MATURITY FROM NORMAL RABBITS (DIAMETERS 9u OR LESS) 


Average cell score Percentage of total cells wıth score of 


Exper- 3 or higher 
ment Plasma Plasma Plasma 
No alone HP+EH alone EP+RH alone EP+EH 
i 1860 258 35 16 30 59 
2 132 2 48 42 18 26 53 
3 092 218 60 18 14 48 
4 126 218 44 31 29 50 
5 125 244 52 25 21 53 


EP and EH asın Table 1 


Table 3 FECT OF ERYTHROPOIETIN in viro AT 10° C ON THE DISAPPEAR- 
ANCE OF OYTOPLASMIO BASOPHILIA IN ERYTHROBLASTS FROM NORMAL RABBITS 
(DIAMETER 10% OR LARGER) 


Average cell score Rereenenee of teta: celis scoring 


Experi- 3 or higher 
ment Plasma Plasma Plasm + 
No alone EP+EH alone EP+EH alone BP+DH 
$ 0 80 218 66 31 11 50 
2 049 200 73 30 6 48 
3 061 134 68 38 8 18 
4 039 093 86 61 9 21 
5 0 61 1 35 74 32 10 53 


EP and EH asin Table 1 


All the different gradient fractions of erythroblasts 
were examimed from both normal and severely anaemic 
animals (by mjection of phenylhydrazine), to find the 
group which would show the effect of EP+EH most 
clearly An accelerated disappearance of cytoplasmic 
basophila in the presence of EP+EH was observed in 
all the cell fractions and in all cell size groups with 
diameters varying from 7p to 17u, whether from normal 
or severely anaemic rabbits 

It ıs reasonable to surmise that the accelerated dis- 
appearance of cytoplasmic basophilia under the influence 
of erythropoietin ıs several tumes faster ın vwo than at 
10°C n vtro Because basophile erythroblasts of all 
sizes respond, the ın vwo response must be of considerable 
magnitude 

Tables 4 and 5 summarize observations on the effects 
of actmomycm D on the accelerated loss of cytoplasmic 
basophilia Only the results in the size group 10u or larger 
are given, but they are simular to those found ın the smaller 
cells It can be seen that actinomycin D can completely 
nulhfy the effects of EH+EP The effects of EH and EP, 
separately and together, are similar to those observed by 
Van Dyke e al (see p 1027) on uptake of **Fe after 
imjection into mice The competitive counteraction 
of erythroporetn and actinomycm D has also been 
observed n vwo! 

Some exploratory experiments were carried out on the 
effect of EP -+EH on the ability to synthesize haem and 
protein Cells exposed to EP+EH incorporated 20-25 
per cent more “C-2-glycine into the haem and total 
protem 

These observations show that erythropoietin also acts 
on cells peripheral to the stem cell compartment They 
explain the quick response ən vwo to a large dose of 
erythropoietin that is, the appearance in the blood of 
abnormally large cells more quickly than can be accounted 
for as coming from the stem cell compartment They 
also offer an explanation for the possible mechanism 
involved in the earher observations of Gallagher et al è on 
the effect of erythropoietin on nucleated red cells 

The loss of cytoplasmme basophilia ıs the terminal 
differentiation im erythropoiesis** and 18 concomitant 
with a considerable biochemical change Haemoglobin 
synthesis becomes 85-90 per cent mstead of 20 per cent 
of the total protem synthesis, and ıb ıs the prinerpal, 
whereas earlier 1t 1s an acidic minor, haemoglobin, that 1s 
chiefly synthesized** This terminal differentiation 1s 
inhibited by actmomyem D For example, when 100 ug/kg 
of actinomycin D is mjected into a rabbit, in 4 days all 
acidophilic erythroblasts and reticulocytes disappear from 
the marrow Haemocytoblasts, pronormoblasts and baso- 
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Table 4 EFFECTS OF EH ON EP AND OF ACTINOMYCIN D ON EH+EP IN 
ERYTHROBLASTS FROM NORMAL ANIMALS 


Percentage of 
Additive to Average total cells seormng 
normal plasma cell score 8 or higher 
None 061 78 
EH alone 065 60 
EP alone 0 85 110 
EP +EH 134 220 
EP + EH + actinomycin D, 047 86 
35 ug/ml 


EP and EH asin Table 1 


Table 5 EFFECTS OF EH ON EP AND OF ACTINOMYCIN D ON RH+EP IN 
ERYTHROBLASTS FROM ANAEMIC ANIMALS (BLOOD RETICULOCYTOSIS 56 PER 


CENT) 
Percentage of 
Additive to Average total cells scoring 
normal plasma cell score 3 or Ingher 

None 14l 24 
EH alone 140 22 
EP alone 2 00 35 
EP +EH 2 80 57 
EP + EH +actmomyem D 212 46 

(0 7 ugjmil ) 
EP +EH+actinomycm D 140 24 

(3 5 xg/ml ) 

EP and EH asin Table 1 


philic erythroblasts, however, are present m normal 
amounts (results to be published) Tables 4 and 5 show 
the same effect in vitro 
The phenomenon described causes a quick mcrease in 
circulating erythrocytes by accelerated maturation and 
possibly by skipping some divisions* Because erythro- 
poetin certainly causes differentiation of stem cells into 
erythroid cells’, there seem to be two ‘“‘sites” at which 
1t can act on an undifferentiated stem cell population m 
which ıb can induce differentiation, and on already dif- 
ferentiated basophilic erythroblasts increasing their rate 
of maturation 
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Emergence of Two Erythroblast Lines 
in Erythropoiesis during Growth 
and Haemorrhage in the Rat 


Durna studies of erythropoiesis in rats of different age 
groups and m rats which had been heavily bled, lme 1 
and Ime 2 normoblast cells, as deseribed m the preceding 
communication, appeared in varying numbers Conse- 


NATURE, VOL 217. MARCH 16, 1968 


Line 1/lne 2 





10 20 30 40 60 80 
Body weight (g) 


100 120 


Fig 1 Vartation im the ratio of line 1 to line 2 erythroid cells in the bone 
marrow of rats during the first 8 weeks of life 


quently, the proportion of lme 1 and line 2 cells present in 
the bone marrows and spleens of these animals has been 
examined 

Using groups of August rats weighing approximately 
15 g (7-10 days old), 25, 40, 65 and 110 g (6-8 weeks old), 
smears of spleen and femoral marrow were made and 
differential counts of early and mntermediate normoblasts 
with the usual degrees of cytoplasmic basophila or with 
the gh haemoglobm content—line 1 and lme 2 normo- 
blasts—were obtained Omutting the late normoblasts 
which, by definition, have a high degree of haemoglobin- 
ization and therefore cannot with confidence be described 
as line I or hme 2, the ratio of the numbers of lme 1 to 
line 2 normoblasts was calculated The results for the 
bone marrow are shown ın Fig 1 

Up to 40 g (3 weeks old) the ratio 1s about 3 1, after 
which the proportion of lne 2 normoblasts gradually 
declines until ın the adult animal the ratio ıs about 7 1 
Thus 2+ would seem that the hne 2 normoblasts are 
associated with the high rate of production of erythrocytes 
necessary during the early growth period when the blood 
volume is expanding rapidly The curve also probably 
corresponds to earher work! in which ıt was shown that 
a high degree of cell proliferation ın the bone marrow 
remains constant up to about 40 g body weight, after 
which 1t declines 

In the second series of expermments, adult rats were bled 
approximately 10 per cent of thew blood volume by 
cardiac puncture and were killed after 48 h Spleen and 
marrow smears were made and differential counts of 
normoblasts were made ‘Table 1 summarizes the ratios 
of hne 1 to line 2 normoblasts, agam omitting the late 
normoblasts 

Table 1 shows that bleeding the animal causes an 
imerease m the proportion of lme 2 cells ın the marrow 
with the result that the picture becomes similar to that 
m the 1 week old rats In the spleen, also, the ratio of 
lne 2 to lme 1 normoblasts is very simular in the bled 
adult rats and the 1 week old rats In the case of this 
organ, however, comparisons are difficult because of the 
almost complete absence of normoblasts ın the adult 
rat spleen Consequently, this ıncrease ın line 2 cells 1s 
a real merease ın the absolute number of lne 2 cells, 
probably resulting from stimulation of the stem celis 

In the marrow of the bled rats, the origin of the line 2 
cells was not so clear Identification of many of the lme 2 


Table 1 RATIO OF LINE 1 TO LINE 2 ERYTHROID CELLS IN THE BONE MARROW 
AND SPLEEN OF RATS OF DIFFERENT AGES AND FOLLOWING HAEMORRHAGE 
IN THE ADULT RAT 





line 1 Bone 
Ratio of ime 2 marrow Spleen 
1 week old 3 12 
7 weeks old 7 — 
Bled adult 22 13 
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cells was not so positive and a number of cells classified 
as line 2 should, on morphological grounds, more properly 
have been put in a group between the two hnes The 
appearance was therefore that the hne 1 cells were passing 
through a transitional stage mto the lne 2 cells Ths 
type of change would agree with the observation, de- 
scribed in the preceding communication, that transforma- 
tion from Ime } to hne 2 cells was stimulated om vetro with 
e1ythropoietin 

In summary, in the 1 week old rat there 1s a high pro- 
portion of lne 2 normoblasts present ın the nucleated 
erythroid cell populations of both bone marrow and 
spleen During growth, the proportion of hne 2 cells 
gradually decreases When the adult anmmal experiences 
a severe haemorrhage, line 2 cells appear m large numbers 
at both sttes In the marrow, part of the merease may 
be caused by stimulation of the stem cell compartment, 
but part also seems to be the result of a transition from 
the early line 1 to early lme 2 cells In the spleen, the 
appearance of large numbers of hne 2 cells 1s probably a 
result only of a stimulation of the stem cell compartment 
Thus the differentiation step to major haemoglobin 
production can take place at ether the stem cell or the 
committed erythroid cell level 
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Erythropoietin Enhancing Factor in 
Serum of a Calf with Primary 
Familial Polycythaemia 


Primary familial polycythaemia occurs occasionally m 
calves of an inbred Jersey herd maintamed at the Univer- 
sity of California, Davis The genetic pattern of this 
disease suggests a simple autosomal recessive mode of 
inheritance! Durmg investigation of the aetiology of 
this disease, 1t was discovered that serum from the one 
currently surviving calf with polycythaemia, although 
itself devoid of measurable erythropoietic activity, when 
incubated with erythropoietin resulted in a four-fold 
enhancement of activity Incubation with normal calf 
serum did not enhance the activity of erythropoietin in 
the assay system employed in these studies 

Gardner et al ? have reported enhancement of purified 
erythropoietin by serum from normal human beings, 
normal rabbits and normal mice Although in these 
studies serum from normal calves consistently failed to 
enhance erythropoietin activity, meubation of erythro- 
poetin with sera from other species, dog, monkey and 
man, was found to merease erythropoietin activity 1 5- 
2 3-fold 

Serum was obtamed from the 6 month old female calf 
with famihal primary polycythaemia and from four 
normal Jersey female calves of the same age m the herd 
All sera were frozen mmmediately after separation and 
stored until use The haematocrit of the polycythaemic 
calf was 65 per cent, haemoglobin was 21 g/100 ml 
The haematocrit of the normal calves was 31, 34, 395 
and 39 per cent, haemoglobin was 11 7 and 10 8 g/100 ml 
(calves C and D were not measured) 

Erythropoetic activity was assayed ın hypertiansfused 
female BALB/c mice, according to the method of DeGowin 
etal? Erythropoietin was obtained from the urme of a 
patient with aplastic anaemia‘ and concentrated by 
collodion adsorption’ This erythropoietin was standard- 
ized by comparison with the International Reference 
Preparation®, usmg either salme or serum as diluent 
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All sera were mcubated with erythropoietin for 2 days 
m the cold (8° C) Erythropoietin alone and serum alone 
were also incubated in the same conditions 

Table 1 shows the enhancement of erythropoietin after 
incubation with various amounts of polycythaemie calf 
serum Serum obtamed before the calf was 8 5 months 
old produced a consistent and significant enhancement of 
activity of erythropoietin even with as little as 0 1 ml of 
polycythaemic calf serum No enhancement of activity 
occurred m the case of incubation with serum from 
normal calves When this experiment was repeated 
with serum collected a fortmght later, identical results 
were obtamed, 1 ml of serum gave a four-fold enhance- 
ment of erythropoietin activity Table 1 also shows the 
results of simultaneous subcutaneous mjections of erythro- 
poietm and polycythaemic calf serum at different sites, 
significant enhancement was not observed. 


Table 1 ERYTHROPOIETIN ENHANCING FACTOR IN SERUM OF 4 POLYOYTHAEMIC 
CALF 


Activity Significance 
Group (No of mice) (x ESF control) of difference* 


Polycythaemic calf 


1 mi of serum+ ESF (6) 40 0 001 
05 ml of serum + ESF (10) 30 0001 
01m! of serum+ ESF (10) 24 0001 
1ml of serum and ESF at two sites (7) 18 01 
Normal calves 1ml of serum +ESF 

Calf A (6 07 0 02 
Calf B (9) 07 0 001 
Calf C (8) 10 — 
Calf D (9) 14 03 


ESF, erythropoietic serum factor 
* Fisher's t test 


These findings indicate that the serum of this poly- 
cythaemic calf contaied something not present m norma 
calf serum which m itself had no erythropoietic effect 
but which on mceubation with erythropoietin resulted in 
four-fold enhancement of the activity Spontaneous 
recovery has been observed in affected calves which 
survive for more than one year, and in an attempt to 
ensure survival of this calf until remission occurred, 
phlebotomies were carried out at approximately monthly 
intervals Erythropoietin enhancing activity was assayed 
m serum from successive bleedings and a decrease m 
activity ab 85 months with complete disappearance of 
enhancing activity by 10 months was revealed (Table 2) 
Although ıt seemed reasonable to assume that this factor 
was causally related to the polycythaemia in this calf 
and to the severe and often fatal polycythaemia occurrmg 
in other calves of this herd, we found no remission m 
polycythaemia corresponding to, or within 4 months of, 
the disappearance of the detectable level m the serum 


Table 2 DECREASE IN ERYTHROPOIETIN ENHANCING FACTOR WITH AGE OF 


POLYCYTHAEMIC CALF 


Age Haematoerit Activity (x ESF control) 
(months) (%) 1ml 05ml Qim 

53 66 29 24 24 
64 645 40 30 24 
72 66 42 37 39 
85 69 16 19* 
95 67 10 10 

100 70 06 


* Average of ten assays, one of which was negative 


Enhancement of erythropoietin by meubation with 
renal erythropoietic factor (REF)’ suggested that the 
enhanemng factor present ın this calf might be REF 
Further investigation of the physiological and chemical 
characteristics of the enhancing factor ın the intact 
mouse assay system being employed, which requires 
relatively large amounts of matenmal, was not possible 
The small remaimmg supply of active serum (from bleed- 
mgs at 6 and 7 months) was reserved for study in the 
ın viro system described in the first of these three com- 
munications Further mvestigation of this subject must 
await birth of another calf afflicted with primary famuilal 
polycythaemia 

This work was supported ın part by the US Atomic 
Energy Commission and the National Cancer Institute 
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been solved The polar groups (cations and carboxyl groups) form 
planar two-dimensional networks, either square or hexagonal, 
embedded in a continuous matrix formed by the disordered paraffin 
chains. These and earlier results make possible a unified picture 
of a novel class of structures in all of which the polar groups are 
clustered in rod-like regions, but which differ in the way the rods 


are arranged ın one, two or three-dimensional networks. 


THE work described here arose from the casual observa- 
thon of striking structural analogies between the high-hpid, 
high-temperature phases of lecithm—water systems and 
the anhydrous high-temperature phases of several divalent 
cation soaps This observation has led to an analysis 
of the literature, to the reinterpretation of some of the 
published data, and in some cases to new experiments 
The result has been the discovery of a novel famuly of struc- 
tures, formed by identical rod-hke elements, which are 
ordered into either two or three-dimensional lattices 
The “structure elements”, to which we often refer in this 
article, are by definition the locus of the polar groups, 
those elements are embedded ın a paraffin matrix ın which 
the electron density 1s supposed to be uniform throughout 
The structures observed with soaps are desembed here 
the lecathins will be discussed later 

Spegt and Skoulios studied many anhydrous soaps of 
the divalent cations of group II as a function of tempera- 
ture, using X-ray diffraction techniques'-4. Many of 
the data used here come from that work when new 
experiments were carried out, the techniques were those 
described by Spegt and Skoulios. A few examples of the 
phase diagrams estabhshed by these authors are given m 
Table 1 The low-temperature phases C, and C, are 
lamellar, with stiff paraffin chams; the conformation of 
the chains ın all the other phases 1s disordered, as shown’ 
by the presence of a diffuse band near s=(2 sm 6/)= 
(45 A) Phases H, T, R, Q are each characterized by a 
number of sharp small-angle reflexions Phases H, H, 
and H, are two-dimensional hexegonal arrays of mgid 
rods, the rods containing the polar groups of the soaps 
Spegt and Skoulios have shown that the number n of 
cations per unit length of rod, a parameter easily determ- 
ined for this type of structure, 1s constant for all the soaps 
of the same cation'“. When two hexagonal phases 
(H, and H,) are observed in one soap, each phase ıs 
characterized by a different value of n (refs l and 4) 
Phase Q 1s body-centred cubic®; its structure! consists of 
rods of fimte length, inked three by three, and formmg 
two interwoven three-dimensional networks (ref 6, Fig 2) 
The distribution of the cations seems to be uniform 
along the rods, with the exception of a short gap (approxi- 
mately 1:5 A long), devoid of cations, near the ends In 
this structure the number 718 the same for all the strontium 


soaps; furthermore, n 1s almost identical ın phases Q 
and H (ref. 6 and Table 2) 

Here we are mamly concerned with the structure of 
phases T and R Spegt and Skoulios have indexed the 
small-angle reflexions of both phases on two equatorial 
planes, assuming arbitrarily that the two planes are at 
right angles they propose a face-centred orthorhombic lat- 
tice for phase T' (ref 2), and a face-centred monoclinic 
lattice for phase R (ref 3) In fact, an inspection of the 
data shows that for all the soaps and at all temperatures 
the spacings of the reflexions are ın perfect agreement with 
a body-centred tetragonal lattice for phase T (a/e= 4/2 in 
Tables 3 and 4 of ref 2), and with a rhombohedral lattice 


Table 1 PHASE DIAGRAMS OF THE ANHYDROUS STHARATES OF THE CATIONS 


OF GROUP II 


Mg! C, or C, (109°) H, (195°) H, (210°) melt 

Ca? C, (100°) C, (128°) 7 (152°) (1'79°) H (> 850°) 
Zn’, (130°) melt 

Sre œ, (180°) (170°) R (197°) Q (246°) H (> 400°) 
Cdt C, (99°) H, (211°) H, (~ 230°) melt 

Ba? ©, (160°) (220°) Q (> 400°) 


Transition temperatures are given in parentheses ‘The dotted lines show 
regions in which the phases have not been fully characterized The phase 
diagrams of the other saturated soaps of the same cation are quite similar to 
stearate (see refs ), although the phase T was observed recently in strontium 
arachidate, near 170° C (unpublished results) The correspondence of the 
nomenclature adopted here with that of Spegt and Skoulios 1s the following 
for the calcium soaps T and H replace D and F, for the strontium soaps 7? 
replaces 4, for the cadmium soaps H, and H, replace B and C 


Table ? SOME DATA ON THE STRONTIUM SOAPS 
Phase R Phase Q Phase H 

t ô $ e N n t N n t n 

°C g om“ Å °C °C 
Laurate 180 091, 290 780 214 052, 235 215 05l, 265 
Myristate 180 089, 310 848 233 052; 235 233 051, 265 
Palmitate 235 248 050, 265 049 
Stearate 181 087, 360 933 280 052, 235 261 050, 265 i 
Arachidate* 200 085, 379 975 293 052, 235 278 050, 265 
Behenate 235 285 050, 265 


The structures of phases R and Q are shown ın Fig 1 andın ref 6, Fig 2 
The parameters æ and ¢ of the hexagonal cel] were deduced from the para- 
meters c’, b’ and y’ of the face-centred monoclinic cell of ref 3 (a=2c', 
c= 3/2 b sm 7’), and were verified with new experiments (The density ð is 
determined as in ref 6, Table 2) N=0 602 V6/M is the number of cations 
associated with one lattice point (V, volume of the elementary cell, M, 
molecular weight of the soap) The symbol n is the number of cations per 
unitlength ofrod n=N/3(D-d), where D=a/4/3 18 the length of one side of 
the hexagon, d/2=1 56 À 1s the length of the gap devoid of cations, af each 
ond orng rods The dimensions of phases Q and H are taken from refs 

an 


* See comment in Table 1 
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Table 3 SOME DATA ON THE CALCIUM SOAPS 


7 Phase T re Phase H 
c n n 
C gem? A A 
Laurate 240 052, 
Myristate 165 08% 317 550 301 058 240 052, 
Palmitate 159 088 341 591 332 059, 240 053, 
Stearate 152 088 359 622 351 058, 240 0653, 
Arachidate 152 087, 383 66 4 387 059, 240 053, 


The structure of phase 71s shown ın Fig 2 The parameters æ and ¢ are 
taken from ref 2, Table 4 (e here 18 b ın ref 2), and were verified with new 


experiments N is determined asin Table 2, with dgiveninref 2 n= ho , 


D=a,d/2=3 A The lattices are pseudo-hexagonal (c=4/3 a) at the tem- 
perature of Table 3 The data of ref 2 permit calculation of N and n at 
different temperature, for calcrum myristate the results are the same as in 
the table The value 7 of phase H 1s taken from ref 2 


for phase R (a/c = 4/3 and cos y ~a/3b m Table 3 of ref 3), 
these lattaces will be adopted here, on the ground that the 
number of independent parameters 1s minimal (two for 
the tetragonal and rhombohedral, instead of three for 
the orthorhombic and four for the monoclinic) The 
agreement of the observed and calculated spacmgs 1s 
shown ın Tables 4 and 5 

By analogy with phases H and Q we propose that 
phases T and R are ordered arrangements of identical 
1od-hke elements of finite length The structures are 
represented in Figs land 2 the rods are hnked together 
four by four m phase T, three by three in phase R, and 
form planar two-dimensional networks, either square or 
hexagonal These structures explain the observations in a 
far more satisfactory manner than the structures formed 
by a ie structure elements, as suggested before (ref 
2, Fig 5) 

Observed and calculated intensities agree very well 
for the rod-like structures of Figs 1 and 2 (Tables 4 and 5), 
if, as m phase Q of the strontium soaps*, the distribution 





Phase R 
represented by heavy lines, are rods of finite length that sit on mirror 
planes The rods are linked three by three, forming planar two-dimen- 
sional networks A, Projection of one unit cell along the hexagonal axis, 


Fig 1 space group R3m ‘The loci of the polar groups, 


with the position of some of the symmetry elements The rods are 

perpendicular to the c axis the fractional figures are the z co-ordinates 

ef the rods B, Perspective view Note the two-dimensional hexagonal 
networks stacked and mutual unconnected 
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Fig 2 Phase T space group 1422 (see legend of Fig 1) The polar groups 

sit on two-fold axes A, Projection of one unit cell along the tetragonal 

axise The rods are paralle) to the planea, b, the fractional figures are the 

z co-ordinates of the rods B, Perspective view Note that the structure 

1s formed by identical rod-like elements, linked four by four, forming 

two dimensional planar square networks ‘The networks are stacked, 
otherwise unconnected 


of the cations 1s uniform along the rods*, with the excep- 
tion of a short gap at the ends, devoid of cations It 
should be noted, nevertheless, that for disk-shaped struc- 
ture elements the agreement would not be much worse, 
as long as the size and shape of the disks are properly 
adjusted, different soaps of the same cation should be 
compared if the intensity distribution were to provide a 
discrimination between rods and disks (this problem will 
be discussed elsewhere) 

More direct arguments in favou of the rod-like struc- 
tures can be obtained from analysis of the dimensions 
of the structure elements Tables 2 and 3 show the 
following (a) In each phase (T, R, Q, H) n 1s constant 
for all the soaps of the same cation (6) In the strontium 
soaps n has almost the same value in the three phasos 
R, Q and H, the small differences between the phases 
T and H of the calcium soaps are of the same order as 
those observed between the phases H, and H, of the 
magnesium and cadmium soaps!*, and can be similarly 
explained, as discussed here (c) At high temperature, 
the lattices of phase T of all the calcium soaps become 
pseudo-hexagonal? (Table 3), a consequence of the fact 
that each of the bundles of rods parallel either to the a 
or to the b axis becomes a two-dimensional hexagonal 
array 

Clearly all these numerical comeidences would be 
meaningless if the structure elements were assumed to 


* The uniform distribution of the cations must be taken as a simplification 
justified by the low resolution of the X-ray data (s7! > 8 A, see Tables 4 and 5 
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Table 4 X-RAY DIFFRACTION DATA Ry PHASE R STRONTIUM MYRISTATE, 
c 
hkl Soba Scale Toba Ici F 
(108 Å) (a0 A)-t 
000 +440 
003 358 360 1,500 1,313 +440 
101 395 394 459 397 -17% 
012 447 446 261 341 ~177 
104 607 603 55 172 -177 
110 65 4 65 0 21 l4 +85 
015 699 707 27 104 -177 
006 TLF 720 321 331 +440 
113 741 742 20 17 +85 
021 759 759 10 17 +159 
202 799 789 9 15 +159 
024 — 891 <8 7 +159 
pul 919 e ; 26 28 zm l 
5 +1 

116 } 963 go } B 4 +85 
211 99 6 1 —109 
122 1025 1018 25 1 ~109 
108 103 2 12 —177 
009 1079 108 2 72 35 +440 
214 — 110 0 <10 <1 ~109 
300 _ 1125 <10 <1 -95 
027 — 112 5 <10 <1 +159 


The X-ray pictures were recorded on a Gummer camera The values sobs 
and gcal are the reciprocal spacing (s=2 sin 6/4) ot the_observed reflexions, 
and calculated for the hexagonal lattice (space group R3m), with a=308 A, 
e=83 3 Values of Jobs are the observed intensities, strong intensities were 
measured on densitometer tracings, and weak ones were estimated visually 
by recording the X-ray pictures on packs of films and comparing different 
films (the absorption coefficient of which is known) The intensities were 
corrected for the proper geometric factor The calculated intensities can be 
expressed as follows 


Teale =m F? exp [—as}—B (s?—8))] 


m 1s the multiplicity factor, F 18 the structure factor, normalized to 
Fow = 8(D-d) (that 13, the total length of rods in one elementary cell), the 
gaussian function (s: 1s the / component of s) takes into account several 
effects, such as the anisotropic thermal motion, the spread of the electron 
density around the axis of the rods, the scattering of the length of the rods 
(in Tables 2 and 3 n ıs not an mteger) ‘The structure factors are those of 
space group 23m, special positions (x, 2/2, 2/3, and so on ), integrated 
over the length of the rods (ref 10, page 472), the gap at the end of the 
rods is taken into account ın the form of a delta function, at (0, 0, 2/3) 
1/3 


Pri=D/4 f Andi (z, 2/2, 2/3) dz — 3d 
o 


The result is Foot = 8 (D-d), Faxt=D-d, Fmi=3Djn (h+) +h 
(h+2k)>] sin 2n1/3-3d cos 2nl/8 The parameters used in the calculatiors 
are D=178A, d=312A, a=310 At, 6=680 Å? 


Table 5 X-RAY DIFFRACTION DATA OF PHASE Z' CALCIUM STEARATE, 140° c 


hkl Sobs 8cale Tobs Teate F 
qo? Ay? (10% A) 
000 ~58 4 
002 309 30 9 3,650 4,240 +584 
101 324 323 4,730 3,370 +23 2 
110 403 40 2 385 151 -120 
112 505 506 150 187 -120 
103 542 543 742 1,310 +23 2 
200 56 8 56 8 161 163 +23 2 
202 ie ee o Seo bio $33 
+ 
A 

2u  } 049 e55 } 205 77 -120 
114 a 736 <60 47 -120 
213 — 786 <60 33 -120 
220 _ 803 < 60 3 —12 0 
105 822 823 204 205 +23 2 
204 — 839 <60 51 +23 2 
222 — 86 0 <80 4 -120 
301 — 86 6 <60 i +23 2 
130 = 89 8 < 60 2 -12 0 
006 926 927 163 100 +584 
303 — 96 9 <70 45 +232 


Experıments and calculations were carned out according to the legend of 
Table 4 Space group 7422, a=35 2 Å,c=64 7 À The structure factors take 
the form Fy t=2(D-d), Fajgi=D-2d, Faxr= —2d The parameters are 
D=352 Å, d=8 Å, a=490 A?, 6=810 At 


be disk-shaped, furthermore, the number of cations per 
disk (N in Tables 2 and 3) would vary with the length of 
the paraffin chain, and the high temperature form of 
phase T would be an odd pseudo-hexagonal organization 
of flat disks parallel to the “‘s1x-fold” axis 

Other properties are consistent with the rod-hke struc- 
tures Fairly large crystals are observed in phase Q much 
more frequently than m any other phase this property 
should be correlated with the presence of the three-dimen- 
sional network Phases R and T can be visualized as 
lamellar structures, with stronger cohesion m the plane 
of the lamellae than between lamellae, and can be 
expected to display order—disorder phenomena when- 
ever the interlamellar correlations become sufficiently 
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loose Spegt and Skoulos!~* mention phenomena of that 
nature, characterized by the presence of both sharp and 
diffuse small-angle reflexions (these phenomena will be 
discussed elsewhere) 

The most satisfying result emerging from the variety of 
structures described here ıs perhaps that one can con- 
struct a unified picture embodying them all Indeed, 
it 1s now clear that the high temperature phases of the 
anhydrous soaps of the divalent cations of group IT are 
all constructed according to the same principle The 
polar groups are clustered in rod-like regions, and the 
rods, all identical and crystallographically equrvalent, 
aie organized ın ether a two or three-dimensional lattice 
Structure H consists of infinitely long isolated rods (one- 
dimensional network) arranged m a hexagonal two- 
dimensional lattice, structures R and T consist of rods 
of finite length, lmked three by three or four by four, 
respectively, formmg two-dimensional hexagonal or 
rectangular networks, which are stacked regularly mto 
three-dimensional lattices Structure Q consists of rods 
joing three by three, and formmg two interwoven 
three-dimensional networks This class of structures 
has been discussed by Wells’, all the structures discussed 
m this article were considered by him 

It 1s appropriate, in the context of this work, to mention 
another class of structures, originally described by Skoulios 
and Luzzati’, that displays interesting analogies with the 
rod-like class In this class of structures the elements are 
lamellar the lamellae may be in the form of mfimte 
planar sheets packed im one-dimensional (smectic) 
lattice’, finitely long mbbons organized m two-dimen- 
sional centred-rectangular® or oblique? lattices or, finally, 
disks organized m three-dimensional lattices® It 18 
remarkable that all the high temperature phases of each 
of the anhydrous soaps studied so far belong to one or 
other of the two classes according to the nature of the 
cation rod-like for the cations of group II, lamellar for 
sodium’, potassium’, hthium® The highly developed 
organization of all these phases 1s achieved in spite of a 
great disorder of the paraffin chains, it 1s thus clear that 
the correlation between the chemical composition of the 
lipid and the class of the structures must be sought m the 
organization of the polar groups Although little direct 
evidence 1s available on this question, various indirect 
arguments suggest that the degree of order 1s quite high 
the fact that for different soaps of the same cation the 
number of molecules per um length of rod (this work) 
o1 of ribbon® ıs constant clearly pomts to an ordered 
organization of the polaı regions, the occurrence of two 
hexagonal phases in the magnesium and cadmium soaps 
is interpreted by Spegt and Skoulios‘ as a consequence of 
a polymorphic transition between two ordered arrange- 
ments of the polar groups The finite length of the rods, 
and the finite width of the ribbons and of the disks, can 
best be explamed by the mterplay of some ordered arrange- 
ment of the polar groups and of a disordered conformation 
of the paraffin chains (see discussion in refs 6 and 8) 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Holocene Earth Movements and 
Eustatic Sea Level Change in 
the Peloponnese 


TWENTY-THREE archaeological sites on the east and 
south-east coast of the Peloponnese have been studied 
to determine the relative change of sea level at each site 
and the date of the latest occupation One site was 
uplifted, one undisplaced, seventeen submerged and four 
unproved (Fig 1l and Table 1) The displaced sites were 
at widely differmg depths, and there was no simple cor- 
relation between age and depth, or location and depth 
It has been widely supposed, though on no certain 
evidence, that the Peloponnese ıs tilting downwards as 
a serni-rigid block to the south, about a hinge-line at the 
Gulf of Cormth, but the evidence does not support this 

The displacement, approximate age to the nearest half 
millennium, rate of displacement and other data for each 
site are shown ın Table 1 Displacement and age data are 
avaiable for the western Mediterranean! based on fifty- 
four proved sites, and the distribution curves for the two 
areas are plotted in Fig 2 

The curve for the western Mediterranean is markedly 
skew, because the data are effectively drawn from two 
populations Most sites are on stable lengths of coast 
such as that from Gibraltar to Toulon, while others are 
grouped ın volcanic areas such as the Bay of Naples and 


PELOPONNESE 





Fig 1 The coast of the eastern Peloponnese, southern Greece, showing 

the sites which produced definite data The contours indicate the best 

fit third order surface for the rate of displacement of each site in m/mil- 
lenmum downwards relative to present sea level 
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round Etna where there 1s high seismic activity’ The 
data for the Peloponnese come from an area which is 
uniformly seismically active? and show a random dis- 
tribution of sites vertically 

The Peloponnese data alone suggest a eustatic change 
of sea level equivalent to the mean displacement of sites, 
superimposed on a random tectonic displacement which 
was equally hkely to be up or down at each site Other 
authors working from less complete field data have e:ther 
stressed the tectonic factor alone? or the eustatic factor 
alone* 

Evidence from the Atlantic coasts of Europe and 
America mdicates that net eustatic change of sea level 
during the past 2 mullennia has been less than 2 m (refs 5 
and 6) and possibly less than 1 m (ref 7) The evidence 
from the western Mediterranean! shows that undisplaced 
sites occur ın non-seismic areas, and that, to within an 
accuracy of observation of + 0 5m, the net eustatic change 
over 2,000 years has been zero, though sea level may have 
varied by 0 5-1 0m in the interval Blackman (personal 
communication) has archaeological data showing that 
several sites on the Aegean coast of Turkey are also 
undisplaced 

The Peloponnese data were tested statistically to look 
for a eustatic factor No correlation could be found with 
any of the proposed eustatic curves for the last 3,000 yr 
(refs 5-9) It was considered that rate of displacement 
might be related to geographical location, seismicity or 
isostatic gravity anomaly The number of epicentres 
published? and the accuracy of location of epicentres are 


Table 1 
Depth/age Gravity 

Site Name A Depth (mjmuil- Bouger gradient 
No (millennia) (m) lennium) (mga) (mgals/km) 

1 Lechaeum 20 07 03 04 10 

2 Kenchreai 25 20 0 15 10 

3 P Epidaurus 20 27 13 35 10 

4 Methane 20 10 05 60 13 

5 Lorenzon 10 20 20 60 40 

6 Haheis 24 27 11 80 40 

7 Asme 30 20 07 20 10 

8 Xarax 25 30 12 60 10 

9 Monemvasia 20 10 06 60 10 
10 Neapolis 15 03 02 55 25 
11 Elaphomsos 35 30 09 40 40 
12 Arkangelos 20 02 01 05 490 
18 Phtra (1) 30 30 10 05 40 
14 Phira (2) 15 20 13 —05 40 
15 Trims (1) 10 10 10 — 70 10 
16 Trini: (2) 190 10 10 ~70 10 
17 ~Gython 15 25 15 ~70 10 
18 Skutarı 15 35 22 -70 10 
19 Kythera 40 00 00 10 25 
20 Antikythera 50 -30 ~06 ~ 30 00 
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Wg 3 The difference between the actual rate of displacement at each 

sıte and the predicted value from the computed surface ıs plotted against 

local Bouger gravity anomaly Data from the areas of maximum faulting 

plot off the main trend There are more pornts above the indicated mean 

than below because three values were originally minimum estimates and 
have been weighted towards the most probable value 


not adequate to obtain a correlation Gravity data were 
obtained from unpublished gravity maps of the eastern 
Mediterranean from the NATO SACLANT laboratory at 
La Spezia There 1s no Bouger correction to apply at the 
shoreline, and the isogams of isostatic anomaly published 
by De Bruyn follow the same general trend as the 
Bouger isogams available It is the relative difference of 
value between sites which 1s significant, and there aie 
msufficient data to construct more accurate isostatic 
maps, so that the Bouger data were used in the following 
calculations 

Tn order to isolate a possible eustatic factor the depth of 
each site was correlated with its age and local gravity 
anomaly, and then with the age and gravity gradient 
Correlation in both cases was low (mean square residual 
(8)=0 365 and 0 503, respectively), and there was no 
time-dependent term which could be attributed to eustatic 
change 

If tectonic movements have been random in time, m- 
frequent and of relatively large amplitude at time of 
movement, there would be no correlation between age 
and total displacement of a site And if the period of 
study is sufficiently long for most sites to be displaced 
once, then there would be a correlation between magnitude 
of displacement and tectonic factors independent of time 
This was tested by correlatmg depth with geographical 
co-ordinates, then with gravity anomaly and then with 
gravity gradient All tests yielded very low correlation 
(è = 0 495, 2 03, 172, respectively) This suggests that 
tectonic processes are continuous or at shortly spaced 
intervals compared with the period of the study Cor- 
relation of the rate of displacement, however, ın metres 
per millennium with the local gravity anomaly also pro- 
duced low correlation (8 = 0 450) 

Rate of displacement was correlated with geographical 
co-ordmates, and a third order equation produced a good 
fit (8 = 0 082, maximum residual = 059) The contours 
of this surface are plotted m Fig 1 The close spaced 
contours to the south-west, indicating maximum variation 
in rate of displacement, comcide with a heavily faulted 
zone intersecting the coast between Skutari and Scala! 
The close spaced contours to the north-east are probably 
an artificial effect caused by the absence of data further 
to the north-east. and the fact that the value for Methane 
1s an open-ended minimum estimate, added to the real 
difference ın values obtained at Halieis and Lorenzon 

The most notable feature of the contour pattern 1s the 
tiend of the zero-displacement Ime to the north-west 
which indicates a doming of the Peloponnese with depres- 
sion of the coastlme about a hinge-line set back from the 
mean coastline An uplifted ridge stretches south-east 
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from the Elos pemnsula through Kythera and Antikythera 
towards Crete, while a trough of depression extends into 
the Gulf of Argolis 

Fig 3 shows a plot of the residual displacement—that 
1s, the difference between the actual measured rate of 
displacement and that predicted by the equation—-against 
local Bouger gravity anomaly Allowing for the sites 
from the areas of maximum variation in rate of displace- 
ment caused by faultimg, there is a positive correlation 
between high gravity anomaly and excessive displacement 
downwards Thus, if the contours represent the mean 
rate of displacement of a group of sites m an area, tho 
departure of sites from this mean 1s propor tional to gravity 
anomaly 

The subsidence of the South Aegean basin since the 
Tertiary'® comneides with an area of high positive isostatic 
anomaly!*, while the oceanic trench to the south of the 
Peloponnese ıs an area of negative anomaly, as 1s usual 
with trenches The South Aegean consists of subsiding 
continental material and so these findmgs are compatible 
with an association between high gravity anomaly and. 
high rate of subsidence of continental material in this 
area The recent sediments in the trench dip northwards 
(personal communication from W B F Ryan) indicatmg 
a relative depression of the northein margin by approxi- 
mately 10 m/mulennmm, comparable with the average 
rate of 0 87 m/mllennium for the data discussed here 

Displacement of the coastlnme due to faulting would 
be expected to be erratic and of relatively high spatial 
frequency, while displacements resulting from small varia- 
tions in isostatic anomaly would be of a broader nature 
with less local variation, due to the rigidity of the Earth's 
crust This seems to be the case The departures from the 
broad dome-like warping which are attributed to gravity 
in this study have a magnitude of 0 2-0 5 m/millennium 
and a spacing of the order of 50 km, while the variation 
attmbuted to faulting is of the order of 1 0 m/milennium 
over 25km This interpretation 1s tentative until there aro 
more data on the seismicity of the area and on rates of 
displacement ın other parts of the Aegean 

In view of the manifest tectonic differences between 
the Peloponnese and the average conditions in the western 
Mediterranean, the simplest explanation of the difference 
between the two curves in Fig 2 ıs that the net eustatic 
change in the last 2,000 yr has been only of the order of 
05m, that the spread of data for the western Mediter- 
ranean is a result of local areas of vulcanism and seismicity , 
and that the spread of data for the Peloponnese 1s a result 
of a general depression of the margins of the Peloponnese, 
with areas of faulting in the Mani, and an uplifted ridge 
through Antikythera separating the trench to the south 
and the Aegean to the north, with a possible correlation 
between local variations in displacement and isostatic 
anomalies 
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Extension of the Mid-Labrador 
Sea Ridge 


EVIDENCE obtamed durmg geophysical investigations 
aboard the USCGC Mar:posa m the summer of 1967 strongly 
supports the hypothesis! that an mactrve branch of the 
Mid-Oceanic Ridge hes buried beneath the axis of the 
Labrador Sea 

Between 61° and 62° N the crest of the ridge 1s overlain 
by 1 km of sediment (Fig 1, profile 4, ref 1, profile C-D). 
To the south, where sediment accumulation rates are 
perhaps somewhat less rapid, the crest outcrops as 
isolated knolls on the sea floor North of 62° the ridge 
crest 18 covered by a thmner veneer of sediment (profiles 
2-3) The Mariposa data apparently extend the known 
portion of the Mid-Labrador Sea Ridge to at least 64° 
The basement high strikes NN xW near the 55° W 
meridian as an apparent continuation from profile C-D 
(ref 1) The axis of the buried ridge lies shghtly to the 
east of a line bisecting that part of the ocean basin which 
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hes between the continental shelves In profile 3 the 
structural high has apparently acted as a partial dam for 
detritus Near 64° (profile 1) the basement rock has 
shoaled sufficiently to form Davis Strait and its rugged 
relief ıs replaced by a seemingly monolithic swell ‘The 
absence of detectable sediment over this feature ıs prob- 
ably attributable to current scour 

The crest of the Mid-Oceanie Ridge 1s normally char- 
acterized by a unique magnetic signature consisting of a 
high amplitude anomaly and earthquake epicentres? 
Correlation of the postulated Mid-Labrador Sea Ridge 
with magnetic anomalies has been presented by Godby 
et al’. These investigators found two parallel zones witli 
anomalously high magnetic signatures flanking a cential 
swath of low anomalies and earthquake epicenties The 
crest of the promment sub-bottom reflector which has 
been mterpreted as basement (55 km/s layer of ref 1) 
correlates with the eastern magnetic anomaly zone The 
earthquake belt and the western magnetic zone, however, 
seem anomalous The frequency of earthquakes in the 














{| SECOND 

















19] 50 


NAUTICAL MILES 


100 


Fig 1 Four seismic reflexion traverses of the northern Labrador Sea Assumed basement ıs dark coloured Inverted triangles on index chart 
are earthquake epicentres, dotted lines indicate axes of high value magnetic anomalies*, x marks axis of Drake et al profile of C-D! basement 
high, heavy dashed line indicates axis of basement high Travel time ıs two way—1 s 1s approximately equal to 1 km 
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northern Labrador Sea 1s about 10 per cent that of normal 
erestal regions of the Mid-Oceamie Ridge (personal com- 
munication from L Sykes) It seems plausible that these 
few earthquakes are associated with the graben structure 
of Cumberland Sound‘ The western magnetic anomaly 
belt which termmates abruptly near 60° N perhaps by 
a fracture zone or depth of burial® 1s anomalous and at 
the present ıs difficult to explain An unlikely possibility 
1g that the promment basement high may represent the 
eastern belt of rift mountains with the shghtly seismically 
active centre swath, the ancient “rift valley” The western 
riff mountams would then be deeply buried beneath the 
continental rise The lack of an axial magnetic anomaly 
could be interpreted as a genesis during a reversed period 
of the Earth’s polarity’ This would, however, create an 
anomalously wide ridge-rift system within a narrow 
basn The more lkely explanation that the basement 
high 1s the crestal region is favoured The relatively 
small amplitude (+400 gammas) of the axial magnetic 
anomaly suggests the omgin of the feature durmg a 
reversed epoch, or perhaps the blanketing effect of 
sediments 

The seismic reflexion data do not indicate any support 
for a proposed submerged continental remnant in the 
Labrador Sea*?, however, the axial position of the crest 
would suggest the creation of Baffin Bay by ridge growth® 
with, as already suggested®-1°, the Nares Strait north of 
Greenland acting as a transform fault 

Demenitskaya and Dibner! suggested that a north- 
west—south-east geotectonic linear feature extends from 
Davis Strait through the Bay of Biscay Magnetic anoma- 
hes and topographic trends in the eastern Atlantic’? may 
rather be a consequence of the north-west—south-east 
fracture pattern#® The magnetics and buried rehef of 
the Labrador Sea region (unpublished work of Johnson, 
Closu:t and Pew) tend to support this hypothesis, how- 
ever, we believe that the inactive ridge branch originated 
just to the west of the crestal region of the Mid-Atlantic 
Ridge near 53° A former axis of the Mıd-Oceanıe Ridge, 
now subsided, and in a north-west-south-east trend 
diagonally across the North Atlantic, not unlike Darwm 
Riso in the Pacific!4, 1s a possibihty warranting further 
mvestigation Rates of subsidence for the Mid-Oceanice 
Ridge have recently been presented!’ and appear adequate 
to have suppressed this feature, assummg an early 
Tertiary or Mesozoic age 

We thank the officers and crew of the USCGC Mariposa 
and Al Closuit, John Jacobsen, Jim Kosales and Burt 
Tanner for their co-operation This work was supported 
by the US Naval Oceanographic Office and the Geo- 
physical and Polar Research Center of the University of 
Wisconsin under an Arctic Institute of North America 
grant 

G. LEONARD JOHNSON 
James A PEW 

US Naval Oceanographic Office, 
University of Wisconsin 
Received February 10, 1968 


2 Drake, C L, Campbell, N J, Sander, G, and Nafe, J E, Nature, 200, 
1085 (1963) 
2 Heezen, B C, Tharp, M, and Ewing, M, The Floors of the Oceans, I 
The North Atlantic (Geo! Soc Amer , 1959) 
3 Godby, E A, Baker, R ©, Bower, M H,and Hood P J, J Geophys 
Res , 71, 511 (1966) 
i Kerr, J W , Earth Planet Ser Lett ,2, 288 (1967) 
‘Vine, F J , and Matthews, D H , Nature, 199, 947 (1963) 
“Johnson, G L, and Heezen, B C, Nature, 215, 724 (1967) 
7 Rvachev, V D , Okeanologua, Akad Nauk, SSSR, 7, 477 (1967) 
® Wilson, J T , Nature, 198, 925 (1963) 
* Wilson, J T , Nature, 207, 342 (1965) 
10 Wegener, A , The Origin of Continents and Oceans (E P Dutton and Co 
New York, 1924) 
© Demenitskaya, R M, and Dibner, V D, in Continental Margins and 
Island Arcs, 63 (Geol Survey Canada 66-16, 1966) 
Laughton, A S ,1ın Proc Seventeenth Colston Res Soc , 175 (Butterworths, 
London, 1965) 


1 Johnson, G L , Earth Planet Ser Lett ,2, 445 (1967) 
u“ Menard, H W , Marine Geology of the Pacifice (McGraw-Hill, New York, 1964), 
15 Schneider, E D , and Vogt, P R , Nature (in the press) 


NATURE, VOL. 217, MARCH 16, 1968 


Has the Pacific Basin moved as a Rigid 
Plate since the Cretaceous ? 


McKenzie and Parker! have shown from displacements 
along faults and from seismic first motions that the 
North Pacrfic seems to be moving as a ugd plate relative 
to the surrounding continents This motion is uniquely 
defined by a rotation axis which they estimated to be 
located near 50° N , 85° W at the southern end of Hudson 
Bay The sense is towards the north-west, clockwise as 
viewed from the pole Palaeomagnetic evidence from 
North America and the magnetization of Pacific Ocean 
seamounts suggest that this rotation dates from Cretace- 
ous time (108 yr), and that the total angle ıs perhaps as 
great as 100°, an average rate of 1° per million years 

Grommé, Merrill and Verhoogen® critically examined 
the palaeomagnetic data for the Cretaceous of North 
America, presenting the results in the conventional 
manner as virtual geomagnetic poles (a VGP 1s the pole 
of that unique axial dipole field which gives the observed 
magnetization at a given site) Sıx out of the nine poles 
that they consider rehable are tightly grouped about a 
mean position 67° N , 172° W These poles have all been 
radiometrically dated and the ages range from 84 to 
138x105 yr So, within the present accuracy of the 
palaeomagnetic measurements, the North American 
continent remained fixed relative to the assumed geo- 
magnetic pole for most of the Cretaceous, 50 x 106 yr 

Richards, Vacquer and Van Voorhis® recently sum- 
marized the results on the magnetization of Pacific 
Ocean seamounts as determined by the method of Vac- 
quer! They assume that the total magnetic field anomaly 
associated with a seamount 1s primarily a consequence of 
a umform magnetization throughout its volume, and 
with this simple assumption they estimate the direction 
and intensity of magnetization They can explain about 
half of the anomaly m this way and “best” fits require 
that the magnetization mduced in the present geomagnetic 
field 1s a small fraction of the total magnetization The 
average virtual geomagnetic poles for sıx seamounts m 
the Hawan development area, and four seamounts near 
Japan are 21° E, 58° N (a,;=12°, k=19) and 14° W, 
51° N (as=7°, &=10), respectively Richards et al? 
discussed K-Ar age determinations made by others on 
dredge samples from the two groups of seamounts they 
are probably mid-Cretaceous (80 x 10® yr) 





Fig 1 Cretaceous virtual geomagnetic poles for North America, Cua, 

Hawauan seamounts, H, and Japanese seamounts, J An equal area 

projection about the axis of gelo ve potion determined from seismic 
rst motions 
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If the Pacific Basm has rotated about the McKenzie— 
Parker axis smee the Cretaceous and if the seamount 
virtual geomagnetic poles were once comedent with the 
Cretaceous poles of North America, then the motion 
would carry the seamount poles along a small circle 
about the axis of relative rotation The present position 
along the small circle of the seamount poles, relative to 
the contmental pole, would mdicate the total angle by 
which the Pacific has rotated The geometry 1s depicted 
in Fig 1, an equal area projection about the axis of relative 
rotation, showing the North American Cretaceous, CNA, 
and oceame, H, J, virtual geomagnetic poles The angles 
between the North American pole and the two mean 
seamount poles, one near Ireland, the other ın the Gulf 
of Finland, are 70° and 90°, respectively, indicating an 
average rotation rate of the Pacific Basin of 1°/million 
years 

Admittedly, the Hawanan result alone 1s not convincing 
and there 1s a huge scatter m numerous unpublished sea- 
mount poles (personal communication from M Richards) 
But these preliminary data are certainly consistent with 
the hypothesis of large scale rotation of the Pacific 
relative to North America The rotation axis used here 
comes from the analysis of only ten years of seismic data 
and 1s uncertain to perhaps ten degrees Even so, Fig 1 
suggests that the Pacific Basin has moved as a ngid plate 
about an axis, fixed relative to North America, not too 
different from the McKenzie—-Parker axis and that this 
rotation began at least m the mid-Cretaceous It may 
be older 

A more detailed study of the palaeomagnetic evidence, 
the tectonic implications and suggestions for corroborative 
experiments, 1s m preparation From preliminary results 
16 seems possible that the rotation dates from Lower 
Cretaceous time (140 x 108 yr) and that the Pacific Basin 
has been a ngid plate moving about an axis constant m 
time and fixed with respect to the surrounding continents 

W E FARRELL 
Instatute of Geophysics and Planetary Physics, 
University of Cahforma, 
San Diego 
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Nature of Glaciated Landforms 


GLACIAL erosion has been accepted for more than a hun- 
dred years, yet there are many loose assumptions about the 
real natue of glaciated landforms This lack of knowledge 
makes ıt difficult to explam the erosion processes con- 
cerned If more precise information were available, these 
processes and landforms could be apphed to test several 
theories in ice physics 

Descriptions of glaciated landforms are surprisingly 
vague Much has been made of the textbook U-shaped 
valley or the schrundline corrie, but there is little mforma- 
tion to suggest how typical these landforms really are 
More needs to be known about their exact form, the fre- 
quency of different types and about their relationships to 
the surrounding relief, geological structures and to the 
processes which have shaped them 

Any study has to be exploratory, and for this reason 
the corme (or cirque) seems a very suitable choice of 
landform Usmg this helps to minimize the difficulty 
that most of the glaciated areas of northern Europe 
were covered during the Ice Age by a complex sequence 
of several different types of 1ce cover Corries have 
also obviously been submerged by ice sheets for long 
penods, but 1t seems from their distinctiveness as land- 
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forms that most of them have been telatively little 
affected by this phase in their history This 1s really what 
would be expected, for observations on the Antarctic ice 
sheet today! show that ıb ıs relatively slowly moving and 
presumably fairly protective ın 1ts effects away from the 
principal Imes of ice flow 

Corres are mostly on mountam flanks and are by- 
passed by the chief avenues of ice discharge They have 
been found to possess a great overall symilarity from area 
to area, but where on other grounds there ıs reason to 
suppose that they have been overrun by more strongly 
flowing ice than normal, they have slightly different 
characteristics or else are rendered almost unrecognizable 
by dissection In addition, really good examples of corries 
tend to be absent from densely dissected areas and pre- 
sumably, therefore, from areas of rapid ice streammg—such 
as various south-westerly parts of the Scottish Highlands 

Second, corries are suitable for a preliminary study of 
glaciated landforms because a much better estimate of 
the thickness of the ice assumed to be responsible for the 
hollow can be made than for a valley glacier o1 for the 
ice covering a roche moutonnée Finally, after the well 
integrated work of Lewis? and his associates on Vesl- 
skautbreein—a small corrie glacier ın Norway—we know 
much more about the characteristics and detaled three- 
dimensional flow pattern of corrie glaciers than of any 
other glacial type 

The most suitable way of tackling the problem of the 
origin of a variable natural occurrence such as a corne 1s 
to analyse various aspects of the shape of large numbers 
of examples A sample containing more than one hundred 
well formed chiefly Scottish corries as well as, for com- 
parison, other similar mountam hollows of much more 
disputed ougin was taken and ther similarities and 
differences were analysed Various aspects of corrie shape 
were measured, one of the most umportant bemg the 
longitudinal profile The shape of this 1s obviously very 
pertinent to the question of corne formation, because it 
1s a profile m the direction of 1ce movement The most 
satisfactory way to define similarity of longitudinal pro- 
files between different corries was thought to be to find 
a best-fit curve with as simple a formula as possible, to 
fit as much of the sample as possible Various types of 
curve were tried, and the most suitable was found to be 
a logarithmic curve of the type y=(l—z)e* A term k 
was also introduced into the equation [y=k(1—2z)e-*] to 
allow for the fact that corrie steepness varies, while still 
retaming the same type of curve for all examples 

This curve has many advantages (1) It can be 
fitted to 81 per cent of the corries An arc of a circle has 
previously been used to characterize the bed of a corrie 
glacier (for example, by McCall), but this was found to 
be mappropriate in the present study—t bore no resem- 
blance to almost half of the corre profiles 

(2) The k curve could also be used to distinguish corries 
from non-corries, few of which it fitted well In contrast, 
no distinction could be made between the two gioups of 
mountain hollows by using an are of a circle With the 
latter the proportion of hollows fitting was precisely the 
same for both groups (53 per cent fit) 

(3) The formula of the &-curve 1s simple and ıb 1s an 
easy curve to fit Obviously more complex curves could 
have been found to fit each mdividual corrie exactly, 
but this would defeat one of the chief purposes of this 
method of landform analysis 

(4) The value of the term k can be used to define several 
types withm the corrie group of landforms itself It can 
also be used as a single parameter to plot against the 
various independent variables which may influence corne 
shape—rock type, aspect, climatic factors, environmental 
relief, the stage reached ın erosion and so on 

This 1s an obvious advantage over the are of a circle. 
With the latter, ın order to describe a corrie accurately 
it 18 necessary to know the radius of curvature, the 
gradient of the hollow and the angle subtended at the 
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centre of the cucle by the length of the corrie profile 
The k-number on the other hand, within one term, 
deseribes both the shape and steepness of the corrie 

Corries may look very different, but 1b seems that many 
of these apparent differences are partially caused by the 
surrounding relief and are not reflected ın the longi- 
tudinal profiles of the corres themselves Relevant 
features are the difference between a peak towermg 
above a corne, as there ıs ın the case of Glaslyn on 
Snowdon, or a surrounding plateau as m the Cairngorms 
Despite the different superficial appearances of different 
corries their profiles are astonishingly sımılar—81 per cent 
of those studied fitted the curves very closely Most of the 
remaining 19 per cent were more angular caricatures of 
the rest, caused by specialized lithological situations In 
fact, the corre profiles which have been studied can be 
arranged m a more or less continuous series, with the 
bulk of the corries—those fitted by the k-curves—in the 
middle At one end of the series they gradually become 
more angular until the classic schrundline corre 1s 
reached Oddly enough, at the other end of the series 1s 
the exaggerated L-shaped corre, which has also attracted 
attention in the past It 1s perhaps symptomatic of the 
eontiast botween classical geomorphology and the present 
day more multivariate and quantitative approach that 
the two corrie types which had previously been regarded 
as typical textbook forms are, in fact, quite rare and are 
exaggerated caricatures of the bulk of the forms 

The similarity which has been discovered between 
coriies in very different situations must be the result of 
common factors The most obvious one is the mfluence 
of glacial erosion processes, ın particular the charac- 
teristic “rotational” flow pattern of the corrie glacier 

With the similarities defined ıt 1s possible to pinpomt 
aud analyse the differences between the hollows These 
differences are of three types (1) Large divergences 
from the k-curves, which define mountain hollows not 
caused by corre glacier erosion (2) Smaller random 
divergences caused by occurrences like ice sheet over- 
flow, lithological changes and so on (3) Systematic 
variations which give rise to the different values of k 
Cornes with different values of k are found all over 
Highland Britain, and many areas contam all types, 
which suggests that the controlling factors are very local 
—prineipally structural rather than climatic The schrund- 
line corrie, for example, 1s especially associated with 
granitic rocks on account of particular jointing charac- 
te1istics often found in these 

One general conclusion which can be drawn from the 
whole study can be mentioned It 1s quite clear that 
both erosion processes (related to the glacial flow pattern) 
and 1ock structure are very umportant in the production 
of glaciated landforms They act together and neither 
can really be said to dominate the other 

The research described here was carmed out while I 
held a DSIR research studentship in the Department 
of Geography, University of Cambridge, from 1963-66 
I thank all those who gave ther support 

VALERE M HAYNES 

Department of Geography, 
University of Strathclyde 
Received November 22, 1967 
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Petrogenetic Significance of Alkali 
Feldspar Megacrysts and their Inclusions 
in Cornubian Granites 


Tue problems pecuhar to the Land’s End granites are, 
by vutue of their chemical mmeralogical and geophysical 
affinities!, common to other exposed granites in Cornubia 
Fimdings concerning the Land's End granites can there- 


NATURE, VOL 217. MARCH 16. 1968 


fore be extended to all granites ın south-west England and 
possibly to sumilar granites throughout the world 

The porphyritic biotite granites contain large alkah 
feldspar crystals of variable length (up to 18 cm) These 
big crystals (megacrysts) form a coarse micioperthite 
with albrte and may contain small crystals of all the other 
minerals comprising the gramte The most common 
inclusion ıs biotite which may be centrally or zonally 
arranged or regularly distributed 

This prelummary communication describes the nature 
of the zonal distribution of mmerals withm the megacrysts 
and discusses their petrogenetie significance 

Alkali feldspar megacrysts are primarily a feature of 
the coarse porphyritic granites of Cornubia At Land’s 
End they are an average of 6 cm long and constitute about 
a quarter of the total rock volume (excluding groundmass 
perthite) The megacrysts are white when fresh and 
tabular ın habit, they are flattened parallel to (010) 
and generally elongated about a lne bisecting the acute 
angle between the a and c crystallographic axes Twm- 
ning 1s usually on the Carlsbad law and the composition 
plane (010) may be stepped or curved The crystals are 
set ın a coarsely granular groundmass of anidiomorphic 
quartz and perthite, plagioclase (albite—oligoclase), biotate, 
subsidiary muscovite and frequent tourmalme The 
margms of the megacrysts often show imphcate texture, 
especially where the crystals are proximal to quartz, 
although straight contacts are not unusual Contacts 
with plagioclase, which is invariably replaced, are serrate 
or lobate, while mica/megacryst contacts are straight or 
zigzag depending on the orientation of the mica Second- 
ary muscovite frequently penetrates the megacrysts 
along cleavage cracks or follows the direction of perthite 
strmgs, primary nucleation would be expected at sites 
where the anorthite molecule was breakmg down 

In hand specimens both biotite and quartz are obvious 
inclusions; the biotite ıs often arranged im well defined 
zones which are frequently parallel to the boundary of 
the megacryst The number of zones varies, with at least 
one principal inner zone and occasionally one or more 
peripheral zones 1-2 mm from the margin Quartz 
inclusions are simuarly arranged in peripheral zones as 
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Fig 1 Perthite megacry st showing zones of inclusions Black, biotite, 
clear, quartz, stippled, plagioclase (Specimen from Carn-a-langa 
quarry, Land’s End ) 
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discrete, elongated, clear patches Plagioclase occurs 
as small (0 6 mm) subhedral to euhedral crystal inclusions 
which vary considerably ın shape and size and, although 
the centres are often preferentially altered to secondary 
micas or clay mmerals (a reflexion of the breakdown of 
the more calce core), the crystals are frequently mantled 
with a thin pellicle of clear albite Tourmalme inclusions 
usually show a replacement texture towards the feldspar 
and are therefore secondary in origin? 

In thin section the inclusions reveal significant features 
The quartz grams which occur as rounded water-clear 
blebs, 0 3-1 mm long, rarely exhibit strain effects, while 
the metasomatic quartz ‘“‘pools” or composite masses m 
the groundmass frequently show stram shadows and 
indicate late stage replacement textures; likewise, the 
interfeldspathic brotites are not, as a rule, as large 
(< 2mm) or as chloritized as the intrafeldspathic varieties 
These two facts suggest that the mceluded biotite and 
quartz are derived from the mıtıal fine grained crystal 
“mush” early in the pluton’s history This pre-dated the 
extensive metasomatic and contamination effects which 
were superimposed on this aplogranitic material’? as 
crystallization proceeded, and the important silico-potassic 
aqueous phase separated from the “magma”, mclusions 
suggest a grain size of 0 3-2 mm for the aplogranite 

Fig 1 wlustrates a typical megacryst with several zones 
of included biotite and quartz, these zones of oikocrysts 
within the chadocryst can be expressed in diagrammatic— 





















Time versus concentration of potassium long, illustrating the stages at 
which the three inner biotite zones of Fig 1 feldspar become included 
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graphic form (Fig 2), which illustrates the 1ele- 
tionship between time and the concentration of 
potassium ions in the perthite megacrysts The 
correlation between the biotite zones, megacryst 
growth and accelerated periods of potassium 
metasomatism 1s evident, and ıb can often be 
shown that the obtuse angles in the biotite zones 
le on common axes These represent uniform 
directions of growth, and by tracing the axes 
back to their origin some estimate of the original 
size of the seed crystal can be obtamed The 
distribution and orientation of these seed crystals 
within the perrpheral zones of the pluton, and 
ther subsequent metasomatic history, can be 
shown to have some bearing on the distribution 
of the coarse porphyritic and non-porphyrtic 
granites of south-west England! 

The granites of the Cornubian peninsula are 
composite, serokinematic to postkmematie rocks 
representing the upper protrusions of a high-level 
pluton elongated from WSW to ENE, the 
possibihty that the granite outcrops of Devon 
and Cornwall could belong to the same mass was 
realized by de la Beche ın 1839 and referred 
to m his classic report? Furthermore, ıt has 
been shown that the Land’s End granite 1s a 
composite body consisting of a coarse grammed 
porphyritic outer phase, and a medium to fine 
grained (non-porphymitic) core, ın several localities this 
core has extensively vemed or broken through the 
porphyritic envelope 

Fig 3 1s a cross-section of the Cornubian pluton In 
it a correlation 1s made between the granites of the 
Seilllies, Land’s End, Carnmenellis, St Austell, Bodmin 
and Dartmoor, and illustrates the composite nature of 
the pluton. In the west, very little non-porphyritic 
granite 1s exposed, this being overlain by the coarse 
porphyritic envelope, ın the east, the non-porphyritic 
granite 1s often the rule, with isolated outcrops of the coarse 
porphyritic envelope exposed on hulls and tors (for 
example, Hay Tor, Dartmoor), and nearer the margin 
These facts indicate a lower level of erosion in the Dart- 
moor granite and the sloping nature of the roof zone from 
east to west This 1s confirmed by geophysical evidence 
which shows that the pluton and its roof become thmner 
from east to west4 

Although field evidence at Land’s End suggests partial 
remobilization of the finer core, the composite nature of 
the granites 1s not attributed to separate intrustons, 
but rather to the concentration of the metasomatizing 
agent, potassium, beneath the granite roof or withm a 
differentiation ‘front’, The potassium ions are believed 
to have been concentrated around the cooling margin of 
the granite by migration along a thermal and/or chemical 
gradient! The action of potassium metasomatism out- 
side the mai body of the gramte 1s demonstrated by the 
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Fig 3 Correlation diagram of Cornubian granites 
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coarse stipple, coarse porphyritic granite envelope, white, 
(Thickness of pluton based on geophysical evidence’ ) 
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development of biotate-rich hornfelses formed by the 
biotization of hornblende—plagioclase hornfelses’.§ The 
effect of late-stage potassium metasomatism within the 
granite (autometasomatism) is illustrated by the develop- 
ment of double-enclaves, and the metasomatic replace- 
ment of early formed plagioclases which then continued 
to grow across granite/hornfels and granite/aphite contacts 
The development of these secondary alkah feldspar 
megacrysts across aplite/pegmatite and aphite/granite 
contacts in the Carnmenellis granite has previously been 
eited as evidence for the postconsolidation development 
of these crystals’ 

Field evidence permits the interpretation that the 
alkah feldspars grew under the imfluence of potassium 
metasomatism within a crystal “mush”? or near solid 
environment It is, however, the primary origm of these 
feldspars which 1s being questioned, and I conclude that 
the cores of many of the alkah feldspar megacrysts were 
originally magmatic in origin and albitic (An 0 -An 10) 
m composition; a quartz—orthoclase—plagioclase—biotite 
matrix would be a natural presumption for anatectic 
granites*:® The crystals were orientated mto parallel 
ahgnment and occasional convection swirls by viscous 
flow, this took place during the progressive emplace- 
ment of the crystal mush while under the influence of 
a regional stress-gradient field During periods of ensuing 
potassium metasomatism, replacement of these “seed 
crystals” was accompanied by iregular endoblastic 
growth, the groundmass minerals immediately adjacent 
to the seed crystals probably constituted an “‘aphtic” 
matnx of quartz, plagioclase and biotite, lubricated by 
a hydrous phase?, and were enveloped durimg the m- 
creased rate of growth of the seed crystal which later 
slowed down because of impoverishment of suitable 
adjacent material Durimg periods of slow growth, ıt 
seems that the surrounding minerals were pushed aside, 
only to become enveloped when crystal giowth accelerated 
in some way ‘These zones or periods of accelerated 
growth are correlated with advanemg waves of potassium 
metasomatism, or increases in potassium concentration 
withm the granite which, by virtue of an established 
concentration and temperature gradient, tended to 
migrate towards the periphery and give rise to a highly 
metasomatized marginal granite Alternations of highly 
porphyritic granite within the coarse non-porphyritic 
granite are attributed to metasomatic fronts the activity 
of which was curtailed by the attenuation of the meta- 
somatic physicochemical conditions 

B Boots 
Department of Physical Sciences, 
Wye College (University of London), 
Ashford, Kent. 
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Mesospheric-Stratospheric Coupling 


Tars communication describes an investigation of meso- 
spheric-stratospherie relationships between electron 
densities and collision frequencies with stratospheric 
temperature or constant pressure heights as measured 
during winter periods of 1964 and 1965 by the wave 
interaction method of Ferraro and Lee? 

Shapley and Beynon? indicated evidence for the cor- 
relation of the phenomenon known as stratospheric warm- 
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ings with the wmter anomaly m ionospheric iadiowave 
absorption They showed that periods of an extra- 
ordinarily warm stratosphere comode with periods of 
strong radiowave absorption Beynon and Jones? believe 
there ıs a common cause behind the similarities in 
behaviour of the seasonal variations of monthly means 
of stratospheric temperature and mesospheric neutral 
density and collision frequency Regression equations 
developed by Quiroz and Thompson‘ show correlations 
between neutral density, pressure and temperature in the 
stratosphere and mesosphere to be good in general We 
have mvestigated associations of electrical effects and 
neutral temperature and of mesospheric—stratospheric 
coupling 

In the D region, where the electron density generally 
increases with height, an mcerease m neutral temperature 
in and below a layer will cause the layer to hft Thus the 
electron density at a fixed height in the layer decreases 
Solar influences may, however, interfere with this relation- 
ship An merease in solar activity may imcrease the 
electron density in a layer, whereas an increase in zenith 
angle tends to raise the layer 

Mawdsley® suggests that enhanced electron density 1s 
related to winter high-latitude anomalies of temperature 
through a photochemical process mvolving nitric oxide 
Motions responsible for high densities and temperatures 
in the mesosphere might also be responsible for temporary 
enhancements of nitric oxide content of the mesosphere, 
leading to greater electron production by Lyman alpha 
radiation J B Gregory (private communication) feels 
that “ the basic mechanism (for such correlations) 1s 
the upward development of long planetary waves of the 
troposphere and stratosphere” 

Electron collision frequency is a function of electron 
temperature and neutral density Electron temperature 
in the mesosphere 1s influenced by solar radiation, heat 
conduction—particularly from the thermosphere—and 
heat convection Convection which would increase neutral 
density and electron temperature would also increase 
collision frequency 

Absorption of radiowaves ıs caused by a loss of energy 
through electron-neutral collisions, the absorption co- 
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efficient 1s proportional to local electron collision frequency 
and electron density, and an increase of either or both of 
these vanables might cause the kind of associations 
reported before? The absorbing layer may be raised 
without change in absorption if, for example, an increase 
in temperature at lower layers causes an increase m 
neutral density and collision frequency and a decrease ın 
electron density 

If planetary waves are solely responsible for electx:ical- 
neutral coupling, then there should be some associated 
tıme lag This was not evident m Shapley’s mvestigation 
although ıt may account for lack of coupling when “quet” 
winters are studied 

Combmation of the gas law and the hydrostatic 
approximation gives 

zZ 


Ln(p)—Ln(p.)=— y aZ 


This equation shows that through hydrostatic coupling, 
an increase in temperature in a column of air between Z 
and Z, would cause an increase m pressure at the height 
Z xf the pressure at Z, did not vary appreciably At 
sufficiently high levels, the pressure merease 1s of such 
magnitude as to cause a density merease im spite of the 
temperature increase This mechanism accounts qual- 
tatively for the results of Quiroz and Thompson 

Perturbations moving vertically ın the wind fields may 
cause similar disturbances at different levels This could 
result m the type of hnkmg suggested by Mawdsley 
Apparent Imkmg of parameters at different levels may 
only be the result of sumlar reactions of the various 
parameters to outside influences For example, an increase 
m solar activity might cause an merease in neutral and 
electron temperature in the mesosphere and m tempera- 
ture ın the stratospheric ozone layer 

The Meteorological Rocket Net (MRN) data reports at 
Fort Greely (Alaska) Fort Churchill] (Canada) and Cape 
Kennedy (Florida) were chosen because of their larger 
number of rocket shots reachng 55 km These reports 
were used for comparing stratospheric temperature with 
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Table 1 SUMMARY OF TEMPERATURE AND DENSITY COUPLING 
Site Correlation coefficient 


Fort Greely, Alaska R=0 92 at 60 km 
1965-66 Nov, Jan , and Feb data 
R=0 58 at 50 km 
Nov , Jan , and Feb, data 
R=0 59 at 70 km 
Nov , Dec , Jan , Feb , and March data 


Cape Kennedy, Florida 
1965-66 

Wallops Island, Virgima 
1961-63 


density and pressure at 50 and 55 km NASA Technical 
Reports R-211 and R-245 were chosen as sources of data 
for comparison of atmospherie density at 70 km with 
stratospheric temperature for Wallops Island 

Fig 1 shows temperature and density coupling at a 
northern location, and Table 1 summarizes the results at 
other locations 

The greater correlation coefficient and more evident 
seasonal trend of monthly data at Fort Greely indicate 
the greater degree of covariant changes associated with 
hugh latitude wintertame stations The Wallops Island 
result indicates that the coupling shown here and pre- 
viously by Quiroz and Thompson does extend well mto 
the mesosphere Fig 2 shows the existence of coupling 
of pressure at 55 km with stratospheric temperature 

In order to determine “‘small scale” coupling, changes 
of temperature and density over 1 to 5 days at different 
levels were compared Because observations were not 
available on consecutive days, changes over the shortest 
period that the frequency of the soundings permitted were 
used Fig 3 indicates that small scale coupling does 
exist, although 16 1s not of the magnitude of the larger scale 
seasonal couphng Notice that seasonal trends are now 
absent along the hne of regression 

Because of the scarcity of wind data at 40 and 50 km 
levels, only a small portion of the data was spaced closely 
enough for a study of vertical couphng 

Fig 4 shows time series graphs for Fort Greely and 
White Sands, selected for the years 1962-63 because of 
the significant change in zonal winds during the “sudden 
warming”? which occurred on January 18, 1963, at Fort 
Greely There 1s no significant coupling, except for some 
large scale events, such as the slow trend reversing the 
easterly wind to a westerly wind after the “sudden 
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warming” It 1s difficult to detect couplmg 
of smaller perturbations because of missing 
data 

Electron density and collision frequency 
measurements have been provided on a semi- 
daily basis by phase and amplitude wave 
mteraction expermments conducted by the 
Ionosphere Research Laboratory at the 
Pennsylvania State University by Ferraro 
and Lee The electron collision frequency 
used ıs representatrve of electron-neutral 
collisions Because the measurements were 
made m the mesosphere over State College, 
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levels and temperature at 10 mbar at the 
nearest station, Pittsburgh, Pennsylvama, 
were chosen for comparison Radosonde 
balloon ascents are made here twice daily 
with special care ın order to reach high 
elevations The measurements at 0700 h and 
1900 h were averaged to give a representative 10 mbar 
height or temperature 

Measurements of electron collision frequency were aval- 
able for 16 days m January and 16 days m February 1964 
The measurements were made for heights of 70, 75, 80 
and 85 km several times daily, usually from 1000 h to 
1500 h ust, and then averaged to give a daily average 
collision frequency Electron density measurements at 
70 km for 39 days m January, February, March and 
December of 1964 and January 1965 were also available 
for comparison In this case, an approximate value was 
chosen for 1200 h usr to be compared against 10 mbar 
temperature in Fig 5 

The coupling between temperature at 30 km and 
atmospheric pressure and density at higher levels as 
detected by Quiroz and Thompson has been confirmed 
and found to extend to higher levels then previously 
noted The coupling seems to be stronger for high than 
for low latitudes Correlations are largely the result of 
covariant seasonal changes, and only partly the result of 
short period changes This mdicates that the coupling of 
these parameters 1s strongest m periods of large tempera- 
ture’variations at high latitudes ın the winter hemisphere 
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Correlations between 70 and 35 km were smaller, possibly 
partly because of mereased error of measurements and 
the smaller number of measurements made at these 
levels In general, some hydrostatic-type coupling exists 
between middle stratosphere temperature and pressure 
and neutral density of the upper stratosphere and lower 
mesosphere The existence of short-period dynamic wind 
coupling is not evident from the results, but zonal winds 
of different levels do seem to undergo similar major 
long-period changes during the winter months 

Because of the large variability of temperature, neutial 
density, electron collision frequency and electron density 
during the winter months, it was hoped that a coupling 
of these parameters could be discovered No significant 
relation was, however, found between temperature ın the 
stratosphere and electron density or collision frequency 
Significant relationships between these may not exist, 01 
may be obscured by time lags, observational errors or by 
the mfluence of other variables Because previous “‘suc- 
cessful” comparisons were made durmg periods of 
“explosive warmings”, ıt 1s still possible that there 1s 
no significant coupling between electric variables m the 
mesosphere and middle stratosphere temperatures during 
ordinary warmings. 

This work was sponsored by the US National Science 
Foundation 

Wittiam C Harp * 

Ionosphere Research Laboratory, 
Pennsylvania State University, 
University Park, 
Pennsylvania 


Received February 12, 1968 
* Present address US Naval Weapons Laboratory, Dallgien, Virginia 
t Heard, W C, Scventific Report 297, Ionosphere Res Lab , Pennsylvania 
State Univ (1967) 
? Shapley, A H ,and Beynon, W J G , Nature,206, 1242 (1965) 
3 Beynon, W J G ‚and Jones, E S O , Nature, 206, 1243 (1965) 


‘Quiroz, R S, and Thompson, G J, Tech Rep, Aw Weather Service, 
USAF, No 187 (1966) 


$ Mawdsley, J , J Geophys Res , 66, 1298 (1961) 


PHYSICS 


Effects of Drag-reducing Additives 
on Vortex Stretching 


Giles and Pettit! have shown that, in tubes of small 
diameters, solutions of additives which reduce turbulent 
drag can apparently maintain laminar flow at Reynolds 
numbeis greatly above the hmıt of about 2,000, which 
for water usually marks the onset of turbulent flow The 
fiction factor rises above the Hagen—Poisewlle lme, 
howeve1, and Giles and Pettit attribute this to a shear- 
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thickening of the fluid, and suggest that the viscosity of 
the additive solution effectively increases at sufficiently 
high shear rates. 

This explanation seems improbable because results for 
two different tube sizes, one nearly twice the diameter 
of the other, correlate on the basis of Reynolds number. 
If shear thickening were involved, the apparent viscosity 
would be expected to be a function of shear stress, which 
must be greater in a smaller diameter tube than in a larger 
one for equal Reynolds numbers. Thus the results should 
not correlate with Reynolds number. An alternative 
explanation could be that although dye traces at the 
centre of the tube indicate that the flow there is laminar, 
nevertheless non-linear laminar oscillations occur close 
to the walls of the tube. As Stuart has shown’, this could 
give rise to an increased friction factor, (Although 
Stuart's work refers to plane Poiseuille flow, the probabil- 
ity that similar finite-amplitude disturbances can occur 
in Poiseuille flow through a pipe has been demonstrated 
by Dixon and Hellums?.) If the disturbance flows were 
geometrically similar for the same Reynolds numbers in 
different tubes, the friction factor would then be a function 
of Reynolds number. 

Evidence that the flow with additives is not completely 
steady in quasilaminar conditions was obtained as follows. 
Dye was injected into the flow through a glass tube (Fig. 1) 
‘so that the dye would flow close to the walls of the tube. 
There were two dye injection holes at 90° spacing. At 
the top of the tube was a rounded entry slightly smaller in 
diameter than the bore of the tube: the resulting step 
should tend to provoke early transition. The speed 
could be varied by varying the height of the outflow 
point. Fig. 2a shows the dye flow with 92 p.p.m. poly- 
ethylene oxide ‘Polyox WSR 301’ at a Reynolds number, 
based on diameter, of about 4,000. (In Fig. 2a, as in 
Figs. 2b and 2c, the flow is from top to bottom and the 
exposure time is about 30 us.) Although the dye filament 
does not break up into turbulence it is nevertheless dis- 
turbed. Such disturbances could have caused the mano- 
meter oscillations reported in ref. 4. For comparison, 
Figs. 2b and 2c show dye traces for plain water and for 
11 p.p.m. of ‘Polyox’, respectively, at a Reynolds number 
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a b 
Dye filament photographs, 


Pig. 2. 


of about 8,000. The latter very dilute ‘Polyox’ flow, - 
although apparently turbulent, shows much less complete 
mixing of the dye than the water flow. 

Pfenninger gave a possible explanation of such effects’ — 
additives can inhibit vortex stretching. This could delay 
the breakdown of non-linear laminar oscillations into 
turbulence, because the oscillations can be regarded as a 
pattern of vortex filaments close to the pipe wall, chiefly 
transverse to the flow direction, and breakdown into 
turbulence involves a convolution and hence a stretching 
of these vortex filaments. Similarly less mixing would 
occur in fully turbulent flows if vortex stretching were 
reduced. Some support for this hypothesis was provided 
by the experimental arrangement sketched in Fig. 3. 
The rod shown was rotated at about 5,000 r.p.m., so 
generating a thin core of vorticity on the axis of the tube 
leading to the orifice. As the flow passed through this, 
the vortex filament was stretched and intensified as in 
a bath-plug vortex. In Fig. 4 the time for a given quantity 
of fluid in the header tank to pass through the hole under 
the action of gravity is plotted against the concentration 
of dissolved ‘Polyox’. It can be seen that the additive 
increases the flow time, presumably by making it more 
difficult to stretch the vortex. (When the rod was not 
rotated the flow time was the same as for water.) Similar 
effects were obtained with solutions of the polyaeryl- 
amide ‘Separan AP 30’, and of cetrimide—alpha naphthol 
mixtures of a type found®? to reduce turbulent drag. 
Guar-gum solutions, however, behaved the same as water. 

The threshold shear stress for the onset of turbulent 
drag reduction® is higher for guar-gum than for the other 
substances quoted, so these results might be interpreted 
as supporting Pfenninger’s hypothesis, on the assumption 
that in the experiments of Fig. 3 the vorticity was simply 
not intense enough or the stretching violent enough to 
produce measurable effects with guar-gum. It was 
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found, however, that ‘Polyox’ solutions, aged either by 
storage for about a week or by gentle pumping for a few 
hours, also lost the ability to slow down the vortex flow 


of Fig. 3. Moreover, they produced less suppression of 


turbulent mixing in the dye experiments of Fig. 1 than 
fresh solutions. (Figs. 2a and 2e are for fresh solutions.) 
Tt had previously been foundè? that aged solutions 
produce as much turbulent drag reduction as fresh ones, 
so this seems at first sight to show that the inhibition of 
vortex stretching cannot be relevant to drag reduction. 

-Further investigations have shown, however, that 


-o though the effects of ageing on drag reduction are indeed 


‘small at higher concentrations and high levels of the 
“friction stress, there is some loss of effectiveness at lower 
concentrations around 10 p.p.m., and this loss is very 
marked at relatively low levels of the friction stress (for 
example, when the flow speed at the edge of the boundary 
layer, or at the centre of the pipe in pipe flow, is only of 
the order of 150 cm s~). At these lower levels of the 
- friction stress the turbulence structure is coarser, so that 
the vorticity stretching processes perhaps approach more 
nearly in scale those of Fig. 3. To modify these, the 
presence of molecular aggregates may be needed, but when 
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the- aegrogaic a are broken. up by ageing! the foid may 


still perhaps be able to- affect the smaller, more intense 


stretching processes found in highly sheared turbulens _ 


flows. Thus it may be that Pfenn‘nger’s. hypothesis it : 
correet, though to establish it firmly it would be desirable 
to set up a vortex stretching experiment in which the 
length scales are smaller and the accelerations more 
intense than those of Fig. 3 

G. E. GADD 
Ship Division, 
National Physical Laboratory, 
Middlesex. 
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Interference of Sub-millimetre 
Waves over 450 m Path Difference 


SUB-MILLIMETRE waves are attractive for metrology over 
long distances, because they are not much scattered by 
fog or cloud} and can be specularly reflected from ordinary. 
machined surfaces. A device using interference over a 
long path difference would give a simple method of measur- 
ing small movements of a distant body and could be 
developed for 
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Fig. 1. Diagram of beating experiment. 


the precise measurement of distances... 
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Fig. 2. Apparatus for recording interference over 450 m path difference. 


Interference between beams which have traversed a large 
path difference requires that the radiation be confined 
to a narrow bandwidth, and to this end we were inter- 
ested in finding the effective line width of the continuous- 
wave 337. maser®. A preliminary experiment was carried. 
out by beating two masers together as shown in Fig. 1, 
using a Putley indium-antimonide detector? as the non- 
linear mixing element. 

Using single sweep operation of the oscilloscope, transi- 
ent beat frequencies ranging between 20 kHz and 3 MHz 
were recorded, but instability of the masers causes the 
beat frequency to vary over periods of a few milliseconds. 
If, however, one of the masers is set to give maximum 
signal, while the second is tuned through its resonance 
position, the beat frequency first appears at about 3 MHz, 
decreases through a minimum of a few kHz and then 
increases again. ‘This indicates that the maser can 
radiate over a band-width of a few MHz, but for short 
periods the emission line is much narrower. 

To make a quantitative determination of the coherence 
length of the radiation, we built the interferometric 
apparatus shown in Fig. 2. A corner cube (made by 
Plessey Radar, Ltd.), accurately constructed to preserve 
phase coherence of the reflected beam, was used as the 
distant reflector. A maser with a dielectric film in the 








Refiector displacement 


Fig, 3. Fringes recorded over 160 m path difference. 


resonant cavity gives two beams of 337u radiation. The 
“signal” beam, which is reflected back along its path” 
by the corner cube, is modulated at 15 Hz and is mixed: 
with the unmodulated short path or “local oscillator’ 
beam at the Golay detector. This heterodyne method” 
of detection as applied to submillimetre waves has been 
deseribed elsewhere. Interference fringes were recorded 
as the corner cube was slowly displaced, and have been 
obtained when the signal beam has travelled a total 
distance of 450 m. Fig. 3 shows fringes obtained at an” 
intermediate distance. 

Using the expression 

c 

Ia 
to define the coherence length L, where Av is the frequency 
bandwidth and c the speed of light, we see from this result 
that the radiation line width is not greater than 700 kHz 
and may well be much less, In addition, in the atmo- 
spheric conditions prevailing, phase coherence was pre- 
served over the 450 m path. 


L 
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THE SOLID STATE 


Interstratified Structure formed from 
a Pre-heated Mica by Acid Treatments 


In this study we used sericite specimens of the 2M, type. 
The chemical composition of one of them is shown in 
Table la. This sample was pulverized to a fine powder 
in an agate mortar, heated in a platinum erucible for 
some time (5 min-4 h), quenched to room temperature 
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and treated with hydrochloric or sulphuric acid. In this 
way the sample was easily changed, wholly or in part, 
into an interstratified mineral. 

We found that for the sample to change into an inter- 
stratified mineral it should be heated to the temperature 
range of dehydroxylation. In our experiments, the 
duration of pre-heating did not seriously affect the amount 
of interstratified mineral produced, but the duration of 
treatment with the acids was important. The inter- 
stratified structure was formed even when the pre-heated 
sample was boiled for a few minutes with the acids. The 
> Jonger the treatment with acids, the more interstratified 
mineral formed. 

The product obtained after the treatment with 6 N 
hydrochloric acid for 1 h is shown in Table 16, which 
gives the following structural formula 


Ca00l\ SAL 1-95 
(« oso )( Ro 0-03 )/Si 3:30 
Na o17/\Me 0-02 (a10-70 O..00(OH)2,01(HsO)o.76 


‘The structural formula of the original sericite was 


"Ca 0-01 Al 1-83 Si 3-10 
K 079 ) (to 008) (5 0-88 
Na 0-17 Mg 0-02 Ti 0-02 


Under the electron microscope, 
sizes are well preserved. 

The pre-heated sample, treated with 0:8 N sulphuric 
acid for 8 h showed a 22-7 A reflexion (Table 2a), which 
expanded to a 23-3 Å spacing on treatment with ethylene 
glycol, and contracted to a 10 A spacing when heated at 
500° C for 1 h and then quenched to room temperature. 
This suggests that the structure consists of a nearly 
regular alternation of mica-like layers (M) 10 A thick 
and hydrous mica-like layers (H) 12-7 A thick, because 
there is a reflexion with a long spacing which has a repeat 
distance of 22-7 A (10+12-7) and basal reflexions at sub- 
multiples of this distance. The X-ray properties are 
those of an “‘allevardite” structure with a single layer of 
water molecules, as reported by Brindley’. ‘Allevardite’ 
has been shown to be identical to ‘Rectorite’?. 


Oo.58(OH)o. 42 


the original shapes and 


Table 1, PERCENTAGE CHEMICAL COMPOSITIONS OF THE ORIGINAL SRRICITE 
(a) AND THE SYNTHETIC 22-7 A MINERAL (b) 
(a) (b) 
SiO, 47-24 48-45 
TiO, 0-38 tr. 
ALO, 35-04 33-02 
e0; je, l . 
FeO 0°59 j 0-58 
MnO tr, tr, 
MgO 0-21 0-18 
CaO 0-16 0-08 
K,0 8-75 6-10 
Na,O 1:37 1°28 
H,0(+) 5:52 TTT 
H,O(-) 6-32 2-22 
P,0; None None 
Total 99-58 99-68 


Table 2. X-RAY POWDER DIFFRACTION DATA 


(a) (b) 
a (Ay I d (A) I 
22-7 202 256 115 
Iti 424 (8) 125 86 
7-56 2 
5-64 60 5-07 29 (8) 
4-55 19 (8) 
3-25 244 (8) 3-62 2 
282 8 3-20 13 
2-52 23 (8) 2-893 1 
2.95 1:3 (8) 
2-036 80 (s) 
1-881 7 
1-508 1 1-678 15 
1-417 7 
1-258 7 (8) 1-439 3 


4, An interstratified mineral synthesized from sericite; b, a sample treated 
ah 1-2 per cent magnesium chloride solution for Lh. Cu Ka radiation was 
used, 

8, Reflexions overlapped by mica reflexions. 
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When this product was boiled with 1-2 per cent magne- 
sium chloride solution for 6 h, the X-ray behaviour of 
the sample resembled that of the regular interstratified 
mineral mica-montmorillonite; that is, a 25-6 A reflexion 
was obtained (Table 2b), which expanded to a 27-2 A 
spacing after treatment with ethylene glycol. 

The Fourier transform method of MacEwan et al.* 
revealed the following probabilities of stacking: Py = 
0-57, Pr=0-43, Puy = 0-30, Pun =0-70, Puy =0-07, 
indicating that the structure is close to the completely 
reguiar type. 

It is interesting that the original sample clearly showed 
an endothermic peak, caused by dehydroxylation, at 
about 670° C, which disappeared when the sample was 
heated at 800° C, and reappeared at a lower temperature 
after treatment with acids (Fig. 1). Such rehydroxylation 
was also confirmed by infrared absorption spectroscopy. 


be 


1,000 





Ekera eda 


°C 


Fig. 1, Differential thermal analysis curves of the original mica sample 

(S), after the sample was heated at 800° C (No. 1541), after the pre- 

heated sample was treated by sulphuric acid (0-8 N) for 10 min (No. 

1633), and after the pre-heated sample was treated with sulphuric acid 
(0-8 N) for 4 h (No. 1636), 


When the physico-chemical methods used to examine 
the sericite were also applied to macroscopic muscovite 
we found that an interstratified structure of the same 
type had been formed in part in the flakes, but we could 
not confirm this for the phlogopite flakes. 

As shown before’, this is an easy method of forming an 
interstratified structure, and the result seems to be pertin- 
ent to the discussion of the origin of interstratified clay 
minerals. 

K. Tora 
T. Supo 
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Otsuka, Bunkyo-ku, 
Tokyo, Japan. 
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CHEMISTRY 


Hydrothermal Synthesis of Sodium— 
Mordenite in Pebble Form 


MorDENITE is one of the more common low-temperature 
sedimentary zeolites’. It can be regarded as a hydration 
product of volcanic glasses and lavas and is, for example, 
formed by the crystallization of obsidian glass on exposure 
to a natural, acid hydrothermal solution at 230° C in a 
New Zealand borehole?. Such observations have led to 
the industrial development of sodium—mordenite syntheses 
from naturally occurring materials, particularly volcanic 
glasses and pumice, in well defined experimental con- 








“Pebbles” containing 75 per cent weight mordenite. General 


Vig. l. 
iew looking down on mass removed from end of autoclave. 
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ditions’. Thus synthetic mordenites are usually formed 
as hard or semi-hard aggregates of extremely small 
crystals {< 20u diameter) after hydrothermal preparation 
at high pH (c. 11-5) and temperatures ranging from 100° 
to 260° C. 

We have recently reinvestigated the hydrothermal syn- 
thesis of sodium—mordenite from finely divided pumice and 
aqueous “water-glasses’?4, The preparative conditions 
were chosen to give sodium-mordenite as a single erystal- 
line phase’. We found it difficult to increase the yield of 
mordenite above about 75 per cent weight, and the pro- 
duets were invariably contaminated with small amounts 
of albite, analcite, «-quartz and unreacted pumice. The 
hard crystalline masses were characterized by stratifica- 
tion, the mordenite being concentrated at the top in 
contact with the reaction mother-liquor. For this reason, 
the syntheses were repeated using constant agitation of 
the reactants at about 250 Ib/in.? gauge in a “rocking” 
autoclave. The hydrothermal products were found to be 
chiefly “pebbles” (Figs. 1 and 2) of from 70 to 90 per cent 
weight mordenite, as a single crystalline phase, seb in a 
matrix of powdered mordenite, unreacted pumice and 
crystallized “water-glass”. The size of the “pebbles” 
and their mordenite content were found to increase with 
the duration of hydrothermal treatment at the same 
pressure. 

The unexpected appearance of “pebbles” in the syn- 
thesis led to speculation on their mode of origin, par- 
ticularly because they slightly resembled seme natural 
pebbles of mordenite from the type-locality, Morden, 
King’s County, Nova Scotia’, which had been used in 
earlier experiments. These pebbles were amygdales 
weathered from a basalt and sometimes contained needles 
of just sufficient breadth—-about 30u--for X-ray single 
crystal structure determinations. 

Thin sections of the “pebbles” show a carious, fine- 
grained mass of overlapping anhedra of mordenite about 
0-01 mm in diameter, together with dust (possibly pumice 
fragments), a few small anhedra of quartz and very rare 
fragments of pyroxene presumably unreacted portions of 
the starting material. The small cavities were subcircular 
or flattened; into them projected rectangular or acieular 
edges of mordenite. 

No sign of a layered, concentric texture could be seen 
in the “pebbles”, so they probably did not form by 
accretion. The larger ones in particular were, however, 
slightly moulded on one another, and on the autoclave, 
so that at some stage of their development they were 
plastic. Perhaps once nucleation of the silicate slurry 
started, it proceeded rapidly so that the whole passed 
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above; product moulded 


Fig, 2. 


d by extension by 12 h of the hydrothermal treatment giving product 1 
to part of autoclave fittings. 
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into a semi-solid “pasty” condition. The quite violent 
movement of the autoclave fragmented the mass and the 
“pebbles” developed by mutual attrition. They remained 
slightly plastic for part of the agitated cooling period, 
during which they sagged on to one another and moulded 
themselves to the autoclave fittings. 
I. M. Keen 
W. J. Kine 
R. WALLS 
BP Research Centre, 
Sunbury-on-Thames, 
Middlesex. 
Received February 15, 1968. 
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Rates of Adsorption of Wetting 
‘Agents and Detergents 


ZETTLEMOYER et al.’ have recently reported considerable 
differences in the rates of adsorption of some isomeric 
surfactants, for example, sodium octyl «-sulphopelargonate 
(1), a wetting agent, and sodium methyl «-sulphopalmitate 
(II), a detergent, to ‘Graphon’. Both I and II have the 
formula RCH(SO;Na*)COOR’, but differ in the lengths 
of the chains R and R’. Type I compounds seem to 
adsorb three-six times faster than type II compounds. 
The explanations cited are a higher diffusion coefficient 
(D) or a faster sticking to the ‘Graphon’ surface for T 
(ref. 1). 

I suggest that the important factor is the difference 
‘in the activities of the actual adsorbing species, the 
monomers and, perhaps, dimers, of I and II in the experi- 
ments performed. Double-chain salts such as I have 
lower surface activity than their long-chain isomers, 
presumably because of greater difficulty of interfacial 
-adsorption*, Indeed, at equilibrium, II adsorbs more to 
‘Graphon’ than I (ref. 1). Similarly, the packing needed 
“to produce large micelles is more difficult for molecules of 
type I and therefore micelle formation is energetically less 
favourable, and the critical micelle concentration (CMC) 
is higher. The CMC of I, for example, is 21x10- M 
(ref. 3), obtained by the somewhat uncertain dye-spectral 
change method‘, while that of II is 4x 10-4 M (ref. 3) as 
obtained by the dye method and 3-2 x 10-4 M from surface 
tensions*, Conductance measurements on many isomeric 
RBO Na* salts, with SO; in different chain positions, 
show similar changes in the CMC (ref. 6). The differences 
expected between molecules of types I and II were dis- 
cussed qualitatively by Hartley? in 1941, who showed 
that type I compounds can produce very low interfacial 
‘tensions, a factor closely connected with their superior 
wetting power. 

Zettlemoyer et al. used an initial concentration of 
5-8 x 10 M, above the CMC for both I and II. Monomer 
activities change very little above the CMC and micelles 
are not surface active, so the “effective” activities of the 
adsorbing species for I and IT are in the ratio of roughly 
õat 58x10- M. The adsorption of I should therefore 
be about five times faster even if there are no differences 
in D and rates of “sticking”, 

Small but significant differences may, nevertheless, 
exist, particularly in D. The free energies of transfer from 
aqueous to hydrocarbon-like media suggest that long- 
chain compounds in water are not tightly coiled, and 
probably have extended random-coil type structures’. 
On such grounds, I should have a higher D than II 
because of greater compactness. Experimental evidence 
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here, however, is conflicting. D can be estimated from 
conductance and transference data using the Nernst- 
Hartley relationship*. The conductance data of Evans* 
suggest an overall decrease in D as SO] is moved towards 
the middle of a chain. The data, unfortunately, show a 
wide scatter. On the other hand, Flockhart® noted a 
higher conductance of C,,H,,SOj;Na* as SO; was moved 
from position 1 to 2 and 4. The calculated D for the 
4-sulphate is higher than that for the l-sulphate by the 
significant factor of 1-26. 

PASUPATI MUKERIER 
School of Pharmacy, 
University of Wisconsin, 
Madison. 
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Standard Potential of the 
Silver-Silver Bromide 
Electrode in Formamide 


As part of an investigation of the behaviour of electro- 
lytes in formamide, we have now measured the molal 
standard e.m.f. of the cell H,/HBr(m)/AgBr/Ag in 
formamide at 25° C. 

Hydrogen and thermal-electrolytic silver—silver bromide 
electrodes were prepared according to the methods of 
Ives and Janz}. Only those silver-silver bromide elec- 
trodes with bias potentials below 150 uV were used. 

Pure formamide was prepared by repeated distillation, 
and had a freezing point of 2-55° C and a specific conduc- 
tance in the range 3-6 x 10-8 ohm em-=!, which is in 
good agreement with values given in the literature’. 
Dry hydrogen bromide gas, generated by the action of 
bromine on tetrahydronaphthalene, was passed through 
formamide, in the presence of dry nitrogen. It was 
found possible to analyse the hydrogen bromides olutions 
by potentiometric titration against aqueous silver nitrate 
solution. The molal standard potential, E’, was determ- 
ined by extrapolating to zero molality the funetion 
E’, given by 

E’ = E+ 2-303 x 2RT/F (log (m)—Ay'm) 
where the symbols have their usual meanings. The 
value of the Debye-Hiickel constant A for formamide at 
25° C is 0-3286 (moles/kg)-?. The values of E’ are shown 
plotted against m in Fig. 1. The best straight line, fitted 
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Fig. 1, Plot of 2’ against molality at 25° ©. 
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usmg a least squares treatment, gives the intercept, 
E”, as 00967 V with a root mean square deviation of 
0 0007 V 
K. W Morcom 
B L Mosu 
Department of Chemistry, 
University of Leicester 
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Enhanced Catalytic Activity of Platinum 
Electrodes resulting from Cathode 
Pretreatment 


A RECENT report}? describes the effect on Raney platinum 
electrodes of cathodic pretreatment in 10N H,SO, Cu- 
rent-voltage curves for the oxidation of formic acid m 
3N HS0, before and after pretreatment were compared 
and the enhanced currents measured for the treated elec- 
trodes were attributed to an adsorbed layer of sulphur 
formed by deposition durmg the cathodic pretreatment 
This 1s surprising because the mnlubiting effect of sulphur 
adsorbed on platmum on many other surface reactions 
and electrode reactions ıs well known and was observed 
by Faraday? Enhanced catalytic activity was also 
observed}? by using electrodes pretreated with gaseous 
hydrogen sulphide at high temperatures and with elec- 
trodes cathodically polarized in solutions of selenium oxide 
in dilute sulphuric acid Extended cathodic pretreatment 
in 10 N HSO, yielded a less active electrode Here, the 
sulphur was said to have formed a monolayer 

At our laboratomes, measurements have been made on 
bright platinum electrodes in a half cell arrangement with 
a hydrogen electrode as a reference electrode ın starred 
solutions of formic acid m 2 N HSO, Electrochemical 
pretreatment steps, similar to those used by Gilman‘, 
ensured that the electrode was in a reproducible state 
The most mmportant part of this treatment consisted of 
holding the electrode at 1 55 V for 30 s and at 0 05 V for 
a further 15 s The steady state current-voltage curve 
for the oxidation of formic acid was measured (Fig 1) 
Cathodic pretreatment in 10 N solutions of three strong 
acids (H,SO,, HClO, and HNO,), stirred by bubbling pure 
nitrogen over the electrode, was then carried out This 
treatment consisted of holding the electrode at —0 25 V 
for an arbitrary time (90s) After the electrode had been 
washed its potential was held at +50 mV for a few 
seconds before measurement of the current-voltage curve 
for formic acid oxidation (Fig 1) The enhanced oxidation 
rate (ıncreased currents at lower potentials) remained 
stable provided the electrode potential was not increased 
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Fig 1 Anodic oxidation of formic acid in 2 N H,SO, on bright platinum 

electrodes Curve 1, results for untreated electrode, curves 2, 3 and 4, 

‘reguits for electrodes “activated” im perchloric acid, sulphuric acid and 
mitric acid, respectively 
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beyond 600 mV for long periods of tıme (that 1s, more than 
4 mim) 

The form of these results agrees with that of those 
previously obtamed by the other workers for activation 
in sulphuric acıd?? The extension of the measurements 
to other strong acids, however, leaves some doubts as to 
the interpretation of these effects 

There are several possible explanations Cathodic 
pretreatment might sumply reduce any remamıng “oxide” 
on the platmum surface, such a reduction could also be 
effected by hydrogen sulphide at ngh temperatures It 
may be, however, that some hydrogen remains on the 
surface of the platmum at potentials where hydrogen is 
not normally expected to be present® If so, the catalytic 
activity would be altered, for there would no longer be a 
true platmum surface Furthermore, ıb could be that sorp- 
tion layers are formed.in which the ions NO}, ClO, and S02- 
are adsorbed on the platmum surface ın some partially 
reduced state m such a way that they catalyse the 
oxidation of formic acid by a redox process It is also 
conceivable that this type of layer could be formed by 
chemical action of hydrogen sulphide on “platinum 
oxide” The lower activity of the Raney electrodes which 
had undergone extended cathodic polarization was prob- 
ably caused by adsorbed 1mpunities or even by inhibition 
by sulphur 

I thank A F Douglas for help with the experimental 
measurements 

J N Hippresron 
The Gas Council, 
London Research Station, 
Michael Road, 
London, SW6 
Received November 20, 1967 


1 Binder, H , Kohling, A , and Sandstede, G , Nature, 214, 268 (1967) 

2 Binder, H , Kohling, A , and Sandstede, G , Advanced Energy Conversion, 
7, 77 (1967) 

3 Faraday, H M , Phil Trans Roy Soc , 55, 72 (1834) 

+*Gilman,5,J Phys Chem , 68, 70 (1964) 

> Schuldiner, § , and Warner, T B , Electrochemnica Acta, 11, 307 (1966) 


Bistability caused by Substrate 
Inhibition of Peroxidase in an 
Open Reaction System 


SEVERAL authors have suggested that more than one 
stable stationary state exists m an open homogeneous 
reaction system, and this suggestion has served as a basis 
for speculative explanations of various biological pheno- 
menai- Although bistability 1s well known in open 
heterogeneous chemical reaction systems, as for example 
an. electrolysis cell with a passrvable electrode’, ıt seems 
that bistabihty has never been observed in an open 
homogeneous system This communication describes such 
a case 

The reaction used ın the experiment ıs the oxidation of 
NADH by O, catalysed by horseradish peroxidase This re- 
action was studied in an open system by Yamazaki et al e, 
who found the reaction to be autocatalytic and that damped 
oscillations in the oxygen concentration of the solution 
may occur when oxygen 1s supplied continuously by 
bubbling with a mixture of oxygen and nitrogen Although 
this 1s not expheitly stated by Yamazaki et al, 1b seems 
from their experimental results that the oxidation of 
NADH 1s inhibited by oxygen, because at high oxygen 
concentrations the enzyme 1s converted to an mactive 
form spectrophotometrically identified as complex TIT 
This substance was originally discovered by Keilm and 
Mann as a reaction product of peroxidase and H,O, 
{ref 9) 

Substrate mhibition 1s one of the possible mechanisms 
which can lead to bistability in an open system, as pre- 
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dicted by Sel’kov'* and Higgms"'. Consider, for example, 
the following formal reaction scheme suggested by 
Higgins}? 


ki 
S + E—— ES 
ky 
ES—+E +P 
ks 
S+HS == ES, 
ke 


where a reversible reaction between the substrate and 
the enzyme-substrate complex to form an mactive com- 
plex (ES) 1s added to the classical Michaelis—Menten 
scheme The steady state rate of consumption of the 
substrate according to this scheme 1s 


g 1 
1+ 46 + 32 (1) 


where é, 1s the initial enzyme concentration It1s assumed 
that the reaction occurs in a stirred solution which can 
exchange substrate by diffusion with a reservoir of con- 
stant concentration The rate of transport of substrate 
into the reaction solution 1s then given by 


= = K(8z— 8) (2) 


where K 1s a constant and ss is the concentration of the 
substrate ın the reservoir For the open system to be in 
a stationary state, the rate of consumption of substrate 
given by (1) must be equal to the rate of transport of 
substrate into the reaction solution given by (2) For 
positive rate constants the curve described by (1) must 
always have a form as shown m Fig 1 Such a curve 
can have one (A) or three (B, C and D) intersections with 
the straight line given by (2) depending on the slope 
and position of this line In the case of only one pont 
of intersection this pomt corresponds to one stable 
stationary state of the system If there are three inter- 
sections, one of them (C) corresponds to an unstable 
stationary state and the two others correspond to stable 
stationary states 

In the present work, the peroxidase catalysed oxidation 
of NADH by O, was studied m an open system slightly 
different from that of Yamazaki et al The expermments 
were performed in a 1x 1 x 4 cm cuvette m a double beam 
spectrophotometer The light absorption was measured 
at 418 mu, where complex ITI has an absorption maximum 
The wavelength of the reference light was 615 my, which 
1s an isosbestic point of the peroxidase-complex IIT 


ds/dt 








8 


Fig 1 Characteristic curve of substrate inhibited enzvme reaction 
For explanation see text 
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Fig 2 Schematic representation of experimental system yielding 


results shown ın Fig 3 
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Fig 3 Simultaneous measurement of oxygen concentration (a)¥and 

light absorption at 418 my (c) of 04 uM horseradish peroxidase 

(Boehringer und Soehne) and 14 mM NADH ın 007 M phosphate 

buffer at pH 55 Oxygen was supplied to the solution by a mixturefof 

O; and N, blown on the surface at arate of 10 ml /s The settinglof the 
oxygen content of the gas mixture 1s indicated ın (b) 


couple The oxygen concentration in the hqud was 
measured polarographically by a vibrating platinum elec- 
trode A mixture of O, and N, was blown at a constant 
tate on the surface of the solution The vibration of the 
electrode caused an efficient stirring and a suitable supply 
rate of oxygen to the solution could be obtamed without 
bubbling the gas mixture into the solution Oxygen was 
continuously supphed to the system but NADH was not 
The initial concentration of NADH was made so high, 
however, that the decrease of NADH concentration during 
the experiment was not significant Fig 2 describes the 
reaction system schematically 

Fig 3 shows the simultaneous measurements of the 
oxygen concentration in the solution (a) and the hght 
absorption at 418 my (c) when the oxygen content of the 
gas rorxture (b) was mereased from zero to a constant 
value, in one case after an mitial pulse and in another case 
without such a pulse It is seen that ın the first case the 
oxygen concentration in the solution increased rapidly 
during the pulse and continued to increase more slowly as 
long as the oxygen content of the gas mixture was kept 
on the constant value When the oxygen in the gas was 
turned off, the oxygen concentration of the solution fell 
slowly to zero In the second case, when the oxygen 
content of the gas mixture was set at the same constant 
value as before but without an initial pulse, the oxygen 
concentration m the solution increased to a very low level 
where ıt remaimed constant until the oxygen ın the gas 
was turned off, after which ıt fell to zero 
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In the experiment illustrated ın Fig. 3 a stationary 
concentration, of oxygen in the solution was not reached 
in the first case when an mitial pulse of oxygen was used 
It was found in similar expermments that a high stationary 
concentration of oxygen could be obtained, but to show 
this 16 was necessary to use a scale of measurement on 
which the low stationary concentration of oxygen could 
not be recorded The very large difference between the 
two stationary oxygen concentrations indicates that there 
1s a large difference between the activities of the enzyme 
in the active and the mhuibited states It was anticipated 
that the distance between the two stationary oxygen 
concentrations could be decreased by the addition of a 
second oxygen consuming reaction which 1s not mhuibited 
by oxygen It was foun] that the addition of the glucose 
oxidase catalysed oxidation of glucose to the reaction 
system as shown m Fig 4 had the anticipated effect The 
production of H,O, as an end product in the oxidation of 
glucose did not seem to play any important part ın the 
reaction system 


O, (solution) 


horse radish peroxidase 


+t 
NADH +H +30, inhibited by 0, 


NADt + H,0 


glucose oxidase 
ene eres 


glucose + 0, gluconolactone+ H, 05 





Fig 4 Schematic representation of experimental system yielding results 
shown in Fig $ 


x 


Fig ö shows an experiment sımılar to that shown in 
Fig 3 except that glucose and glucose oxidase were added 
to the solution besides peroxidase and NADH It 1s seen 
that a high stationary concentration of oxygen m the 
solution was obtained when the constant oxygen content 
of the gas mixture was preceded by a pulse The stabihty 
of the high stationary oxygen concentration 1s evident 
from the fact that ıt 1s approachable from both sides 
The low stationary concentration of oxygen which 1s 
obtained at the same constant oxygen content of the gas 
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mixture when an mitial pulse 1s not used 1s also approach- 
able from both sıdes When a small oxygen pulse was 
apphed after the low stationary oxygen concentration was 
reached, the oxygen concentration 1n the solution increased 
a little but fell back to the original value When the 
pulse was a little higher, however, the system was trig- 
gered into the high oxygen state 

The light absorption measurements ın Figs 3 and 5 
show that the admission of oxygen to the solution leads 
to the formation of a substance absorbing at 418 mp 
This substance can have two different stationary concen- 
trations at the same oxygen content of the gas mixture 
A high oxygen concentration ın the solution, whether 
stationary or not, 1s accompanied by a high stationary 
concentration of the light absorbing substance At a 
low stationary oxygen concentration ım the solution 
the light absorbing substance has a low stationary con- 
centration In the low oxygen state the concentration 
of the absorbing substance varies with the concentration 
of oxygen in the solution The autocatalytic character of 
the NADH oxidation reaction 1s indicated by a lag tame 
between the beginning of the increase of the oxygen con 
centration ın the solution and the beginning of the 
merease of the light absorption Also ıt ıs observed that 
the rate of increase of oxygen concentration during the 
mitial pulse exhibits a deflexion when the light absorption 
1s increasing These phenomena are more evident at 
lower DPNH concentrations and ngher pH The fact 
that the reaction 1s autocatalytic 1s not essential for the 
bistability 

These findings are consistent with the assumption that 
the hight absorbing substance 1s an active form of the 
enzyme, presumably complex III, and that at high oxygen 
concentrations the enzyme 1s almost completely converted 
to the inactive form, whereas at low oxygen concentrations 
a partial conversion, to a degree determined by the oxygen 
concentration, takes place It should be noted that 
peroxidase alone does not react with oxygen to form 
complex III In the present system, the complex ıs only 
formed along with the oxidation of NADH 

It may be questioned whether the bistability observed 
in the present experimental system has any physiological 
relevance Of interest ın this connexion 1s the finding by 
Harrison and Piırt! that the respiration of a contmuous 
culture of Klebsrella aerogenes 1s inhibited by oxygen and 
that abrupt transitions between high and low oxygen 
concentrations in the liquid take place at certain values 
of the oxygen content of the mixture of oxygen and 
nitrogen used to supply oxygen to the culture Such 
phenomena ın the continuous bacterial culture may be 
caused by a respiratory enzyme which 1s inhibited by 
oxygen, as ıs the horseradish peroxidase, but a more 





Fig 5 Experment simular to that in Fig 3 except that 3 5 ug/ml glucose oxidase and 17 mM glucose ın addition to 0 4 uM peroxidase and 
7 mM NADH are present m the solution 
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indirect control of the respiration rate by oxygen 3s also 
possible 

Hans Dran 
Johnson Research Foundation, 
University of Pennsylvania 
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BIOCHEMISTRY 


Sub-unit Nature of Catalase 
Compound II 


TEE absorption spectrum of catalase compound IT ıs well 
established and provides the principal basis fo. the 
characterization of this species The nature of the reac- 
tions involved in the conversion of catalase to compound 
TL ıs not well understood, but it 1s clear that compound IT 
plays a very important part m the 1eversible deactivation 
of catalase by 1ts substrates Although there has been no 
suggestion in the literature that the formation of com- 
pound II mvolves a major disruption of the catalase 
molecule, recent kinetic studies m this laboratory! sug- 
gested that compound II may be a sub-unit species 
This compound ıs sufficiently stable to permit a direct 
test of this idea by sedimentation velocity studies ın the 
analytical ultracentrifuge 

The catalase used m our expermments was prepared 
from M lysoderktacus and had an activity? of 65x 107 
M~- s- and an RZ value of 08 sedimentation velocity 
expermments showed no lower molecular weight impurities 
Catalase was partially converted to compound II by the 
addition to catalase solutions (~ 10-5 M, phosphate buffer 
pH 7:0) of either several very small amounts of H,O, 
(allowing the catalatic reaction to subside after each 
addition) or, m much milder conditions, by a single add:- 
tion of dilute aqueous alkyl hydroperoxide solution The 
results obtamed were independent of the mode of forma- 
tion of compound II The absorption spectra of the solu- 
tions were time invariant for several hours and these 
measurements permitted calculation of the percentage of 
compound II usmg the data of Chance and Herbert? 

Fig 1 shows the sedimentation velocity pattern ob- 
tamed with the Beckman Model E Ultracentrifuge, from 
a catalase solution contaming 17 5 per cent compound IL 
by spectrophotometric estimation, the faster peak 
(S20,~= 10 7 8) corresponds to catalase (ref 4, Sz bac- 
terial catalase = 1108) The fraction of slower moving 
material (S20, =2 7S) corresponded well with the per- 
centage of compound II m the solution (for example, 
15 per cent slower moving material for the experrment 
shown ın Fig 1, corrected for sectoral dilution) We 
therefore assign the slower peak to compound IT and, of 
compound IE resembles a globular protem, the reduced 
S value implies a much lower molecular weight than that 
of catalase Usmg the method of Van Holde®, we have 
calculated a diffusion coefficient for compound II of 
54x107 om? s-, which yields a molecular weight of 


NATURE, VOL 217, MARCH 16 1968 





Fig 1 Sedimentation velocity pattern of mixture of catalase and com- 

pound II Speed 60,000 rpm, T=22° C, photograph taken 31 min 

after reaching full speed, bar zagi. o: Sedimentation occurs to the 
rig! 


about 5x 104 (compare ref 4, bacterial catalase 2 3 x 105) 
A more detailed quantitatrve characterization of com- 
pound II is in progress and other catalase compounds 
are also bemg investigated 
The occurrence of catalase sub-units has been reported 
m extreme conditions® and after lyophilization’ Caravaca 
et al ® have shown that a hepatocatalase sub-unit, which 
lacks significant catalatic activity, 1s a powerful per- 
oxidase ın vtro They have also shown that, om vwo, 
this sub-unit may be of value m the prevention of induced 
atherosclerosis? Our result that compound II 1s a sub- 
unit species opens a new chapter in fundamental studies 
of the catalase system We believe that a variety of sub- 
unit species play important parts ın catalase action and 
our evidence to support this more general proposition 
will be published ın detail elsewhere 
We wish to thank Professor J Baddiley for making 

available facilities for the growth and manipulation of 
bacteria in the SRC Microbiological Chemistry Research 
Unit Laboratories, Dr A L Davison for assistance with 
microbiological work and Professor A § Brill for advice 
on the purification of bacterial catalase We also thank 
the SRC for a studentship (to A 8) 
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Evidence that there are Two Forms 
of Fluoride in Human Serum 


Ir has been assumed that there 1s only one form of fluoride 
in serum, the morgame F ion It would therefore seem 
that either the value for serum fluoride which I found 
(1 uM) (refs 1 and 2) or that found by Singer and Arm- 
strong (75 uM) (ref 3) must be ın error While the 
diffuzon method of Singer and Armstrong has been 
shown to produce erroneous values, the same cannot be 
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said for their ashing and distillation procedure The 
evidence that the serum fluoride ıs about 1 pM in a 
fluoridated community does not rule out the possmbility 
that more fluoride could be made available from serum by 
ashing, it only indicates that the fluoride ın serum able 
to exchange with added radioactive fluoride can be meas- 
ured and is 1 uM 

To test the hypothesis that ashing makes more fluoride 
available, 10 ml samples of serum were ashed with a 
fixative and the fluoride was diffused from the ash at 
room temperature The fixative, 5 ml of a solution of 
1 M MgCl, and 1 mM Na,CO,, was shown in expermments 
using standard solutions or serum to retain 94-99 per 
cent of radioactive fluomde at an ashing temperature of 
600° C for 3h The fluoride present in the neutralzed 
diffusate was measured by the fluoride electrode? and then 
by the morm-thorium reagent! The readmgs ın serum 
were compared with bracketing standards which had been 
sunilarly handled Thus the blanks, standards and 
samples had identical ionic strengths and pH for measure- 
ment by the fluoride electrode 

As shown m Table I, there ıs excellent agreement 
between the findings with the fluoride electrode and those 
employing the morim-—thorium reagent The values 
obtained are about 5 uM, which are considered by Singer 
and Armstrong to be within normal lımıts by their ashing 
procedure, but are much greater than those shown m 
brackets, found by my drffusion method (25° C), which 
are all less than 1 uM ‘The blank value from diffusion 
was usually about 0 15 uM and the blank from the fixative 
and ashing 08-10 pM, that is, 02 of the amounts of 
fluoride bemg analysed 

Using radioactive fluoride as a control of completeness 
of recovery, the results of the fluoride electrode were 
compared with those of the morin—thorium reagent after 
direct diffusion of fluoride from 10 ml aliquots of serum 
Identical values (0 9 uM) were obtained, the details aro 
bemg prepared for publication elsewhere as part of the 
vahdation of the new method Comparisons of measure- 
ments of serum fluoride with the fluoride electrode and 
with the morm-thorium reagent after diffusion at 60° C 
as recommended by Singer and Armstrong show a marked 
discrepancy, 15+05 uM and 103+2 2 uM, respectively 
(eight samples in each, +S E ), confirming earlier findings 
of false positive values generated by diffusion at 60° C 

Commercial human gamma globulin was meluded in 
the third experiment of Table 1 because ıt provides a 
control against the possibility that ashing of protem 
allows more contamination either from the platmum 
crucibles or from the ar Four ml of the gamma globulin 
solution was used/sample because the protem was more 
concentrated (165 per cent) than the protem in serum 
(7 per cent) Small quantities of fluoride (about 1 uM) 
were found, much less than the increment followmg the 
ashing of serum or plasma 

Prelimmary data on the distribution of the extra 
fluoride ın serum are shown m Table 2 The morm- 
thorium reagent was used to measure the fluonde after 
diffusion at 25° C either directly or after ashing Extra 
fluonde seems to be associated with the albumin and 
cannot be ultrafiltrated Concentrating the serum 
protems concentrated the extra fluoride ın proportion 


Table 1 COMPARISON OF FLUORIDE CONORNTRATION (M) AFTER ASHING 
USING MORIN-THORIUM REAGENT AGAINST FLUORIDE ELECTRODE 


M-T reagent F electrode 


Exp 1 Serum 59 58 
(0 8 uM)* 44 45 
rs 46 

Exp 2 Plasma 4 
05 b 43 37 
ea 44 37 
“be ait ee 
GS 42 45 
Gamma globulin 08 15 
16 per cent protein (0 8 uM)* 10 15 


* Average values from non-ashed samples by my method 
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Table 2 FLUORIDE CONCENTRATION (4M) IN VARIOUS COMPONENTS OF SERUM 


Ashed Not ashed 
Exp 4 Gamma globulin 18 10 
16 per cent protein 10 6 
Albumin 88 10 
25 per cent protem 85 09 
Plasma 38 06 
7 per cent protein 36 
Exp 5* Serum ultrafiltrate 1 : 11 
1 11 
Serum, volume reduced to 83 09 
one half by ultrafiltration 95 09 


* Same serum used for Exp $ and 5 


These results are consistent with the hypothesis that 
there are two forms of fluoride ın serum, exchangeable 
and non-exchangeable 

In 1950, Smith, Gardner and Hodge’ found normal 
values of 1 7 uM for serum fluoride ın a fluoridated com- 
munity, implying that they also were measurmg only 
exchangeable fluoride They distilled fluo1ide from blood 
with H,SO, at 135° C and then ashed the distillate! 
If in fact there ıs a non-exchangeable fluo1ide ın serum, 
1t did not break down or diffuse under these conditions, 
unplying a large stable molecule These findings are 
consistent with the presence of a fluorocarbon molecule 

There seems to have been very little consideration of 
this possibility ın any biological work Peters’ found that 
fluoroacetate 1s synthesized by certain toxic plants, but 
that ıt 1s not a general phenomenon Huis work, however, 
leaves open the possibility of other forms of organically 
bound fluorme 

I thank Mrs Joy Howe and Mr © F Ning for technical 
assistance This work was supported by a grant from the 
US National Institutes of Health 

DonwaLp R Taves 

Department of Pharmacology, 
University of Rochester School of Medicine 
and Dentistry, 
Rochester, New York 
Received January 4, 1968 
1 Taves, D R , Nature, 211, 192 (1966) 
2? Taves, D R , Nature, 215, 1380 (1967) 
3 Singer, L , and Armstrong, W D,J App Physiol ,15, 508 (1960) 
‘Frant, M S ‚and Ross, J W , Serence, 154, 1553 (1966) 
. Smut 5 A, Gardner, D E, and Hodge, H C, J Dental Res , 29, 596 


* Smith, F A,and Gardner, D E,J Dental Res , 30, 182 (1951) 
? Peters, R , and Shorthouse, M , Nature, 202, 21 (1964) 


New Form of Diphtheria Toxin 


ULTRACENTRIFUGAL studies have shown that purified 
diphtheria toxin 1s a single protein with a molecular weight 
of 64,500 and an Szo, Of 4 2 (ref 1) In this communication, 
T report experiments with a sample of toxin that contains 
the 4 2 S molecule, and an unusual species with a higher 
sedimentation constant These two toxin molecules have 
been separated by disc electrophoresis on polyacrylamide 
gels, by ultracentrifugation and by chromatography on a 
thin layer of ‘Sephadex G-100’ 

Partially purified diphtheria toxin (supphed by Mr 
Leo Levine of the Massachusetts Department of Publie 
Health, Boston) was further purified by fractionation 
with ammonium sulphate The fraction obtamed between 
45 and 60 per cent saturated ammonium sulphate was 
chromatographed on DEAE-cellulose as previously 
described? ‘The punfied toxin thus obtained contamed 
60 MLD/Lf and 2 6 pg of protem/Lf Its specific activity 
compares favourably with that reported by others’ for 
highly purified toxin preparations 

Electrophoresis on polyacrylamide disc gels was per- 
formed at room temperature The 75 per cent poly- 
acrylamide gels were run in a tris glycine buffer, pH 8 9, at 
33 mA/tube for 2h‘ After electrophoresis, the gels were 
fixed with 10 per cent tmchloroacetae acid (TCA) and 


1052 
CATHODIC —> ANODIC 

wan S ORIGIN z 
3 60 DYE 
S 
a 
= 40 
i=} 
S 
£ 
E 
Z 20 
H 

o~ 5 10 15 20 25 30 


Fraction No 


Fig 1 Lime drawing of a disc electrophoresis of purified diphtheria 
toxin run on a 7 5 per cent polyacrylamide gel and stained as deseribed 
in the text A duphceate, unstamed gel was sliced into thirty thin 
fractions and the protein in each fraction eluted into a phosphate buffer 
contaiing BSA An aliquot of each eluate was tested for its abihty to 
inhibit poly-U-directed incorporation of C-phenylalanine into TCA 
precipitable material in a cell-free system derived from rabbit reticulo- 
cytes The results are expressed in terms of the percentage rnhibition of 
the level of C-phenylalanine incorporation into TCA precipitable 
material exhibited by the control to which no toxin or eluate was added 


stained with Coomassie blue’ As shown in Fig 1, two 
principal bands and three lesser bands are visible Eighty 
per cent of the toxic activity can be recovered from a 
duplicate, unstained gel after electrophoresis The gel 
was first chilled to 0° C and shed mto approximately 
thirty thin sections Toxin was eluted by shakmg each 
shee overnight at 25° C in a 2 mM potassium phosphate 
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Approximately 40 ug of toxin was spotted on the ‘Sepha- 
dex’ thin layer which was developed with 001 M træ 
buffer, pH 71, for 6-8 h at 25° C On completing tho 
chromatography, the ‘Sephadex’ was overlaid with a sheet 
of dry Whatman 3 MM filter paper After 10 min at 
25° C, the paper was dried and sprayed with nmhydrm As 
shown in Fig 3, the tox was resolved into two ninhydrin- 
positive components The spot obtained from the slow 
component was always darker than that from the fast 
one The fast component ın chromatography and in 
ultracentrifugation thus probably corresponds to the slow 
one in electrophoresis 

A second sample of toxin obtained from the Massa- 
chusetts Department of Health and purified in the 
same way as the preparation described gave identical 
results on ‘Sephadex’ On the other hand, a sample 
of crude toxin supphed by Dr H Devlin of Parke, Davis 
and Co showed only the usual slow component after 
chromatography on ‘Sephadex G-100’ (Fig 3) 

The unusual, fast component can be completely con- 
verted to the slow one by treating the toxin with the 
sulphydryl reagent, dithiothre:tol (DTT) A sample of 
toxin (250 pg) was meubated overmght at 25° C in 001 
M ins buffer, pH 7 3, contaming 0 33 M DTT and 0 08 M 
EDTA After tms treatment, only the slow component 
was detected following chromatography on ‘Sephadex 
G-100’ (Fig 3) The fact that the fast component was 
converted to the slow one by DTT imples that ıt may 
be a polymer composed of two or more 4 2 8 components 
held together by disulphide bonds Raynaud et al + have 
shown that 42 S toxin has no free sulphydryl groups 





Fig 2  Schheren patterns from ultracentrifugal sedimentation of purified diphtheria toxin, 8 mg/ml , in 0 01 M potassium phosphate buffor, 
pH? From right to left 19, 35, 61, 67, 83 and 99 min after running at 60,000 r pm 


buffer, pH 7, containing 100 pg/ml bovine serum albumm 
(BSA) The eluate from each fraction was tested for its 
ability to mhibit mcorporation of amimo-acids in a cell-free 
rabbit reticulocyte system** All assays were performed 
in the presence of 003 mM NAD, which 1s needed for 
toxic activity in the cell-free system? As shown in 
Fig 1, there are two peaks of inhibitory actrvity (fractions 
11 and 14) which correspond to the two heavily stained 
bands on the gel A comparison of fractions 11 and 14 
shows that fraction 14 not only stams more darkly than 
fraction 11 but also contains more mhibitory activity 
The eluates from fractions 11 and 14 were also tested for 
their ability to kill gumea-pigs The results of these 
routine MLD determinations showed that the ratio of 
MLDI/L£ of each fraction ıs approximately that of the 
mixture 

Ultracentrifugal analysis of a solution contammg 8 
mg/ml diphtheria toxın ın 001 M potassium phosphate 
buffer, pH 7, was performed at 60,000 rpm and 25° C 
As shown ın Fig 2, this preparation of tox exhibits 
two peaks with uncorrected sedimentation constants of 
46and68 These peaks sediment independently of one 
another The areas under the peaks show that the heavy 
component 1s present in lower concentrations than the 
hght one The ultracentrifugal pattern ıs not altered 
by the presence of 1 5 mM NAD 

Chromatography of this preparation of toxim was 
performed on a thin layer of ‘Sephadex @-100’ superfine? 


ORIGIN 


b 





Fig 3 Chromatography of diphtheria toxin on a 12 x 20 em thin layer 
of ‘Sephadex G-100° superfine (a) Purified toxin obtained from the 
Massachusetts Department of Health, (b) toxin from (a) that has been 
treated overnight with 033 M DIT and 608 M EDTA before being 
ehromatographed, (e) toxin obtamed from Parke, Davis and Ge 
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but does have two disulphide bonds It 1s possible that 
in certain conditions one or both of these disulphides 
is able to form a disulphide bridge between two 42 8 
molecules 

The unusual, heavy form of toxm reported here might 
have been formed as a result of mutation either in the 
Corynebactervum diphtheriae or m its lysogenic phage, or 
as a result of unusual growth conditions durmg toxin 
synthesis 

I thank Dr W Carroll for performing ultracentnfugal 
analyses, Dr M Becker for help in performmg electro- 
phoreses and Dr E Maxwell for helpful suggestions 
This work was supported m part by a US Public Health 
Service postdoctoral fellowship from the National 
Institute of Arthritis and Metabolic Diseases 
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Amino-acid Composition of ‘‘Tubulin’’ 
constituting Microtubules of Sperm 
Flagella 


PHYSICOCHEMICAL characterization of components of 
flagella and cilia 1s essential for an understanding of the 
mechanisms underlymg flagellar and ciliary movement 
The so-called “9+ 2” fibres (microtubules) are one of the 
chief ultrastructures ın both flagella and cla, and can 
be isolated with mmmum contammation of other com- 
ponents? 





x 


Fig 1 Compamson of amino-acid composition among several structural proteins 
1, Rabbit actin®, 2, bacterial flagellin”, 3, rabbit myosin®, 4, insect actin®, 5, “tubulin”, 
6, tropomyosin®, 7, acetic acid extract of Tetrahymena erha, 8, ethanol-msoluble 


fraction from 7%, 9, ethanol-soluble fraction from 7° 


Ly 
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Microtubules were obtained from sperm flagella of the 
sea-urchins Pseudocentrotus depressus and <Anthocidaris 
crassispina Semen was collected by injecting 05 M KCl 
into the body cavity, and diluting with artificial sea water 
free from calcıum and magnesium The suspension of 
sperm was subjected to mild sonication, and centrmfuged 
at 900g for 10 min to separate detached flagella from 
heads and mid-pieces The precipitate was washed with 
this solution, and the combined supernatants were centri- 
fuged first at 900g for 10 mm to remove any remaming 
heads and mid-pieces, and then at 15,000g for 10 mm to 
collect flagella At this stage, the preparation showed 
almost no cytochrome oxidase activity The isolated 
flagella were treated with a 0 5 per cent digitonin solution. 
to remove cell membranes, centrifuged at 20,000g for 
10 mm and then washed twice with 30 mM tires HCl, 
pH 82, and 25 mM MgCl, solution The microtubules 
were isolated from the flagellar preparation by two dif- 
ferent methods—dialysis of the preparation agaist 1 mM 
tres HCl, pH 8 2, and 01 mM EDTA solution for 2 days, 
followed by centrifuging at 100,000g for 15 mm and 
extraction of the preparation with Weber—Edsall solution. 
for 2 days, followed by centrifuging at 20,0009 for 10 min. 
The precipitates obtamed by these two methods were 
found under the electron microscope to consist exclusively 
of microtubules The isolated microtubules were then 
suspended in 10 mM tris HCl, pH 82 The suspensions 
were dialysed against distilled water, lyophihzed and kept 
in a deep freezer until ammo-acid analyses were carried 
out 

Table 1 shows the results of the analyses of the com- 
ponent protem of microtubules The amount of trypto- 
phan was estimated from the ultraviolet absorption 
spectra of the protein solutions? Half cystme was 
determmed by measuring the amount of cystere acid 
obtamed by performic acid oxidation before hydrolysis 
with 6 N HCl No significant difference was observed 
between. the results obtamed by the two methods, or 
between the results obtamed with the two different 
species The amino-acid residues accounted for 75-80 
per cent of the total weight of the samples 

If we take the amount of half cystine and of tryptophan 
as a unit, the mmimum molecular weight of the protem 18 
calculated to be about 7,000 Using the protem isolated 
from the mitotic apparatus of sea-urchi eggs, Sakai‘ 
found that the dimer (3 5S particle) of the protein con- 
tained sıx SH groups and one S-S group The spindle 
fibres of the mitotic apparatus are also 
microtubules, and are simular to the ‘9 + 2” 
muertubules of flagella and cilia When the 
minimum molecular weight 1s multiphed 
by eight, the resulting value 1s about 56,000 
The molecular weight of the 3 5S particle 
of the mitotic apparatus was reported to be 
68,700, and that of the monomer (2 58 
particle) to be 34,700 Furthermore, 
Renaud et al € reported a molecular weight 
of 60,000 for the constituent unit of micro- 
tubules isolated from cilia of Tetrahymena 
Whether the value of about 60,000 1s the 
molecular weight of the monomer or of the 
dimer of the microtubule protem has yet 
to be determmed 

A comparison of ammo-acid composition 
among structural protems concerned with 
cell movement is ulustrated m Fig 1 
The distances from the centre of the star to 
each angle on the outline correspond to the 
proportions of mdrividual amio-acids 
Sixteen ammo-acids, excluding trypto- 
phan and half cystime, are arranged from 
the top of each star clockwise according 
to the order shown m Table 1 It ıs 
clear that the amimo-acid composition of 
the microtubule protem (5) 1s quite similar 
to that of mvertebrate (msect fight muscle) 
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Table 1 AMINO-ACLD COMPOSITION OF “TUBULIN” (MOLES PER 1,000 MOLES 
RECOVERED AMINO-ACIDS) 
Anthoewdaris Pseudecentrotus Pseudocentrotus 
Amino-acid crassispina* depressus* depressus t 

Asp 105 102 102 
Thr 58 58 58 
Ser 50 52 53 
Glu 121 120 118 
Pro 46 48 46 
Gly 69 72 73 
Ala 76 70 72 
Val 65 59 60 
Met 20 37 33 
Tleu 44 49 43 
Leu 77 77 80 
Tyr 31 29 31 
Phe 41 39 45 
His 22 23 22 
Lys 61 65 62 
Ar 50 52 49 
L/2 Cys — 29 20 

ry — 17 16 


* After dialysis of digitonin treated flagella versus 1 mM t8 HCl, pH 8 2- 
01mM EDTA 
} After extraction of the same material with Weber-—Edsall solution 


actin (4), except fora few amino-acids On the other hand, 
the composition 1s entirely different from that of flagellin 
which constitutes bacterial flagella (2), even though the 
microtubules of sperm flagella resemble bacterial flagella, 
as revealed under the electron microscope It is not 
strange that the acetic acid extracts of Tetrahymena cilia 
(7), especially its ethanol-msoluble fraction (8) (ref 8), 
have amino-acid compositions similar to that of the micro- 
tubule protem 

Although the protem has other resemblances to actin, 
such as a supei-precrpitation-like phenomenon mduced 
by ATP ıf combined with rabbit skeletal muscle myosin 
m low 1onie strength?, 1t differs from actin ın the following 
ways The protem does not activate myosin ATPase in 
low ionic strength, nor 1s a viscosity drop observed after 
the addition of ATP to a mixture of myosin and the pro- 
tein in high 1on1c strength? Furthermore, the protem 
contains guanosine tri and di-phosphate mstead of 
adenosine tri and di-phosphate®° The appearance of 
the microtubules ıs also different from that of actm 
filaments or thin filaments of muscle From these facts, 
we believe that the microtubule constituent is a different 
protem, for which we propose the name “‘tubulm”™ 

This work was supported by grants from the Mimistry 
of Education and the Lalor Foundation I thank I 
Motoyama for carrying owt ammo-acid analyses 
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Nor,Chlorpromazine Sulphoxide and 
3,4-Dimethoxyphenethylamine 


SEVERAL workers have found a spot isographic with 3,4- 
dimethoxyphenethylamme (DMPEA) ın urme chromato- 
grams of some schizophrenic patients but never or rarely 
in those of non-schizophrenie persons!-* A metabolite of 
chlorpromazine (CPZ), however, noted‘ to have been 
identified as nor,chlorpromazine sulphoxide (N,CPSO)‘, 
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causes a spot close to or isographic with DMPEA im the 
chromatographic system orginally used to detect the 
spots apparently diagnostic of schizophrema‘* (referred 
to below as system 1) If a phenothiazine metabolite 
caused the apparently diagnostic spots (the pmk spots) 
the following conditions must be fulfilled (1) The Rr for 
the metabolite ın system 1 should be almost identical to 
that of DMPEA because fifteen pink spots were originally 
studied and even a small consistent difference in Rr 
between these spots and authentic DMPEA would have 
been detectable (2) The metabolite must be 1sographic 
with DMPEA in the two-way system used by Kuehl et al 2, 
for they reported that certain samples found positive by 
Fredhoff and van Winkle showed a ninhydrin positive 
spot isographic with DMPEA ın ther system (3) The 
metabolite must persist ın urne after the parent drug has 
been stopped because all of the original patients and many 
of those found subsequently to have pmk spots had 
been withdrawn from drugs for at least 2 weeks (4) The 
metabolite must give a pink spot with modified Ehrhch’s 
reagent (DABA) following nmhydrin-pyridine and a 
negative reaction with DABA alone because this test was 
applied to the original spots! Also, an explanation must 
be found for the fact that material isolated from the 
ougmal spots was indistingushable from authentic 
DMPEA 1m several sensitive tests of identity!! and for 
the fact that Takesada et al , who were aware of the prob- 
lem of confoundmg drug metabolites and particularly 
N,CPSO, found pink spots ın the urme of schizophrenic 
patients and others as well’ 

(1) The spot caused by administration of CPZ 1s virtually 
isographic with DMPEA in system 1 Twenty-four hour 
urine samples were collected from five patients on CPZ 
(about 400 mg/day) Samples (500 ml ) were extracted and 
chromatographed in butanol acetic acid water (4 1 1, 
system 1) according to the procedure of Friedhoff and Van 
Winkle? (omitting the BaCl, step) Three samples were also 
collected after substitution of other phenothiazmes for 
CPZ (17 days bemg the maximum period off CPZ) 
Extracts equivalent to 20-50 ml of urme (on CPZ) and 
150-250 ml (off CPZ) were chromatographed and spots 
located with mnhydrin? or ninhydrin-pyridine! Dupli- 
cate strips were sprayed with sulphuric acid 50 per cent 
viv ethanol 4 1, which turns most non-phenohe CPZ 
metabolites pynk In each case on CPZ dense spots were 
found which were purple with mnhydrın and pink with 
50 per cent sulphuric acid Mean difference in Ry between 
these spots and DMPEA was 0 01 (3 patients, 10 pairs of 
spots on CPZ, 4 pairs off CPZ) (2) A sample of 15 ug of 
DMPEA enlarged or intensified the spot m the system of 
Kuehl et al? Also authentic N,CPSO and DMPEA were 
found to be inseparable in this system (spotting a mixture 
of 10 ug each) (3) A ninhydrin positive spot isographie with 
DMPEA ın system 1 was found ın all specimens obtained 
after CPZ had been stopped, but the significance of this 
finding 1s limited by the fact that other phenothiazines 
had been substituted for CPZ It was possible to over- 
come this lmutation, however, because a metabolite of 
CPZ isographic with DMPEA in chromatographic systems 
other than system 1 had been reported to persist in urme 
fo. up to 25 days after the withdrawal of CPZ*? (in the 
absence of substitute medication) and we were able to 
show that this metabolite was N,CPSO (15 ug of DMPEA 
or N,CPSO mixed with the unknown enlarges or intensifies 
the spot in both of the other two-way systems and DMPEA 
and N,CPSO spotted as a mixture of 10 ug each are also 
not separated) There is an unusual chromatographic 
similarity between DMPEA and N,CPSO because the three 
two-way thin-layer systems in which we have found them 
inseparable easily resolve closely related metabohtes of 
CPZ Our studies strongly support the previous identufi- 
cation of the CPZ metabolite isographic with DMPEA ın 
system l as N,CPSO because an eluate of the spot pro- 
duced a streak isographic with N,CPSO m a second 
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chromatographic system (isopropanol 30 per cent 
ammonia water 20 1 2—system 2) and an eluate of 
this twice chromatographed material (unsprayed) gave 
an ultraviolet spectrum perfectly charactemstic of 
N,CPSO Also we recover at least 50 per cent of added 
N,CPSO which normally accounts for 2 4-5 0 per cent of 
an administered dose of CPZ*-1° and there 1s no other spot 
on our chromatograms of sufficient density to be N,CPSO 
A shght discrepancy between the unknown spot and 
authentic N,CPSO in system 1 was reduced if authentic 
N,CPSO was added to an extract before chromatography 
or if the unknown was eluted and re-chromatographed m 
system 1 We can therefore conclude that the spot studied 
by us 1s N,CPSO and that ıt persists in urme for at least 
25 days after the withdrawal of CPZ (4) In concen- 
trations greater than 5 ug, N,CPSO gives a pmk spot 
with DABA alone in contrast to DMPEA With 25 ug 
on a spot, however, authentic N.CPSO gives only a very 
faint reaction with DABA alone, and if the spot 18 
developed ın system 1 before dipping in DABA the reaction 
with DABA ıs negative The purple colour with mnhydrin- 
pyridine, however, ıs defimte with 25 ug both on an 
undeveloped spot or after development in system 1, and 
the spot turns pink with subsequent treatment with 
DABA 

N,CPSO, however, is not the material isolated by 
Fredhoff and Van Winkle Their unknown was indis- 
tinguishable from DMPEA in the two systems used by 
them to study eluates of the spots! whereas N,CPSO 
streaks in these systems and clearly separates from 
DMPEA ın one of them (system 2) Also the ultraviolet 
absorption spectrum for N,CPSO carried through the 
extraction and chromatography has maxima at 240, 276, 
300 and 343 whereas the unknown of Friedhoff and Van 
Winkle had maxima only at 234 and 279 (ref 1) (maxima 
for DMPBA were found by us to be 232 and 280) and the 
melting pomt of the unknown material of Friedhoff and 
Van Winkle 1s 152-—-154° Ct! (virtually identical to DMPEA) 
while that of N,CPSO HCl ıs 300° © Fimally, DMPEA 
has been identified m human urme by mass spectrometry}? 
and the acid metabolite of DMPEA, 3,4-dimethoxy- 
phenylacetie acid (DMPAA), has also been found in human 
urme using specific methods?™!3 It 1s therefore likely that 
DMPEA was present on the spot and isolated by Friedhoff 
and Van Winkle There 1s, however, considerable evidence 
suggesting that DMPEA may not cause a visible pmk 
spot diagnostic of schizophrenia (a) Those workers other 
than Friedhoff and Van Winkle who have found what 
they thought was DMPEA?714 have not found it in 
amounts capable of causing a definitely detectable spot in 
system 1 (spottmg a 100 mg creatinme equivalent as did 
Friedhoff and Van Winkle) (b) DMPAA has been found 
in equal amounts in schizophrenic and non-schizophrenic 
persons™!? (c) Those workers who have studied patients 
never treated with drugs? or who have been aware of 
confoundmg spots caused by phenothiazine meta- 
bol:ites*-18-18 have either not found apparently diagnostic 
spots or have found the characteristic spots only in very 
low frequency m schizophrenic urme and have shown 
them not to be preponderantly DMPEA Our findings 
and all of those cited aie consistent, however, with the 
possibility that N,CPSO or a phenothiazine metabolite 
with similar properties caused spots apparently diagnostic 
of schizophrenia, but that DMPEA was present on the 
spot as well in low amounts and was isolated by Friedhoff 
and Van Winkle, leading them to beleve that the appa- 
rently diagnostic spots were DMPEA If this occurred, 1t 
is not clear why N,CPSO did not appear in the systems 
used to study eluates of the origmal spots N,CPSO 
streaks ın these systems, however, and if present m low 
concentrations orginally might not have produced a 
vistble spot or if eluates were combined might have 
caused a streak which looked like “background” The 
postulated trace amounts of DMPEA may have become 
more vistble m the secondary systems in the absence of 
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other constituents of the extract, or eluates may have 
been combined, possibly accounting for the presence of 
visible spots m the secondary systems but not m the 
chromatograms of non-schizophrenic persons This, of 
course, 1s speculation and the circumstantial evidence 
adduced here does not definitely exclude the possibility 
that schizophrenic patients excrete DMPEA ın greater 
amounts than normals 

Takesada eż al* assumed that the spot which they 
found to be isographic with DMPEA (rather than N,CPSO 
which was nearby) and which they found in a high per- 
centage of normals was the one studied by Friedhoff and 
Van Winkle But subsequently it was confirmed that the 
pink spot never, or only rarely, occurred in the urme of 
non-schizophrenie persons?? and it was shown that the 
substance studied by Takesada et al 1s only poorly 
extracted using the methods of Friedhoff and Van Winkle 
and is not DMPEA® It disappears with dietary restric- 
tion and may not be more prevalent in the urme of 
schizophrenic patients than others!® 

We thank Dr F Snyder, Dr H Meltzer, Dr P Cardon 
and Dr E Hanson for the urine samples and Dr A. Manian 
for the authentic nor,chlorpromazine sulphoxide Dr J 
Durell gave valuable suggestions 
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Effects of Very Large Doses of Penicillin 
G given Orally to Rats 


Nimni and Bavetta! reported a connective tissue disorder 
im rats fed penicllamime The disorder was reflected by 
decreased breaking strength of unwounded and wounded 
skin, decreased collagen synthesis m polyvinyl sponge 
implants and a dimmuished proportion of msoluble to 
soluble collagen m such granulomas We have studied 
this phenomenon in rats and guinea-pigs*-} and have 
hkened it to the lathymtic state mduced by feeding 
B-amıno propionitrile, a view also expressed by Nimni® 
Penicillamine can be derived* from both the in vitro and 
the ən vwo hydrolysis of penicillin, so we set out to deter- 
mune whether the feeding of very large doses of penicillin 
would cause a collagen defect sumlar to that caused by 
penicillamine 

Twenty-two Cobbs rats weighing 120-150 g were fed 
freely on a diet of commercial chow for 10 days, paired 
and assigned to one of two groups The rats were anaesthe- 
tized with pentobarbital and standard paravertebral skin 
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incisions were made and polyvinyl alcohol sponges m- 
planted subcutaneously The wounds were sutured and 
the animals were then fed freely on experimental diets 
One group received ground chow supplemented with 
25 mg of pyridoxme, the other received a similar diet 
which also contained 50 g of potassium penicillin G/kg 
of dry food After 2 weeks the rats were killed, clipped 
and their pelts removed Each pelt was cut mto seven 
single strips 0 5 cm wide with a multi-blade cutting device’ 
Adjacent strips were measured for breaking strengths 
immediately or after ummersion in 10 per cent buffered 
formalm® Unwounded ventral abdominal skm was cut 
into a single strip and its breakimg strength measured 
immediately? Student’s ¢ test for paired samples was 
used to calculate the statistical significance of the data 

The unwounded skin of the animals treated with peni- 
cillin was weaker breaking strength 1,2894+149 g as 
opposed to 1,600+: 146 g for the controls (P<01) The 
mean breaking strength of the wounds of rats treated 
with penicillin was 478+ 40 2 g, however, compared with 
603 +43 g for the controls, this 21 per cent decrease in 
breaking strength was significant at the 0001 level 
Fixation of the wounds in formalm resulted in mean 
breaking strengths of 2,225 g for both groups 

Penicillin produced alterations ın the mtestimal flora 
(unpublished results from this laboratory) and ıt occurred 
to us that the effects of penicillin on wound strength might 
be reflexions of the altered bacteriological status Accord- 
ingly, an experiment was conducted using twenty-two 
Fischer germ-free rats The conditions were similar to 
those in the previous experiment with several exceptions 
(1) the animals were paw fed, (2) whereas the mtake 
of potassium between groups was not controlled m the 
first experiment, ıt was regulated ın the second expermment 
by supplemental admunistration of potassıum acetate, 
bicarbonate and citrate to the group not recerving potas- 
sium penicillm G, (3) the animals were killed 3 weeks 
after wounding ‘The wounds of the animals treated with 
penicillin were again substantially weaker than the controls 
(breaking strength 1,508+63 g as opposed to 2,196+ 
lll g, P<0 001) as was the unwounded abdominal skin 
(2,6724174 g as opposed to 3,1204+127, P<005) 
Fixation im formalin resulted in breaking strengths of 
3,892 + 206 and 4,381 + 227 (P<0 2) 

The experiment with germ-free rats implies that the 
decreased wound strength of rats treated with penicillin 
1s not dependent on the changes m microbial flora 

In both experiments, the oral administration of potas- 
sium penicillm G resulted in a sigmficant decrease (21 
per cent and 30 per cent) in the breaking strength of 
wounds in rat skm tested immediately after killing After 
immersion of adjacent wound strips in 10 per cent formalin, 
the breaking strength of the wounds was similar m both 
groups The tanning effect of formaldehyde on collagenous 
protems was described by Gustavson? and its effect 
on the breaking strength of wounds was reported by 
Levenson et al® The “correction” by formaldehyde of 
the decreased breaking strength of the wound of the rats 
treated with penicillin ıs evidence that the total amount 
of collagen present ın the wounds of both groups is sumilar 
and that the defect 1s qualitative rather than quantitative 
namely, decreased crosslinking of collagen This 1s 
supported by the simular quantities of collagen (hydroxy- 
proline) m the sponge granulomas of both penicillin 
treated and control animals, and, as will be reported 
elsewhere, the similar histological appearances of the 
wounds and sponge granulomas in both groups 

We think that the collagen maturation defect resulting 
from orally administered potassium penicillin G 1s medi- 
ated through one or more of its naturally occurring 
metabolites, such as penicillamme Schwartz and Buck- 
walteri? and Dennen and Davist! have shown that ın 
conditions of pH and temperature close to physiological 
conditions, penicillim undergoes significant degradation 
even in the absence of enzymes From the pomt of view 
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of the stay of ingested pemeillin m the acidic environment 
of the stomach of rats and the mildly alkalme milieu of 
the remamde: of the mtestanal tract, appreciable break- 
down of benzyl penicillin to benzyl penicilloic acid (cleav- 
age of the lactam), pemicillie acid, pemicillenie acid, 
penaldic acid and some penicillamine would be expected 

Tt 1s possible that some of these compounds inhibit the 
crosshinkmg of collagen because they mteract with the 
active sites (aldehydes) of collagen which are usually 
involved ın crosslnkmg Another possible explanation 
involves the interaction of penicillin degradation products 
with copper Penzcilloic acids react with heavy metals to 
yield mercaptides, penicillamine chelates, and phenacetyl- 
ammomalonaldehyde Thus copper would be sequestered 
m such a reaction Copper could also be sequestered 
by the other breakdown products of penicillm catabolism, 
where copper itself 1s not contributing to the hydrolysis. 
It 1s known that copper deficiency leads to connective 
tassue disorders related to lathyrism™ and that the lathyr- 
ism mduced by f-ammo propionitrile can be antagonized 
by mereased copper supplementation!§ 

Extremely high doses of penicillin G were used ın these 
experrments These doses are far greater on a relative 
basis than those used clinically, even for the treatment 
of patients with certain life-threatening mfections Our 
data should not be construed as indicating that pemen 
as used for the treatment of patients mterferes with their 
collagen metabolism 

This work was supported by grants from the US 
Army Research Office and the US National Institutes of 
Health 

E S&Irrer 
J J Morris 
S M Levenson 
Department of Surgery and 
Department of Biochemistry, 
Albeit Einstein College of Medicine, 
Bronx, New York 
Received November 13, 1967, revised January 31, 1968 


1 Nini, M , and Bavetta, L , Scrence, 150, 905 (1965) 

2 Youssef, S , Geever, E , and Levenson, S M , Surg Forum, 17, 89 (1966) 

3 Geever, E F , Youssef, S , Serfter, E , and Levenson, S M , J Surg Res, 
7, No 4, 160 (1967) 

4 Berberian, G , Kuyama, T , Geever, E , and Levenson, S M , Surg Forum, 
15, 50 (1964) 

5 Nımnı, M , Gert, N , and Bavetta, L Z , Nature, 218, 921 (1967) 

*Scheinberg,S H ,J Chron Dis ,17, 293 (1964) 

? Geever, E F, Proc Workshop on Wound Heahng, National Academy of 
Sciences, Washington, DC, 283 (1966) 

8 Levenson, S_M , Crowley, L V, Geever, E F, Rosen, H, and Berard, 
D Trauma, 4, 543 (1964) 

$ Gustavson, K L,J Amer Leather Chem Assoc , 48, 741 (1948) 

10 Schwartz, M A , and Buckwalter, F H ,J Pharm Se: , 51,1119 (1962) 

"Dennen, D W , and Davis, W W , Antumicrobral Agents and Chemotherapy, 
53 (Amer Soc Microbiol , 1961) 


Miller, E J , and Fullmer,H M, J Exp Med ,123, 1097 (1966) 
2 Duffy, J, and Shield, G S , Collagen Currents, 8, No 7, 246 (Jan 1966) 


Epidermal Iron Pigments 
in Red Species 


From the hair of red mongrel dogs and New Zealand red 
rabbits we have extracted iron pigments which ın most 
respects are similar to the pigments isolated before from 
red human hair (trichosiderm)!-* and Rhode Island Red 
chicken feathers (feather siderm)*:* These findings sug- 
gest that won compounds play a central part m certain 
types of red pigmentation To facilitate studies m other 
species, a general description of these pigments 1s pre- 
sented 

The amounts of extractable pigment depend on the 
compactness of the horny material, so ıt ıs advisable to 
use at least 4-5 g of hair for extraction When boiled with 
01N HCl, loose rabbit fur and chicken feathers yield a 
deep red-brown solution within 10 min The compact 
human and canine hair requires boiling at least for 1 h m 
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acid to give pale pink to brown-yellow solutions. From 
rabbit fur and chicken feathers the pigments can also be 

obtained in mild conditions (weak acids or alkalis at 
40° C) as orange-coloured protopigments*. 
<The pigments extracted with boiling acids have the 
following characteristics: at pHs greater than 2 the red 
extracts turn yellow and can reverse to red; in other 

“words, they behave like indicators. The pigment is pre- 

_ Sipitated at pH 7. From the supernate at pH 4:3 another 
small fraction frequently precipitates on standing. This 
fraction contains relatively large amounts of the iron- 
‘chromophore responsible for the indicator properties of 
the siderins. 

“When redissolved in 0-1 N HCl, the pigment can be 
split with KSCN (2 per cent final concentration) to brown 
protein which either yields traces of or no iron, and a red 
supernate which is rich in iron. The latter retains the 

indicator properties of the original extract, but is dialys- 
able. When the pigment precipitated from this supernate 
at pH 7 is dissolved in 0-1 N NaOH and passed through 

< a column of ‘Sephadex @-25’ it separates into two bands: 
a more rapidly moving brown protein and an orange- 
pink chromophore. By precipitation at pH 43, and re- 
peated passage through ‘Sephadex G-25’, the chromo- 
phore can be further purified until it contains no protein. 

In man, rabbit and chicken—the species studied so far 
—the purified chromophore contains 1-4~1-7 per cent iron 
in the ferric form, very firmly bound to the molecule. 
The two chromophores analysed (human and rabbit) 
contain sulphur’, The chromophores are stable at all 
pHs. Their absorption bands in acid solution (maximum 
about 535 mu) become less pronounced and shift to shorter 
wavelengths on alkalinization. The characteristic vivid 
purple colour in acids, changing reversibly to orange 
when alkalinized, permits detection in concentrations up 
to 10-6, 

To these pigments the following general structure can 
‘be assigned: (chromophore-Felll) . . . protein. In the 
siderins the protein part accounts for about 98 per cent 
of the molecule. 

The iron pigments are the principal pigments in red 
human hair, rabbit fur and chicken feathers. The limited 
yield of trichosiderin from compact horny structures is 
caused by gradual destruction during boiling with acids® +, 
On prolonged extraction, rabbit fur and chicken feathers 
tarn dark grey. 

The consistent presence of these unique substances in 
some red species suggests synthetic pathways involving 
iron which differ from the classical black melanogenesis. 
Our findings do not support the theory implicating 
tyrosinase in the synthesis of human red hair pigments®. 
The alleged role of tyrosinase in this process is based 

_ essentially on two observations: the DOPA-positivity, 
_ and the purported tyrosinase activity of red melanocytes 
_ in the hair matrix; the latter is derived from autoradio- 
_ graphic evidence. The DOPA-positivity can be accounted 
for by a non-specific catalytic action of the iron pigment on 
the autoxidation of DOPA!*; ferric ions have a similar 
effect. The autoradiographic findings obtained with 
labelled tyrosine could be caused by incorporation of 
this amino-acid into the protein part of the iron pigment 
without any further oxidation. 
= The discovery of a new pigmentary system of phylo- 
genetic antiquity has implications for anthropology, 
genetics and biochemical studies of nonhaem iron proteins 
‘to which these pigments belong. The mild methods with 
«which the protein may be split off from the chromophore 
could be useful for obtaining the protein part of a melano- 
protein and for studying its mode of attachment to the 
‘pigmented portion. In preliminary analyses various 
protein fractions had a remarkably similar amino-acid 
composition within the same species. 
‘These iron pigments isolated from red hair and feathers 
_ -of four species are probably widespread in nature and are 
_ unlike any known to us. 
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IMMUNOLOGY 


Relation between Rat Slow Alpha; 
globulin and Aipha -macroglobulin 
of Other Mammals 


Stow alpha,-globulin! (SA,G) of the rat is a peculiar 
serum protein in that it is absent from the serum of the 
normal, non-pregnant adult rat*~* but appears in a number 
of conditions, including the foetal and neonatal states*~*, 
during pregnancy*-*, during neoplastic growth?~+:*-*, after 
interference with the kidney!!! and other conditions’, 
On the other hand, alpha,-macroglobulin® (AMG) is 
a protein found in the sera of normal, non-pregnant 
humans!‘-"* and other mammals‘? but not in the mouse 
(ref. 22 and my unpublished work). There are indications 
in the literature that the two materials may be similar 
despite the divergent situation in the adult. 

The concentration of human A,MG is increased above 
the normal adult state in at least four situations similar 
to some of those in which SA,G appears in the rat: 
pregnancy®?*-*5, youth*®*5.%6, during neoplastic growth'*»** 
and in the nephrotic syndrome’. The molecular weights of 
porcine and human A,MG are given as 960,000 and 900,000, 
respectively*!**, and I calculate the molecular weight of 
rat SA,G to be 900,000 to 1,000,000 on the basis of gel 
exclusion chromatography on ‘Bio-Gel A15m’ (BioRad 
Laboratories, Richmond, California). 

Tn view of these indications of similarity, I have investi- 
gated whether or not the two materials are also similar 
when examined by starch gel electrophoresis, immuno- 
diffusion and immunoelectrophoresis. Rats used, general 
procedures and vertical starch gel electrophoresis have 
already been described‘. SA,G was caused to appear in 
the rats, that is, the rats were made positive, by the 
administration of the lipopolysaccharide (endotoxin) of 
Salmonella abortus equi*®. Human sera were obtained from 
four healthy, non-pregnant adults of both sexes or 
in lyophilized form (Pentex Incorporated, Kankakee, 
Illinois). For the purpose of this work, no appreciable 
differences were noted among the sera from the various 
sources. Other animal sera were also obtained in lyophil- 
ized form from Pentex. Antiserum to human AMG, 
produced in rabbits, was that of the Behringwerke, 
Marburg-Lahn, Germany (Hoechst Pharmaceuticals, Inc., 
Kansas City, Missouri). Antisera to rat SA,G were pre- 
pared in rabbits by the injection of an impure preparation 
of SA,G and complete Freund’s adjuvant. The antisera 
obtained were absorbed to completion with sera from 
normal, that is, SA,G negative, rats. The double immuno- 
diffusion method of Ouchterlony** was carried out either 
in Petri dishes of 45 mm diameter or on microscope slides 
using 1 per cent agar with 1 per cent sodium chloride and 
0-1 per cent sodium azide. The gels were examined in a 
dark-field arrangement and, in some cases, also after 
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drying and staining. Immunoelectrophoresis was carried 
out with, and according to the instructions for, the model 
6800 A of the LKB-Produkter AB (Stockholm, Sweden). 

Fig. 1 gives representative examples of the results 
obtained. On the starch gel electrophoresis plate (Fig. 1a), 
sera from man, rabbit, cow and horse all show a band 








Fig. 1. a, Cathodal portion of vertical starch gel electrophoresis plate. 
Starting wells immediately to the right of the label; migration from 
left to right. Arrow 1, slow alpha,-globulin; arrow 2, slow alphas- 
globulin. b, Dark field view of double diffusion plate, Well 1, rat serum 
containing slow alpha,-globulin; well 2, rat serum not containing slow 
alpha,-globulin; well 3, bovine serum; well 4, canine serum; well 5, 
human serum; well 6, antiserum against an impure preparation of rat 
slow alpha,-globulin absorbed to completion with normal rat serum. 
e, Dried and stained double diffusion plate. Well 1, rat serum not 
containing slow alpha.-globulin; well 2, human serum; well 3, impure 
preparation of rat slow alphasglobulin; well 4, rat serum containing 
slow alpha,-globulin; well 5, human serum: well 6, antiserum to 
human alpha,-macroglobulin produced in rabbits. d, Dried and stained 
immunoelectrophoresis plate. Migration from left to tight. Top well, 
human serum; bottom well, rat serum containing slow alpha,-globulin; 
centre trough, antiserum to human alpha,- macroglobulin produced in 
rabbits, 
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coincident in position with that of SA,G in the serum of 
the positive rat, a position that is empty, of course, in 
the pattern of the serum from the negative rat. These 
results are in accord with a similar finding by Jacquot- 
Armand and Guinand?! concerning human serum. In 
view of the close phylogenetic relationship between the 
Rodentia and the Lagomorpha, it is interesting to note 
that this band is consistently weaker in patterns of rabbit 
sera than in those from other, non-rodent, mammals. 

Fig. 16 demonstrates, first, the specificity of the ab- 
sorbed antiserum for rat SA,G in that it will still react 
with rat serum containing SA,G but will not do so with 
serum from a normal, SA,G negative rat. Second, there 
is shown the cross-reaction of this specific antiserum with 
a component in normal human, bovine and canine sera. 
The spurs formed indicate that the various sera do not 
contain an immunologically identical but only similar 
material. This finding is in accordance with similar find- 
ings on the A,MG of other mammals!?:?*. The sera of 
these three mammals therefore contain a material which 
is immunologically very similar to rat SA,G. 

These conclusions are supported by the type of result, 
shown in Fig. lc, obtained when the antiserum in the 
centre well is commercial anti-human A,MG. A defi- 
nite reaction is obtained between this material and 
the positive rat serum in well 4 while there is no reaction 
with negative rat serum (well 1). This again demonstrates 
the specificity of the reaction. That rat SAG is immuno- 
logically only similar to human A,MG is again shown by 
the spur formation at the intersection of the reaction lines 
with positive rat serum (well 4) and with human serum 
(wells 2 and 5). An impure preparation of rat SA,G, used 
as the injection antigen for the production of the antisera 
used in Fig. 10, was placed in well 3 and reacted like 
positive rat serum. 

In immunocelectrophoresis also (Fig. Id) positive rat 
serum and human serum, reacted against commercial anti- 
human A,MG, show similar reaction arcs in similar loca- 
tions. 

T conclude from the data in the literature and the 
experimental evidence described that: (a) the SA,G of 
the rat is chemically, immunologically and probably func- 
tionally similar to the A,MG of other, non-rodent, mam- 
mals and (b) the rat, and possibly other rodents, differ 
from most mammals in that the normal range of con- 
centration of this material in the serum includes or comes 
very close to zero. 

This work was supported in part by grants from the 
US National Science Foundation. 
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Differences in Localization of Salmonella 
Flagella in Lymph Node Follicles of 
Germ-free and Conventional Rats 


Srupies on the induction of antibody production have 
shown. that subcutaneously injected immunogens can be 
processed in two ways by draining lymph nodes'. Most 
of the immunogen retained in the node is actively phago- 
eytosed by the macrophages of the sinuses of the medulla, 
while a smaller portion becomes attached to the surfaces 
of dendritic cellular processes in the primary follicles of 
the cortex'*, This latter phenomenon seems to be 
important because germinal centres subsequently form in 
immediate relation to this surface-retained immunogen? -®. 
Because the ability of follicular cells to capture immuno- 
gens is decreased in tolerant animals and increased in 
actively or passively irnamunized animals*-*, it may be that 
opsonins, specific or non-specific, are required for follicular 
localization of immunogens and thus for the formation of 
germinal centres in lymph nodes. To test this hypothesis 
further we have compared the degree of follicular localiza- 
tion of flagella of Salmonella adelaide labelled with 
iodine-125 in germ-free rats and in conventionally raised 
rats, assuming that germ-free rats would have experienced 
less exposure to antigens which might have induced cross- 
reacting or non-specific opsonins. 

Germ-free and conventional female Sprague-Dawley 
rats weighing 75-115 g were used. On arrival, the germ- 
free rats were transferred into a peracetic acid-sterilized 
flexible plastic isolator (Labeo, Columbus, Ohio) by con- 
ventional sterile techniques. Two were kept in each 
cage. Purina 5010C laboratory chow, water, bedding and 
the necessary glassware and instruments were introduced 
into the isolator after sterilization in an autoclave. 
Bedding from the isolator was changed, removed and 
cultured for bacteria twice weekly. At the time of injection 
of 1I labelled flagella, two bacteria were found con- 
taminating the isolator, Clostridium perfringens and Cl. 
capriocum (identified by the Communicable Disease 
Center, Atlanta, Georgia). In the experiment testing the 
immunogenicity of flagella in germ-free rats, Cl. perfringens 
and Cl. multifermentans became contaminants 2 weeks 
after primary immunization. No other bacteria were ever 
cultured from the bedding, isolator or rats. Conventional 
rats injected subeutaneously four times at 2 day intervals 
with 1-1-5 x 10° organisms of each of these Clostridium 
species killed with formalin did not develop detectable 
immobilizing antibody to Salmonella adelaide. 

Flagella from Salmonella adelaide were prepared and 
iodinated with iodine-125 (New England Nuclear Corp., 
Boston, Mass., lot. No. 2-674) by the chloramine-T 
method described earlier’. The radioactive antigen was 
injected in doses of 0-8 yg of flagella in 0-1 ml./hind foot 
pad into groups of ten germ-free and ten conventional 
rats under pentobarbitol anaesthesia. Pentobarbitol 
solutions and flagella suspensions were sealed in glass 
ampoules which were exposed for 1 h to a 10 per cent 
peracetic acid spray before being put in the isolator. 
Suspensions of flagella injected into the conventional rats 
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were handled in the same way as those injected into the 
germ-free rats except that they were kept at room tem- 
perature for a time equivalent to that required for 
ampoules to pass into the isolator. One conventional rat 
died 25 min after injection of antigen and one germ-free 
rat was killed after 60 min. Two rats from each group were 
killed at intervals of 4 h and 1 and 7 days after injection 
of antigen, and single rats were killed after intervals of 8 h 
and 2 and 3 days. Both popliteal lymph nodes, a para- 
aortic lymph node and the spleen were removed from each 
rat, fixed in 10 per cent formol-saline for 24 h, transferred 
to 70 per cent ethanol, and counted individually on a 
Packard ‘Auto-Gamma’ scintillation counter simul- 
taneously with diluted samples of serum from each animal 
and with a diluted sample of the injected radioactive 
suspension of flagella. Subsequently, autoradiographs of 
5u sections of the organs were prepared using Kodak 
NTB3 emulsion diluted 1:1 with distilled water, and 
methyl green-pyronin stain. 

At times later than 24 h after the injection of labelled 
flagella the levels of radioactivity in the popliteal nodes 
and in the spleen, but not in the serum, were slightly 
lower in the “germ-free” rats than in the conventional 
rats. After exposure for 33 days, autoradiographs of the 
popliteal nodes from germ-free and conventional rats had 
distinetly different patterns of concentration of label in 
follicular cells (Figs. | and 2.) In popliteal nodes from 
conventional rats, label appeared in follicles within 4 h of 
injection, was heavily concentrated in follicles by 8 h 
and persisted here until 7 days after injection. In the germ- 
free rats, however, no label was found over follicles at 4 h 


Fig. 1. 


Photomicrograph of an autoradiograph exposed for 33 days, 
showing a section of a popliteal node from a conventional rat 8 h after 


injection of flagella labelled with iodine-125. Labelling is present over 

the phagocytic cells of the peripheral and medullary sinuses and is 

concentrated over a primary Gomen follicle, Methyl green-pyronin 
stain, x 80. 
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‘Table 1. COMPARISON OF THE CONCENTRATION OF LABELLED FLAGELLA IN THE PRIMARY FOLLICLES OF THE POPLITHAL LYMPH NODES IN THE GERM-FREE 
AND CONVENTIONAL RATS 24 h AFTER INJECTION 


Proportion of 
Rats Nodes follicles counted Statistic 
examined with grains 
Conventional 4 14/17 Mean 
Median 
Range 
Germ-free 4 12/13 Mean 
Median 
Range 


Size of follicular Individual” follicular R 
eross-section concentration Grains/follicular 
(x?) of grains cross-section 
26,590 147 9,401 
20,800 117 2,995 
(11,200-52,800) (0-385) (0-36,960) 
20,280 47 2,660 
17,600 34 979 
(4,480-37,600) (0-166) (0-9,030) 


* Follicular concentration = grains/500,? in follicle — grains/500,2 in adjacent cortex. 


and only a trace amount was seen by 8 h. At 24 h and 
thereafter there was always some label over the follicles, 
but the concentration of this label was less than that in 
nodes from comparable conventional rats. In contrast, 
within 4 h of injection of radioactive flagella equally 
heavy labelling was found over the medullary areas of the 
popliteal nodes from both groups of rats. 

The difference in degree of concentration of antigen in 
follicles in the popliteal nodes of the “germ-free” rats 
compared with those of the conventional rats was more 
accurately established by grain counting’®. Autoradio- 
graphs (exposed for 10 days) of popliteal nodes of all rats 
killed 24 h after antigen injection were examined. Follicles 
containing germinal centres were not counted. The con- 
centration in the follicles was expressed as the excess of 
this concentration over the concentration in the diffuse 
cortex, the latter being determined individually for each 
node. These data are shown in Table 1. The range of 
values, mean values, and median values of the concen- 
tration of labelled flagella in follicles and of grains/cross- 





Fig, 2. 

showing a section of a 

injection of flagella labelled with iodine-125. Although the phagocytic 

eells of the sinuses are as heavily labelled as those in the node from the 

conventional rat (Fig. 1), the primary cortical follicle, in contrast, has 

only a small increase in concentration of labelling compared with the 
diffuse cortex. Methyl green-pyronin stain, x 60. 


Photomicrograph of an autoradiograph exposed for 33 days 
ypliteal node from a germ-free rat 8 h after 


section of follicles are all smaller in the germ-free rats than 
in the conventional rats. The sizes of cross-sections of 
follicles were comparable, There was little difference in 
the proportion of follicles which retained antigen between 
the two groups. 

Neither consistent germinal centre formation nor 
plasmacytopoiesis occurred in the popliteal lymph nodes 
from the conventional or the germ-free rats in response to 
these doses of iodinated flagella. To establish the immuno- 
genicity of the particular flagella preparation used, and to 
determine the immunogenicity of flagella in germ-free 
rats, new groups of conventional and germ-free rats wero 
injected with non-iodinated but otherwise similarly 
handled flagella of the same batch in doses of 0-05 ug or 
0-5 pg per hind foot pad. The rats were bled 42 days 
later and given secondary injections of 5-0 ug flagella/hind 
foot pad. The rats were bled again 7 and 14 days after the 
secondary injections. The titres of Salmonella adelaide 
immobilizing antibody" in the germ-free rats were higher 
than those in the conventional rats after both primary 
doses and secondary stimulation (Table 2), although not as 
high as expected on the basis of past experience with 
another strain of rats, 


Table 2. AVERAGE TITRES OF IMMOBILIZING ANTIBODY IN GERM-FREB AND 


CONVENTIONAL RATS 


Average log? titre 


Primary Secondary (1=1/5 dilution)* 
2 day 7 day 14 day 
primary secondary secondary 
Germ-free 0-05 ug 5-0 ug 7:3 11-4 13-8 
0-5 ug 5-0 ug 9-2 12-5 14-0 
Conventional 0-05 ug 5-0 ug 0-6 9-5 98 
05 ug 5-0 ug 54 118 12-2 


* Six rats in each group. At the beginning of the experiment, germ-free 
rats were estimated to weigh an average of 100 g and conventional rats 
weighed an average of 75 g. 


In conclusion, localization of Salmonella flagella in the 
lymphoid follicles but not in the medullary macrophages 
of rat lymph nodes is less efficient in rats raised in a germ- 
free environment than in conventionally raised rats. This 
is consistent with the hypothesis that localization of 
immunogens in follicles, and thus germinal centre forma- 
tion, is dependent on the pre-existence of antibody. The 
fact that the germ-free rats of this experiment had the 
ability to retain some flagella in the follicles may have, 
been caused by antibodies which were not highly specific, 
or to slight previous stimulation with specifice antigens 
present in the food, the probable source of the Clostridium 
spores causing contamination of the isolator. Alterna- 
tively, the localization of the antigen in the follicles, 
obviously delayed in the germ-free rats, may have been 
caused by de novo antibody synthesis to the injected 
antigen. The dissociation of the degree of concentration of 
flagella in follicles and the antibody titres produced in the 
germ-free rats compared with the conventional rats might 
indicate that the surface-retained immunogen of lymph 
node follicles has little to do with the initiation of anti- 
body production per se. Careful study of possible early 
differences in anti-flagella antibody production in germ- 
free and conventional animals would, however, be 
necessary to make this more certain. 
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BIOLOGY 


Nutritional Evaluation of Bacterial 
Diets in Growing Rats 


THERE has recently been interest m the potential of bacteria 
(sıngle cell protem) as a food for populations on a diet 
deficient ın protem?* and for astronauts on long space 
fights There seems to be no literature on the growth 
of animals fed for extended periods on bacteria as the 
only nitrogen source or as a large proportion of the diet 
This communication reports the results obtained when 
weanling rats were fed on diets contaming acetone-killed 
Escherichia cola B or Hydrogenomonas eutropha as a 
minimal nitrogen source, and of feeding diets which 
utilize these bacteria as the chief source of calories The 
findings are useful in establshmg the extent to which 
bacterial protem can replace conventional protem and 
the degree to which a diet contammg large amounts of 
whole bacteria 1s compatible with good nutrition and 
health H eutropha is of particular mterest because ıt 1s 
under consideration as a possible source of regenerated 
tood for use on long space flights? 

The concept that bacterial protem may be a useful 
nutritional supplement 1s not new It has been shown*5 
that the addition of 5 per cent by weight of purified E 
colz protein to a diet contaiming only sufficient protein for 
mimmal growth produced the same or better stumulation 
of growth in weanhng rats as that produced by 5 per 
cent fishmeal protem Animals fed on whole cells killed 
by heat responded as well as those fed on purified protem 

There have been studies of the nitrogen balance of 
bacteria over a short period The protein of mrxed rumen 
bacteria killed with ethanol has a biological value of 81 
per cent and a digestibility of 74 per cent®? in rats 

It has also been shown?! that the protem of live Æ colt 
cells has a biological value of 69 per cent and a digestibility 
of 81 per cent These values were not changed noticeably 
after freeze drying the cells, sonically disrupting the dried 
cells or altermg the growth medium The biological value 
for Lactobacillus arabynosis was found to be 52 per cent 
with a digestibility of 84 per cent 
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There are two potential pioblems related to growth 
over a long period on diets contaimmg H eutropha First, 
the bacterial protem m whole cells may not be available 
for digestion or, if digested, the distribution of ammo-acids 
may not be compatible with good nutrition A relatively 
good indicator of protem value is the “Essential Ammo 
Acid Index”? When this index 1s calculated for casein, 
Pseudomonas (Hydrogenomonas) saccharophilia® and H 
eutropha, values of 88, 75 and 78, respectively, ale 
obtained Thus H eutropha protein should have a biologi- 
cal value somewhat lower than casem but still be of 
relatively ngh quality 

The second problem which might arise relates to the 
amount of urine which must be excreted to eliminate 
compounds contaming nitrogen from the body The 
hmuted ability of the kidney to concentrate urea and urie 
acid indicates that when large amounts of protein are 
eaten, more water must be ingested It must therefore 
be shown whether the mcreased volumes associated with 
diets contaming these bacteria as the chef calorie source 
will be too large to preclude therr use in this manner It 
18 significant that good nutritional practice avoids diets 
contaiming more than 45 to 50 per cent protein because of 
this and associated problems” 

There were difficulties in obtaining an adequate amount 
of H eutropha A prelimmary study was therefore done 
with a single lot of H cols B grown. out to 3/4 log phase on 
phosphate-buffered minimal medium, washed successively 
with saline and acetone and then air dried The resultant 
dried powder contamed no viable Æ col and contamed 
78 per cent protein (Nx625) These dried cells were 
incorporated at levels of 10 7 and 71 8 per cent by weight 
into diets containing 10 per cent corn oil, 4 per cent of 
the Wesson modification of Osborn and Mendel’s salt 
mixture, vitamms, and the remaimder potato starch. 
Similar control diets were prepared contaimmg 80 and 
660 per cent casem An equal weight of water was 
blended mto the 8 per cent casen and 107 per cent E. 
colt diets to give a paste Twice this amount of water 
had to be added to the 66 per cent casem and 718 per 
cent bacteria diets to give pastes of the same consistency 
The nitrogen content on a diy basis of these diets as 
determmed by analysis was 174 per cent for the low 
protem diets and 9 04 per cent for the high protein diets 
This ıs equivalent (Nx 6 25) to 775 and 570 per cent 
protem The true protem content of the bacteria con- 
taming diets, however, 1s probably reduced by 8 to 10 
per cent of the stated value because of the presence of 
nucleic acids All diets were stored at 4° C and fed fresh 
to the rats daily for 14 days The male Sprague-Dawley 
rats (66 +3 g) were caged as pairs, food and water con- 
sumption was recorded daily 


Table 1 RESPONSE OF MALE WEANLING SPRAGUE-DAWLEY RATS TO DIET 
CONTAINING ACETONE-KILLED BACTERIA 
Total per animal during experimental period 
Per No of tSEM 
Maternal cent animals Weight Food Water Urme Faeces 
gain (g) {g) (g) (mil) (g) 
14 day study with E colt 
Casein 80 8 83+5 2144+14 432435 
Casein 660 6 42+1 138843 460+27 
E colt 107 4 41+7 2224+42 5264105 
E colt 718 4 8744 11740 625+30 
26 day study with H eutropha 
Casein 120 4 8548 300418 460441 148415 3342 
Casein 500 4 138546 31548 668423 320428 3641 
H eutropha 170 4 10149 326411 545416 286424 43841 
H eutropha 720 4 72411 26644 8964124 483+17 130+10 


When the results of this feedmg study (Table 1) were 
examined, the only statistically significant changes 
observed between groups at the same level of dietary 
protein were the food and water consumption on the high 
protem diets The rats ate less of the # cols diet (P <0 05) 
(t test) and drank more water (P<005) This expermment 
verified the hypothesis that diets containmg very large 
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amounts of bacteria are not very harmful to the animals + 
after they have been fed on the diets for 14 days 

Subsequently, we made a longer study with H eut »pha 
The bacteria were grown heterotrophically as a single 
batch in a 250 gallon fermentor on a medium containing 
salts, casem hydrolysate, protopeptone, yeast extract 
and sucrose (Gram Processing Corporation, Iowa) After 
the cells had reached full growth (24 h), they were prepared 
as described for Æ cols We formulated the diet in a 
shghtly different way from that with E cole m the hope 
of mereasing acceptability Thus 17 and 72 per cent dry 
weight of cells were mixed with 10 per cent cottonseed oul, 
10 per cent sucrose, 5 per cent USP XIV salt mixture 
(plus 16 5 mg ZnSO,/100 g diet), 2 per cent a-cellulose, 
vitamins, and the remainder corn starch Srmular control 
diets were prepared containing 12 and 50 per cent casem 
In this case, an equal weight of water was added to all the 
diets The rats (67 +3 g) were kept as pairs in metabolic 
cages The diets were kept at 4° C and were fed fresh 
to the rats daily for 26 days, food and water consumption 
and urme and faeces excretion were recorded daily 

When 17 per cent H eutropha was compared with 
12 per cent casein in the diet, growth, food and water 
consumption, and urme excretion were the same (Table 1), 
excretion of faeces was increased These data agree with 
the findings with Æ cols that whole bacterial cells are 
digested and provide protein with approximately the 
same biological value as casem When H eutropha was 
fed at a much higher level (72 per cent), however, there 
was a highly significant (P<001) decrease in growth 
rate and food consumption when compared with the 
casein control In addition, the excretion of urme and 
faeces was significantly mereased (P<005) with the 
diet contammg H eutropha The mereased production 
of faeces 1s probably related to non-digestible compon- 
ents of the bacteria such as cell walls The ash content 
of the H eutropha diets was appreciably greater than 
the corresponding controls and may explam in part the 
increased urine excretion 

On the basis of these experiments, bacterial cells may 
be an adequate sole source of protein for extended periods 
when present at low levels ın the diet When fed at a 
high level for a period of 26 days, H eutropha does not 
seem to provide as good nutrition to weanling rats as 
does a conventional protem Consideration will have to 
be given to the problems of increased waste production 
m any speculation about the use of bacteria as a food for 
space flights of long duration, as man excretes the less 
soluble uric acid as a catabolite of the purmes rather 
than as allantoin as does the rat. 


JACOB SHAPIRA 
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Brood-protection in a Deep-sea 
Holothurian, Oneirophanta 
mutabilis Theel 


BROOD-PROTECTION 1s known to occur m thirty species of 
holothurians belonging to the orders Dendrochirota and 
Apoda All aie httoral-sublittoral and most are inhabit- 
ants of cold seas, especially the Antarctic The brood- 
protecting Dendrochirota usually carry their young on 
the body-surface or m pockets invaginated from the body- 
surface Some Dendrochirota and most of the brood- 
protecting Apoda have a coelomic mcubation, the juveniles 
passing through a free-swimming stage m the body-fluid 
of the mother The Antarctic synaptid Taenrogyrus 
contortus (Ludwig) breeds the young within the ovaries, 
which they leave at a length of 3 mm (the adult specimens 
measure 20-45 mm) (ref 1) 

To this hitherto isolated case of mtra-ovarial brood- 
protection ın holothurians can now be added that of 
the deep-sea holothurian, Onewrophanta mutabihs (family 
Deimatidae, order Elasipoda) Brood-protection m this 
species was found during dissection of twenty-seven 
specimens, 40-95 mm long, from the Galathea st 716 
off the Pacific coast of Central America (9° 23’ N , 89° 32’ 
W , 3,570 m deep) 

Five females had between one and sıx young, 7-30 mm 
long, present ın the ovaries (Fig 1) The smallest speci- 
men with young was 70 mm long and contained three 
juveniles measurmg 7-8 mm ‘The two largest young, 
both 30 mm long, were present in a 75 mm long specimen 

Eggs were absent m the ovaries of the females which 
were bearmg young The other females contained very 
scattered and small eggs in the ovanal wall, m one 
female some eggs reached a size of 02mm The absence 
of intermediate stages between ovaries ın an early stage 
of egg-formation and ovaries with young in an advanced 
stage suggests the existence of a reproductive penodicity 
in this deep-sea species The females with no young are 
up to 90 mm long and most of them are probably at the 
beginning of a new reproductive cycle after the young 
have been born 





Fig 1 Onewrophanta mulabiie a, Ovary, ventral view, one sac opened 
to show a young 6, Large young from another ovary 
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The smallest young had few and mmute tubefeet and 
papillae and five oral tentacles, while the largest had 
fully developed tubefeet and papillae and ten oral 
tentacles These juveniles differ from the free-hvmg 
specrmens by the feeble development of the calcareous 
spicules of the skin and by the lower tentacle-number, 
the number m free-lvmg specimens bemg eighteen to 
twenty 

In the earlier stages, the young may feed on the un- 
fertilized eggs The fact that the young mcrease m size 
from 7 to 30 mm in ovaries emptied of eggs suggests, 
however, that they are nouushed by a nutritive fluid 
secreted into the ovaries 

An intra-ovanal brood-protection exists also m a few 
Antarctic species of ophiurans®*, but 1s otherwise un- 
known in the echinoderms 
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Production of Hydrogen Sulphide by 
a Thermophilic Blue-green Alga 


Licur has been found to stimulate the production of 
hydrogen sulphide in the umicellular blue-green alga 
Synechococcus lwidus Copeland (axenic clone Y 52) The 
culture was muitially isolated in 1964 from one of the Fairy 
Springs, Lower Geyser Basin, Yellowstone National Park 
The cells were collected at 52° C and the thiosulphate 10n 
content of the water was probably about 90p pm (ref 1) 
Although no other organism has been found to exhibit 
a light stimulated production of hydrogen sulphide gas, 
several other dissimilatory reductions have been described 
which may be similar to the production of hydrogen 
sulphide Among these are the evolution of hydrogen gas 
in Rhodospirillum rubrum?, Scenedesmus*®, Chromatrum* 
and spinach chloroplast preparations’ Chromatwum re- 
duced elemental sulphur to hydrogen sulphide in the dark, 
but returned to sulphur oxidation when illuminated® The 
non-photosynthetic sulphur bacterium Desulfovibrio 18 a 
dissimulatory sulphate reducer which can utilize sulphate 
as its terminal electron acceptor in anaerobic respiration’ 
Certam organisms a:e capable of using nitrate as a 
terminal electron acceptor A respiratory mtrate reductase 
has been described for several bacteria and fung1® and for 
the green alga Chlorella pyrenordosa? This communication 
describes preliminary expermments designed to clarify the 
relationship of hydrogen sulphide production ın both hght 
and darkness to the various reductions mentioned 
Experumental cultures were grown at 800 Im/ft ? (tung- 
sten) and 45° C in the following defined medium (medium 
C) 11 of distilled water, 01 g of nitrilotriacetic acid; 
05 ml of trace element solution (1! of water, 30 ml of 
concentrated hydrochloric acid, 20 g of manganese 
chloride 4 H,O, 05 g of zinc nitrate 6 H,O, 05 g of 
borie acid, 0 025 g of cupric chloride 2 H.O, 0025 g of 
sodium molybdate 2 H,O, 0 025 g of cobaltous chloride 
6 H,O, 0 025 g of vanadyl sulphate 16 H,O), 10 ml of 
ferric chloride solution (0 2805 g of ferrie chloride ın 1 1 
of water), 00825 g of calcium nitrate 4 H,O, 0 1023 g 
of magnesium nitrate 6 H,O, 00077 g of sodium 
chloride, 0 1032 g of potassrum nitrate, 0 6888 g of 
sodium nitrate, 01111 g of sodium mono H phosphate, 
and 0 9862 g of sodium thiosulphate The pH was adjusted 
to 82 with sodium hydroxide, and was about 75 after 
autoclaving The substitution of 0 6 g of calaum sulphate 
2 H,O and 0 0988 g of magnesium sulphate 7 H,O for 


1063 


sodium thiosulphate produced a good general medium for 
the growth of thermophilic blue-green algae (medium A). 

For the experiments, cells were concentrated by centri- 
fugation (5,000g at 0° C) The cells were resuspended and 
washed three times in Sigma buffer (Table 1) The hydro- 
gen sulphide evolved was trapped ın 4 M sodium hydroxide 
placed in the centre well of 15 ml comeal Warburg flasks 
and determmed to be sodium monosulphide by the 
colloidal lead method!* 


Table 1 PRODUCTION OF HYDROGEN SULPHIDE AS ug/g DRY WEIGHT/h 


(o) IN THE PRESENCE AND ABSENCE OF THIOSULPHATE ION 
Thiosulphate 
Thiosulphate present absent 


Taght 932-1044 (F = 1,024, five trials) 0 (four trials) 
Dark 152-244 (s= 168, four trials) 0 (four trials) 


The Warburg flasks contained whole cells of S ydusin 3m of the follow - 
ing Sigma buffer (expressed in w«moles/3 ml of water) 100 uM tris HCL 
buffer (pH 68), 35 M magnesium chloride 6 H,O, 10 uM potassium 
chloride, 10 uN potassium monohy drogen phosphate, 40 uM sodium thio- 
sulphate (when used) ‘The light intensity was 2,600 Im/ft? and the tem- 
perature was 45° C with nitrogen as the gas phase 


The cells evolved hydrogen sulphide gas ın the hght and 
dark when incubated under nitrogen with either sodium 
sulphate or thiosulphate Fig 1 shows that the produc- 
tion of hydrogen sulphide gas in the light was constant 
over the experimental period, that the rate of gas produc- 
tion when the culture was supplied with thiosulphate was 
twice that of the sulphate culture, and that with ether salt 
the rate in the light exceeded the respective dark rate by 
a factor of ten 

Several bacte1ia!! and fungi!? have been shown to evolve 
hydrogen sulphide gas by the action of cysteme de- 
sulphydrase on L-cysteme, so S lwidus was assayed for 
this enzyme Assays ın both the clarified and broken-cell 
preparations were negatives 

The formation of hydrogen sulphide gas required an 
exogenous source of sulphur in both the hght and dark 
(Table 1) Sulphur reduction occurs in micro-organisms 
of nearly all nutritional types, and may occur mde- 
pendently of photosynthesis Nevertheless, 1t 1s possible 
when sulphur reduction, either assimilatory or dissiumila- 
tory, and photosynthesis take place in the same organism 


m 
pe 
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nw 
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ug HS/g dry weight/100 





Fig 1 The production of hydrogen sulphide bv S kevidus in the 

light and dark The flash contained 3 m! of Sigma buffer (see Table 1) 

with etther sodium sulphate or thinsulphate, 40 #M/3 m! The centre 

well contained 0 3 mi of } M sodium hi droxnle as a stdphide trap The 

temperiture was 45°C, the hight intensity was 2,600 Im/ft* and the 
gas phase was nitrogen O and A, Light, @ and A, dark 
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that the two processes are closely inked as in the reduction 
of molecular nitrogen, mtrate!®1* and sulphate!?+18 

If water serves as the electron donor in anaerobic dis- 
similatory sulphate photoreduction, then the addition of 
a substitute electron acceptor in the form of sulphate or 
thiosulphate should result m an mereased rate of oxygen 
evolution The maximum stimulation should be obtamed 
when other reducible substances, such as carbon dioxide, 
are excluded and when the light 1s saturating for photo- 
synthesis. Fig 2 compares the rates of oxygen evolution 
during the reduction of thiosulphate or sulphate with a 
control lacking an exogenous sulphur electron acceptor 
Clearly, the addition of either sulphate or thiosulphate 
stimulated the rate of oxygen evolution, both serving 
equally well as shown by the nearly identical rates, 
approximately double that of the control 

Fig 3 illustrates the same effect using a Clark silver~ 
platinum oxygen electrode The cells, initially ın anaerobe 
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Fig 2 ‘The effect of exogenous sulphate and thiosulphate on oxygen 

evolution in S hmdus The fiask contained 3 ml of Sigma buffer (see 

Table 1) with or without sodium sulphate or thiosulphate, 40 #M/3 ml 

The centre well contained 0 3 ml of 4 M sodium hydroxide as a sulphide 

trap The temperature was 45°C, the light intensity was 2,600 Im/ft * 
and the gas phase was nitrogen 
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Fig 3 Oxygen production (corrected for respiration) by S hadus 
before and after the addition of sodium thiosulphate, 40 #M/3 mi 
The reaction mixture was Sigma buffer (see Table 1), the temperature 
was 45°C, the light intensity was 2,600 Im/ft* and the gas phase 
was nitrogen The curve shows an initial oxygen burst after the onset 
of illumination at time zero, a subsequent equilibrium rate and a higher 
equilbrium rate after the addition of thiosulphate 
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conditions, responded to the myection of an anaerobic 
thiosulphate solution with an increased rate of oxygen 
evolution, approximately double that of the preceding 
rate 
The stoichiometric relationship of sulphur reduction 
mS indus to photosynthesis and respiration m anaerobic 
conditions will be reported later 
This work was aided by a grant from the US National 
Science Foundation 
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Effect of Seed Extract of 
Trifolium subterraneum on 
Germination and Seedling Growth Rate 


SEDs may contain water-soluble substances which inhibit 
or retard germination! This communication reports the 
effects of a water-soluble extract from the seed of Trt- 
folsum subterraneum L (subterranean clover) on the 
germination and growth of subterranean clover and wheat 

A water-soluble extract was prepared by soaking 200 g 
of commercial seed of subterranean clover (cultivar ‘Mt 
Barker’, 208 seeds/g) ın 300 ml of distilled water for 24 h 
at 30°C The solution was then evaporated at 100° C and 
the resulting crystals were finely ground A quantity of 
extract was also freeze-dried The effect of the freeze- 
dried solution on subsequent germination and growth of 
subterranean clover at 30° C was similar to that of the 
material evaporated at 100° C The results only refer to 
an extract evaporated at 100° C. 

Seeds of subterranean clover (“Mt Barker’) were germin- 
ated ın the dark at 18°, 23° and 30°+15° © All com- 
bmations of the three temperatures, and five relative 
concentrations (0, 25, 50, 75 and 100, where 100=1 g of 
extract/16 ml of water) were tested, usmg five replicas 
each of 100 graded seeds (135 seeds/g) The seeds were 
placed m Petri dishes, so that they were partially immersed 
ın 10 ml. of the solution, and the Petri dishes were her- 
metically sealed After 3 days, germmation, based on 
emergence of the radical, was recorded The length of 
the radical of germinated seeds was used as a measure of 
the muitial rate of growth By this time and m these 
conditions the hypocotyl had not elongated To test the 
extract for non-speerficity, its effects on the germmation 
of growth rate of wheat (variety ‘Falcon’) were exammed 
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at temperatures of 18°, 25° and 30° +15°C Fifty seeds 
were used in each rephcate. A wider range of concen- 
tration of extract was tested as shown m Fig 2 Germma- 
tion was recorded based on the emergence of both coleop- 
tile and primary root, and lengths of these organs gave a 
measurement of growth 

The results of the germmation tests for subterranean 
clover are given m Fig la. There was no significant 
effect of the extract on germination at 18° C, but with 
mereasing temperature and concentration germmation 
was markedly reduced Fig. 1b shows the effect of tem- 
perature and concentration of the extract on the length 
of the radicle There was no effect of temperature in the 
absence of the extract At 18° C and 23° C the length of 
the radicle decreased with mcreasing concentration, with 
httle differential effect caused by temperature At 
30° C there was a particularly marked effect at relative 
concentration 25, but mcreasing the concentration had 
no further effect 
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Many of my experiments have shown that the germima- 
tion and growth rate of subterranean clover m hermetically 
sealed dishes at mnımum moisture tension are unaffected 
by temperatures m the range 18°-30° C The findmg that 
the percentage of germmation of control material at 30° C 
1s not significantly reduced differs from the results reported. 
by Ballard’, A typical experiment showed that the per- 
centage of germmation of imbibed seed in these con- 
ditions was reduced by at least 50 per cent when dishes 
were not sealed. Differences in the methods of germina- 
tion may be responsible for the apparent discrepancy with 
Ballard’s results 

The effects of temperature and concentration of extract 
on the germination of wheat are shown n Fig 2a Again, 
the extract was most effective at 30° C and least effective 
at 18° C At 30° C relative concentrations 0 5, 1, 25, 5 
and 10 had a stimulatory effect on germmation. Fig 2b 
shows the effect of temperature and concentration of an 
extract on the length of the coleoptile In the absence 
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Fig 2 Effect of temperature and concentration of extract on a, germination of wheat, b, coleoptile length of wheat 
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of extract, growth rate ıs less at 18° C and 30° C than at 
25° C At all temperatures there was a marked effect of 
the extract on the length of the coleoptile at relative 
concentrations of 25 and over The effect of temperature 
and concentration of extract on the length of the primary 
root was usually similar to that for coleoptile length 

The osmotic pressure of the solution at a relative con- 
centration of 100 was only 54 atm as determined by the 
vapour pressure method At 30° C, pressures of 5 atm 
have been shown to have only a slight effect (about 10 per 
cent reduction) on the germination of subterranean clover 
seed (personal communication from R M Moore) There 
is no effect of such an osmotic pressure at lower tem- 
peratures The reduction of about 75 per cent m ger- 
mination of subterranean clover at 23° C and 30° C 
obtained m this work can be attributed therefore to an 
inhibitory effect of the extract 

The effect of the extract on both subterranean clover 
and wheat is maintained only 1f the secd 1emains m contact 
with the solution The viability of seeds which had not 
germinated after three days was tested by washing 
thoroughly m distilled water, and germinating at a 
favourable temperature The seeds from all treatments 
germinated readily, even after they had been soaked for 
three days at relative concentration 100 at 30°C It was 
observed, however, that there was a residual effect of the 
extract on the growth rate of the radicle of subterranean 
clover, the effect mcreasing with mcreasing concentration 

The results show that seed of subterranean clover con- 
tains a water-soluble substance or substances which at 
high concentrations adversely affect germmation and 
growth Tius mhubitory effect ıs strongly dependent on 
temperature and seems to be non-specific 

A recent paper? has been brought to my attention 
since this publication was prepared The hypothesis of 
Taylor and Rossiter that a water-soluble inhibitor of 
germination 1s involved m the regulation of germmation 
of new (dormant) seed ıs extended by the results of the 
present study The magnitude of the mhibitory effect 
obtained m this study may vary with cultivar and seed- 
lot as suggested by Taylor and Rossiter 

T thank various colleagues in CSIRO Divisions of Plant 
Industry and Land Research for their help 

A W = Fercuson 
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Canberra 
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Taxonomic Significance of Carotenoids 


GoopwIN?!, reviewing the distribution of carotenoids m 
non-photosynthetic tissue, came to the conclusion that 1t 
was very difficult to see their taxonomic significance 
Rubixanthin seemed to be restricted to Rosa spp? 
and ıt was suggested that, if a carotenoid mixture con- 
tained significant amounts of rubixanthin, then one could 
say with some confidence that the source of rubixanthm 
was the hips of a species of Rosa! Rubixanthin, however, 
has been identified ın several other plants, namely, 
Cuscuta salına, O  subsnclusa? and Gazania rigens! 
Valadon® has also identified this pigment in the orange 
peel fungus, Peziza (Aleurta) aurantia, but Jensen! failed 
to confirm this result and had found a new pigment 
With a view to finding whether rubixanthin was restiicted 
to some members of the higher plants, we have remvesti- 
gated the carotenoid composition of the orange peel 
fungus 

A number of specimens of Peziza aurantia were ex- 
tracted in methanol and the carotenoids were separated 
and identified by our usual procedures? The following 
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Table 1 CAROTENOID COMPOSITION OF Peziza (Aleuria) aurantia 
Amount 
Carotenoids (ug/g) Per cent 
a-Carotene 20 03 
8-Carotene 300 5 439 
Unknown (418, 443, 470) 43 06 
y-Carotene 106 4 165 
Neurosporene 288 43 
Rubrxanthin 677 99 
Aleuriaxanthin 146 9 215 
Lveopene 118 17 
3,4-Dehvdrolycopene 55 08 
Unknown (475, 486) 50 07 
Unknown (416, 440, 467) 82 05 
Unknown (435, 460, 487) 25 03 
Total carotenoids 684 6 100 


pigments were characterized §-carotene, y-carotene and 
aleuriaxanthin ester, lycopene and 3,4-dehydrolycopene, 
in agreement with Liaaen Jensen’s findings? Several 
other pigments, however, were identified «-carotene, 
neurosporene and rubixanthin, which were not in Jensen’s 
specimens There were also four other carotenoids that 
could not be positively identified because they were found 
in too small an amount One such pigment was strongly 
adsorbed on the MgO-‘Celite’ column, was found as the top 
band, had the same absorption spectrum as y-carotene and 
might be aleurraxanthin® Rubixanthm was present and 
1t was identified by ıts absorption spectrum and its posi- 
tion on an MgO-‘Celite’ column TIt also did not separate 
from pure rubixanthm using circular chromatography 
This was achieved with paper loaded on 22 per cent silica 
gel and eluted with 1 per cent acetone m n-hexane The 
amounts of carotenoids separated from Peziza aurantia 
are shown in Table 1 

It ıs well known that plants from different geographical 
habitats and of different species differ with respect to 
ther carotenoid composition? Fung: seem to be no 
exception It has been shown that ultraviolet irradiation 
can alter the pigment composition in fungi and one may 
conclude that m different conditions of hght and tem- 
perature ıb 1s possible to have changes in the quantities 
as well as in the qualities of the pigments involved It 18 
not unexpected therefore to find different pigment com- 
position in the same species of fungi ın different parts of 
the world The evidence presented shows that carotenoids 
may not be useful as a taxonomic character 

We thank Mrs Pat Andrews for the specimens of Pezza 
auranha 
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MICROBIOLOGY 


Action of Bacteriophages obtained 
from Corynebacterium diphtheriae 
on C. ulcerans and C. ovis 


Tue value of phage-typing m studymg the strains of 
bacteria responsible for certain infections raised the 
question of whether phage-typmg might also be valuable 
in epidemiological studies of diphtheria Early mvestiga- 
tions on this subject have already been teported!-‘, 
Most of these earlier studies were restricted by the very 
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small numbers of bacteriophages that had. been. isolated 
from C. diphtheriae up to that time, and of suitable 
sensitive indicator strains for demonstrating and propa- 
gating new phages. The decline in the incidence of 
‘diphtheria in many countries after the adoption of wide- 
spread prophylactic vaccination has reduced the incentive 
to pursue these lines of investigation. In some countries, 
however, diphtheria epidemics continue to be an important 
public health problem. This fact, together with the 
predominance of one biotype of C. diphtheriae in certain 
regions over a number of years—for example, type gravis 
in Romania and type intermedius in the German Demo- 
cratie Republic (East Germany)?’—has stimulated further 
studies in phage-typing as a possible means of providing 
more detailed information concerning the characteristics 
of strains involved within a prevailing biotype?-}*. 
Arising from studies on some thousands of strains isolated 
over the period 1954-64 in the Diphtheria Department of 
the Cantacuzino Institute, Bucharest, Romania, Saragea 
and Maximesco proposed a provisional scheme of phage- 
typing of C. diphtheriae’. This involves the use of twenty- 
four diphtheria phage preparations by means of which 
“nineteen lysotypes of C. diphtheriae have been recognized, 
“not by the lysis of strains of C. diphtheriae by single 
“phages, but on the basis of the characteristic pattern of 
their reactions to one or more test phages. 

Saragea and Maximesco’ and Meitert et al." failed to 
obtain evidence of lysis when their diphtheria phages were 
tested on a series of strains of pathogenic Corynebacteria 
other than C. diphtheriae, including seventeen strains of 
C.: pyogenes, thirteen of C. equi, nine of C. renale, two of 
CO. murium, two of C. ovis, and seven unclassifiable strains 
from bronchopneumonia in pigs. These observations 

‘suggested that the diphtheria phages used in Saragea 
-and Maximesco’s proposed scheme of phage-typing were 
-specific for O. diphtheriae. 

In the course of our own studies on the relationship 
between C. diphtheriae, O. ulcerans and O, ovis (C. pseudo- 
tuberculosis), the opportunity was offered, through a 
gift from Dr Saragea, of the twenty-four test phages 
derived from C. diphtheriae used in her phage-typing 
seheme, to test the lysosensitivity to these phages of 
-fifty-two strains of C. ovis (sixteen ovine, twenty caprine, 
fourteen equine and two bovine), and fifty-six strains of 
C. ulcerans (forty-nine human, seven bovine). 

The method of testing was that used by Saragea’ of 
spotting phage preparations on lawns of young cultures 
of the bacterial strains to be tested. All tests were carried 
out with the same preparations of phages which through- 
out the period of these experiments showed no significant 

loss of activity on their sensitive indicator strains of 
CG. diphtheriae which were included as controls with most 
Some strains of Coryrebacteria of all groups of both 
_O, ovis and C. ulcerans showed lysis by one or more of the 
_ twenty-four diphtheria phages, the proportion of sensitive 
strains ranging from 44 per cent in ovine strains of C. ovis 
9 86 per cent in both equine strains of C. ovis and bovine 
trains of C. ulcerans. 
Every one of the twenty-four diphtheria phages pro- 
_dueed lysis of some of the strains tested, but at no time 
did the pattern of lysosensitivity of any strain of Coryne- 
_ bacterium exactly match that of any of the lysotypes of 
©. diphtheriae included in Saragea and Maximesco’s 
_ proposed scheme of phage-typing. 
. Some degree of uniformity of pattern of lysosensitivity 
was evident within lysosensitive strains belonging to 
artain groups of the Corynebacteria tested. There were 
Iso differences between such patterns in different groups. 
Assessment of the validity and significance of such 
pparent patterns must await further observations on 
additional strains and a wider range of phages. The 
meesults suggest, however, the possibility that significant 
ifferences exist between these closely related Coryne- 
Mbacteria. The reactions to nine of these diphtheria phages 
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are of special interest because of the high proportion of 
sensitive strains among caprine and equine strains of 
C. ovis and in both human and bovine strains of C. ulcerans. 
Furthermore, of these nine phages, five produced a high 
proportion of complete or almost complete (clear) lysis, 
whereas most plaques with other strains were of the 
cloudy type. 

These observations indicate that although Saragea and 
Maximesco? and Meitert et al. found no evidence of 
lysosensitivity to their diphtheria phages among fifty 
strains from more than five species of pathogenic Coryne- 
bacteria of animal origin, when these same phages were 
tested on a more extended range of strains of C. ovis and 
C. ulcerans (two species not well represented in their 
series), numerous lysosensitive organisms were revealed. 
It is therefore clear that the twenty-four phages isolated 
from C. diphtheriae which have been employed by Saragea 
and her colleagues are not completely specific for C. 
diphtheriae. 

The part played by bacteriophage infection in determ- 
ining toxinogenicity in C. diphtheriae, first revealed by 
Freeman", raises a number of interesting questions con- 
cerning the occurrence and effects of cross-infections by 
bacteriophages between different species of pathogenic 
Corynebacteria. The foregoing observations were made 
as part of a general study of this question and full details 
will be reported elsewhere. 

I thank Dr Alice Saragea and Dr H. Rische for diph- 
theria phages and sensitive indicator cultures. I also 
thank Professor R. I. N. Greaves for facilities in his 
department. This work was supported by a grant from 
the Medical Research Council. 
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CYTOLOGY 


Polymelanosomes of the Melanocyte 
and their Substructures 


THE importance of studying visceral melanocytes has 
already been emphasized*-* and the liver of Amphiuma 
tridactylum—a rich source of melanocytes—is a suitable 
material to use. The melanoprotein of the liver of 
Amphiuma is very similar to that of human liver melan- 
oma’, and the melanin polymer (free from protein) closely 
resembles that of human substantia nigra pigment and 
synthetic catecholamine pigment formed by incubating 
the various amines with a mitochondrial preparation 
containing monoamine oxidase‘. Structural and functional 
studies of the hepatic melanocytes of Amphiuma may 
therefore have a bearing on other pigmentary systems. 
We have reported (refs. 1 and 6 and unpublished work of 
Prasad) that the melanocytes of Amphiuma constitute 
about 20 per cent of the liver cell population (hepatocytes 
and melanocytes). Most of these melanocytes (70-80 
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Fig. i. Note 


A, An isolated polymelanosome from Amphiuma liver. 
the unmelanized structures which probably represent melanosomes 


(ms), | Concentric membranes (m) surround both melanosomes and 
melanin granule. (x ¢. 33,260.) B, A melanin granule surrounded 
by several concentric membranes (m). 


per cent of total pigment cell population) are lightly 
pigmented and have an abundance of melanin-containing 
organelles which we named polymelanosomes*. The 
darkly pigmented cells contain closely packed granules 
lying freely in the cytoplasm, but no polymelanosomes. 
There is some morphological evidence that melanin- 
synthesis occurs in the polymelanosomes, and the light 
melanocytes which have an abundance of these organelles 
probably represent the younger form’. Polymelanosomes 
possess three mitochondrial enzymes, monoamine oxidase, 
cytochrome oxidase and succinic oxidase’. 

We have studied isolated polymelanosomes of Amphi- 
uma liver melanocytes in greater detail. Recently negative- 
contrast staining has been used to visualize membrane 
structures of mitochondria’, and we have used a similar 
technique to study the membrane structures of poly- 
melancsomes. The question also arises as to whether 
or not polymelanosomes are unique to Amphiuma liver 
melanocytes; thus we have investigated melanocytes in 
the skin and eye of Amphiuma, the liver of Necturus 
maculosus (mud-puppy), frog and alligator and the 
substantia nigra of monkey and human. 

Polymelanosomes and their membrane structures were 
isolated by the method of VanWoert et al.” with a slight 
modification’. This procedure gave a good yield of 
polymelanosomes, (The polymelanosome fraction was 
not contaminated with mitochondria and polysomes, but 
oceasionally a nucleus or partly broken cell was present. 
Thus our polymelanosome fraction was as pure as that 
of Van Woert et al.7.) 

For negative staining, the isolated polymelanosomes 
were suspended in 2-3 ml. of standard buffer which 
contamed no sucrose, and were broken either by sonica- 
tion at 1 mA for 20 s or by homogenization in a Potter- 
Elvehjem homogenizer, and centrifuged at 1,000g for 
5 min to remove melanin granules. The supernatant, 
melanin granules and unbroken polymelanosomes were 
negatively stained by placing a small drop of each fraction 
on a grid and blotting the excess fluid. It was stained in 
1 per cent uranyl acetate for 10-20 s and examined with 
an electron microscope at 100 kV. To investigate the 
presence of polymelanosomes in other organs, samples of 
skin and eye of Amphiuma, liver of Necturus maculosus 
(mud-puppy), frog and alligator, and substantia nigra 
of monkey and human were fixed and stained for electron 
microscopy as described earlier’. The human substantia 
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nigra was fixed within 3 h after death. The monkey brain 
was fixed in vivo by perfusing glutaraldehyde through 
the carotid artery and the pigmented portion of the 
substantia nigra was excised and processed for staining 
as described earlier. 

Fig. 1A is an electron micrograph of an isolated intact 
polymelanosome of a hepatic melanocyte of Amphiuma 
which shows a single melanin granule and several less 
electron-dense areas probably representing melanosomes. 
Two to seven concentric membranes surround both the 
melanosomes and melanin granule. Fig. 1B shows a 
melanin granule surrounded by concentric membranes. 
On the basis of morphology, it seems as though melanin 
polymer is being laid down on the melanosomes. This 
observation is consistent with the present concept of 
formation of the melanin granules. Such a clear demon- 
stration of the morphological apparatus of melanogenesis 
has not been encountered, however, in other tissues. The 
part played by the concentric membranes in melano- 
genesis, if any, remains uncertain. 

We have studied the membrane structures of poly- 
melanosomes by negative staining. The isolated poly- 
melanosomes were broken by homogenization or sonica- 
tion and the melanin granules were removed before 
staining. Many structures are present in the supernatant 
fraction (Fig. 2), and small spherical bodies are associated 
with large ones. With a few exceptions, the average 
diameter of the small bodies is 430 A (ranging from 
250 A to 600 A). A single melanin granule is also visible 
but polysomes or ribosomes were not seen in this prepara- 
tion. Polymelanosomes broken by sonication or by 
homogenization have the same substructure. The 
melanin granule pellet does not contain any spherical 
bodies. The fraction containing unbroken polymelano- 
somes shows several melanin granules and a few small 
bodies; the negative staining does not show the internal 
structures of the intact polymelanosomes. We do not 
know whether these large bodies are an integral part 
of the polymelanosomes in vivo or are formed during 
preparation of the fraction. The uniformity of the small 
bodies and the presence of structures similar to those 
of the large bodies in the section of an isolated poly- 
melanosome indicate that the latter is a possibility. The 
significance of these substructures in polymelanosomes, 
if any, remains obscure, 








Substructures of the 


y Polymelanosomes 
were disrupted by homogenization, and the supernatant fraction obtained 
after removal of melanin granules was stained with 1 per cent uranyl . 
acetate. Many small spherical bodies (SB) are associated, with large 
ones’ LB). A single melanin granule (MG) is also seen, (x e. 41,670.) 


Fig. 2. polymelanosome. 
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_ Polymelanosomes similar to those in lightly pigmented 
melanocytes of Amphiuma liver have not yet been demon- 
strated in melanocytes of the skin and eye of Amphiuma, 
liver of Necturus maculosus (mud-puppy), frog and alliga- 
tor, or the substantia nigra of monkey and human. This 
should not be surprising, because melanocytes in these 
organs resemble the dark melanocytes of Amphiuma liver 
which have melanin granules but no polymelanosomes. 
Thus the possibility still remains that polymelanosomes 
similar to those in the lightly pigmented melanocyte of 
Amphiuma liver may be found in the younger stage of 
melanocytes of these organs. 
_.. Arrangements of melanin granules bearing some similari- 
ties to those of Amphiuma liver have been seen before 
in a variety of tissues as phagocytic vacuoles’, as con- 
‘glomerate granules’, as melanin-building centres", as 
‘melanin spheres!*, as irregular inclusions'* or as com- 
pound granules. These structures are not as abundant 
in the cytoplasm of their respective cells as are the poly- 
melanosomes in Amphiuma liver melanocytes. They 
‘also do not have complex membrane structures similar 
to those of polymelanosomes. Nor is it known whether 
-these various organelles can maintain their structural 
integrity after isolation as the polymelanosomes of 
| Amphiuma liver melanocytes do. 

We thank Dr Horton A. Johnson for many stimulating 
discussions. This work was supported by the US Atomic 
Energy Commission and performed at Brookhaven 
National Laboratory. 
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_Ability of Haematopoietic Spleen 
-Colonies to form Macrophages in vitro 


‘Tamer is substantial evidence that blood monocytes are 
_ the immediate precursors of macrophages in inflammatory 

exudates? and in the peritoneal fluid’, and that bone 
_ marrow is a potential source of these macrophages*-*. In 
| previous work using the chromosome marker technique, 
and in vitro cultivation of macrophages, it was shown 
thatin mouse radiation chimaeras, bone marrow is a 
source of alveolar macrophages and of macrophages which 
ean be cultured from different organs*. This work also 
gested that only haematopoietic tissues contain pre- 
cursor cells for macrophages. 

In the work reported here the relationship of macro- 
phage origin to the granulocytic and erythrocytic series 
of ‘differentiation was investigated by establishing 
macrophage cultures from haematopoietic. spleen 
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colonies? of different cellular composition. The yield of 
macrophages was found to be correlated to the type of 
colony, and dividing macrophages had the same genotype 
as the donor cells used for the production of the colonies. 
Adult male CBA mice were given 820 r. using a dual 
source !2’Cs irradiator at a dose rate of 180 r./min. Within 
6 h of irradiation the mice were injected with 20,000 
nucleated bone marrow cells from CBA.T,T, donors. 
The surviving mice were killed 13-16 days later and their 
spleens were removed. Individual colonies which were 
well separated from neighbouring colonies were dissected 
and cut in half. Imprint preparations were made on 
sterile slides from the cut surfaces and stained with May- 
Grinwald-Giemsa (MGG). Half of each colony was dis- 
persed by aspirating in a plastic syringe, incubated in the 
presence of 0-5 pg/ml. of coleemid and processed for 
chromosome preparations*. The other half was cut into 
smaller pieces, where necessary, and used for organ eul- 
tures as previously described®:?. After 2 days the cover- 
slips underlying the organ explants were removed from 
the grid culture system, and the coverslip cultures were 
grown separately in small dishes. To induce macrophages 
to divide, medium in the separate coverslip cultures was 
supplemented with 50 per cent of used medium from L 
cell cultures, known to contain growth factor(s) for 
macrophages!?. Coverslip cultures were processed after 
3-4 days for chromosome preparations as described 
earlier’, When duplicate cultures were available, these 
were stained with MGG for morphological observations. 
During the first 2 days, all organ cultures of spleen 
colonies produced large numbers of round, free-floating 
cells which dropped on the coverslip underlying the 
explants. During 3-4 days of incubation in separate 
culture dishes, most cells degenerated. In most cultures, 
however, a variable number of cells became attached to 
the coverslips. These large, stretched cells had the 
morphological characteristics of macrophages’, judged by 
observations of living cultures using an inverted micro- 
scope with phase optic and of MGG-stained preparations. 
The capability of colony explants to produce macrophages 
was scored visually from + ++ (crowded monolayer of 
macrophages) to — (less than 100 macrophages/coverslip) 
by observing the living cultures. The type of colony was 
determined from an imprint preparation stained with 
MGG. A colony was scored as “erythrocytic” if less than 
3 per cent of the cells could be identified as immature or 
mature granulocytic cells, and vice versa. The rest of the 
colonies were called “mixed”. Erythrocytic colonies 
showed little ability to produce macrophages. Granulo- 
cytic and most of the mixed colonies produced large 
numbers of macrophages (Table 1). Satisfactory chromo- 


Table 1 
Age of Incidence of Formation of Incidence of 
Colony colony Type of T, celisin macrophages 7, markerin 
No.* (days) colony whole colony in vitro macrophages 
165A 13 Erythrocytict N.D.§ - oo 
172A 14 Fi N.D. + 0/0 
182A 14 . N.D - 010 
187B 16 ” N.D. - 0/0 
188A 16 = 9/9 + 5/5 
186A 15 Mixed 30/30 +++ 30/30 
166B 15 ps 30/30 + ipl 
167A 15 n 30/30 + 31/11 
1678 15 x 30/30 ++ 21/21 
172B 14 E N.D. + 0/0 
172C 14 Si 22/22 ++ 717 
173A 15 n 30/30 +++ 30/30 
174A 15 si 30/30 t+ + 30/30 
174B 15 o 30/30 ++ 30/30 
174D 15 r N.D. + 0/0 
186B 15 * 2/2 + 19/19 
187A 16 ' 5/5 ++ 30/30 
188B 16 a 30/30 ++ 16/16 
165B 13 Granulocytic į 30/30 +++ 15/15 
174C 15 sš N.D. ++ 0/0 
186A 15 ji 24/24 tet 30/30 
188C 16 + 30/30 ++ 22/22 


* Colonies with the same number were isolated from the same spleen. 
+ Less than 3 per cent granulocytic cells, g 
+ Less than 3 per cent erythrocytie cells. 

$ Not done. 

$ No well spread metaphases found. 
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some preparations could be obtained only from eoverslip 
cultures with large numbers of macrophages. In all 
examples, the dividing macrophages had the T, marker 
chromosomes of the bone marrow donor, as did all the 
dividing cells of the individual colonies (Table 1); thus 
there was no contribution from the host spleen to the 
macrophage population. 

Spleen colonies seem to result from the proliferation of 
single stem cells", which are pluripotent and capable of 
giving rise both to differentiated erythrocytic, granulo- 
cytic and megakaryocytic cells, and to new colony- 
forming cells!?, The present findings suggest that the 
colony-forming stem cell is also eapable of producing 
progeny which differentiates into macrophages in vitro. 
Macrophage formation seems to be related to the granulo- 
eytic series of differentiation. lt would be important to 
establish if the presence of some specific cell type(s) in 
granulocytic colonies could be correlated to the capability 
of the colonies to form macrophages. 

This investigation was conducted under a contract 
with the special virus leukaemia programme of the 
National Cancer Institute, National Institutes of Health, 
US Public Health Service. 

M. VIROLAINEN 

V. DEFENDI 
Wistar Institute of Anatomy and Biology, 
Philadelphia, Pennsylvania. 
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Hypothesis to explain Synapsis 
of Meiotic Chromosomes 


THERE is so far no satisfactory explanation for the 
synapsis of homologous chromosomes at meiosist. In 
the past, the process has been attributed to various factors 
such as electrostatic forces*, resonance bonding?, hydro- 
dynamic forces* and antigen-antibody formation’, The 
criticisms of these hypotheses have been reviewed by 
Riley and Law’. In this communication I have attempted 
to explain this phenomenon in molecular terms. 

I suggest that the molecular process which, according 
to Whitehouse‘, results in crossing over is also responsible 
for synapsis. This process is the formation of hybrid DNA 
between broken single strands of homologous chroma- 
tids, which gives precision of pairing and at the same 
tame establishes bonds between the homologues. Initial 
contact of the homologues would be made at the chromo- 
centre or more rarely at other places on the chromosomes’. 
From these points of initial contact, the formation of 
hybrid DNA would then proceed along the chromosomes 
in both directions in zipper-like fashion. Synaptic (hybrid 
DNA) bonds would arise from single (primary) breaks in 
the homologous DNA molecules, while crossing over occurs 
later, through another set of (secondary) breaks in the 
other strand of the same DNA helices. Synaptic bonds 
not involved in crossing over would be removed through 
an excision-repair process as found in thymine dimer 
removal’. There is still the question of the nature of the 
initial force which attracts the homologous centromeres to 
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each other. A controlling element in the heterochromatin 
near the centromeres might have this recognizing and 
attracting property’. 

This model differs from that of Whitehouse® only in the 
assumption that hybrid DNA itself is responsible for 
synapsis. For this to be correct the primary breaks must 
occur before synapsis. This would, in faet, be so if the 
assumption'® were correct that the same breaks were 
involved both in transcription and crossing over; experi- 
mental evidence on this point is contradictory". If the 
same breaks are involved in both processes, then single 
polynucleotide strands would have to persist from inter- 
phase (when transcription occurs) until prophase (when 
synapsis and crossing over take place). Single strands of 
DNA are known to be degraded by DNases!?, but such 
enzymes have so far been detected only in bacteria, and 
may not be present universally in interphase nuclei. 

Various unexplained phenomena of synapsis and cross- 
ing over could be fitted into this model of synapsis. 
Synaptinemal complexes are usually found only in 
regions of association of chromosomes in the bivalents 
and may represent regions of hybrid DNA as seen in the 
electron microscope. The central core could be the region 
of hybrid DNA itself, while the thin connecting chromatin 
strands could be single stranded portions of the DNA 
helices. The lateral components are more difficult to 
explain, 

Several authors have suggested that mutagens may 
induce mitotic or meiotic crossing over by facilitating 
pairing of homologues where it is weak or, as in Drosophila 
spermatozoa, does not occur. With the proposed hypo- 
thesis, the inducing agents might do this by providing 
more single strand breaks. 

Genetic control of synapsis is a well known pheno- 
menon’, Conceivably this, too, may act by means of 
control of the breaks available for synapsis. Pontecorvo’! 
has suggested that in the course of evolution a reduction 
of crossing over has occurred in somatic cells from a. 
primitive condition in which crossing over was very 
frequent. One of the evolutionary mechanisms for 
suppressing crossing over may be shortage of breaks at the 
appropriate time either because fewer breaks occur or 
more are repaired before prophase. 

I thank Professor C. Auerbach and Dr Brian J. Kilbey 
for their helpful criticisms. 


Winston E. RATNAYAKE 
Institute of Animal Genetics, 
University of Edinburgh. 
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GENETICS 


Cyclopism as a Hereditary 
Malformation 


Cyc.opism is a malformation which has been recognized 
for many years and which may have furnished the model 
for the Homeric monsters. It has been suggested that this 
developmental disorder is hereditary, but until recently 
there has been no proof of this. 

One of us reported an extra, very small chromosome 
in 30 per cent of fibroblasts from a cyclops!. Some weeks 
after the report was published the same hospital an- 

“nounced another cyclops whose mother was an aunt to the 
mother of the first. Attempts to grow fibroblast cultures 
from the child at birth were unsuccessful. At the same 
time we started lymphocyte and fibroblast cultures from 
“the mother and initiated an examination of the family. 
Tts pedigree is shown in Fig. 1. Careful discussion of the 


: family history with its different members revealed the 


birth of two other cyclopes (cases 15 and 17) to two sisters 
of case No. 7, one being the grandmother (case 5) of the 
1966 cyclops (case 26). Both cyclopes had been born at 
home in 1939 and 1942, respectively, and were deseribed 
by the mothers. Cases 23 and 26 had been delivered in a 
hospital. In addition there had been eleven abortions and 
other proved or probable malformations, and there were 
only twelve healthy births in the family. 

Chromosome counts were carried out for all members of 
the family except two, and the number was found to be 46. 
Fig. 2 shows one of twenty karyograms of the mother (case 
1) of the most recently born cyclops. A missing third 


-i ¢hromosome and a supplementary chromosome in the C 


group are characteristic features. In the best karyograms 
there is one C chromosome as large as the B chromosomes, 
“but its short arm is distinctly larger and its long arm a 
little shorter than the arms of a chromosome of the B 
“group. None of the arms resemble a normal third chromo- 
some. So far we have not been able to decide whether 
this C chromosome is really changed or only less spiral. 
Detailed autoradiographic studies and control of secondary 
constrictions will perhaps solve this problem. 

Identical karyograms are found in the three healthy 
sisters (cases 3, 5 and 6), their father (case 1) and in the 
third generation in the mother (case 13) of the 1966 
eyclops. Fifteen to twenty karyograms were controlled 
from each person. 

The most probable explanation is that a translocation 
from a third chromosome to a C chromosome and even- 
tually to the X chromosome is balanced in the healthy 
persons 1, 3, 5, 6, 7 and 13. Case 1 transmitted it to his 
four daughters. One male and one probably male abortion 
could be unbalanced. The quadrivalent ring or chain 
formation in the meiotic division of the daughters led to 
meiotic accidents, such as the extra very small chromo- 
some of the 1966 cyclops'. The deletion of a small chromo- 
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Fig. 2. Karyogram of one of the mothers of the cyclopes {case 7) 
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some segment probably led to cyclopism four times. 
Other distributions of the structurally changed chromo- 
somes could explain at least some of the abortions and | 
different malformations. 
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Together with the twins of Ellis?; the two-brothers of 
Klopfstock*, the three children in the family described by 
Dominok and co-workers‘, the arrhinencephalie two sisters 
of DeMyer and co-workers®, this is another case of family 
eyclopism or related malformations, the four different 
mothers being relatives and showing the same chromo- 
somal aberration. The hereditary character of the mal- 
formation seems to be beyond doubt in our case. We hope 
that other translocation patterns will allow localization of 
the cyclopism-locus on one of the two involved chromo- 
somes one day. 
PETER PFITZER 
Horst MÜNTEFERING 

University Pathological Institute, 

Disseldorf, West Germany. 
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PATHOLOGY 


_ Sarcomas in Afghanistan 


SaRcomas in general receive much less attention than 
carcinomas. There are two reasons for this: first, sar- 
comas are considerably outnumbered by carcinomas in 
most populations and, second, environmental, that is, 
avoidable, factors have been more often aetiologically 
related to carcinomas than to sarcomas. For these 
reasons I have made this investigation. In Afghanistan, 
sarcomas are not greatly outnumbered by carcinomas 
and I shall suggest that there may be an aetiological 
relationship between some sarcomas and an environmental 
factor, namely, arthropod vectors. 

During the period from September 1965 until December 
1967, forty sarcomas of the soft tissues (site No. 197)! 
were received in the Department of Pathology of the 
Faculty of Medicine of the University of Kabul. Of the 
malignant neoplasms received during this period, this 
site ranked third (after skin and lymphomas), and 
accounted for 8-0 per cent of all cancers—7-0 per cent in 
males and 10-1 per cent in females. Of the forty tumours, 
twenty-three were in males and seventeen in females. 
Fig. 1 shows the age distribution for thirty-nine of these 
tumours. The average age of the males was 36 years, 


No. of cases 





Age (yr) 
Fig. 1. Age distribution of sarcomas in Afghanistan, 
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Table 1... DISTRIBUTION OF SITES OF SOFT TISSUE SARCOMAS 


Site Head Trunk Upper. Lower 
3 limb limb 
ICD No. 197.0 197.1 197.2 197.3 
Males 3 4 2 14 
Females 2 7 1 7 
Total 5 11 3 21 
Percentage 12-5 275 75 525 


Table 2, DISTRIBUTION OF SOFT TISSUE SARCOMAS BY HISTOLOGICAL TYPE. 


Leio- Small Haeman- 
Histo- Fibro- Rhabdo- Lipo- myo- cell gio- Myxo- Un- 
iogical sar- mMyosar- sar- sar- sar- sar- sar- classi- 
type coma coma coma coma coma coma coma fied 
Males 9 1 1 2 3 ~ 2 5 
Females 6 2 1 1 2 2 1 2 
Total 15 2 3 5 2 3 7 
Pereentage 375 75 5-0 75 125 5-0 75 175 


and the range was 6-75. The average age of the females 
was 37, and the range was 4-60. The incidence was 
highest between the ages of 36 and 45. 

Table 1 shows the distribution of the sites of the 
sarcomas. More than 50 per cent were on the lower. 
extremities, and almost half of these were on the thigh 
(ten cases). Table 2 shows the histological types of the 
tumours. Fibrosarcomas accounted for almost 40 per 
cent. Liposarcomas were rare compared with American 
and European series of tumours?’, 

Undoubtedly, the relatively large proportion of soft 
tissue sarcomas in this series was influenced by the ease 
of resection and the obvious disfigurement caused by | 
tumours at this site compared with deeper malignancies. 
The comparative youthfulness of the population in 
Afghanistan is another factor which might explain a high 
proportion of soft tissue tumours. Data provided by the 
National Malaria Eradication Project in Afghanistan 
showed that 52 per cent of the rural population were: 
under 15 years of age. In the series which I studied, almost. 
50 per cent of the patients were less than 35 years old. 


The aetiology of neoplasms of the soft tissues ig un: 
known, although trauma is sometimes implicated. The 
connective tissues are usually protected from the environ- 


mental influences that affect the skin and other epithelial ` 
surfaces, for example, solar radiation, chemical agents, | E 
irritating foods and smoke. The subepidermal connective. 
tissues, however, are particularly exposed to arthropods 
which pierce the epidermis. iauna 

The transmission of a variety of infectious diseases—— 
viral, bacterial and protozoal—by arthropods is well _ 
known, and these animals have also been associated with : 
the transmission of neoplastic diseases. Suspensions of _ 


adult and larval beetles administered orally or intra- : 


abdominally have produced leucosis in fowls, The ham- _ 
ster reticulum cell sarcoma, TM, has been transmitted 
by the mosquito, Aedes aegypti (L), by a transfer of tumour: > 


cells. The cells remained viable within the vector for up. 
to 8 h after ingestion’, The Shope fibroma virus can be. 


transmitted by the bites of fleas and mosquitoes, causing 


neoplasms in the hosts, and may remain active in the 


vector for several weeks*. Squirrel fibroma virus can be 


transmitted by blood-sucking vectors, which remain in- 
fective for at least 16 days’. The Yaba monkey virus, 
which produces benign histiocytomas, is also thought to ~ 


be transmitted in nature by blood-sucking arthropod. 
vectors®, f Bie 
The experimental subcutaneous administration of 


tumour-inducing agents, both viral’ and chemieal*, often 


leads to the development of sarcomas at the sites of 
inoculation. ; 

The distribution of bites from crawling arthropods, for 
example, fleas, ticks and bedbugs, is similar to the dis- 
tribution of our soft tissue sarcomas, that is, they are most 
abundant on the lower extremities and rarely found on 
the palms or soles. 


The almost equal occurrence of the tumours in-males 
and females may indicate an equal risk. of exposure. 


Contact with vector-borne carcinogenic agents could 


-begin very early in life and may thus account for the — 
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_lewer average age incidence for soft tissue sarcomas 
compared with other types of cancers. Viral carcino- 
` genesis is more easily produced experimentally in young 
than in older animals*. 
The penetrating part of an insect is most likely to 
encounter the more superficial and abundant fibrous 
“tissue of the dermis than the deeper fat and skeletal 
--touscle or the comparatively sparse smooth muscle. This 
“might explain why fibrosareomas are most prevalent. 
Thus there is good reason for further examination of the 

_ hypothesis that soft tissue sarcomas may be caused by 
carcinogenic agents introduced through the skin by 
arthropod vectors. 

This work was carried out while I was WHO professor 
~ of pathology at the Faculty of Medicine, University of 


Kabul: LesLie H. SOBIN * 
» World Health Organization, 

Kabul, Afghanistan. 

Received January 12; revised February 5, 1968, 


* Address for reprints: Department of Pathology, Cornell Medical Center, 
New York, NY 10021. 


1 WHO Manual of the International Statistical Classification of Diseases, 
Injuries and Causes of Death, seventh revision (WHO, Geneva, 1957). 

* Stout, A. P.. Tumors of the Soft Tissue, Atlas of Tumor Pathology, Section 
TE-—Fascicle 5 (AFIP, Washington, 1953). 

4 Ringertz, N., Ericsson, J., Sjöstrom, A., and Swenson, D., Cancer Incidence 
in Sweden 1961 (National Board of Health, the Cancer Registry, Stock- 
holm, 1965). 

4 Bidson, C. S., Schmittle, S. C., Goode, R. B., and Lal, J. B., Amer. J. Vet. 
Res., 29, 1053 (1966). 

* Banfield, W. G., Woke, P. A., and MacKay, C. M., Cancer, 19, 1333 (1966), 

* WHO Tech. Rep. Ser., No. 295, 16 (WHO, Geneva, 1965). 

1 Trentin, J, J., Yabe, Y., and Taylor, G., Science, 187, 835 (1962). 

x wa, R. A., Pathology of Tumours, third ed., 35 (Butterworths, London, 

* Rich, M. A., Karl, S. C., and Clymer, R., Nature, 216, 270 (1967). 


PHYSIOLOGY 


Time Relationships of Spermatozoon 
-Penetration into the Egg of the 
Rhesus Monkey 


In some mammalian species, spermatozoa must be 
exposed to the female reproductive tract for some time 
before they acquire the ability to penetrate the egg'’. 
During this time the spermatozoa are thought to undergo 
an essential physiological change—capacitation®>—which 
enables them to pass through the mass of cumulus cells 
surrounding the recently ovulated egg, and then to 
penetrate the zona pellucida‘. It is possible that capaci- 
tation is an essential prerequisite for fertilization in all 
< mammals, but there is no direct evidence that capacitation 
-occurs in. the human or any sub-human primate. 
“In the species investigated so far, the need for capaci- 
ition has been established by a variety of experimental 
techniques, all of which depended on a detailed examina- 
‘tion :of the time relationship between insemination and 
the penetration of the spermatozoon’. We have been able 
- to study the time relationships of spermatozoon penetra- 
c tien in the rhesus monkey. 
Thirty observations were made on twenty-eight mature 
--thesus monkeys subjected to laparotomy between men- 
-strual days 11 and 15. The monkeys all showed an 
established menstrual periodicity, and a deliberate 
| attempt. was made to synchronize the laparotomies with 
the time of expected ovulation in each monkey. At 
aparotomy, seventeen monkeys had ovulated and in the 
thers. the ovaries were in a pre-ovulatory condition. A 
suspension of epididymal spermatozoa was injected into 
he uterine lumen of the monkeys that had ovulated, 
and they were then maintained under surgical anaesthesia 
for about.6 h. During this time, their body temperature 
“was maintained by using a heated blanket, and the initial 
_ pentobarbitone sodium (‘Nembutal’, Abbott Laboratories, 
Ledi} anaesthesia, which. had. been adequate for the 
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laparotomy, was supplemented with phencyclidine hydro- 
chloride (‘Sernylan’, Parke Davis and Co.). 

The eleven sperm suspensions for insemination were 
obtained from six normal, fully mature males that were 
being killed or castrated for other experiments. The 
contents of a single cauda epididymis, and as much of 
the vas deferens as was attached to it, were expressed into 
2-5 ml. of medium TC 199. The resulting suspension was 
immediately inseminated into the uterus. Approximately 
10! vigorously motile spermatozoa were inseminated in 
<0-4 ml. of medium. 

Between 5-5 h and 6-5 h after insemination the original 
laparotomy wound was reopened so that the fallopian 
tubes could be flushed with physiological saline. The 
flushes were carefully examined for the presence of eggs 
and spermatozoa. 

A total of nine one-celled eggs was recovered from the 
seventeen monkeys inseminated. All the eggs were naked 
and one was completely degenerate. Six eggs had not 
been penetrated by a spermatozoon although three had 
spermatozoa embedded in their zonae pellucidae. The 
numbers of embedded spermatozoa were four and twenty- 
six on two seemingly normal eggs, and six on the wholly 
degenerate egg. When the five, apparently normal, one- 
celled eggs were examined after fixation and staining® they 
were all found to contain a first polar body and their 
chromosomes were at the second meiotic metaphase. 

Three eggs had been penetrated by spermatozoa. One 
egg was at the pro-nuclear stage and showed two well 
formed pro-nuclei (Fig. la), a first and second polar body 
and one spermatozoon embedded in the zona pellucida, 
The tail of the penetrating spermatozoon could be identi- 
fied in the vitellus. This egg was recovered 6 h after 
insemination and was examined within 20 min of recovery. 
The other penetrated eggs both showed a swollen sperm-. 
atozoon head (Fig. 1b) and an associated tail lying within. 
the vitellus. A first polar body was present in each case 
and one and two spermatozoa, respectively, were embedded 
in the zonae. These eggs were recovered 6-5 h after 
insemination and examined within 20 min; in one egg 
the chromosomes were still at the second meiotic meta- 
phase, whereas those of the other egg were at anaphase. 

Spermatozoa were only detected in three flushes: from 
the fallopian tube, and it was estimated that a total of 
< 50 sperm were present in each of them. Thus, although 
a large number of spermatozoa had been inseminated. 
directly into the uterus, the number recovered from the 
fallopian tube was similar to that observed after natural 
mating (unpublished work of Kelly and Marston). 

It is not yet possible to determine the exact time of 
ovulation in the naturally cyclic rhesus monkey. In this 
study, it was not feasible to remove the ovaries that had 
ovulated so as to determine the morphological age of 
their corpora lutea. Thus the actual post-ovulatory age 
of the eggs we recovered cannot be estimated. Some of 
them may have reached the end of their fertilizable life 





a, Male pro- 


Rhesus monkey egg after fixation and staining. 7] 
nucleus: b, swollen spermatozoon head and part of second meiotic 
anaphase figure. 


Fig. 1. 
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before they were exposed to spermatozoa. The fact that 


three out of the nine eggs which we recovered had been 
penetrated suggests that, if capacitation is essential for 
spermatozoon penetration in the rhesus monkey, it must 
be completed within 6 h of insemination. By comparison 
with the rate of development in other mammals, it is 
possible that the pro-nuclear egg was actually recovered 
about 2-3 h after penetration. If this estimate is accepted, 
the process of capacitation may be completed within 
3-4 h. 

Experimental proof that capacitation is essential in the 
rhesus monkey can be obtained by showing that eggs are 
more rapidly penetrated by spermatozoa that have 
already undergone preliminary incubation in the female 
reproductive tract. Because our results suggest that the 
interval between insemination with epididymal sperm- 
atozoa and penetration of the egg is very short, it may 
not be practicable to show the superiority of supposedly 
capacitated spermatozoa over epididymal spermatozoa. 
Should this be the case, the need for capacitation in the 
rhesus monkey can only be inferred from indirect evidence: 
for example, by successful in vitro fertilization of monkey 
eggs with spermatozoa previously incubated in the female 
‘reproductive tract, and complete failure of in vitro 
fertilization with epididymal spermatozoa. 

-= This work was supported by a grant to Dr P. Eckstein 
of this department from the Ford Foundation, New York. 


J. H. Marston 
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Department of Anatomy, 

Medical School, 

University of Birmingham. 
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Relation of Epithelial lon Transport to 
Corneal Thickness and Hydration 


TuE control of corneal thickness is a complex process 
involving the chemistry of the stromal tissue and the 
barrier properties of the two bounding membranes. Fluid 
dynamics are intimately involved, for corneal thickness 
is linearly related to hydration’, which in turn is affected 
by- ion transport. Also, it was shown recently that in the 
rabbit cornea the epithelium is the source of an active 
sodium transport system, and the endothelium shows 
only a passive behaviour in relation to the passage of ions?. 
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Fig. 1. Lineweaver-Burke type plot of short-circuit current (8.C.C.) 
against sodium concentrations in the fluid bathing the epithelial surface 
of the rabbit cornea, 
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Fig. 2. The stable corneal thickness (mm) at each epithelial sodium 


concentration is plotted against the stable short-circuit. current (in 
uequiv./em*/h) at that sodium concentration, 


To investigate the effect of the sodium transport system 
on corneal thickness and hydration, an external voltage 
was applied through the cornea in opposition to the 
standing potential (endothelium normally positive); 


to the applied voltage*. It was reasoned that if the applied _ 


voltage controlled the active sodium transport, the _ 
variations in corneal thickness resulted from different — : 
rates of sodium transfer into the stroma. Correlated with 


the increases in thickness, decreases in the sodium con: — 
centration of the stroma were found; but no effect’ on 
other ions such as K+ or Cl- was seen. eis 


Our experiments were made on isolated corneas mounted 


in chambers either for the measurement of electrical 


activity’ or corneal thickness? (using a Haag-Streit slit Be 


lamp as modified by Maurice and Giardini‘), Using 


Krebs-Ringer bicarbonate to bathe the cornea, the 


sodium concentration of the solution bathing the epithelial 
surface was decreased while the total chloride concen: 
tration and osmolarity of the solution were kept constant 
with the addition of choline chloride. 
concentrations used to bathe the epithelial surface were 


143, 118, 100, 60, 20, 10 and 5 mM, while the endothelial _ 


surface was bathed in 118 mM sodium throughout the 
experiment. : 


When the sodium concentration of the epithelial bathing 
solution was decreased, the short-circuit current, which: 
indicates the rate of sodium transport, also decreased.: 
When epithelial sodium concentration was plotted against . 


the stable short-circuit current obtained with each of the’ 
various concentrations of bathing solution, a saturation- 
type curve was obtained. Fig. 1 shows the straight-line __ 
relationship seen in double-reciprocal plottings. ee 


Corneal thickness was also seen to increase as the — 


epithelial sodium concentration was decreased. When the 


solution bathing the epithelium was changed to contain = 


less sodium, there was an increase in thickness dependent. 
on the difference in sodium concentration. At all con- 
centrations there was a stabilization of thickness after. 
80-100 min. If each stable thickness is plotted against: 
the stable short-circuit current (converted to pequiv./ 
em?/h) at the particular epithelial sodium concentration, 
a straight-line relationship is obtained (Fig. 2). : 
In contrast, when the solution bathing the epithelium- 


was maintained at 143 mM sodium and the sodium con- 
centration of the endothelial solution was varied, the 


short-circuit current remained virtually unaltered. ‘The 
rate of sodium transport was initially stimulated after 


these changes, but then stabilized at the original value. i o 


the 
resultant increase in corneal thickness was proportional 
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- Corneal thickness also showed little change when the 
endothelium was bathed in solutions of differing sodium 
concentrations. 

= These experiments reveal a direct relationship between 
the rate of transport of sodium ions and corneal thickness: 

as the rate of sodium transport decreases, corneal thick- 
ness increases. It was suggested from the previous work 
involving the use of applied voltages? that the rate of 

transport of sodium ions controls the sodium content of 
the stroma (which is primarily an anionie mucopoly- 
saccharide) and in this way exerts a control on corneal 
hydration. The results reported here show that such a 
relationship between sodium ion transport and corneal 
hydration exists even without the application of ex- 
traneous (for example, electrical) forces. The transport- 
hydration relationship is physiologically fundamental to 
the control of corneal hydration and thickness. These 
findings also substantiate the role of the epithelium in the 
maintenance of corneal thickness. 

This work was supported by a grant from the National 
Institute of Neurological Diseases and Blindness, US 
Public Health Service. 

KEITH GREEN 
W. K. Kellogg Foundation Laboratories, 
The Wilmer Institute, 
The Johns Hopkins University School of Medicine, 
Baltimore, Maryland. 
Received December 18, 1967. 
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Specialized Connexions between Nerve 
Celis and Mesenchymal Cells in 
Ctenophores 


THE mesogloea in ctenophores, as in certain coelenter- 
ates®?, is essentially a third cell layer containing muscle 
cells, nerve cells and so-called “amoeboid” cells?. Our 
unpublished studies on Beroe suggest that the “‘amoeboid”’ 
cells do indeed undergo a migratory phase during regenera- 
tion, but that there is no evidence of migration in the 
normal animal. Histological preparations show the cells 
with very long, thin processes connected together in the 
form ef a net. We prefer to call them “mesenchymal” 
cells. We now have evidence from electron microscopy 
of specialized junctions between these mesenchymal cells 
<, and neighbouring musele and nerve eells in Beroe forskdlii 
and B. ovata. 

At the neuro-mesenchymal cell junction the membranes 
are in close contact—separated by a gap of 130-150 A— 
and show an obvious, densely staining thickening (Fig. 1). 
The nervous side of the junction is characterized by a row 
of vesicles tightly packed between the cell membrane and 
a sac of smooth endoplasmic reticulum, itself flattened 
against a single, huge mitochondrion (Fig. 1). The 
diameter of the vesicles ranges from 300 to 900 A, with 
an average of 660 A, which slightly exceeds the average 
size of ‘synaptic vesicles” of higher animals. After osmice 
fixation followed by block-staining with phosphotungstic 
acid (PTA) and section-staining with uranyl acetate and 
lead citrate, the vesicles look clear or are unevenly filled 
with a grey, amorphous mass. After fixation with 
glutaraldehyde, however, most of them show an electron- 
-dense core of variable diameter. 

Ultrastructural specializations such as those just 
described are also found at interneural, neuro-muscular 
(Fig. 3), neuro-glandular and neuro-sensory junetions in 
Beroids, Cydippids and Lobates (my unpublished results) 
-and they correspond in essential features to the structures 
earlier described by Horridge®* as synapses. If it is 
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correct to regard them as such (and we assume that it 
is), it seems that the junctions between nerve cells 
and mesenchymal cells are also synapses, which implies 
that mesenchymal cells are effectors. It is noteworthy that 
mesenchymal cells receive large numbers of such synapses, 
in some cases receiving more than adjacent muscle cells. 
A single neurite may make synaptic connexions with both 
muscle and mesenchymal cells, which suggests that the 
two effectors could be excited at the same time. 

In the absence of physiological evidence it would be 
inappropriate to speculate about the spread of excitation 
within or beyond the mesenchymal cell, or about possible 
effector action resulting from such excitation. It is of 


Figs. 1-3. 
forskdlii below the lip. 
the method of Palade; embedded in ‘Epen’; block stained by PTA; 
sections stained with uranyl acetate followed by lead eitrate. 1. 


Electron micrographs from tangential sections of Beroe 
Tissue fixed with Os0,, buffered according to 


Neuro-mesenchymal junction {x 59,000). 2, Junction between a 

mesenchymal cell and a muscular fibre ( x 82,000). 3, Neuromuscular 

junction (59,000). Me, Mesenchymal cell; mit, mitochondrion; 

Mu, mascle cell; Ne, neurite; re, ppdopiasmie reticulum; ve, synaptic 
vesicies. 
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interest that specialized junctions of a distinct type occur 
between mesenchymal cells and muscle cells (Fig. 2) and 
between the processes of contiguous mesenchymal cells. 
These junctions show thickening and close approximation 
of the membranes (Fig. 2), but there is no accumulation 
of vesicles in the vicinity and the configuration is thus a 
symmetrical one. In junctions between mesenchymal 
cells and muscle cells a sac of endoplasmic reticulum does 
occur within the mesenchymal cell in direct apposition to 
the plasma membrane (Fig. 2). There is no evidence of 
membrane fusion and the junctions cannot be regarded as 
a type of ‘‘nexus’’. This does not, however, preclude the 
possibility that the junctions are somehow involved in 
information transfer between the cells in question. 

From the point of view of comparative histology, it is 
instructive to align these observations of connexions 
between mesenchymal cells and nerve cells and between 
mesenchymal cells and muscle cells with evidence of 
similar connexions involving glio-interstitial cells in 
molluses® and interstitial cells in rodents? and man”. 


Mari-Luz HeRNANDEZ-NICAISE 
Laboratoire d’Histologie et Biologie tissulaire, 
Faculté des Sciences, 
Lyon, France. 
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Prostaglandins and Toad 
Spinal Cord Responses 


PROSTAGLANDINS have a wide distribution in the verte- 
brate body and have been shown to be pharmacologically 
active on many types of vertebrate tissues. Evidence 
that these compounds have a neurohumoral role is sug- 
gested by several findings. Prostaglandins are widely 
distributed in the central nervous system’, and in the 
rat cerebral cortex they are localized in synaptic vesicles?. 
They are released from the feline cortex? and possibly cere- 
bellum and ventricles!®. In addition, prostaglandins 
have effects on the central nervous system of cats and 
chickens”. We decided to investigate the effects of 
prostaglandins on the isolated toad spinal cord because 
the preparation is convenient for studying direct actions 
of drugs on a neuronal pool. Furthermore, prostaglandins 
are released from the frog spinal cord on stimulation of 
the hind limbs’, suggesting that they are involved in 
synaptic transmission in amphibians. 

Spinal cords of the toad Bufo marinus were isolated, 
hemisected and perfused with oxygenated amphibian 
Ringer solution. Experiments were performed during the 
Australian summer. The methods have been described in 
detail elsewhere?", The eighth dorsal root was stimulated 
every 10 s and a.c. or d.e. recordings were made from the 
ninth dorsal and ventral roots using Ag/AgCl electrodes. 
A d.e. preamplifier and ‘Grass Polygraph’ were used to 
record changes in potential level. Prostaglandins PGE,, 
PGF. and PGF,, (supplied by Dr J. E. Pike) were pre- 
pared as 10 mg/ml. solutions in 95 per cent ethanol. 
Stoichiometric conversion to the sodium salt was effected 
by adding 0-9 ml. of a 0-2 mg/ml. solution of sodium 
carbonate for each 1 mg of prostaglandin. Immediately 
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before application the stock solutions were diluted to an 
appropriate concentration with amphibian Ringer solu- 
tion. 1-Glutamic acid was applied regularly to the 
preparation in order to assess its level of excitability. 

The three prostaglandins, PGE, PGF, and PGF ya, 
all produced distinct changes in reflexes and polarization 
level when perfused over the toad spinal cord for periods 
of 0-5-2 min. Simultaneous d.c. records from dorsal and 
ventral roots were comparable except that drug-induced 
effects recorded from the dorsal root were more pro- 
nounced than those from the ventral root. 

Typically, the prostaglandins caused a slowly develop- 
ing, long-lasting depolarization of both dorsal and ventral 
roots. During the application of PGE,, this was frequently 
preceded by a hyperpolarization of both roots. This is 
illustrated in Fig. 14. Two minutes before the application 
of PGE,, the spinal cord was perfused for 30 a with 
-glutamic acid (5x 10-5 g/ml.) which induced a rapid 
depolarization with a simultaneous reduction in size of 
the dorsal and ventral root potentials. Recovery was 
complete within 1 min of termination of the glutamate 
application. PGE, (5x 10~ g/ml.) caused a hyperpolar- 
ization during its 50s application, followed by a depolariza- 
tion which lasted for several minutes. The dorsal root 
polarization level had not reached control value 20 min 
after the application. During the hyperpolarizing phase 
of the response, polysynaptic reflex discharges in the 
ventral root were markedly reduced. Tracings B and C 
in Fig. 1 were recorded from the same preparation. 
PGF, and PGF ,« induced a slowly developing and long- 
lasting depolarization which began during the application. 

PGE, had the most pronounced effects, usually causing 
a greater depolarization than L-glutamate applied in the 
same concentration. PGF ,q was usually more potent. 
than PGF... Desensitization occurred with repeated 
applications. Thus, although the first application of a 
prostaglandin always had a significant effect, a second or 
third application a few minutes afterwards had little or 
no effect. On washing for 0-5-1 h, the prostaglandin 
again had a significant effect. 

The results of this investigation, together with those of 
Ramwell et al’, suggest that prostaglandins have a 
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Fig. 1. d.c. Recording (negativity upwards) from dorsal and ventral 

roots of isolated hemisected toad spinal cord. A, B and C illustrate effects 

of three different prostaglandins on the same preparation, each applied 

in a concentration of 5 x 10~ gimi. Each pair of tracings represents 

simultaneous recordings from the ninth dorsal and ventral roots, The ` 

eighth dorsal root was stimulated at intervals of 10s, Temperature was 
maintained constant at 20° C. 
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_ synaptic role in the amphibian spinal cord, but it is 
_ difficult to speculate on their mechanism of action. The 
extremely slow rate of recovery (their effects sometimes 
+ last for 0-5 h or more) may mean that they are not trans- 
raitters but that they affect the release of transmitter, as 
suggested by Ramwell et al.'. 
J. W. PHILLIS 
: A. K. TEBECIS 
Physiology Department, 
Monash University, 
Victoria, Australia. 
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Evidence favouring the Existence 
of a Single Adrenergic Receptor 


THe fact that adrenaline can act differently in various 

organs has often been explained by assuming that there 
| are different kinds of receptors'. A simpler explanation 
of these differences in adrenaline action is that a single 
receptor, influenced in different ways by the different 
metabolic milieu in various organs, is sufficient to interpret 
all kinds of adrenaline effects. If this assumption is 
i correct, the well defined receptor quality of the adrenaline 
. effect, as tested by the effectiveness of different types of 
receptor blocking agents, can be transformed into another 
“reeeptor quality in one organ, by changing its metabolic 

milieu. 

This hypothesis is supported by the fact that the posi- 
tive inotropic and chronotropic effects of adrenaline can 
be blocked by the alpha blocking agent ergotamine in the 
isolated heart of a frog, although myocardial effects of 
adrenaline in mammals are usually considered to be 
specifically connected with beta receptors’. If this 

difference is caused by the a priori lower metabolic rate 
cof the frog heart, then increasing the metabolic level of 
the frog myocardium may result in the transformation of 
the quality of the adrenaline effect from alpha to beta. 
On this assumption, by lowering the metabolic rate of the 
mammalian heart, the adrenaline effect must lose its 
beta quality. 

To test the validity of this assumption we altered the 
metabolic rate of both isolated amphibian and mammalian 
hearts by increasing or decreasing the temperature of the 
perfusion fluid. Frog hearts were isolated according to 
Straub. Rat hearts were isolated according to Langen- 
dorff and perfused at 38° C with Locke solution, contain- 
ing 10 per cent of washed canine red blood cells. Adren- 
alme sensitivity (effective threshold dose for positive 
inotropic and chronotropic effects) was repeatedly determ- 
ined in each preparation. To determine the adrenergic 
receptor quality of the myocardium, 3x 10-*-2x 10-7 M 
phentolamine (‘Regitin’, Ciba) was used as an alpha 
blocking agent, and 2-4 x 10-8 M pronethalol (‘Alderlin’, 
ICD) or 1-3x10-* M propranolol (‘Inderal’, ICT) was 
applied as beta receptor blocking agents. The blocking 
capacity was estimated on the basis of the decrease in 
adrenaline sensitivity after the administration of the 
blocking agent. Contractions of the heart were recorded 
-py an isotonic lever. 
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The capacity of an alpha blocking agent to block the 
adrenaline effect in the frog heart? was confirmed in these 
experiments, and 3 x 10-*-2 x 10-7 M of phentolamine was 
effective in blocking the adrenaline effect in the winter 
frog heart; that is, it decreased adrenaline sensitivity in 
twelve out of thirteen experiments at room temperature. 
When the metabolic rate of the winter frog heart was 
increased by raising the temperature to 30°-34° C, the 
blocking capacity of the same dose of phentolamine 
diminished, or disappeared completely, as illustrated 
by a typical experiment in Fig. 1. Adrenaline sensitivity 
of a winter frog heart was 0-0001 ug at 22° C (Fig. 1A). 
After 10 pg of phentolamine had been added, adrenaline 
sensitivity was decreased to 1 pg, that is, phentolamine 
produced a 10,000-fold blockade. At 32° C (Fig. 1B) 
adrenaline sensitivity of the same preparation was 0-001 
ug. After the addition of 10 yg of phentolamine it re- 
mained unchanged, that is, the blocking capacity of 
phentolamine disappeared. 

The blocking capacity of phentolamine, however, could 
not be observed at all either in the summer frog heart at 
room temperature or in the rat heart at 38° C, both 
preparations representing an æ priori higher metabolic 
rate than in the winter frog heart. Decreasing the meta- 
bolic rate of the summer frog myocardium by cooling to 
5°-10° C and by administering 10-7 M dinitrophenol 
resulted, however, in five out of six cases, in the re-estab- 
lishment of the phentolamine blockade which was initially 
lacking. Thus the capacity of an alpha blocking agent 
to produce adrenergic blockade in the myocardium is 
apparent only at lower metabolic rates. 

The opposite correlation was found when beta blocking 
agents were applied. Thus 2-4x10-* M pronethalol, 
or 1-3x10-§ M propranolol, which could block the 
effect of adrenaline in both summer and winter frog 
hearts at room temperature (sixteen experiments), as 
well as in rat hearts at 38° C (six experiments), lost their 
blocking capacity when the temperature was lowered to 
5°-10° Č in the summer frog heart or to 27° C in the rat 
heart, that is, when the initially higher metabolic rates 
of these two preparations were lowered, This phenomenon 
is illustrated in Fig. 2. In a rat heart 10 ug of propranolol 
completely blocked the positive inotropic and chrono- 
tropic effects of 2 ug of noradrenaline at 38° © (Fig. 2A). 
At 27° C (Fig. 2B) the same dose of propranolol produced 
no blocking effect at all: 2 ug of noradrenaline had the 
same effect as before propranolol was added. When the 
perfusion fluid was reheated to 38° C (Fig. 2C) the block- 
ing capacity of propranolol was re-established; once 





Fig. 1. 


Winter frog heart. Influence of change of temperature on the 
blockade of the adrenaline effect by 10 wg of phentolamine. Time signal: 


30s. į designates washing out of substances. For explanation, see 


text. 
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again it completely blocked the effects. of 2 ug of nor- 
adrenaline. Two minutes later, when propranolol had been 
washed out, 2 ug of noradrenaline was again effective. 

When, on the other hand, the temperature was increased 
to 30°-34° C in the winter frog heart, the blocking capacity 
of the beta blocking agent pronethalol remained un- 
changed, or even increased in some cases, as compared 
with the diminishing or complete disappearance of the 
blockade produced by the alpha blocking agent phentol- 
amine in the same experiments. 

The principal trends induced by altering the metabolic 
milieu are summarized in Fig. 3. The degree of blocking 
capacity of the antagonists is expressed in all cases in 
terms of the log of the dose ratio, which is the ratio of 
effective threshold dose of adrenaline before and after 
blockade. When the temperature is lowered from 22°- 
24° © to 5°--10° C in the summer frog heart (Fig. 3A), the 
beta blocking capacity disappears, as shown by a signifi- 
cant decrease in the blockade, from 1:95 + 0-43 to 0-67+ 
0-39 produced by pronethalol. In all cases, the dose of 
blocking agent remained unaltered in one and the same 
experiment. On the other hand, raising the temperature 
from the initial level to 30°-34° C (Fig. 3B) resulted in a 





Fig. 2. Isolated rat heart. Influence of change of temperature on the 
blockade of the myocardial effects of noradrenaline by 5 ug of pro- 


pranolol. Time signal; 30 s. HR, Heart rate. For explanation, 
see text. 
A B 
PRONE THALOL fog PHENTOL AMINE 
dose ratio 





S-4O°C =  22-24°C 


22-24°C ~>  32-34°C 


Fig. 3. A, Degree of blockade of adrenaline effect by 2-4 x 10-8 M pro- 
nethalol at 22°-24° C and 5°~10° C in the summer frog heart. B, Degree 
of blockade of adrenaline effect by 3 x 10*-2 x 10-7 M phentolamine at 
22°--24° C and 32°-34° C in the winter frog heart. Ordinate: log (dose 
ratio) of adrenaline sensitivity before and after blockade. n, Number of 
experiments; P, probability ratio. Vertical lines: standard error. 
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decrease of the alpha blocking capacity, shown. by a 
decrease in the blockade produced. by: phentolamine 
from 1:18+0-17 to 0-4840-13. 

If these two trends are the results of different sensitivity 
of a single receptor, then there must be a state in which 
both types of blocking agents are equally and separately 
active; this was found in the case of the winter frog heart 
at 22°-24° C. This latter finding is incongruous with 
another possibility, that tissues can contain both alpha 
and beta receptors, with one predominating. If this were 
so, the greatest difference in the two kinds of blockades 
should have been found at room temperature, the tempera- 
tures at which frogs were previously kept and to which 
they had presumably become adapted. In this hypotheti- 
cal case, only the combined administration of the two 
types of blocking agents could have produced an inhibitory 
effect instead of acting separately. 

It can therefore be stated that the prerequisites for the 
existence of a metabolically influenced single adrenergic 
receptor—as far as myocardium is concerned——have been 
fulfilled in the present experiments. 

G. Kuxos 

M. SzenvrivAnyl 
Third Department of Medicine, 
University Medical School, 
Budapest, Hungary. 


Raceived December 28, 1967; revised February 7, 1968. 


t Ahiquist, R., J. Pharmaceut, Sci., 65, 359 (1966). 
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GENERAL 


Recognition of Syntactic 
Structure by Computer 


THE recent article concerning computer simulation! “is 
refuted by its first sentence. As the first condition for an 
acceptable simulation of the way in which human beings. 
recognize syntactic structure, the authors say “an analyser 
must not be dependent on looking up every word of an 
input sentence in a dictionary”. To meet this condition 

a dictionary is used which contains information “only 
about those words with fixed syntactic functions and about 

suffixes”. ‘With this dictionary alone, infinitely many 
English sentences can be analysed.” Unfortunately, there 

are also “infinitely many” sentences which cannot be. 
analysed in this way. The first sentence of the article is 

one such sentence. 

This sentence is: ‘‘An essential part of the capacity to 
understand utterances lies in the ability to recognize 
syntactic structure’. Any English-speaking reader can 
refute the article by playing the following simple game. 
First, rewrite the sentence keeping the pronouns, conjunc- 
tions and prepositions and substituting for other (non- 
fixed syntax) words an X plus the endings -s, -ed and -ing 
(if they appear). Second, the reader must try to replace 
Xs by words which have a different syntactic function 
from the word in the original sentence. For example, the 
sentence is rewritten as “An X X of the X to X Xs Xs 
in the X to X X X”. For the first two Xs the noun~verb 
combination ‘actor knew” can be substituted for the 
adjective-noun combination “essential part’. Whenever 
such a substitution can be made, the reader wins and the 
computer programme loses. 


Iwi D. J. Bross 
Roswell Park Memorial Institute, 
Buffalo, 
New York. 
Received January 19, 1968. 


1 Bratley, P., Dewar, H., and Thorne, J. P., Nature, 216, 969. (1967). 
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BOOK REVIEWS 


HONOUR TO A PHYSICIST 


Gustav Hertz in der Entwicklung der Modernen Physik 
Festschrift zum 80 Geburtstag von Gustav Hertz am 
22 Jul, 1967 (Abhandlungen der Deutschen Akademie 
der Wissenschaften zu Berlm—Klasse fur Mathematik, 
Physik und Technik, Jahrgang 1967, Nr 1) Pp 205 
(Berhn Akademie-Verlag, 1967) np 


Tms is a “Festschrift”? m the usual German style ın 
honour of Gustav Hertz’s eightieth birthday. It consists 
of a collection of specialized papers of high standard, but 
very heterogeneous, they are related in very varying 
degrees to Hertz’s sphere of mterest Only two short 
papers recall the mam contributions of Hertz to atomic 
and nuclear physics, and draw a picture of his attractive 
personality Hertz won fame at an early stage of his career 
through his fundamental discovery, in collaboration with 
J Franck, of the excitation of quantal transitions m 
atoms by electron collisions a phenomenon that gave 
powerful support to the ideas just proposed by N Bohr 
Later he turned his attention to the processes of gas diffusion 
and developed a successful method of isotope separation 
based on these processes In the teaching and organiza- 
tion of physics ın Germany he has been very mfluential, 
both before and after the Second World War; and his 
handling of the practical and human problems he had to 
face was characterized by the same common sense and 
directness of approach as his attitude towards the funda- 
mental issues of science L ROSENFELD 


ATMOSPHERE IN RUSSIA 


Optical Instability of the Earth’s Atmosphere 
By N I Kucherov Translated from the Russian 


Pp vin+174 (Jerusalem Israel Program for Scientific 
Translations, London Macdonald—Oldbourne Press, 
1966) 54s 


Tuais 1s a collection of papers, mamly the proceedings of a 
conference held at Kiev in 1962 (the Third AH-Union 
Conference) It 1s unfortunate that such conference 
reports, and collections of papers in general, are presented 
with little or no connecting material In this case the 
topie 1s quite specific, and many of the papers are closely 
related there are twenty articles on the effect of the 
atmosphere on optical images obtained ın astronomy, and 
1t 1s easy to see how they could have been connected or 
even combined The advantages would be that a useful 
introduction to the whole subject would be created and 
that different approaches to the problems and comparable 
results would be brought together 

First, a fair introductory chapter could be assembled 
from the various papers that establish the termmology, 
give physical explanations of the various phenomena, 
give fundamental theory, and give discussions of previous 
work The seven papers on image pulsation (position 
fluctuations observed with, for example, a 30 cm telescope) 
could easily be connected by a joint introductory and sum- 
marizing chapter Sumularly, there are three papers in 
which optical mstabilities are analysed ın terms of 
meteorological phenomena, this ıs an aspect of the subject 
m which progress has been difficult, and this could be 
emphasized by a brie? general review of previous work 
It would be particularly mteresting to have a comparative 
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summary of the six papers which report on the magnitudes 
of the effects observed in various areas 1n tests of possible 
sites for new observatories The remaming four papers 
could not be combined quite so advantageously, although 
three of them are related to automatic observing. In 
addition, an index would have been useful 

The experimental techniques described ın some of the 
papers deserve special attention In a paper on ‘Pulsa- 
tion of an Artificial Light Source mn the Ground Layer” by 
V M Bovsheverov and others, there ıs an account of 
image pulsation observations made in known conditions, 
and resultmg ın a remarkably good verification of the 
theoretical treatment m terms of temperature and wind 
speed gradients O B Vasil’ev and V.S Summ describe 
in detail their instruments for measuring image pulsation 
from photographic star trails, and ıb 1s clear that they 
have constructed a very successful machine Z N 
Kuteva and Yu A Sabmuin describe a programmed auto- 
matic telescope which uses rotating transformers both for 
storing star co-ordinates and reading the position of the 
telescope, resultmg in a simple and reliable installation 

The topics covered ın these papers receive considerable 
attention in the Soviet Union and this book 1s a useful 
progress ireport on this research R G Brnewam 


STATISTICAL PHYSICS 


Statistical Physics 

By A F Brown (Edmburgh University Publications— 
Science and Mathematical Texts, 7) Pp x+307 (Edin- 
burgh Edmburgh University Press, 1968) 45s net 


Tuts book les between an orthodox course on the proper- 
ties of matter and a systematic treatment of statistical 
mechanics Professor Brown develops from first principles 
the concepts of probability distributions, and applies them 
to a selection of physical problems, mamly from the 
kinetic theory of gases and from solid state physics The 
general Jevel 1s that appropriate to first-year university 
students of physics or chemistry Comprehensive coverage 
is not attempted and, ın makmg the mathematics self- 
contamed, many topics have had to be omitted There 
1s, for example, no discussion of the various types of 
atomic interactions, of radiation, nor of Ferm: and Bose 
statistics, even at a qualitative level Withm the hmuits 
set by the author, the presentation is clear and straight- 
forward, although more thermodynamics 1s assumed than 
1s perhaps usual at a first year level 

The first two chapters develop the elementary kinetic 
theory of gases Apart from musprints m equations 
(131) and (1101) these should offer the student no 
difficulty, although I would have hked to see some 
mention of the distinction between averaging over particles 
and averaging overtime The use of Clarendon type for the 
number density n seems rather arbitrary, because this 18 
not done for other dimensional quantities 

The theones of probability distributions and averaging 
im general are deferred to the third and fourth chapters, 
the latter also introducmg the mean free path concept, 

The fifth chapter contams as thorough a discussion of 
the Maxwell-—Boltzmann distribution for gases as 18 
possible at this level, later extended to more general 
systems. The sixth chapter contams a good short dis- 
cussion of random walk and applications to diffusion 
problems The seventh chapter consists of statistical 
treatment of experimental results Again the presentation 
is clear, but this chapter 1s really a digression, and I feel 
it would be better moved to the end of the book In the 
eighth chapter the statistical concept of entropy 1s mtro- 
duced For such an important topic 1¢ 1s surpmsing that 
this chapter should oceupy only seven pages and be one 
of the only two m the book without problems or references 

The ninth and tenth chapters contam various solid state 
topics, including melting, the Emstein specific heat model, 
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order—disorder theory and d#fusion processes m semi- 
conductors The discussion here 1s lucid and well sus- 
tained. The final two chapters form essentially a statistical 
and mathematical appendix which might have been 
merged with the third chapter, although sections 121, 
12 4 and 128 are so standard that their mclusion seems 
hard to justify 

Misprmts are remarkably few, and the price seems 
reasonable With the reservations mentioned, ıt should 
prove a useful first year book, although m subsequent 
editions some rearrangement of the chapters might be 
considered. R COLLINS 


MAGNETIC RESONANCE 


Magnetic Resonance and Relaxation 

Edited by R Blne With the co-operation of D Hadzı 
and M Osredkar (Proceedings of the 15th Colloque 
Ampère, Ljubljana, 6-11 September 1966) Pp ev+ 
1241 (Amsterdam North-Holland Publishing Com- 
pany, 1967) 420s 


As usual, the Colloque Ampére of September 1966 covered 
the whole broad spectrum of magnetic resonance and 
relaxation The proceedings consist of short contributed 
papers on rather specialized topics and m addition some 
invited longer papers often m the form of a concise review 
of a broader topie Much of the material of the short 
papers has since appeared m expanded form in the 
journals so that the value of the volume today lies largely 
in the review articles that it contams The subject 
matter for these Jonger papers (there are about thirty 
of them) ranges from molecular reorientation and nuclear 
relaxation m liquids to Jahn-Teller effects ın solids and 
the Mossbauer emission from atoms in relaxing localized 
modes Ther level is such that they can be readily under- 
stood by anyone with a background in magnetic resonance 
and serve in many cases as a good mtroduction to a given 
topic It would be difficult to find anyone in the field 
who did not find several of the articles of interest Person- 
ally, I found many of considerable mterest, among them 
those dealing with nuclear acoustic resonance, nuclear 
resonance in superconductors, spm-spin relaxation, and 
on the mechanisms of dielectric relaxation 

The price of the volume 1s such that few individuals 
will feel melmed to buy 1t, but any mstitute with an 
interest in magnetic resonance may well find 1t a worth- 
while investment D. T EDMONDS 


THEORETICAL CHEMISTRY 


The Fundamentals of Theoretical Chemistry 

Wave Mechanics Apphed to the Study of Atoms and 
Molecules By Raymond Daudel Translated by R, E 
Watts Translation edited by J M Wilson Pp xx+ 
211 (Oxford, London and New York Pergamon Press, 
1968) 80s 


Tars 1s an English translation of a French volume written 
in 1952 It 1s one of a series of three volumes by the same 
author, who 1s one of the leaders in French theoretical 
chemistry The first half of the book 1s devoted to a study 
of atoms, at a relatively sumple level (but not for a com- 
plete beginner) The second half deals with molecules, 
concentrating chiefly on the method of molecular orbitals 

It may well be asked whether the publication ın 1968 
of a book of this kind, written sixteen years ago, is 
yastified Inevitably many new developments have taken 
place in these years, with the result that the volume has 
a rather “old-world” character Topics such as the 
Pekeris discussion of the helium atom, the Kolos-Roothaan 
work on molecular hydrogen, the Pariser—Parr approx- 
mation, and all mention of ligand-field theories, are 
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mussing The chief value of the book hes mn the aecount— 
believed to be the only full account m any textbook—of 
Professor Daudel’s concept of a loge This 18 a volume 
within which we have a fairly large probability of finding 
exactly one electron (or sometimes two, with opposed 
spins), and represents one of the best ways of localizing 
electrons m a physical picture 

The translation 1s good, but the price of the book is 
ridiculous C A Covurson 


AROUND LANGHOLM 


The Geology of the Neighbourhood of Langholm 
(Explanation of One-Inch Geological Sheet 11) By G I. 
Lumsden, W Tulloch, M F Howells and A Davies 
Palaeontology by R W Wilson, M A Calverand J D. D 
Smith Petrography by R W Elhot and M F Howells 
(Natural Environment Research Council—Institute of 
Geological Sciences Memoirs of the Geological Survey, 
Scotland) Pp vm+255+8 plates (Edinburgh and 
London HMSO, 1967) 52s 6d net 


Tue dust cover of this book has an attractive photograph 
of Langholm and its surrounding hills the blurb notes 
that the memo traces the story of the deposition of the 
rocks from the oldest strata to the present day, refers to 
periods of major earth movement durmg which the rocks 
were thrown into great folds, and records at least four 
episodes of violent volcanic activity and two of the 
advance of great masses of ice And then 

“The Memo contairs much scientific detail about thousands 
['] of outcrops, many boreholes and the more important natural 
sections, sedimentary structures and the petrology of selected 
strata and includes exhaustive lists of fossils ” 


from which the avid reader of Geological Survey memorrs 
will realize that the wrapping merely disgwses the old 
familar offermg of pamstakmg, detailed work im which 
every outcrop appears to have been described, every fossil 
identified, and the petrography of each rock slice recorded 

The six-inch geological maps of the area are already 
available, the one-inch 1s ın the press Why then almost 
eighty pages of such detail as (page 33) 

“Green Cleuch 1s the stream which joms the Merkledale Burn 
on the east bank 450 yd upstream from Swingill A small 
asymmetrical anticline plunging west at 27 degrees 1s exposed 
about 210 yd upstream from the stream junction [37069536] 
The beds on the north hmb are vertical and young north, 
while on the south limb the dip ıs south-south-west at 43 
degrees Movement along the bedding has obviously taken 
place at this locality ” 


and (page 64) 

“An igneous intrusion 1s associated with the Enthorn Fault 
where it crosses the River Esk (p 204) near Glencartholm, 
359 yd downstream from the mouth of the Hag Burn [37867897] 
Its outcrop ın the Archer Beck, 400 yd W 43° S of Millstead 
[42008096]” etc 


There are more than three hundred fossil localities pin- 
pomted with such dupheated precision as (page 20) 


“Crue Gull, tributary of Wolfhope Burn drainmg the north- 
east slopes of Longgram Head at head of stream 1600 yd S 
63° W of Rigfoot [35769248] ?M reccartonensis Zone” 


This kind of detail riddles the memorr and 1s precisely 
what geological maps, symbols and National Grid references 
were intended to obviate 

Four geologists with supporting scientific staff have been 
engaged ın this project on and off durmg the past sixteen 
years Their results are or will be embodied in six-inch 
sheets, one-mch map, memour, scientific papers and sundry 
data mcluding borehole records on open file So far as 
this consumer is concerned much of the detailed informa- 
tion m the memor should have been restricted to the 
maps or put on open file Indeed, why not go one stage 
further and adopt the USGS custom of pubhshing a 
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12,000 word explanation of the geology of the arca on a 
folding sheet containmg the one-inch map’ The need 
for some memoirs might then disappear, with resulting 
saving of effort and money 

This preoccupation with what goes where and how 
should not obscure the fact that a useful survey has been 
made The work tends to confirm that the Southern 
Uplands consist of complex faulted monoclmes Perhaps 
more importantly the memoir provides the first full 
description and classification of the Carboniferous rocks 
of the district G Y Crare 


NOTODELPHYID DEVELOPMENT 


Development and Systematics of Some Pacific Marine 
Symbiotic Copepods 

A Study of the Biology of the Notodelphyidae, Associates 

of Ascidians By PatriciaL Dudley Pp v+282 (Seattle 

and London University of Washington Press, 1966 ) 56s 


ASCIDIANS provide a number of ecological niches for a 
great variety of invertebrate parasites and messmates Of 
the ascidicolous copepods the Notodelphyidae exhibit the 
greatest morphological diversity, many of the species are 
known only from adult females Although in 1892 Canu 
illustrated some developmental stages of five European 
species and succeeded ın rearing some of their free-living 
copepodid stages, no complete life cycle of a notodelphyid 
was known In recent years the author has succeeded in 
culturing the free-living stages of all eight species, repre- 
senting five genera, that occur in the Puget Sound region 
and has obtained from the hosts later commensal or 
parasitic copepodids to complete the lfe cycle of four 
species 

Short sections on material and methods and on ter- 
mimology follow the introduction, while collecting and 
culture data are given in the appendices Pre-eclosional 
development, eclosion of the nauplu and their escape from 
the host are described Post-eclosional development is 
considered under four main headings the naupln, the 
copepodid stages, a comparison of the copepodids, and 
sexual dimorphism There are five naupliar stages in 
each of the seven commensal species and only four in the 
parasitic one The mternal anatomy of the nauplu 1s 
described Development of the post-mandibular appen- 
dages proceeds gradually throughout the naupliar phase 
In these, and other yolky cyclopoid naupli reared for 
comparison, the delicate transparent cuticle 1s never 
wholly in contact with these forming appendages and the 
exuviae therefore show little or no trace of these changes 
The author suggests that here a different mode of cuticle 
formation may be involved For each naupliar stage the 
superficial subexuvial structures are described as well as 
the exuvia In metal-contammated sea water normal 
swimmung movements and normal ecdysis may be arrested 
although differentiation of appendages and internal organs 
continues, in the parasitic species production of exuviae 
continued but the larvae were enclosed in two or even 
three skins 

All eight species could be reared to the second cope- 
podid, which 1s probably the invasive, stage, only in 
species of the genus Doropygus did any of these moult 
to the third copepodid stage A kind of metamorphosis 
occurs during the last naupllar stage, when copepodid 
features become more highly developed beneath the cuticle 
At the moult to the third copepodid a second metamorpho- 
sis occurs This third stage and subsequent stages 
are as useful m the taxonomy of the species as are the 
adults Sexual dimorphism ıs first apparent ın the fifth 
copepodid stage ın all the commensal species, in the 
highly modified parasitic species, 1t 1s first apparent in 
the fourth, and becomes marked m the fifth, stage The 
sixth stage 1s the adult for all the species and ecdysis 
ceases Since the females had been described m a recent 
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work by Illg, only additional notes are given The much 
rarer males are fully described One species of Doropygus 
proves to have dimorphic males Non-swimmuing ana- 
morphie males, differmg only slightly from male fifth 
copepodids, are commonly found in ascidians The 
actively swimming metamorphic males were obtamed 
direct from male fifth copepodids which were removed 
from the host and placed m culture dishes So far, only 
two metamorphic males have been found im asaidians 

The relationship of the Notodelphyidae to other groups 
of copepods 1s discussed, utilizing first the adult characteis 
then those of the developmental stages The nauphaz 
characters of free-living copepods are enumerated, to 
show that there is a basic deviation in development 
between calanoids and cyclopoids, and to serve as a basis 
for comparison of notodelphyid nauplii with those of 
other commensal and parasitic forms ‘Trends in reduction 
of mouthparts differ ın the true poecilostomous cyclo- 
poids lıke Mytkcola from those shown by Enterocolidae, 
Botryllophihdae and the aberrant parasitic notodel- 
phyids These all show relationships with the gnatho- 
stomes 

The book is well written and well arranged and will 
doubtless become the standard work on notodelphyid 
development The excellent lme drawings are arranged 
as plates, labelled ‘Figure 1” to ‘Figure 51”, inserted 
together with their legends between pages 164 and 269 
There 1s no index, so the reader must rely on a short 
table of contents I Gorpox 


INTRODUCING BEHAVIOUR 


An Introduction to Animal Behaviour 
By Aubrey Manning (Contemporary Biology) Pp 
vii+208 (London Edward Arnold (Publishers), Ltd , 
1967) 42s net, boards, 2ls net, paper 


Tue study of behaviour has progressed far enough for 
the stage of pure description of behaviour patterns to be 
superseded by discussions of the facts by which the 
patterns can be explained, or for, at least, some sort of 
reasonable approach to a theoretical background to begin 
to be assembled Ruightly, therefore, Dr Manning has not 
approached the subject from the standpoint of the bio- 
logical function of particular patterns, like courtship, 
prey catching or the hke, but reviews the principles on 
which behaviour is founded Not that natural selection 
is not one of these producing, as ıb does, biologically 
useful patterns, this is the other side of the com, but an 
unusual com, for its two sides are not starkly separated 
by a hard edge Nor is this a text in which the same 
behaviour m various groups ıs compared, although ths 
evolutionary approach is one which has always com- 
mended itself to the zoologist as opposed to the psycho- 
logist The truth 1s that, apart from that derived from a 
few groups of closely allied species, the amount of com- 
parative behavioural work ıs not very great It 1s stmking 
that the examples of this approach are the same as would 
have been quoted ın a book written ten years ago, there 
1s no doubt that the immediately post-war work by the 
European behaviourists was classical ın the sense that it 
will be quoted with advantage for a long time to come 

In his preface, the author excuses the selection of topies 
explaming that the book was to be short and that he 
preferred to deal with those topics which he felt to be 
important This surely makes for a lively, mteresting 
book mstead of one recounting, dryly and dutifully, sub- 
jects which are dull to the author This book is stumulating 
and very thoroughly does what the author set out to do, 
that 1s, to mtroduce the subject by reviewing the current 
interests of ethologists and others 

Manning’s chosen subjects are “Reflexes and Complex 
Behaviour’, “Development of Behaviour”, “External 
Stimul”, “Motivation”, “Conflict Behaviour”, “Hormones 
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and Behaviour” and “Evolution and Learnmg” Itb 1s 
plain from this lst of chapter headings that Manning 
reflects the vestigations of many workers today m the 
physiology of behaviour and draws, in his own researches, 
on the genetical approach That the genes act on be- 
haviour by changes mamly in physiology rather than in 
detectable macrostructure 1s nowadays evident, although 
the difficulties of genetical analysis ın this field are very 
eat 

e Meanings selection of work ranges widely, as 1s made 
evident by almost 300 references hsted at the end of the 
text, but sensibly, wherever possible, he has e:ted reviews 
rather than ongmal papers For the student reader, at 
whom the book is directed, this ıs the only practical 
approach The book ıs well produced and illustrated, 
there ıs no reason why 1t should not be highly appreciated 
by its readers J D. CARTHY 


BOOK OF A MONKEY 


Biology of the Howler Monkey (Alouatta caraya) 
(Bibliotheca Primatologica, No. 7) Edited by Manuel 
Rene Malnow Pp vm-+232 (Basle and New York 
S Karger, 1968) 48 Sw francs, 88s; $11 50 


PEDANTRY 18 a tiresome stick with which to belabour 
anybody but, m the name of Linnaeus, a sensitive reviewer 
must protest agamst the nomenclatural error in the title 
of the book Alouatta, the howler monkey, 1s a genus 
contaimng five good species only one of which, A. caraya, 
18 dealt with in this book that purports to be a “Biology 
of the Howler Monkey” ‘This is most misleading 

It ıs also somewhat musleading to call this book a 
“Biology” which suggests a comprehensive, systematic 
approach that this eclectic compilation does not attempt 
to achieve. Ecology, evolution, systematics and free- 
ranging behaviour are either wholly omitted or, at best, 
perfunctorily acknowledged One curious omission 18 
any reference to the voice of the black howler monkey 
or to its extraordinary vocal anatomy, this 1s rather hke 
making an apple pie without apples. 

There are, however, a number of extremely useful 
independent chapters on the anatomy and pathology of 
this so far little known species Particularly valuable are 
chapters on growth, age determination and pre and post- 
natal development, some of which have been published 
elsewhere Malmow’s contribution to the natural history 
of arterial disease m free-ranging pimmates ıs of great 
interest, especially his observations relating to the reduced 
meidence of atherosclerosis in pregnant animals Grand’s 
analysis of the functional anatomy of the upper lmb 1s a 
careful and thoughtful contribution 

The good old-fashioned one-man monograph with its 
synthetic treatment of data and its total biological 
approach is becoming a rarity these days Its place in 
scientific literature has been taken by the multi-authored 
volume which neither covers the field nor attempts to 
present an mtegrated, balanced picture of the central 
organism Only too frequently, as m the present mstance, 
many of the articles are reprmts One questions the 
value of such compilations particularly at £4 8s and m 
paperback form Joun NAPIER 


CONTROLLING SPEECH 


Research in Verbal Behaviour and Some Neurophysio- 
logical Implications 

Edited by Kurt Salzinger and Susanne Salzmger. Pp 

xvu+510 (New York Academic Press, Ine ; London. 

Academic Press, Inc (London), Ltd, 1967) 88s 


Waart goes on in the bram when we speak, or are otherwise 
linguistically active, 1s a tantalzing problem, for 1t bears 
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directly on the biological status and prospects of Man 
But many approaches and methods commonplace ın the 
study of other “higher” functions of the brain are un- 
available in the case of language. Animals do not speak 
and we cannot systematically cut away parts of the 
human brain to find out the effects on language Instead 
we have to wait on ‘‘Nature’s expermments” and her 
techniques are casual and unsuited to scientific convenience, 
Opportunities of stimulating and recordmg from the 
intact brain while 1b 1s occupied in linguistic activity are 
scarce, and the results so far unrevealing Starting from 
the other end, analyses of language itself on its own terms, 
and of the human behaviour involved in its use, have made 
some progress Butas they become more sophisticated their 
conclusions all too often seem remote from the concepts 
of contemporary neurophysiology Modern grammatical 
theory, for mstance, is replete with patterned structures 
of one kind and another Which of these should we pick 
on to lay alongside any observable pattern of functioning 
im the nervous system ? 

It 1s very tempting to try to bridge a gap such as this, 
and not always unprofitable even when there 1s more 
make-believe than masonry ın the construction. As it 
happened, however, this symposium stopped short of any 
actual bridge building and devoted itself largely to laying 
down approachroads Thefirst section, “Verbal Behaviour 
Facts and Theories’, which occupies half the book, 
comprises & good deal of material familiar to readers of 
previous psycholinguistic symposia, though it breaks 
fresh ground ın places Even here, however, as for example 
in Staats’s paper on emotions and images in language, in 
the two essays by Lambert and by Fillenbaum on verbal 
satiation or m Lambert and Preston’s note on the bi- 
lingual’s two languages, there is evidence of undue 
anxiety to force the material into preconceived theoretical 
or methodological moulds But there are also examples, 
such as Starkweather’s paper on the vocal characteristics 
of depressed patients, of a more straightforwardly em- 
pirical approach 

The second section, ‘Verbal Behaviour as a Function 
of the State of the Organism”, concentrates very largely 
on the effects of drugs on verbal and vocal behaviour, 
and Waskow contributes a general summary of work in 
this field to date Perhaps naturally, there has been much 
concentration of drugs in current psychiatric vogue, 
notably LSD, chlorpromazine and amphetamine. ‘The 
outcome of this work is on the whole disappointing, 
but new drugs and new knowledge about ther bio- 
chemical modes, and anatomical sites, of action are 
coming along fast, and thoughtful use of these may go 
far to establish some of the neural correlates of speech 
behaviour 

The last section, ‘“Neurophysiological Bases of Verbal 
Behaviour”, m which the mnocent reader might expect to 
find some evidence of bridge bwldmg on the other mde 
of the chasm, is short and frankly disappomting. It 
contains four essays, by Luria (who was unfortunately 
unable to be present at the symposium), Geschwind, 
Davis Howes and Chase Lumia’s contribution, alas, 
contains only what he has already published ın English, 
notably ın two articles in Word (1959). Geschwind’s 
paper, though mildly stimulating, 1s too brief and dis- 
cursive to have any real hitting-power Howes, who in 
an earher paper in the sympostum had presented his 
well known data on word-frequency distributions in 
aphasia, again examınes the mplications of these findings 
for a theoretical view of the language mechanisms Chase 
does his best to bring the whole symposium to a focus in 
such a way as to catch hold of any neurophysiological 
mnplications there might be, but these remam potential 
rather than apparent He ıs clearly hampered by the mass 
of doubtfully relevant material assembled by the sym- 
posiasts, and his effort only seems to reveal the marginal 
utility of this kind of scientific communication im a field 
unsuited to 1b R © OLDFIELD 
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APOTHECARIES AND THEIR PAST 


The Worshipful Society of Apothecaries of London 

A History, 1617-1967 By W S C Copeman Pp 112419 
plates (Oxford, London and New York Pergamon 
Press, 1967) 638 


Last year members of the Worshipful Society of Apothe- 
caries of London celebrated the three hundred and fiftieth 
anniversary of their foundation as a City Livery Company 
In 1617, James I granted them a Royal Charter and Dr 
Copeman’s book commemorates this foundation and gives 
a very brief, but attractively illustrated, account of the 
society’s history The development of the society from 
activities such as the growmg and compounding of drugs 
to a body which after 1815 was made responsible for the 
traiing of the general practitioner ıs engagingly retold 
There are also potted biographies of a few of the more 
famous apothecaries, such as the founder of the society, 
Gideon de Laune, the poet John Keats, John Hughlings 
Jackson, Sir Charles Dodds, Sir Arthur Porritt and others 

The present Apothecaries Great Hall which was built 
during the period 1668 to 1670 is itself of note, for ıb 1s 
claimed to be the only Livery Hall out of thirty-srx 
existing ın 1939 to escape unscathed the ravages of the 
Second World War, ıt 1s said to be “the oldest surviving 
hall of any City Livery Company and the oldest medical 
building still ın use ın the country” (page x) Dr Copeman 
has included a hist of the paintings ıt possesses as well as a 
roll of past masters of the society The superb photo- 
graphs demonstrate the hall’s beauty and elegance, as 
well as showing some of its possessions 

This book will serve as a useful résumé of the authouita- 
tive and scholarly history of the society compiled by 
C Wall, H C Cameron and E A Underwood, the first 
volume of which appeared ın 1963 It will also help to 
emphasize the important part that the apothecaries have 
played ın the creation of our medicine of today and the 
part they wil contmue to take ın the prevention and 
cure of disease m the future EDWIN CLARKE 


HOW TO FIND A SCIENTIST 


Who’s Who tn Science in Europe 

A New Reference Guide to West European Scientists 
Vol 1 Pp 1-560 Vol 2 Pp 561-1144 Vol 3 Pp 
1145-1747 (Guernsey, CI Francis Hodgson, Ltd, 
1967) 200s , $29 each volume 


Ar first glance, intending users of this new reference book 
may be misled into thinking that 1t covers screntists in all 
European countries A. second look will confirm that ıt 
does in fact cover only West European scientists to the 
exclusion of all those in the “eastern bloc’? Nevertheless, 
it 1s the first guide to West European scientists to be 
published, and as such should serve a useful purpose m 
hbraries, particularly now that there are several jomt 
scientific organizations in Europe and more and not less 
co-operation 1s likely in the future 

It ıs stated ın the mtroduction that there are more 
than 30,000 entries covering all the “more mmportant 
European scientists and technologists and those who have 
interests in the field of research or who are interested 
im encouraging or promoting science and technology” 
It 1s not clear what criteria were used m the selection of 
entries Help was apparently sought from various nter- 
national and national organizations, government depart- 
ments, universities and science-based industrial firms 
Questionnaires were also used This claims to be a ““Who’s 
Who”, rather than a “Directory”, and so one can hardly 
expect the comprehensiveness of the national directories 
of scientists, for example the Directory of British Scientists 
(DOBS) and 1ts equivalent m other countries DOBS, 
for example, includes school teachers and research students 
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—categories obviously excluded from the book under 
review The scope of Who’s Who in Science in Europe 
appears, however, to be wider than DOBS in some 
respects, for ıt meludes important doctors, technologists 
and industrialists—which DOBS appears not to do, per- 
haps because these persons are covered sufficiently well 
m other British directories 

The British representatives in the book appear to be of 
the level of those m Who’s Who [in Britain]—professors, 
Fellows of the Royal Society, and so on Readers in 
university departments do not appear to be included, 
but heads of industrial and government research depart- 
ments, chairmen and council members of the important 
scientific societies are The comprehensiveness of a book 
hke this, however, can only really be discovered through 
use. It is also not easy to judge the representation of 
scientists in countries other than Britain, although super- 
ficial examination shows no very marked British bias 
There must have been difficulties m the selection of 
entries just on the grounds that titles and status of, 
for example, professors vary from one country to another 

Biographical details given vary m length from name 
and address only, to details of degrees, subject interest, 
higher education, recent appomtments, society member- 
ship, and scientific interests Publications have not been 
mcluded, but 1t 1s useful to have the person’s year of birth 
in some (but not all) of the entries The entries are easy 
to read—a mmor fault is the lack of bold type to dis- 
tinguish each name An unfortunate omission ıs that 
there ıs no explanation of abbreviations used Not many 
are used apart from degrees, but a scientist overseas 
might want to know what FRCS, ACORD and MRS 
mean Saran BUNNEY 


OBITUARIES 


Dr Shuhe: Fuyitaka 


Dr SHUHEI FUJITAKA, who died m Tokyo on November 
26, 1967, at the age of sixty, was a brillant high voltage 
engineer and educationalist 

Fuyitaka was born ın 1907 at Nara, Japan In 1931 
a year after graduating in electrical engineering from 
Tokyo Imperial University, he became assistant professor 
at the Tokyo Institute of Technology at Ookayama In 
1943 he became a full professor of Tokyo Imperial Univer - 
sity and was attached to the second engineering depart- 
ment 

Early ın his career Fujitaka was involved ın high voltage 
engineering, and worked on transmission problems 
After the end of the Second World War the power shortage 
ın Japan was at 1ts worst—the domestic electricity supply 
dropped to seventy-five volts—and the national policy 
was to reconstruct the power industry Fuptaka was 
involved in the development of the 215 kV Shinhokuriku 
lne, from Shinammoto to Hirakata, which was one of the 
most important power sources in the town of Kurobe 

Fuptaka also participated ın national electrification 
schemes, notably the Jyoetsu line, from Ueno to Nugata 
He was the first to employ a one step transformer con- 
nexion from 66 kV to 1 5 kV, asystem which ıs economieal 
m railway electrification and 1s now employed by the 
Japanese National Railways at their substations Fup- 
taka had recently been working on the new 500 kV 
line which crosses Japan from east to west 

Fuptaka had taught high voltage engmeering since 
joming the Tokyo Institute of Technology in 1931 He 
also held positions as vice-chairman of the Institution of 
Electrical Engmeers of Japan, as a member of both the 
regular commuttee of the International Conference on 
Large Electric High Tension Systems and the Japanese 
National Commuttee of the International Electrotechnical 
Commission Suxo YAMAKURA 
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University News: Birmingham 


Dr John Hardwicke and Dr Kenneth Walton, both at 
present readers in the Department of Experimental 
Pathology, have been appomted to the newly established 
additional chairs of experimental pathology 


Keele 


Prorgssorn R J FRANKENBERG, reader in sociology in 
the University of Manchester and at present on second- 
ment as professor of sociology and dean of the School of 
Humanities and Social Sciences in the Unrversity of 
Zambia, has been appointed professor of sociology and 
head of the Department of Sociology 


Sheffield 


Dr P N Rosson, at present reader in electrical engmeer- 
ing m University College, London, has been appomted to 
the second chair of electronic and electrical engmeering 


Appointments 


Tus Minister of Technology has appomted the following 
new members to the Advisory Council on Technology 
Dr J M Hdl, charman of the UK Atomie Energy 
Authonty, Ser Frank Schon, part-time member of the 
Industrial Reorganization Corporation and of the National 
Research Development Corporation and a non-executive 
director of the Associated Portland Cement Manufac- 
turers, Ltd, Sew Wilham Swallow, chairman of the Ship- 
building Industry Board, Lord Wright of Ashton-under- 
Lyne, general secretary of the Amalgamated Weavers’ 
Association and present chairman of the Trades Union 
Congress. 


Sm Joan Hennixer-Masor, at present assistant under- 
secretary at the Foreign Office, supervising the African 
departments, has been appomted director-general of the 
British Council m succession to Sir Paul Sinker 


Announcements 


Tae Royal Geographical Society has made the following 
awards Founder's Medal to W B Harland, Sedgwick 
Museum, Cambridge, for Arctic exploration and research, 
Patron’s Medal to Professor A Gansser, Federal Institute 
of Technology, Zurch, for geological exploration and 
mapping of the Himalaya 


THE Seventh James B Macelwane Award 1s to be pre- 
sented to Michael B McElroy of Kitt Peak National 
Observatory, near Tucson, Arizona, at the annual meeting 
of the American Geophysical Union This award is given 
each year to a young scientist ın recognition of his work 
in geophysical research 


Meetings 


STEREOCHEMISTRY of Macromolecules, May 21-24, Venezia 
(Dr Giuseppe Zerbi, Istituto dı Chimica, Industriale del 
Politecnico, Piazza L da Viner 32, Milano) 


Surcine Glaciers, June 6-8, Banff (C M Lockwood, 
Assistant Director, Department of Extension, University 
of Alberta, Edmonton, Alberta, Canada) 


New Olefin Reactions, June 25-26, University of Man- 
chester Institute of Science and Technology (Professor 
R N Haszeldme, University of Manchester Institute 
of Science and Technology, PO Box No 88, Sackville 
Street, Manchester 1) 


CARBON and Graphite, July 2-5, University of Newcastle 
upon Tyne (Dr T E O'Har, Department of Physical 
Chemistry, University of Newcastle upon Tyne, New- 
castle upon Tyne 1) 
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MOLECULAR Crystal Symposium, July 8-12, Technical 
University “Twente”, Enschede (Professor J Kom- 
mandeur, Laboratory for Physical Chemistry, The Un:- 
versity, Bloemsimgel 10, Groningen, The Netherlands) 


CHEMISTRY of Natural Products, July 8-13, London (The 
Secretary, 5th International Symposium on the Chemistry 
of Natural Products, c/o The Chemical Society, Burlington 
House, London W1) 


CRYSTAL Growth, July 15-19, University of Birmmgham 
(Professor A. D McQuillan, Department of Physical 
Metallurgy and Materials Science, University of Bır- 
rangham, Birmingham 15) 


PATTERN Recognition, July 29-31, National Physical 
Laboratory, Teddington (The Conference Department, 
Institution of Electrical Engineers, Savoy Place, London 
WC2) 


Erratum In the article “Histochemical and Biochemical 
Study of Synaptic Lysosomes’”’ by Mildred K Gordon et 
al (Nature, 217, 523, 1968) the name of one of the 
authors, Klaus G Bensch, was misspelt 


Erratum The address of Dr R Spitzer, the author of 
the communication “Possible Explanation of Anomalies 
in Neutral K Phenomena” (Nature, 217, 943, 1968), 
should be Lawrence Radiation Laboratory, Livermore, 
California 


Erratum In the mtroduction to the article “Urinary 
Metabolites ın Parkinson’s Disease’? by Frederick A 
Kuehl, jun, et al (Nature, 217, 136, 1968), the word 
tryptamine should read tryptophan 


Erratum In the communication “Effect of Cocaine, 
Desipramine and Angiotensin on Uptake of Noradrenaline 
in Tissues of Pithed Rats” by D T Pals and F D 
Masuccı (Nature, 217, 772, 1968), the second sentence of 
the fourth paragraph should read ‘The variation of 
radioactivity recoverable was probably a result of the 
presence of different numbers of sympathetic nerve 
endmgs m these tissues” In the final paragraph the words 
facihtated and facilitation should read potentiated and 
potentiation, respectively 


CORRESPONDENCE 


The Magic of Numbers 


Sim,—In your leading article of March 2 (Nature, 217, 
793, 1968) you surmise that the 875 per cent of all 
scientists who, according to the “First Law of Research 
on Research”, have ever been alive are alve now would 
be a ratio which would also probably have been valid 
m 450 Be In fact, xf this law 1s true at all this ratio can 
be shown to have been valid almost always 

Assume that the number of scientists mereases by a 
ratio g (>1) per decade Then m decades after the first 
scientist, say Archimedes, there will therefore be qr 
scientists alive The total number of scientists who have 
ever hved will be (g—1)/(g—1) The ratio of those living 
in the nth decade to those who have ever lived will be 
g” (¢—1)/(qg"—1) When n ıs large enough, say several tens 
of decades (q not bemg too near to 1), this ratio becomes 
equal to (g—1) and ıs no longer dependent on n 

If g—1=0 875, this would mean that scientists merease 
by a factor of 1 875 per decade But why per decade? O: 
better, which 1s the right unit of time to choose ? 


Yours faithfully, 


K. Scumuzr 
97 Repton Road, 
West Bridgford, 
Nottingham 
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FORTHCOMING EVENTS 


(Meetings marked untk an asterisk are open to the public) 


Monday, March 18 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
10 a m —Colloquium on“Threshold Extension Techniques” 


Sociery oF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, SW1), at 5 pm —Mr J A R Bates “A Review of Govern- 
mental Control in Various Countries” 


UNIVERSITY OF LONDON (at the Roval Vetermary College, Royal College 
Street, London, NW1), at 5 p m —Professor J R Buchanan (Pennsylvania) 
“Radiology of the Canine Heart” * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
5 30 p m —Discussion Meeting on “The Class Structure of the British Single- 
phase House Service Meter” opened by Mr A J Baggott 


UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, University College 
London, Gower Street, London, WC1), at 5 30 p m —Professor Horst Kunze 
(Director General of the German State Library, East Berlin) “The Trainmg 
of Scientific Librarians and Documentalists in Eastern Germany” * 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, INSTRUMENTATION 
AND CONTROL GROUP (at the London School of Hygiene and Tropical Medi- 
cine, Keppel Street, Gower Street, London, WC1), at 6 p m-—Professor 
H H Rosenbrock “Control Past, Present and Future” (Inaugural Meeting) 


ROYAL SOCIETY or ARTS (at John Adam Street, Adelphi, London, WC2), 
at 6p m —Professor Owen Lattimore “China To-day——Some Social Aspects” 
(first of three Cantor Lectures) 


Tuesday, March 19 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
Control Group of the I Mech E , at Savoy Place, London, WC2), at 10 a m 
—Colloquium on “Engineering Aspects of Satellite Design” 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, SW1), at 10 a m —Meeting on “Soil Analysis and Fertihzer 
Recommendations” 


UNIVERSITY OF LONDON (at the Royal Veterinary College, Royal College 
Street, London, NW1), at 5 p m.—Pzofessor James W Buchanan (University 
of Pennsylvania) “Cardiovascular Surgery in Dogs” * 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture Theatre of 
the Science Museum, Exhibition Road, London, SW7), at 530 pm —Mr 
W F Grimes “The Development of Archaeological Techniques” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5 30 pm — 
Professor R L F Boyd “Recent Studies of the Planet Venus” (Lecture for 
Sixth Form Pupils from Schools in London and the Home Counties To be 
repeated on March 20, 26 and 27) 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London, SW7), at 530 pm —Professor T R E Southwood “The Abun- 
dance of Animals” (Inaugural Lecture) * 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMMUNICATIONS 
GROUP (at the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street, London, WC1), at 6p m-—Mr W D Benson and Mr 
B Buckingham “Integrated Circuits for Radio Receivers” 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
Group (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m —Dis- 
cussion Meeting on “Teachıng of Materials Science” 


Wednesday, March 20 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westminster, London, SW1)—All-day 
Discussion Meeting on “A New Approach to Machine Tools in Relation to the 
Components They Make” 


BRITISH COMPUTER SOCIETY (at Queen Elizabeth Hall, London, SE1), at 
a am g mpomum on “Production Control by Computers—Where are We 
ong ?” 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, SW1), at 3pm—Dr D E Karwath 
“Navigation of Supersonic Transport” 


UNI\ ERSITY OF LONDON (at the Institute of Diseases of the Chest, Bromp- 
ton Hospital, London, SW3), at 5 pm —Dr D P Winstanley “Pulmonary 
embolism” 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, WC), at 515 
p m —Discussion Meeting on “Regression Methods” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at530pm—MrwW J Quill “Satellite Communications” 


Thursday, March 21 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
Burlington House, Piceadilly, London, Wi)—Professor L Nirenberg 
“Pseudo-differential Operators” 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at Victoria Halls, Bloomsbury Square, London, WO), All-day 
Meeting on “Some Modern Laboratory Techniques Applied to the Study of 
Road and Building Materials” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
230 p m —Colloquium on “The Role of the Computer in Device, Circmt and 
Equipment Design” 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, SW1), at 415 pm 
—Meeting for the election of Fellows 430pm —Dr H Kronberger, 
“Hydrostatic Extrusion” (Review Lecture) 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society of 
London, Burlington House, Piccadilly, London, W1), at 5 p R 
“Physical Metallurgy and Safety ın Mmes”, Mr R H Lamb and 
“Investigations into RST Group Concentrator Practices”, 
DrM J Gallagher “Determination of Molybdenum, Iron and Titanium in 
Ores and Rocks by Portable Radioisotope X-ray Fluorescence Analyser” 
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INSTITUTE OF PETROLEUM, EXPLORATION AND PRODUCTION GROUP (at 61 
New Cavendish Street, London, W1), at 5 30 pm —Mr R B Hyde ‘“Abnor- 
mal Fomintion Pressures—Their Origin, Distribution, and Control Whist 

rilling” 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, SW1), at 6 p m —Discussion Meet- 
ing on “Role of Research and Development ın the Support of Design” 


ROYAL SOCIETY or TROPICAL MEDICINE AND HYGIENE (at the Royal 
Army Medical College, Millbank, London, SW1), at 730 p m —Laboratory 
Meeting Chairman ProfessorP C C Garnham, CMG, FRS 


Thursday, March 2!—Friday, March 22 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP and OILS AND Fats GROUP 
(at the School of Pharmacy, Brunswick Square, London, WC1}—Symposıum 
on “The Functions of Natural and Synthetic Surface-Active Lrpids ın Foods” 


Friday, March 22 


ARBORICULTURAL ASSOCIATION (in the Lecture Room, Royal Horticul- 
tural Society’s New Hall, Greycoat Street, London, SW1), at 630 pm — 
Dr Francis Rose “Woodland Ecology and Conservation” 


Monday, March 25 


INSTITUTION OF ELECTRICAL ENGINEERS (jomnt meeting with the Auto- 
matic Control Group of the I Mech E , at Savoy Place, London, WC2), at 
5 30 p m — Discussion Meeting on “Fluidics and Integrated Circuits” opened 
by Dr R © Fossand Dr K Foster 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE Division (at 1 
Birdcage Walk, Westminster, London, SW1), at 6 p m —Discussion Meeting 
on “The Impact of Proposed Vehicle Nowe Regulations” 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), 
at6pm—DrC H G Oldham “China To day—Science” (Second of three 
Cantor Lectures) 


APPOINTMENTS VACANT 


APPLICATIONS are rnvited for the following appointments on or before the 
dates mentioned 

LECTURERS and ASSISTANT LECTURERS IN CHEMISTRY—The Registrar, 
University of Manchester, Manchester, 13, quoting Ref 20/68/Na (March 22) 

ASSISTANT LECTURER (with an honours degree in pharmacology, phvsiology, 
biochemistry or pharmacy, and preferably a higher degree or research 
experience) IN PHARMACOLOGY—Clerk to the Council, The School of Phar- 
Gash ger versity of London, 29/39 Brunswick Square, London, WCL 

re 

LECTURER Or ASSISTANT LECTURER IN THE PHILOSOPHY OF SCIENCE—The 
Secretary, The University, Aberdeen, Scotland (March 25) 

SENIOR EXPERIMENTAL OFFICER in the DEPARTMENT OF APPLIED PHYSICS 
to work on the crystallographic perfection of photoconductive and electro- 
luminescent materials using a JEM-120 metallurgical! electron microscope— 
ae Romatrar and Secretary, University of Durham, Old Shire Hall, Durham 

arc 

SENIOR LECTURER, LECTURER or ASSISTANT LECTURER (three vacancies) 1n 
PsycHoLogy—The Secretary, The Universitv, Aberdeen, Scotland (March 25) 

LECTURER (with a degree in sociology, social anthropology or psychology, 
and experience of industrial research) 1n INDUSTRIAL SoOcIOLOGy—The 
Remetran, University of Warwick, Coventry, CV4 7AL, Warwickshire 

TC) 

SENIOR LECTURER (graduate ın physiology, biochemistry or related 
subjects, or with a medical qualification registrable ın the United Kingdom) 
in PHysIoLoGy—-The Registrar, University of Manchester, Manchester 13, 
quoting Ref 25/68/Na (March 29) 

LECTURER and an ASSISTANT LECTURER in the PHYSIOLOGY DEPARTMENT 
-—The Secretarv, Queen Elizabeth College (University of London), Campden 
Hull Road, London, W8 (March 31) 

PRINCIPAL LECTURER, SENIOR LECTURER and a LECTURER (Grade IT) in 
Socrotogy—The Academic Registrar, Hatfleld College of Technology, 
Hatfield, Herts (April 1) 

CHAIR in the DEPARTMENT OF MATHEMATICS ın the Faculty of Science, 
University of Malaya—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (London and 
Kuala Lumpur, April 8) 

VISITING LECTURER in CHEMISTRY at the University of Canterbury, Christ- 
church New Zealand—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (April 8) 

SENIOR LECTURER or LECTURER in MORBID ANATOMY ın the DEPARTMENT 
or ParHoLoay, University of the West Indies, Tamaica—The Inter-Uni- 
versity Council, 33 Bedford Place, London, WC1 (April 10) 

PROFESSOR (with interests ın some field of physical geography, such as 
quaternary geomorphology, phvsical geography in its application to plan- 
ning, particularly conservation of natural resources, quantitative analvsis 1n 
physical geography) in the DEPARTMENT OF GEOGRAPHY—The Registrar, 
Room 39, ORB, The University, Reading (April 11) 

LECTURER IN PHILOSOPHY at Massev University, Palmerston North, New 
Zealand—The Secretary-General, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, SWi (New 
Zealand and London, April 15) 

SECRETARY (senior experienced administrator preferably with a scientific 
or technological background) of the BRITISH ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE—~The President, Dame Kathleen Lonsdale, DBE, FRS, 
University College London, Gower Street, London, WCi (April 30) 

ASSISTANT LECTURER or LECTURER (biochemist or microbiologist) in the 
DEPARTMENT OF BIOCHEMISTRY AND AGRICULTURAL BIOCHEWISTRY—The 
Registrar, University College of Wales, Aberystwyth 

Basic GRADE BiocHeist for routine chemical pathology laboratory—The 
Assistant Secretary, University College Hospital, Gower Street, London, WC1 

CHAIR OF CHILD HEALTH at King’s College Hospital Medical School—The 
Academic Registrar (A), University of London, Senate House, London, WC1 

MASTER to teach MATHENATIOS at all levels, including the Sixth Form— 
The Master, Dulwich College, London, SE21 

SRC RESEARCH ASSISTANT (graduate in chemistry) to Dr G D Parfitt in 
the DEPARTMENT OF CHEMISTRY, for work involving an experimental study 
of the coagulation of colloidal systems involving mixtures of solid particles 
(hetero-coagulation)—Dr G D Parfitt, Department of Chemistry, The 
University, Nottingham 
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REPORTS and other PUBLICATIONS 


(not included ın the monthly Books Supplement) 


Great Britain and Ireland 


Medical Research Council Monitormg Report No 15. Assay of Strontium- 
$0 ın Human Bone ın the United Kingdom, Results for 1966, Part 2, with 
some further Results for 1965 Pp m+24 (London HM Stationery 
Office, 1967) 3s net 41 

Philosophical Transactions of the Royal Soctety of London Serres B 
Buological Sciences No 785, Vol 253 (4 January, 1968) ‘The Morphology 
and Histochemistry of the Echinoid Axial Organ By N Millott and H G 
Fevers P 201-230 +plates 9-12 (London ‘The Royal Society, 3909) 

The Royal Society British National Committee for Geodesy and Geo- 
physics United Kingdom Report on Research Activities in Seismology, 
1963-67 Pp 56 United Kingdom Report on Research Activities in Geo- 
magnetism and Aeronomy, 1963-67 Pp 81 United Kingdom Report on 
Research Activities ın Volcanology 1963-67 Pp 70 United Kingdom 
Report on Research Activities in Physical Oceanography 1963-67 Pp 49 
United Kingdom Contribution to the Upper Mantle Project—-1967 Progress 
Report Pp 103 (London The Royal Society, 1967 ) 51 

The Ordnance Survey Annual Report 1966-67 Pp uı+7-+13 appendices 
and 8 plates (London HM Stationery Office, 1967) 78 6d net [51 

The Systematics Association Publication No 1 Bibliography of Key 
Words for the Identification of the British Fauna and Flora Edited by 
G J Kerrich R D Meikleand Norman Tebble Thirdedition Pp vu+186 
(Tondon Systematics Association, 1967} 15s , library copy, cloth bound, 

8 


Imperial College of Science and Technology (University of London) 
Srxtieth Annual Report of the Governing Body, 1966-67 Pp vi+151 
(London Imperial College, 1968) [81 

Hopkin and Williams, Ltd Monograph No 71  Salicylideneamino-2- 
Thiophenol ReagentforTin Pp 4 (Chadwell Heath, Essex Hopkin and 
Wilhams, Ltd , 1968 ) {91 

Proceedings of the Royal Society Series A Mathematical and Physical 
Sciences Vol 302, No 1470(9 January 1968) Including a Discussion on the 
Apphcations of Electron Spin Resonance in the Study of Reactive Inter- 
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Professor Watson’s Memoirs 


Tue publication in the United States of Professor J D 
Watson’s book The Double Helix has established a 
claim on polite conversation which 1s not entirely 
stifled even by public concern about the relationship 
between gold and the dollar or even by the drama of the 
first manoeuvres m the election of a new president 
That, to say the least of 1t, 18 a proof of the importance 
of a book mtended to provide a full account of the way 
in. which, 1m the early fifties, Watson and Crick felt or 
fumbled their way towards a correct structure for the 
DNA molecule Professor Watson’s book 18 not, 
however, a formal history but rather a personal recol- 
lection of events—a memoir Many will dissent from 
his assertion, m a preface, that “no-one will ever be 
able to write a defimtive history of how the structure 
was established”, but ın any case this 1s not Professor 
Watson’s chief concern He is quite honestly, and 
quite properly, concerned to convey the flavour of how 
scientific research 1s ‘ done”, to use his own words In 
domg so he has necessarily flown m the face of several 
conventions, literary and social This in turn has no 
doubt lost him his place on a good many Christmas card 
hsts, but that 1s his concern 

In the circumstances, an objective appraisal of the 
value of the book as hterature or as history 1s probably 
too much to hope for Most critics so far have been 
deprecatory and somewhat patronizing, but they have 
usually also been in positions to feel threatened, directly 
or otherwise, by what Professor Watson has to say 
It will be easier to tell when The Double Helix 1s eventu- 
ally publshed ın Britam two months from now, 
after what must seem an absurd delay In the mean- 
time, however, there 1s no doubt that Professor 
Watson has written a rattlng good yarn, quite spell- 
binding. It bounces along hke a detective story 
and will probably be a great success This is a tribute 
to Professor Watson’s engaging candour He 
might have been better than Boswell and certainly 
funnier 

There remams the question of how the issues of 
principle raised by the book are to be dealt with The 
first thmg to acknowledge, however, 1s that there should 
be no difficulty at all m what seems most commonly 
to have been the offence—the way m which this per- 
sonal account of events ıs necessarily subjective and 
even distorting If, for example, one of the participants 
is repeatedly presented as over-ebullient or over- 
cautious, this 1s to be read more as a comment on the 
relationship between Professor Watson and the people 
concerned than as a truth that the qualities described 
arereal Ifsome people seem larger than life, or smaller 
than hfe, ıt may well be that the fault lies m Professor 


Watson and not his cast of characters To be sure, 
publication of the book will be a chastenmg experience 
for many molecular biologists, and some of them, no 
doubt, will be offended, but that 1s one of the hazards 
of this kind of hterature 

The way m which the book 1s larded out with tales 
of Professor Watson’s pursuit of young women at 
Cambridge may also seem to other participants to be 
undignified Others, however, may recognize that 
unmarried graduate students often share the same 
weaknesses In reality, these and other incidents in 
the book are one of the sources of its credibility and a 
valuable clue to Professor Watson’s estimation of his 
own part in the problem of DNA If, of course, his 
picture 1s seriously awry, then other people are free to 
protest and even havea duty to doso Itis not enough 
simply to resolve never again to invite Professor Watson 
to tea and biscuits 

It ıs ın passmg worth remarking that the techniques 
which have been used m constructing this book are 
commonly and rightly eschewed by professional 
reporters as a means of getting at the truth What 
Professor Watson has done 1s to write down the often 
unguarded statements of those concerned with the 
working out of DNA The trouble, of course, 1s that 
statements like these may be misleadmg If X com- 
plams angrily of Y, for example, 1t does not follow that 
the complaint 1s yustified, or even that X 1s habitually 
hostile to Y To know the truth, both X and Y must 
be cross-examimed by some third party and even then 
the truth may be elusive 

These, however, are almost technical objections and 
certainly do not suggest that The Double Hela should 
never have been published The way m which this 
enthralling book provides non-professional readers 
with an occasional unseemly view of science and of 
research 1s another issue likely to lose Professor 
Watson friends But is he wrong? A good deal of 
what he has to say, for example, about the sense of 
competition between the group at Cambridge and 
its rivals—real and imaginary—elsewhere may come 
as something of a shock to those outside But 1s 
competitiveness all that uncommon ? And 1s it sensible 
of professional scientists sometimes to pretend that 
feelmgs lke this never sully the state of science? 
In fact what Professor Watson has done 1s to provide a 
much more real appraisal of the character of science 
mm the laboratory than other published statements of a 
more formal kmd He has done somethmg to ensure that 
science will become less pompous than it is For all 
the faults which may be found m The Double Helix, 
this 1s a considerable public service 
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Time for a Change of Policy 


Tue worst epidemic of foot and mouth disease m the 
history of British farming seems to have run its course, 
although a fresh outbreak of the disease, confirmed last 
Monday, has delayed yet again the lifting of all 
restrictions on the movement of livestock 423,029 
cattle, sheep, pigs and goats have been slaughtered 
since last October, and the British Government has 
paid £265 milhon ın direct compensation Added to 
this are countless consequential costs, so the total bill 
could be as high as £100 milion Have any lessons 
been learnt ? It 1s early days yet, but judgmg from the 
Government’s actions to date the answer must be very 
few. 

The Reid report (see Nature, 217, 894; 1968) came to 
the conclusion that lamb imported from the Argentine 
was the most likely source of the fection Tourists, 
the birds, the wind, hay and straw were all exonerated 
It ıs true that the evidence for this conclusion 1s only 
circumstantial, and quite naturally the Argentinians, 
with an annual £40 milion worth of meat exports at 
stake, dispute 1t, but 1t 1s m keeping with the findings 
of the Gowers Committee of 1952-54 Why then has 
the British Government, in the face of vehement opposi- 
tion from the farmers and apathy from everyone else, 
decided to resume importing beef, but not mutton, 
from Argentina from April 15° It must believe that 
rt 1s m the national mterest once again to risk the 
chance of an epidemic, which will always be present 
so long as meat 1s imported from South America under 
the existing conditions of mspection, so as to obtain 
mexpensive beef when home supplies are at their 
lowest The Government may win its gamble, and 
everybody hopes that ıt will But if 1ts intention 1s to 
prevent re-infection, the decision to ban mutton while 
ımportmg beef ıs completely absurd Both animals 
are affected by the disease—in the past more outbreaks 
have been caused by contammated beef than mutton— 
and ıt can only be fortuitous that mutton rather than 
beef caused the recent epidemie 

As part of the grand post-mortem Mr Fred Peart, 
the Minister of Agriculture, has asked the Duke of 
Northumberland to be chairman of a seven man com- 
mittee “to review the policy and arrangements for 
dealing with foot and mouth disease m Great Britain 
and to make recommendations”, and the committee 
mtends to collect all its evidence by May 31 The 
Gowers Committee of 1952-54, which was the last to 
consider this, came out firmly ın favour of maintaming 
the traditional slaughter policy and prohibitmg 
vaccination As a result, the no vaccmation policy 
has become an inflexible national dogma—a very 
expensive dogma as ıt has turned out—not a policy 
What 1s even worse in the long term is that research 
mto vacemes, methods of vacemation and the epidem1- 
ology of foot and mouth disease has been woefully 
under-financed Perhaps, now it 1s too late, some 
thought will be given to stepping up research to the 
eritical point 


The claim is that once vaccimation 1s permitted, 
foot and mouth disease will become endemic and 
that vaccmation of all the hvestock m Britain 1s 
hopelessly expensive (In 1954 the Gowers Committee 
estimated ıt would cost £25 million to vaccinate sheep, 
pigs and cattle three times a year ) Recent experience in 
France, however, seems to suggest otherwise and the 
Northumberland Committee would do well to recognize 
this 


FRANCE 
Totals of 
livestock Vaccine 
slaughtered strains 
116,016 — 
130,880 — 
65,468 — 
OAC 


11,790 
1,129 O,AsC 
00,A,C 


5,016 

1,608 
00,A,C 
00,,0,A,C 


Year Individual 


outbreaks 
6,188 
7,381 
1961 2,627 
1962 191 
1963 28 
1964 56 
1965 10 
1966 59 
1967 17 
1968 3 so far 


1959 
1960 


4,190 
2,045 


The French National Herd comprises 21 184m cattle, 
9 186m sheep, 9 840m pigs and 1 018m goats 


GREAT BRITAIN 
Total 
livestock 
slaughtered 
7,000 
70,000 
25,000 
1,000 


Individual 
outbreaks 


Year 


1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 


200 
45,700 
1967 390,000 
1968 Over 100 so far 130,000 so far 
The British National Herd comprises 12 342m cattle» 
28 885m sheep and 7 107m pigs 





Nobody can seriously claim that foot and mouth 
disease 1s endemic in France where, since 1962, all cattle 
over six months old, but not sheep and pigs, have been 
compulsorily vacemated just once a year Indeed, 
as the table shows, since compulsory vaccination began 
there has been a hundredfold decline m the meidence 
of the disease What about cost? Each vaccmation 
costs about 3-5s , of which the French Government pays 
a httle less than half When an outbreak occurs, 
however, all livestock on the infected farm 1s destroyed 
and livestock movement is controlled as m Britain 
The total annual cost of this combmed vaccination 
and slaughter policy has, smce its introduction, averaged 
out at about £1 5 million, and the French National Herd 
of cattle 1s about 21-184 million head compared with the 
British 12 342 milhon head On this basis, for the price 
of the recent epidemic, all the cattle m Britam could 
have been vaccinated for 20 to 25 years Alternatively, 
the cattle and those of the 28 885 million sheep ım 
Britam that are readily accessible could have been 
vaccinated for something hke 10 years 
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The French also have an answer to the naive argu- 
ment that ıt 1s impossible to vaccinate agamst all fifty- 
six strams of foot and mouth virus and so there 1s no 
point in any vaccination at all They follow continu- 
ally the epidemiology of the various strains present ın 
Europe and the countries with which they trade, and 
progressively change to the appropriate strains No 
doubt they are now producing vaccine against As, a 
strain loose in the USSR 

The fact that Holland, Belgium and Germany also 
have combined vaccination and slaughter policy argues 
strongly for it Is 1t not time for Britain to follow suit ? 
Even if the Northumberland Committee decides that 
vaccination of the entire National Herd 1s not practical, 
voluntary vaccination and compulsory vaccination to 
cordon off centres of mfection should be used m the 
future The folly of prohibiting vaccination while risk- 
ing infection by mporting South American meat ought 
by now to be apparent to everyone 

Mr Peart should now waste no time m tightening 
the madequate mspection control arrangements for 
imported meat As a startmg pomt, there is the 
recent and overdue Argentman proposal for an 
exchange of British and Argentinian experts to see 
what can be done to improve checks for the disease 
A three man British vetermary mission will leave for 
Buenos Aires on March 17 The present arrange- 
ments with the Argentme date from the Bledisloe 
agreement of 1928 and provide only for a visual 
inspection, by local vetermary officers, of cattle 
on the farms and at the slaughter and packmg plants 
Any anima! which is either incubating the disease or 1s 
a carrier will simply not be detected by visual mspection 
without quarantine, so there will always be a risk that 
meat ıs infected Furthermore, because of local condi- 
tions, a declaration from the farmer 1s accepted instead 
of vetermary mspection at the farm These forty 
year old arrangements are just not good enough The 
disease must be detected before slaughtering by 
strmgent imspection, for ıt 1s certamly hopeless to 
try systematically to check for foot and mouth virus 
in the bones of refrigerated carcasses 


A Space Policy for Europe? 
by Angela Croome 


Tue report of the Causse Advisory Committee on 
Programmes to the European Space Conference (ESC) 
may well set the pattern for European space develop- 
ments for the next 10 years After beng leaked in 
Le Monde (March 18) the report was released at the 
end of the meeting of the Alternates Committee of 
the European Space Conference (not of ESRO as 
reported last week) m Pars on March 13-14 The 
report should be followed by action at the next 
mimsterial meeting of the ESC some time this summer 
~—which will mean that a mere two years have elapsed 
between the setting up of the ESC and the adoption 
of a programme One spokesman for the British 
aerospace industry remarked that “it’s a great pity 
that such objectrves were not adopted when the two 
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mam European space organizations were set up mn the 
early sixties” 

The aim of the advisory commuttee’s proposals 1s 
a “balanced programme”, by which 1t means a suitable 
combmation of scientific and “useful” satellites and 
the appropriate means of launching them “European 
activity ın space should be orientated towards direct 
objectives, namely, mereased knowledge and worth- 
while applications Rather than seek the ‘power’ 
objective that has characterized other space policies, 
Europe should above all demonstrate her determination 
to be independent Rather than mdulge m illusory 
competition, she should seek to practise the closest 
collaboration with the other space powers ” 

The committee was constrained on the one hand 
by the level of investment that can reasonably be 
supported by Western Europe, and on the other by 
the nature of the proposals actually put forward by 
European groups These have meluded candidate 
projects sponsored by ESRO, ELDO, CETS, Eurospace 
and Eurovision (the European Broadcasting Union) 
All these have been assessed by the Technical Sub- 
committee of five independent experts, after which the 
economic implications were scrutmized by a larger 
economic sub-committee representing 13 of the mem- 
ber states of the European Space Conference 

The programme that has evolved allows for three 
options, one of which should be chosen by the ESC 
for its immediate target (that 1s, to come to fruition m 
the early seventies) The options range from one m 
which priority 1s given to an ambitious science pro- 
gramme with the Large Astronomical Satellite as 1ts 
centre-piece and a minimal applications programme, to 
one with a fairly comprehensive applications content 
and a minimal scientific satellite programme (averaging 
2 scientific satellites a year, each carrymg 8-10 sophis- 
ticated expermments) This covers the launching 
period 1973-76 The Large Astronomical Satellite 
(LAS) gets rather little attention, and seems to be 
considered a major technological lability, despite its 
acknowledged scientific potential The technical 
sub-committee believes that 1t cannot be attempted by 
adhermg to the ESRO budget for its first 8-year 
period (1964-72) and that ıt may be outmoded by 
US activity by the time ıt 1s practicable 

The whole programme should be possible if a growth 
rate of 10 per cent 1s allowed The analysis concludes 
that this ıs well below 1 per cent of the European GNP 
m the years ahead, assummg an annual growth of 
4 per cent (It ıs estimated that the US 1s spending 
roughly 1 per cent of its GNP on space activity ) The 
actual figures are equivalent to $150 milhon m 1967 
against a plateau of $240 million from about 1972 For 
this, a scientific launching programme of two satellites 
a year, plus the development of a geostationary TV 
relay satellite for Eurovision use m the 1970s, 1s 
envisaged There would be enough slack to start on 
one other type of apphcations vehicle—navigational 
meteorological or earth resource are all of interest It 
1s pomted out that by dropping LAS, a meteorological 
satellite can be introduced “giving European meteorol- 
ogists a chance of taking part ın the World Weather 
Watch ın 1973 with a satellite of European construc- 
tion”, and that meteorology mcorporates an element of 
research so that the sacrifice may not seem so bitter 

A feature of all the options, and a distinct break 
with the past, 1s that all the launchings employ the 
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European launcher based on the British Blue Streak 
The adoption of ELDO launchers for the scientafic 
payloads as well as for the applications satellites will 
put launcher production on a rational basis (an average 
requirement of four a year) The report pomts out 
“ . the present situation 1s indeed unsatisfactory 
the programme as a whole 1s neither coherent nor 
balanced It does not snclude any applications 
satellites and the launcher projects are mamly 
justified by applications satellite projects” It also 
calls for a sustained development programme for the 
ELDO vehicle, mvolving strap-on boosters, liquid 
hydrogen upper stages and possibly electric propulsion, 
for the tasks of the later seventies The possible 
ELDO-4 launcher, for mstance, would have about 
double the capacity of the present ELDO-1 specification 
and could place 2 tons ın geostationary orbit, enabling 
direct-broadcast colour television to be supplied to all 
of Europe as well as Africa and the Middle East by 
1978. Blue Streak 1s seen as perfectly suitable for the 
booster stage throughout the period 

A number of decisions are called for by the report, 
but, the authors pomt out, four of them are urgent 
and must be taken by the mimisters this year—the 
future of the LAS, a start on the Eurovision satellite, 
increase in production of ELDO launchers and statutory 
bodies to handle the problems of organization But 
what is needed most 1s a firm decision to pay ESRO 
has been lıvıng from hand to mouth for two years now 


CERN Meeting 


Tue 37th meeting of the Council of CERN, held last 
week ın Geneva, discussed the progress bemg made 
towards the building of the 300 GeV accelerator Most 
of the progress ıs at the organizational level, but 1t 
now seems clear that a final decision on the project 
should emerge by the end of this year, probably m 
December There were also hopeful signs for supporters 
of the machine that fewer governments are dragging 
their heels than was the case at the end of last 
year The United Kingdom delegation, in particular, 
expressed itself completely satisfied with the 
answers given on design, cost, management and col- 
laboration, and said that there was now no reason 
why these issues should be 1eopened The German 
delegation was rather more subdued, for reasons of 
1ts own, but put forward no major objection 

It ıs now also clear that a decision about the siting 
of the laboratory should be made ın the summer of 
this year, and a short list of four sites should be ready 
by June At the moment, nie sites are still under con- 
sideration, and technical reports have now been pub- 
lished on each one They are Aspropyrgos in Greece, 
Doberdo in Italy, Drensteinfurt in Germany, El Escorial 
in Spain, Focant m Belgrum, Gopfritz in Austria, Le 
Luc in France, Mundford in the United Kingdom and 
Uppsala in Sweden The final decision will be taken in 
two stages, a preliminary vote will be used to reduce 
the number of sites to four, and the delegates last week 
agreed that this vote should be taken ın open ballot, 
though it ıs possible that ıt could be done im closed 
session But, whatever the choice 1s to be, ıt will have 
to await promises of money which represent a sub- 
stantial proportion of the cost of the accelerator In 
other words, countries will have to commit themselves 
to the project before they know where 1t 18 to be built 
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At the organizational level, the delegates agreed to 
the formation of a steermg committee to work on the 
300 GeV project until an advisory committee for the 
project 1s formed The function of the advisory com- 
mittee would be to assist the director-general of the 
new laboratory, and 1t might also exercise some form 
of control As a stopgap arrangement, the steering 
committee has been set up to fulfil this function, the 
membership 1s Professors Amaldi and Amman of Italy, 
Dr J B Adams and Professor Merrison of the UK, 
Dr Levy-Mandel of France, Professor Paul of Germany, 
and Drs Hine and Zilverschoon of CERN, the direc- 
tor-general of CERN is an ex-officio member Several 
delegates emphasized the need for speed, particularly 
once the decision to go ahead has been taken Professor 
Pupp: of the Science Policy Committee, for instance, 
said that the name of a proposed director-general 
could be put forward very quickly The feehng seems 
to be that the second the decision 1s taken, the delegates 
should dash from the meeting to Jay the foundation 
stone, before anybody can change their minds 


Engineers of the World Unite 


NATIONAL engineermg organizations from all over the 
world got together recently under the auspices of 
Unesco to form a World Federation of Engmeering 
Institutions At a meetmg m Paris from March 4 to 7, 
representatives from 60 countmes and four regional 
organizations gave sanction to a plan to set up the 
federation The hope 1s that ıt will do for engineering 
what the International Council of Scientific Unions does 
for science—a process of organization, co-operation 
and, to a limited extent, unification 

The World Federation will replace or supplement a 
number of other mnternational bodies which for reasons 
of representation or organization were unable to do 
thejob There have been limited groupmgs of national 
mstitutions for a number of years—there was one in 
Europe, one for the Commonwealth, and another 
covering the Americas These organizations will no 
doubt co-exist with the new one quite happily The 
only organization whose continued existence 1s threat- 
ened 1s the Union des Associations Techniques Inter- 
nationales, based mn Paris, which has for some time 
been regarded as something of a lame duck Unesco 
has been pressing for a new organization for some 
years, and 1t seems that its gentle prompting met with 
a ready response from the national engineering institu- 
tions At the Paris conference the federation was 
set up by a unanimous vote 

The first president of the federation will be the 
Swiss engmeer Dr Eric Choisy, and Mr R Gubrat of 
France will be vice-president It seems likely that 
much of the executive work of the federation will be 
done at the Institution of Electrical Engmeers in 
London—the secretary of the institution, Dr G F 
Gainsborough, has been appomted first secretary- 
general of the federation The federation itself will 
consist of national members, which will be the repre- 
sentative engmeermg body for each country (m Britain 
the Council of Engineering Institutions), and some 
international members, representing existing federa- 
tions throughout the world 

Dr Gamsborough is enthusiastic about his new 
responsibilities Already, he says, two projects have 
been started The first ıs to set up a committee to 
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examine the qualifications and continuing development 
of engineers throughout the world. The ultimate aim, 
still a long way off, is international recognition of 
qualifications, so that an engineer from Poland, say, can 
have his qualifications recognized in Ethiopia. This 
committee will also help to speed the exchange of ideas 
in the education of engineers, and should help developing 
countries which are setting up departments of engineer- 
ing. The other project started by the federation is to 
examine the possibilities of a world-wide information 
system, for dissemination and retrieval. This com- 
mittee will be collaborating with the abstract board 
of ICSU. The federation has also started on a more 
abstract project, that of drawing up an international 
code of conduct for professional engineers. 

The general work of the federation will be financed 
from contributions from member countries. The 
special committees, on the other hand, are each charged 
with responsibility for finding sources of funds for 
their investigations. Dr Gainsborough is hoping that 
Unesco, OECD and other international organizations 
will see the federation as a body worthy of support. 
There seems every likelihood that this hope will be 
justified. 


No Student Power at Oxford 
from our Oxford Correspondent 


Ir was too much to expect the Hebdomadal Council 
to comment other than adversely on the petition 
submitted to the Privy Council for various reforms in 
government of the University of Oxford. One of the 
three chief proposals of the petition, intended to give 
undergraduates direct representation in university 
affairs, would indeed have been without precedent in 
many less staid institutions. In its letter to the Privy 
Council, the Hebdomadal Council took an optimistic 
view of relations within the colleges between under- 
graduates and senior members, and justified its rejec- 
tion of the proposal because the Student Representa- 
tion Council is not highly regarded by the under- 
graduates themselves. The argument is circular; the 
SRC is not even recognized by, let alone allowed to 
participate in, the university government. Its lack of 
prestige among students is a reflexion of this. But in 
any case, the council’s dismissal of the proposition 
will doubtless be justified shortly by the anarchic 
demise of the London School of Economics whose 
Board of Governors has decided to admit students to 
certain committees (see Nature, 217, 699; 1968). 

A second proposal in the petition is that the convoca- 
tion of the university’s MAs should be made into an 
active forum, rather than consigned to impotence as it 
will be under the Franks Commission’s recommenda- 
tions. This proposal indeed seems “unnecessary and 
undesirable”. As the Hebdomadal Council points out, 
many members of convocation live abroad, and most 
are too busy to attend sessions. 

The rejection of the third proposal of the petition, 
outlined at some length in Nature (217, 500; 1968), is not 
so easily defended. The Hebdomadal Council does not 
deny that, in the disciplinary procedure of the univer- 
sity, the proctors act both as judges and policemen, so 
that there is a possibility of bias in the judgment of 
students’ misdeeds. Yet the council (which, it 
is worth noting, includes proctors) announces its 
satisfaction with the present arrangements. The 
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council’s claim that students are made aware of their 
right to appeal against proctorial decisions to an 
independent committee is indeed true. But this has 
no bearing on what is requested by the petition. Ifthe 
proctors confined themselves to the carrying out of petty _ 
university regulations, such as the licensing of student’s 
cars, then the reform of proctorial procedure would 
scarcely be worth the attention of the Privy Council, but 
the Oxford proctors, unlike their Cambridge counter- 
parts, show little reluctance to act in cases where 
junior members have broken the law of the land, rather 
than simply that of the university. The proctors’ terms 
of reference are wide and their punishments sometimes 
severe, and it is only reasonable that the slightest 
possibility of bias should be eliminated. 

Among the signatories of the petition, senior members 
of the university outnumber juniors by 101 to 29. In 
its letter to the Privy Council the Hebdomadal Council 
doubts whether the request of 100 out of the 1,600 
members of the congregation (the “parliament of 
senior members”) is enough to justify discussion of 
major constitutional changes. Yet it is well known that 
few senior members attend the congregation. Impor- 
tant issues have been decided with less than 200 people 
present. Outside observers might be expected to be 
surprised that so great a demand still exists for new 
reforms 18 months after the Commission of Inquiry 
issued its report. It will be interesting to see how this 
consideration weighs with the Privy Council as it 
studies the petition and the reply. 


More Teachers 


Tue latest volume of Statistics of Education, 1966 
(published by HMSO, price £1) starts on a cheerful 
note, for between October 1965 and October 1966, 
the number of students training to be teachers. in 
England and Wales rose by more than 12,000, bring- 
ing the total to 88,823. This represents an increase _ 
of nearly 75 per cent over the figure of 50,942 for 1962. 
In addition there were 1,308 men and 654 women in 
one-year supplementary or advanced courses, and 
courses of one year for the teaching of handicapped 
children also showed a marked increase for the same 
period. Less reassuring is the decline in the proportion 
of students successfully completing training in both 
junior and secondary courses, even though the numbers 
and proportions in infant/junior and junior/secondary 
courses increased. Another unsatisfactory trend was 
the fall between 1963 and 1966 in the numbers of courses 
for secondary school teachers and students for them. 
The increase in the total teaching force from 321,000 
in 1962 to 349,000 for 1966 was most striking in the 
colleges of education, where the number of teachers 
was more than doubled. A 70 per cent increase for 
further education establishments is also a striking 
feature. Up to March 31, 1966, 20 per cent of teachers 
in maintained primary and secondary schools were 
graduates—the proportions ranging from 75 per cent 
of teachers in grammar schools to some 4 per cent in 
primary schools. About 33 per cent of teachers in 
establishments of further education were graduates, 
and graduates also accounted for more than 60 per 
cent of teachers in direct grant grammar schools. 
But the figures showing the wastage of qualified 
teachers are dismally high. Thus between 1965 and 
1966, 9.000 qualified men teachers entered maintained 
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primary and secondary schools, and in the same period 
7,000 left the schools. Wastage was greatest among 
those under thirty, and was also high among untrained 
graduates under 25. The comparable figure for 
women was even higher—representing 13 per cent of 
those qualified and in service, and wastage was again 
high among untrained graduates. Significant propor- 
tions of this wastage could, however, be attributed to 
transfer from one teaching establishment to another, 
although among qualified women teachers only 1,000 
out of a total of 20,000 transferred in this way. 


NUMBERS OF STUDENTS IN COLLEGES OF EDUCATION AND 
UNIVERSITY DEPARTMENTS OF EDUCATION (other than supple- 
mentary courses) 


Numbers of 
students 
In university 
departments of 


1956-57 Oct 1962 Oct 1964 Oct 1965 Oct 1966 


education 2,512 3,260 3,739 3,695 3,192 
Tn colleges of 
education 26,039 47,682 62,112 72,856 84,911 


The last page in the report lists the salaries of 
teachers in colleges of education at March 31, 1966. 
For male graduates the average salary was £1,539 
for those under thirty, rising to an average of £2,674 
for those aged 60 and over; figures for women gradu- 
ates were very similar. Male non-graduates received 
some £100 less under the age of 30, and about £140 
less over the age of 60. 


Change on Blood Tests 


Tue British Home Office seems to be modifying slightly 
its attitude to the tests by which motorists in Britain 
can now be convicted of driving under the influence of 
alcohol. A recent paper in Nature by Professor J. B, 
Payne, Dr D. W. Hill and Mr D. G. L. Wood of the 
Royal College of Surgeons (217, 963; 1968) suggests 
that the methods used by police authorities for carrying 
out the tests are far from accurate. The method 
by which the amount of alcohol in the blood- 
stream is estimated from the amount in the urine seems 
particularly suspect. So far the Home Office has not 
been forced to act, because no motorist accused of 
driving under the influence of drink has quoted Pro- 
fessor Payne’s work in his defence. 

Although the Home Office has not changed its views 
on the urine test, there does seem to have been a shift 
of emphasis in the blood tests. Originally, after advice 
from the medical associations, police surgeons were 
advised to take small samples of capillary blood for 
use in the test, although it was also open to them to 
take venous blood if they preferred. The work at the 
Royal College of Surgeons suggests that the latter is 
likely to give more accurate results, because of the way 
in which the alcohol tends to become more concentrated 
in the plasma than in the red blood cells. Blood taken 
from capillaries can often contain more plasma than 
blood from veins, so that the capillary method can give 
anomalously high readings, with the possibility of 
conviction for a driver who is in fact under the limit. 

The Home Office has now sent a circular to police 
authorities pointing out that it is within their discretion 
to take venous rather than capillary blood. The police 
authorities are advised by the Home Office always to 
have available a supply of syringes with which venous 
blood samples can be taken. The motorist can still 
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decide which method he prefers, though the doctor will 
be at liberty to advise the syringe method if he thinks 
fit. The circular also points out that the motorist has 
the right to keep a sample of his own blood for in- 
dependent analysis, and that these samples should be 
sealed, stored in a cool place, and analysed with the 
minimum of delay. 

So far, this is no more than a recommendation from 
the Home Office to the police authorities. Both methods 
of taking blood are still legal, and the circular says 
nothing of the inaccuracies of the urine test. But in 
the event of a driver being acquitted because of the 
inaccuracies which Professor Payne and his colleagues 
have discovered, the Home Office would doubtless have 
to act very much more decisively. Whether the work 
provides new grounds for appeal for those already 
convicted under the existing law has yet to be tested, 
but there is an urgent need to clarify the situation, 
Sooner or later the Home Office will be forced to set 
about the task. 


Preserving the Bastard Toadflax 


Tue Nature Conservancy has announced two new 
nature reserves and an extension to another, bringing 
the total number of national nature reserves to 124, 
covering 257,239 acres. 

One of the new reserves is in the central part of the 
range of chalk hills forming the northern scarp of the 
Vale of Pewsey seven miles south-west of Marlborough. 
It is a fine example of unreclaimed chalk downland, 
and it has long been known to botanists and entomolo- 
gists for its rich plant and insect life. Extending from 
Milk Hill in the west to Knap Hill in the east, the 
reserve covers 188 acres and it has been established by 
agreement with New College, Oxford, and the agricul- 
tural tenant. The summit of Milk Hill (964 ft) is 
the highest point in Wiltshire. Examples of plants 
found in the reserve are round-headed rampion, 
field fleawort, bastard toadflax and several orchids. 
The Chalk Hill Blue and the Brown Argus are two of 
the butterflies found. There are also several features 
of archaeological and historical interest. One of the 
best examples of a neolithic causeway camp lies on 
Knap Hill, and there is also a chambered long barrow 
known as Adams Grave on Walkers Hill. 

The other new reserve is at Ebbot Gorge, Somerset, 





North part of Hartland Moor, Isle of Purbeck (Crown 
copyright). 
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on the southern face of the Mendip Hills near Wells 
It was presented to the National Trust by Mrs Gerard 
Hodgkmson m 1967 in memory of Sir Winston Chur- 
chill and ıt 1s bemg managed by the conservancy 
under a lease The reserve covers 10] acres and mn- 
cludes a dry gorge of carboniferous limestone There 
are several small caverns in the gorge where the remains 
of reindeer, bears, wolves and lemmings have been 
found together with those of Neohthc Man 

The Nature Conservancy has also leased an area of 
423 acres on the Isle of Purbeck which increases the 
Hartland Moor Reserve to 637 acres The extension 
1s characterized by its fen type vegetation Black Bog 
rush occurs m the north-eastern part while sundews 
and bladderworts grow on the middle and lower bogs 
There are several local plants mcludimg the Dorset 
Heath along the bog edges The rest of the reserve 
consists of dry heathland 


Wellcome Initiative 


Tar Wellcome trustees announced this week that they 
are proposing to allocate up to £2 5 million to medical 
scientists in universities in Great Britain and Northern 
Ireland, with the aim of encouraging more high-quality 
men and women to stay m Brita The new grants 
will enable medical research workers to contimue 
their research programmes which might otherwise be 
threatened Letters have been sent to vice-chancellors 
in Great Britam and Northern Ireland askmg them to 
inform the appropriate departments of the proposal 
Applications will have to be sponsored by the university 
concerned, and the final selection will be made by the 
Wellcome trustees Each grant will be allocated to 
meet the special needs of an individual and may be as 
large as £20,000 over a period of about five years 


How Children Choose 


Occurations, and the factors which affect children’s 
choices of subjects and careers, were both mvolved in 
the Damton enquiry, because of their effect on the flow 
of candidates ın science and technology mto higher 
education To provide mformation on this subject a 
critical review was commissioned and has now been 
published (Occupational Chore, J R Butler, HMSO, 
3s 6d) Mr Butler, a research fellow ın sociology at 
the University of Manchester Medical Care Research 
Umit, has reviewed the literature which covers the 
formation of decisions on occupations m Britam, and 
summarizes the factors that appear to be most impor- 
tant Emphasis is laid on science and technology, 
because of the requrements of the Dainton enquiry, 
but non-scientific occupations had to be included m the 
investigations so that the influences working specifically 
towards occupations ın science and technology could 
be picked out 

The subject 1s approached from a sociological point 
of view, m so far as conclusions on occupational choice 
are assessed ın terms of concepts which are lnked 
with sociological or psychological theory, but the 
pattern of choice which emerges has practical signi- 
ficance Psychological, motivational, economic and 
sociological factors work together over a period of 
several years to predispose an mdividual towards a 
particular type of occupation, while his opportunities 
in other directions become limited by his education 
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Scientific mterests are often obvious as early as 
eight or ten, and by the mid-teens the choice between 
science or arts has usually been made. Because of the 
way the educational system 1s organized, revision of 
choice of occupation becomes less possible as an mdi- 
vidual progresses up the school Although the special- 
ized. teaching helps those who have a definite career m 
mund, 1t has the disadvantage of setting limits on the 
choices of those who are uncommitted Thus the 
broad area of occupation 1s often decided early in 
the school career, while the final decision 1s a result of 
interactions between personal and external factors 
Personal interests and aptitudes are matched against 
ideas of the value set on various jobs, orientated towards 
people, extrinsic rewards or self-expression, external 
influences such as school, family and social contacts 
also have their effect The guidance of parents and 
friends 1s believed to be more important than more 
formal career advice received at school There are 
conflictmg opmions about the effects on subject choices 
of personalities of teachers and the ways m which 
subjects are presented 

Mr Butler’s recommendations are put forward as 
guide lines for future investigators rather than as 
detailed research proposals He suggests that a multi- 
disciphnary approach would provide interesting results, 
and recommends following the progress of a group of 
children from the age of eight until they enter the 
labour market To get the greatest value from such 
research a comprehensive theory must be developed 
to test findings An experimental programme of early 
and frequent vocational guidance to a group of children 
might yield valuable results 


Incendiary Statistics 


Fees in Great Britam killed 780 people, three of them 
firemen, durmg 1966 This figure 1s in line with the 
increase that has, regrettably, been gomg on over the 
past six years, but does not reach the abnormally high 
figure of 818 which was recorded m 1963, the year of 
the hard winter Standing at 165,053, the total number 
of fires ın 1966 was less than that for any of the three 
previous years, although the number of fires in build- 
ings, 88,162, mcreased as ıt has done for the past 20 
years The recently published United Kingdom Fire 
Statestecs for 1966 (HMSO, 15s ) gives these figures, 
and statistical analyses by the Ministry of Technology’s 
Fire Research Station, Borehamwood, of reports of 
fires attended by the 147 local authority fire brigades 
The statistics cover when, where and how fires were 
started, how they spread, and how they were fought 
Details of casualties are also given together with ways 
of escape of survivors, and correlations of casualties 
with sources of ignition of the fire 

The number of fires n dwellings seems to be levelling 
off at about 34,000 a year, putting the rate of incidence 
at 20 fires per thousand dwellings at risk The rate of 
incidence ın the distributive trades also appears to be 
levelling off, but ın the manufacturing industries there 
is stil an upward trend Outdoor fires have been 
fewer ın the past couple of years, but the general trend 
smce 1946 has been upward Refuse disposal is a 
particular problem, and fires from this source have 
more than doubled in the past four years Although 
these fires do not cause very much damage, they are 
expensive m terms of fire brigade time Smoking 
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materials such as matches and naked hghts caused 
131 fatal fires, 25 per cent of the fatal fires from known 
causes Electrical appliances and fires m grates each 
cause 19 per cent, and although children with fire 
caused only 5 per cent, this proportion 1s creasmg The 
number of meidents ın which more than one person 
has died has been increasing over the past six years, 
and stands at 78 for 1966 Fires m buildmgs were 
more frequent in wmter than m summer, while the 
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reverse was true for fires not ın buildings The largest 
fire loss for a single month was estimated at more than 
£10 milhon, and the smallest at about £4 million A 
computer was used for the first time to produce the 
1966 tables and ıt 1s hoped that ın future results will be 
produced more quickly 


Design for a Fusion Reactor 


THE major problem of using nuclear fusion to produce 
power remains that of stabilizing a high temperature 
plasma for long enough for the reactions to produce a 
net gain of power Although this has yet to be achieved, 
some rather speculative studies have been made of the 
engineering characteristics of fusion reactors Mr R 
Carruthers, Dr P A Davenport and Dr J T D 
Mitchell of the Culham Laboratory of the United King- 
dom Atomic Energy Authority have written the most 
recent of these, called The Economc Generation of 
Power from Thermonuclear Fusion (HMSO, 4s 6d ) 
All, or almost all, designs for fusion reactors use 
magnetic fields as a means of keepmg the very hot 
gases together The authors of this report do the 
same, and suggest that the best geometry for the reactor 
18 toroidal—doughnut shaped The plasma, at a 
temperature of 7 10° °K, 1s contamed in what amounts 
to a cylinder with the open ends jomed to form a closed 
loop The fuel used 1s a 50/50 mixture of deuterium 
and trtum To get the reactor started, both fuels 
would be injected ınto the reactor, but once ıt was 
operating ıt would generate 1t own tritium m a blanket 
of molten salt surroundmg the plasma The blanket, 
containing lithium salts, would generate tritrum by the 
Li(n,t) reaction, and would also act as a means of 
extracting the useful heat from the reactor Thus the 
blanket would be circulated through salt pumps and 
heat extractors, and the lthium replenshed In this 
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sense, the real fuels for the reactor would be deuter1um 
and hthrum 

The reactor chosen for the study 1s one of 5,000 MW 
(thermal), or 1,250 MW (electrical) The authors 
estimate that the capital cost of such a system would 
be between £68 5 and £74 per kW, the greater part of 
this (£29 per kW) bemg spent on conventional equip- 
ment, which includes the salt recirculating pumps, and 
the necessary electrical equipment The second most 
expensive item is the superconducting magnet which 
would be used to keep the plasma in the right place, 
the reactor vessel and “blanket” would be reasonably 
cheap, only £4perkW On the basis of a 25 year life at 
80 per cent load factor, and interest rates of 8 per cent, 
the generatimg costs of such a system would be 0 23 
to 0 25 pence per kWh, of which the vast majority 1s 
attributable to the capital costs of the station Fuel 
charges would be only 0-004 pence per kWh, and opera- 
tion and maimmtenance 0017 pence per kWh 

But the authors concede that there are a number of 
problems outstanding before this type of reactor can 
be built The most obvious one, of course, 18 that of 
plasma containment, but there are others, the proper- 
ties of the vacuum wall, for example, would need to be 
quite unusual Fuel injection and exhaust extraction 
would also be a problem It would even be quite hard 
to get the reactor started For all that, the report 
is striking evidence of the contimued optimism of those 
involved in fusion research 


Crystal Growing 


THE Science Research Council has awarded a grant of 
£14,505 to Dr J N Sherwood, of the University of 
Strathclyde, Glasgow, to set up facilities for the growth 
of organic molecular crystals Molecular solids are 
attracting a great deal of attention at present because 
of their uses in solid state devices In particular, the 
electro-optical properties of many organic crystals sug- 
gest applications in radiation detectors—a familar 
example is the use of certam aromatic phosphors m 
scintillation counters 

The electrical, optical and mechanical properties of 
these solids frequently depend on the structure of the 
maternal as well as its chemical composition This is 
why there 1s a demand for high quality single crystals 
of organic substances 

Dr Sherwood will use the SRC grant to provide a 
crystal growing service for the universities and industry 
This seems to be a desirable step Crystal growmg can 
require specialized equipment, and 1s frequently tıme- 
consuming Because many research workers need only 
a few samples of the crystals they are studying, it 1s 
logical to have a laboratory with the facilities and the 
skill to provide the service 


Effects of Malnutrition 


ONcE again the need to produce more food to keep up 
with trends ın imecreasing population and changing 
social habits has been stressed This time ıb 1s the 
jomt FAO/WHO Expert Committee on Nutrition m 
its seventh report (published with two alternative 
covers as WHO Tech Rep Series No 377, and FAO 
Nuirition Meetings Rep Serves No 42) 

The report reviews the state of knowledge m relation 
to nutritional requirements, and includes a discussion 
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of various health problems which arse from mal- 
nutrition The consequences of infection are made 
worse by malnutrition Weanling diarrhoea, which 1s 
almost universal m developing countries, 1s caused by 
a combination of malnutrition and reduced resistance 
to infeetion m an environment with poor sanitation 
The committee recommends that the relationship be- 
tween malnutrition and resistance should be imvesti- 
gated and stressed m the education of medical and 
public health workers 

Iron deficiency 1s one of the causes of anaemia, and 
a programme of study initiated by WHO ım 1961 18 in 
progress to mvestigate this problem The contribution 
of factors such as loss of blood caused by hookworm 
infection 1s also bemg imvestigated Experiments 
with iron-59 have shown that iron from wheat 1s less 
readily absorbed than haemoglobin, ferritin or ferrous 
ascorbate, and people deficient 1n iron absorb less iron 
from wheat than do healthy people The committee 
recommends that, while such studies should contmue, 
more emphasis should be placed on anaemia in infancy 
and childhood, times when it is possible that iron 
deficiency could cause irreparable damage to the blood 
and other tissues such as the gastro-mtestinal tract 
Vitamin A deficiency is another serious problem, caus- 
ing various diseases of the eye in infants and young 
children m Asia, Africa and Latın America In South 
and East Asia such diseases constitute an important 
cause of preventable blindness An effective preventive 
treatment for vitamm A deficiency 1s likely to be the 
enrichment of foodstuffs with the vitamin The com- 
mittee recommends investigation of the stabilhty of 
vitamin A in enriched foods, and the effects of cooking 
on its biological activity 

Rickets, caused by vitamin D deficiency and lack 
of exposure to sunshine, 1s prevalent m many tropical 
and subtropical countries—m North Africa a WHO 
consultant found signs of the disease ın between 45 
and 60 per cent of children between birth and 5 years 
old It has been suggested that rickets mfluences 
infant mortality by lowermg resistance to infections 
and aggravating the course of pneumonia and broncho- 
pneumonia As measures to prevent rickets, the com- 
mittee recommends supplementing breast milk with 
vitamm after the third or fourth month, treatment 
with vitamm D durmg the first 2 years of hfe as a 
public health measure, and education of mothers to 
expose their children to sufficient sunlight Daily 
admmustration of vitamin D will not be easy to achieve, 
and other approaches such as the use of periodic massive 
doses may be tried 

Progress 1s also bemg made in the control of endemic 
goitre by the mtroduction of iodized salt to counteract 
iodine deficiency In the Himalayan endemic goitre 
belt there has been a strikmg reduction—from about 
40 per cent to 15 per cent—m the prevalence of the 
condition in areas receiving salt fortified with potassrum 
1odide or 1odate 

There ıs also some evidence that malnutrition in 
early childhood can adversely affect mental develop- 
ment, although there are so many complicatmg social 
factors that the results of mtelligence tests are very 
difficult to assess in these terms The committee recom- 
mends that studies should be encouraged to assess the 
effects of malnutrition on mental development, learning 
and behaviour of young children, and that, when 
sufficient data have been accumulated, possibly withm 
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5 years, an expert group should be convened by WHO 
to discuss the evidence 


Alerting Chemists Quickly 


It 1s becoming increasingly difficult for the formation 
section of an organization to keep research staff 
informed of the hterature Scannmg journals for 
articles of likely mterest to research staff, and attempt- 
ing to keep up to date with their changing mterests 
and projects, can put a great stram on the mformation 
staff While the ratio of mformation to research staff 
m the USAis1 10,1n Britam1 3018 more usual, and 
1 5001s not unknown Use of printed current aware- 
ness journals can help to some extent, particularly in 
small organizations or in those with restricted subject 
interests A new mnovation 1s the use of computers 
for current awareness, providing what 1s known as a 
Selective Dissemination of Information service (SDI), 
that 1s, a service aimed at alerting research staff to 
material relevant to their subject interests The appli- 
cation of computers to SDI ıs only just beginning mm 
Brita, but there are a few research programmes in 
progress now, and there 1s growing experience of the 
use of magnetic-tape outputs from large literature- 
handling services such as MEDLARS and Chemical 
Abstract Services 

The mam computer-based service operating at pre- 
sent ıs the Chemical Society Research Unit in Informa- 
tion Dissemmation and Retrieval at Nottimgham 
University supported by the Office for Scientific and 
Technical Information This unit 1s currently runnmg 
searches (on a KDF 9 system) of the magnetic tape 
versions of Chemical Titles (CT), Chemical Biological 
Actimties (CBAC) from the Chemical Abstracts Ser- 
vices, for a selected user population of more than 300 
chemists Two other mechanized SDI services fox 
chemists are those bemg run at the UKAEA laboratory 
at Aldermaston and the Shell laboratory, Sittmgbourne 
These are also based on taped CT Outlines of these 
services, which are still m the experimental stage, 
were given by Mr L Corbett of Aldermaston and Mr 
P Gallagher of Sittmgbourne at a meeting of the 
Institute of Information Scientists on March 13 
Their talk was entitled, “Using Commercially Available 
Literature Tapes and ‘Package’ Computer Programmes 
for Current Awareness Services” Mr Corbett spoke of 
the advantages, limitations, potential and user reactions, 
and effects of the mechanized literature services oper- 
ated at Aldermaston, and Mr Gallagher concentrated on 
features and problems of the programmes and machine 
operations 

At Nottingham, the unit has developed its own 
programmes for the university’s computer The 
Aldermaston and Shell services, however, use IBM 
360/40 computers with the “1401 package” programmes 
of CT Experimental runs on issues of CT were begun 
at Aldermaston ın 1966 Twenty issues have now been 
run The maximum throughput 1s 150 questions con- 
sisting of approximately 700 search words These 
have to be processed ın two “passes” through the 
computer for each CT issue There are now more 
than 40 users of the service The machine time per 
issue 18 14—12 hours, and the number of references 
distributed 1s about 800 On the usefulness of the 
references or “hits” sent to users, Mr Corbett 


1096 


illustrated a sample analysis of ten questions Results 
of these showed an average relevance (precision) of 
527 per cent The size of this figure 1s not as mpor- 
tant m current hterature alertmmg as m retrospective 
information retrieval It 1s m fact not desirable to 
have too narrow a field for current awareness—there 
should be room for “idea stimulatmg” mformation, 
developments ın neighbouring fields, and so on The 
general relevance level of the references responded to 
(about 75 per cent) 1s 20 to 30 per cent, the average 
level for a question bemg about 35 per cent 

Other “hterature on tape” services were also dıs- 
cussed at the meeting Both Mr Corbett and Mr 
Gallagher spoke of the effects of SDI on the research 
staff, who certamly want ıt and hkeit Given a regular 
service, they show a tendency to alter and mmprove 
ther ‘“‘literature-use” habits imdividually and as 
“teams”, this also applies to research/information 
staff communications 


Defence Research 


THERE was a mood of intense self-questioning in Britain 
about the national mvestment in research and develop- 
ment, Professor P M S Blackett told the Select 
Committee on Science and Technology on March 14 
The dominant feeling was that the mvestment had 
not been wisely made, despite expenditures much 
greater than those in other countries, Britain’s growth 
rate was slow But Professor Blackett was optimistic 
that now there was intense activity, centred on the 
Mumustry of Technology, which would help to change 
all this The most mmportant thing, he thought, was 
to persuade more scientifically qualified people to go 
mto management—engimeers were particularly impor- 
tant. “Historically we have failed to match manage- 
ment with technology,” he said 

Although the committee 1s launched on an investiga- 
tion of the defence research establishments, 1b made 
little progress towards 1ts objective in this session 
Professor Blackett’s recent experience as an adviser 
to the Ministry of Technology and the cogent memoran- 
dum which he presented to the committee were both 
m the cıvıl rather than the mihtary field Often he 
frankly admitted that the questions were outside his 
competence In consequence, the session was spent 
m discussion of rather generalized notions of how 
Britain’s economie performance could be improved 
Briefly, this meant a discussion of the twin doctrines 
of size and selectivity 

In his memorandum, Professor Blackett provided a 
compelling argument ın favour of large firms Since 
few firms can afford to spend more than 5 per cent of 
their turnover on research and development, 1t followed 
that a firm’s turnover must be at least twenty times 
its research expenditure It was worthless to employ 
less than about five to ten qualified scientists and 
engineers, each of whom cost £10,000 a year to keep 
gomg For a team of ten scientists, then, the firm 
must have a turnover of £2,000,000 a year Without 
this, ıt would be unlikely to survive for Jong m a 
rapidly advancıng technology, although if 16 were 
exceptionally lucky it might get along for a little while 
As for selectivity, Professor Blackett said that ıt was 
mescapable, because Britain had reached the Init of 
what could be done by broad fiscal means Ifthe work of 
government laboratories was to be used, ıt had to be 
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offered to one firm on the basis of exclusivity, or 
perhaps to two firms If the results were thrown open 
to all, nobody took them up, he said 

Conservative members expressed some anxiety 
about this approach Sir Jan Orr-Ewing suggested 
that crvil servants were not sufficiently well-equipped 
to make decisions of this sort Professor Blackett 
denied that the National Research Development 
Corporation or the Industrial Reorganization Corpora- 
tion were part of the civil service As for the Ministry 
of Technology, there was a new section, concerned with 
industry, which he thought was well able to make these 
decisions And government purchasing power should 
also be more widely used as a selective mechanism It 
might be necessary to look at the whole company 
structure—exports, research and development struc- 
ture, and the hke—before awardmg contracts This 
would mean that the Government would not always 
accept the lowest price offered 


Parliament in Britain 

by our Parliamentary Correspondent 
Fuel Policy 
Mr ARTHUR PALMER and Sir Harry Legge-Bourke, both 
members of the Select Committee on Science and Tech- 
nology, pressed the Minister of Power to make clear 
his policy on fuel Mr Palmer suggested that there were 
as many fuel policies as there were chairmen of national- 
ized industries, but Mr Marsh, Minister of Power, demed 
this He said that the Government’s policy was not m 
conflict with the report of the select commuttee on the 
nuclear power industry m Britam, and that he and the 
Munster of Technology were both discussing this “large 
and important” document They hoped to come to 
Parliament soon with their conclusions 


High Temperature Reactors 

Mz R Frezsson, for the Ministry of Power, refused a 
request from Mr Eric Lubbock that he should direct 
the Central Electricity Generating Board to seek 
tenders for high temperature reactors for future power 
stations Mr Freeson said ıt was not a matter in which 
a general directive was appropriate Mr Lubbock 
asked sharply whether Mr Freeson was aware that the 
tender for the Hartlepools power station by the Nuclear 
Power Group, using a high temperature reactor, was 
several million pounds cheaper than the next quotation 
Was he also aware that electrical utilities in the United 
States published all details of tenders? Mr Freeson 
said that these were matters for the CEGB 


Dainton Report 

Mr Patrick Gorpon WALKER, Secretary of State for 
Education and Science, refused to be drawn on the 
subject of the Damton report Mr Chnstopher Price, 
who asked the mmister for a statement, wanted to 
know 1f he agreed that all children should study 
mathematics until they left school If so, he asked, 
where were the mathematics teachers to come from ? 
Mr Gordon Walker said that most of the recom- 
mendations of the report were directed at local authori- 
ties, universities and schools, and he did not thmk 
that he was yet called on to give a view But he said 
that he was havmg consultations with various bodies 
and associations concerned, and was gratified that 
“there has been a general acceptance that the swing 
away from science 1s wrong, and should be reversed” 
He would, he said, make a statement in due course 
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Magnetic-Faunal Boundaries 


from a Geophysics Correspondent 


Ever since Uffen (Nature, 198, 143, 1963) suggested 
that removal of the geomagnetic field would produce an 
increase m lonizing radiation at the Earth’s surface, 
thereby affecting the evolution of organisms, the 
problem of faunal exwmetion at field polarity transi- 
tions has rested ın confusion Uffen’s argument was 
essentially that, if durmg a geomagnetic polarity 
1eversal the field strength passes through zero, the 
Earth will no longer be shielded from sterilzing cosmic 
rays, the Solar Wind and particles trapped in radiation 
belts These will then be free to bathe the Earth and 
thus produce drastic changes m mutation rates 

Two years later, Sagan (Nature, 206, 448, 1965) 
observed. that even ın the absence of the geomagnetic 
field, atmospheric absorption would remove most of 
the harmful radiation, but by this tıme Harrison and 
Funnell (Nature, 204, 566, 1964) had discovered that 
the most recent reversal comceided with a faunal 
boundary in deep sea cores In the light of subsequent 
research we may now say that there 1s a close correla- 
tion between the Brunhes-Matuyama magnetic boun- 
dary and the y- Radiolaria boundary 

Confusion arose through the conflict between 
Uffen’s and Sagan’s ideas together with a lack of pre- 
cise knowledge of the magnitude of the radiation 
increase durmg a reversal, or the effect this merease 
would have on organisms In the past few months, 
three umportant papers have appeared independently, 
each of which indicates that faunal extinction cannot 
be related to known sources of radiation because the 
imcrease ın such radiation durmg a field reversal 1s 
extremely small 

In the first of these papers, Waddington (Science, 
158, 913, 1967) notes, after Sagan, that few primary 
particles impinging on the upper atmosphere will avoid 
nuclear interaction, and so any increase m radiation 
dose at sea level will be due entirely to secondary 
particles On this basis, he calculates that removal of 
the geomagnetic field wil] meorease the secondary 
cosmic ray dosage by a maximum of only six mrad/ 
year and the dosage of isotopes produced by cosmic 
rays and the Solar Wmd by less than two mrad/year 
Each of these ıs neghgible compared with normal 
background radiation Furthermore, there will be 
httle or no increase in Antarctic latitudes, from which 
regions most of the deep sea cores exhibiting faunal 
extinction comedent with the latest reversal boundary 
have come The effect of the dumpmg of radiation 
belt particles will also be negligible because this process 
will occur only slowly as the magnetic field gradually 
weakens 

In the third paper to appear, Harrison (Nature, 
217, 46, 1968) reaches essentially the same con- 


clusions as Waddington In addition, however, he 
pomts to recent work of King and Kohl and of King- 
Hele and Allan, which indicates that certain meteoro- 
logical phenomena may be partially controlled by the 
geomagnetic field The suggestion 1s that chmatic 
change may be the causal intermediary between geo- 
magnetic field reversals and faunal extinction, although 
Harrison admits that at the present time this hypo- 
thesis rests on msufficient evidence 

The most impressive of the three contributions, 
however, 1s that of Black (Earth and Planet Scr 
Letters, 3, 225, 1967) In an excellent paper, this 
author considers, quantitatively and m detail, the 
effects of cosmic rays, radiation fiom solar flares, 
the dumpmg of Van Allen belt particles, exposure of 
the Earth to the Solar Wind and the production of 
radioisotopes from the various radiation sources In 
each case, mcreased dosages durmg a polarity transt- 
tion are shown to be negligible, and thus mcapable of 
drastically affecting evolution—least of all, causmg 
faunal extinction Even the merease m the concentra- 
tion of ozone produced by the impact of the Solar Wind 
on the upper atmosphere 1s extremely small At least 
one source of climatic modification durmg a reversal 
18 thus ehmmated 

In his conclusion, moreover, Black raises a significant 
general pomt He asks, in effect, whether there really 
1s a causal magnetic—faunal boundary correlation In 
only one case, the Brunhes—Matuyama boundary, has 
a correlation been proved In a second case, the 
beginning of the Olduvai event, a correlation has 
been suggested by some workers but not confirmed by 
others Further, at least one of the faunal boundaries 
with the period covered by the last nme reversals 
hes away from any magnetic boundary If both the 
faunal and magnetic boundaries are distributed ran- 
domly ın time, the probabilty of one comeidence 
within 10,000 years is ten per cent, but falls to one 
per cent for two comeidences Until a second correla- 
tion is confirmed, therefore, the first may only be a 
“coincidence” in the more colloquial sense of the word. 


A DNA Restriction Enzyme 


from our Cell Biology Correspondent 


In this issue of Nature (see page 1110) Meselson and 
Yuan report the isolation and partial purification, 
from E cole stran K, of an mtriguing enzyme, endo- 
nuclease HIK This enzyme can recognize and 
degrade foreign DNA introduced into the cell either 
as a bacteriophage genome or durmg abortive mating 
with another stram of # coli In other words the 
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enzyme causes host and mating restriction by prevent- 
ing infection of the cell with certain phages and mating 
with other E cols strains 

When phages, such as 2, are grown in a particular 
strain of E coh, thar DNA can be modified by modifi- 
cation enzymes m the host cell It seems that the 
modification enzymes methylate the phage DNA at 
specific sites When the phage remfect a second cell 
of the same stram they replicate, but if they mfect a 
different stram of E coh the phage DNA may be 
degraded by restriction enzymes hke the one Meselson 
and Yuan have isolated These restriction enzymes 
probably recognize the pattern of methylation of DNA 
molecules Ifthe mtroduced DNA has the same pattern 
of methylation as that of the host cell ıt 1s not degraded 
but ıf the pattern 1s different ıt 1s In one sense the 
DNA modhfication and restriction enzymes provide a 
recognition system analogous to an immune response 
which allows recognition of “self” from “non self” 

Endonuclease III K requres ATP, Mg** ions and, 
strikingly, S adenosylmethionine (SAM) SAM 1s a 
donor of methyl groups and because modification prob- 
ably mvolves methylation of DNA ıt 1s possible that 
the one enzyme, endonuclease III K, can act either 
as a modification enzyme or as a restriction de- 
gradmg foreign DNA molecules In this context, 
it 1s significant that Meselson and Yuan found that 
hybrid (heteroduplex) DNA molecules made with 
one strand from DNA of phage 4 grown on E cola 
stran K (this DNA is not degraded by endonuclease 
II K) and the other strand from DNA of à grown 
on E coh stram C (this DNA 1s degraded) are resistant 
to the restriction enzyme In order to function as a 
nuclease, endonuclease III K must recognize the pattern 
of methylation on both strands of the DNA molecule, 
if one 1s “self” and the other “‘non self”, 16 does not func- 
tion This, of course, provides an explanation of how the 
bacterial chromosome can replicate m a cell which 
contains endonuclease III K Because of semi-conser- 
vative replication, a newly replicated DNA molecule 
will be a heteroduplex m the sense that the parental 
strand will be methylated whereas the newly syn- 
thesized strand will not So the cell’s restriction enzyme 
will be mhibited and this could allow time for the 
modification enzymes to methylate bases of the newly 
synthesized DNA strand at sites complementary to the 
methylated bases on the parental strand 

Indeed, 1f endonuclease IIT K has both modifica- 
tion and restriction functions ıt 1s possible that the 
enzyme attaches to heteroduplex DNA, including the 
newly replicated DNA of the cells, completes methyla- 
tion and then either degrades or leaves the DNA 
depending on the pattern of methylation 

This, of course, 1s speculation, but Meselson and 
Yuan have already defined the chief characteristics 
of the restriction activity of endonuclease IIK 
They proved that the enzyme is an endonuclease by 
showing that it digests circular A phage DNA molecules 
As these have no ends, the enzyme must be an endo- 
nuclease attacking DNA molecules mternally rather 
than at ther ends The digestion product is double- 
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stranded DNA with no single cham breaks In order 
to break double-stranded DNA, however, the enzyme 
first causes the scission of one of the two strands and 
then, a few seconds later, breaks the complementary 
strand either directly opposite or nearly opposite the 
first break They cannot say as yet whether one 
enzyme molecule catalyses the breakage of both 
strends or whether the two chains are attacked inde- 
pendently by two enzyme molecules However, the 


enzyme requires ATP, SAM and Mg** ions for both 
double and single chain scission 


New Insecticides 


Tue Association of Applied Biologists held a sym- 
posium in the Natural History Museum on Friday, 
March 15, entitled “New Insecticides and their Applica- 
tion in Pubhe Health and Industry” 

The only new msectacides discussed were the synthe- 
tic pyrethroids, related to the natural pyrethrins, 
synthesized recently by Dr M Elhott and his col- 
leagues at Rothamsted with financial assistance from 
the National Research Development Corporation The 
biological performance of these compounds was the 
subject of papers read by Mr A W Farnham (Rotham- 
sted) and Mr J C Wickham (Cooper Technical Bureau) 
These compounds have been described elsewhere 
(Nature, 218, 493, 1967, Proceedings of the Fourth 
British Insecticade and Fungicide Conference 1967, 437), 
but this was the first time that their biological proper- 
ties have been critically presented 

The synthetic pyrethroids, designated NRDC 104, 
105, 106 and 107, were compared against several msect 
species with natural pyrethrins, other common insecti- 
cides and the other synthetic pyrethroids allethrn 
and ‘Neopynamim’ Their toxicities were found to be 
superior to all of these, and NRDC 107 (5-benzyl-3- 
furyl-methyl (+)-irans chrysanthemate) came out 
best of all Much time was spent comparing them with 
the natural pyrethrins, and particular reference was 
made to the fact that they are not synergized to the 
same extent, and do not knock down msects so rapidly 
It was, however, pointed out that synergism and knock 
down are not important ın all fields of msect control 
These compounds should be investigated for applica- 
tions where the properties of extremely high insecticidal 
activity and short persistence, coupled with complete 
safety in respect of mammalian toxicity, are desirable 

Dr A S Hadaway (Ministry of Overseas Develop- 
ment) referred briefly to the interest which had been 
shown in these synthetic pyrethroids for vector control, 
and dealt with the large ternational operation bemg 
staged to find msecticides which would be suitable for 
the control of the vectors of tropical diseases and would 
replace DDT, to which may insects are now resistant 
The process of selection of msecticides from iitial 
laboratory screenmg tests, through single hut and 
whole village trials, to large-scale epidemiological 
studies was outlmed Emphasis was placed on the 
careful mammalian toxicity checks necessary, particu- 
larly during the field use of the msecticides 

The remaining papers were concerned with the use 
of well-known msecticides for the control of pests of 
stored products Mr W Burns Brown (Pest Infestation 
Laboratory) discussed the growing mmterest ın the use 
of phosphine for the control of msects in stored gram 
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This very effective fumigant 1s now avaiable ın a safe 
formulation that does not present a fire hazard when 
1tisused New and mteresting applications for dichlor- 
vos were outlmed by Mr A A Green (Pest Infestation 
Laboratory) and Mr E D Heath (Shelistar) It seems 
that although dichlorvos is no longer a new insecticide, 
new and safer ways of usmg it are bemg found A 
l per cent formulation im oil elimmates the hazard 
involved in diluting concentrates and the uncertamty 
of performance caused by hydrolysis m the water of 
aqueous formulations. This can be applied with safety 
by mist blowers and motorized knapsack sprayers 

After these papers on new insecticides and on funda- 
mental studies of the safer and more effective use of 
dichlorvos and phosphine, the audience was brought 
down to earth by the more mundane and essentially 
practical problems of imfestation control Mr J 
Gradidge, deputazmg for Mr R H Thompson (MAFF 
Infestation Control Laboratory), told of the tnals and 
tribulations of mdding ships’ holds, and government 
property, of vermm Buwildmgs such as London 
Airport, which are m constant use and contmuously 
uUlummated, present special problems of msect control 
If the time spent ın the final discussion 1s a guide, the 
problems of London Airport aroused the most interest 
of all the topics discussed durmg the day 


Milk Production 


from our Medical Biochemistry Correspondent 


Basres ın developed countries are no longer dependent 
on ther mothers’ milk, but for most of the world’s 
population lactation 1s a matter of hfe or death for the 
baby. To the biochemist it 1s a fascinatmg synthetic 
process which produces a specific disaccharide (lactose), 
a specific protem (casem) and large quantities of fats 
All these activities are very rapidly “switched on” 
at birth and cease abruptly when lactation ends 

The final step ın the production of lactose ıs the 
reaction of UDP-galactose with glucose to form lactose 
and UDP This reaction 1s catalysed by the enzyme 
lactose synthetase, and Kuhn has now shown that, m 
rats, lactose synthetase activity creases very rapidly 
at birth and is probably the factor limiting lactose 
production (Biochem J, 106, 743, 1968) There 
was no measurable lactose synthetase activity until 
24 hours before birth, but if bovme e-lactalbumin 
was added the measured activity mereased and there 
was some slight lactose synthetase activity before birth 
Studies of the lactose synthetase ın milk have shown 
that ıt consists of two separable proteins, the A and B 
protems. Tanahashi, Brodbeck and Ebner (Biochim 
Biophys Acta, 154, 247, 1968) have recently shown 
that the B proteins from several species will react 
with bovine A protem to give an active enzyme, 
but only enzyme reconstituted with the B protems 
from ruminants behaved like the normal bovine enzyme 
umunologically The bovme B protem is «-lactal- 
bumin, and the stimulation of lactose synthetase m 
Kuhn’s experiments may indicate that rat mammary 
gland has a relative deficiency of the B protein of lac- 
tose synthetase 

Greenbaum and Pinder (Biochem J , 107, 63, 1968) 
have studied the changes in activity of the enzymes 
synthesizing the nicotmamide nucleotides NAD and 
NADP durmg pregnancy and lactation m the rat 
Activity of the enzyme catalysmg the synthesis of 
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nicotinamide mononucleotide from nicotinanude (NMN 
pyrophosphorylase) and NADP from NAD (NAD 
kinase) followed the pattern found for many enzymes 
during pregnancy They were low on the tenth day of 
pregnancy, but increased fairly rapidly in the latter half 
of pregnancy and again at birth NMN pyrophosphory- 
lase activity was high throughout lactation, falling 
sharply in the first two days of mvolution, but NAD 
kinase activity contmued to mcrease in the second half 
of lactation when the NADP concentration mereases 
Activity of the enzyme NMN adenylyltransferase 
which forms NAD from NMN appeared to be correlated 
with the occurrence of cell division rather than with 
coenzyme concentrations It was high at mid-preg- 
nancy, rose slightly m the latter half of pregnancy 
and again doubled at birth The maximum activity 
was five days after birth, and the activity then fell 
steadily The authors thmk that this may be related 
to Morton’s suggestion that the NAD concentration 
triggers cell division, while reduced NADP 1s needed 
for the synthesis of the fats m milk 

Recent work on the synthesis of casem has shown 
that the lactatimg mammary gland must have arginase 
activity. Verbeke and co-workers (Boochem. J., 106, 
719, 1968) showed that 4C-ormithme was mcorporated 
into the proline of casein through deamimation of the 
ornithme to glutamic semi-aldehyde When C- 
arginine was added to a solution perfusing an isolated 
lactatmg sheep udder, ıt was found that as much as 
9 per cent of the proline im casein came from argmme 
The specific activities of plasma argmune, ornithine and 
proline indicated that the arginine was first converted 
to ornithine by arginase They did not, however, 
imvestigate whether argimase 1s always present or 1s 
rapidly synthesized at birth like lactose synthetase 


Magnetic Storms 
from our Magnetosphere Correspondent 


A MODEL of the magnetosphere known as the “recon- 
nexion model” leads to the simple prediction that the 
southward component of the mterplanetary magnetic 
field should be correlated with magnetic activity on the 
Earth Other models assume that the mterplanetary 
magnetic field has no important effect on this activity 
The reconnexion model 1s based on the notion that 
interplanetary field Imes can merge with terres- 
trial field hnes On the solar side of the magneto- 
sphere, field lines from the Sun go through the process 
of reconnexion near the neutral pomt, m such a way 
that mterplanetary lmes of force become connected to 
the polar regions of the Earth Because the Solar Wind 
sweeps lines of force from the polar regions into the 
tail of the magnetosphere, these interplanetary field 
hnes later reconnect again on the might side of the 
Earth This has the effect of detachmg the inter- 
planetary field lines from the polar regions 

Over the past few years, several tests of the predic- 
tion of the reconnexion model have been made using 
direct measurements of the mterplanetary field from 
spacecraft The positive results found m all of them 
provide one of the most important reasons for the 
current wide acceptance of the reconnexion model 
Fairfield and Cahill (J Geophys Res, 71, 155, 1966) 
made a detailed comparison with a small amount of 
data Wilcox and co-workers and Fairfield have also 
made statistical comparisons with the activity mdex 
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K, Recently Rostoker and Falthammar (J Geophys 
Res , 72, 5853, 1967) made an extensive detailed com- 
parison and, apart from clinching the close correlation, 
discovered a relation with the main phases of magnetic 
storms as well as the more common substorms seen 
by Fairfield and Cahill 

Rostoker and Falthammar used hourly means of 
the interplanetary field and, because the duration of a 
typical substorm 1s about half an hour, the true 
correlation may be even stronger than the one they 
found Main phases last several hours, and hourly 
means should be adequate for them, but 1t should be 
kept ın mind that the mterplanetary field can change 
completely several times ın an hour Rostoker and 
Falthammar find that, for about 90 per cent of their 
cases, substorms are associated with a smngle hourly 
mean southward component of the interplanetary field 
of more than about 3y(ly=10- G), while main phases 
are associated with two or more consecutive positive 
values, which need not be quite so strong They also 
find that, when the recovery from the main phase 1s 
simple, ıt always occurs when the southward com- 
ponent decreases 

The study of magnetograms both from the ground 
and from space immediately shows a degree of com- 
plication comparable to meteorology, but, just as ın 
meteorology there are some simple associations 
between kinds of weather and wind directions, there 
18 clearly an association between magnetic storms and 
the southward mterplanetary field 


Cell Wall Amino Alcohols 
from our Microbiology Correspondent 


Last year, Tomasz (Sczence, 157, 694, 1967) reported 
the occurrence of choline in the cell walls of pneumo- 
cocci The precise relationship of choline to the 
other wall constituents 1s unresolved, but 1t appears to 
be linked co-valently to teichoic acid or polysaccharide 
entities The nutritional reqmrement of pneumococci 
for choline has been known for many years, but its 
discovery ın cell walls, instead of ın phospholipid, has 
allowed a number of physiological phenomena to be 
analysed Tomasz and Mosser have discussed previ- 
ously the requirement of cholme metabolism for genetic 
“competence”, the process whereby exogenous DNA 
1s absorbed and the bacteria are transformed (Proc 
US Nat Acad Sci, 55, 58,1966) In the latest phase 
of this vestigation, Tomasz (Proc US Nat Acad 
Sct , 59, 86, 1968) has exammed the effects of choline 
analogues on various cellular properties The fate of 
both the mono- and di-methylamino derivatives and 
the parent member of the series, ethanolamme, has 
been followed and 1t seems that pneumococci are unable 
to methylate ethanolamine or the derivatives to choline 
Although ethanolamme (EA), mono-methylammo 
ethanolamme (MEA) and di-methylamino ethanolamime 
(DEA) are mecorporated mto wall material, the physio- 
logical properties of the altered walls show a trend 
towards the normality of the cholme-contaming cells 
m the order DEA > MEA > EA 

An obvious effect of ethanolamme on pneumococci 
was the prevention of cell separation Long chams 
of several hundred cells were produced, whereas m 
choline-supplemented media single and two-celled 
arrangements were predominant Furthermore, station- 
ary phase populations of EA-contaming cells did not 


«been elucidated 
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autolyse but remamed stable for several weeks, 
“normal” cells autolysed withm 20 h of the onset of 
stationary conditions The autolytic enzyme system 
from choline-grown pneumococe: was without action 
on the EA cells Pneumococe: are sensitive to’ low 
concentrations of deoxycholate and lysis follows this 
treatment, agam, the EA cells proved to be resis- 
tant, although higher levels of the detergent adversely 
affected their viabihty Perhaps the most interestmg 
data relate to the capacity of EA cultures to undergo 
genetic transformation—in other words, loss of compet- 
ence All of these abnormal properties could be 
removed by addition of choline, provided that the 
culture was still growmg deoxycholate sensitivity 
reappeared after 10 mm, competence after 2 h and cell 
separation after about 6 h 

All aspects of cholme and analogue meorporation 
into pneumococcal cells walls appear to be identical, 
which suggests that the ammo alcohols are incorporated 
mto a similar wall complex at a fimte number of sites 
The mechanism of the ethanolamine effects has not 
It may mvolve an all-inclusive 
primary effect mhibiting the action of the autolytic 
system, or a general disorientation of the wall com- 
ponents which disturbs several mdependent surface 
properties ‘The blockmg of competency m cells con- 
tammg EA ıs significant as the first unequivocal 
correlation between a primary wall structure and 
genetic transformation Addition of the competence 
activator protem did not mduce competence in the 
EA cells, neither did such cells produce the activator 
Thus these EA-incompetent pneumococce are function- 
ally analogous to the heritable mecompetent mutants 
described previously by Tomasz 


Muscle Building 
from our Molecular Biology Correspondent 


Untu quite recently, the only tractable cell-free 
protein synthesizing system of mammalian origin was 
the reticulocyte This had the great advantage of 
produemg essentially one protem as the end product, 
which could be isolated and identified Since then a 
few other systems have been made to function with 
reasonable efficiency, the limiting factor m general 
being the concentration of nucleases present in the 
tissue. One of the most satisfactory, by virtue of low 
nuclease activity, and because the ribosomes are not 
attached to a membrane, 1s chick embryo muscle This 
was shown by Rich and his associates to produce 
myosin with high efficiency 

The same workers (Heywood and Rich, Proc Nat 
Acad Scr US, 59, 590, 1968) now describe a spectacu- 
lar expermment m which synthesis of the three most 
prevalent muscle protems could be separately observed 
wm vtro. This result stems from the observation that 
the extracted polysomes give rise to several popula- 
tions ın a sucrose density-gradient sedimentation Fou 
fractions were isolated, the heaviest consisting of poly- 
somes made up of 50-60 ribosomes, the second of 15-25 
ribosomes, the third of 5-9 ribosomes and the hghtest 
of monomers and dimers’ The first three fractions 
incorporated amimo-acids with high efficiency If it 18 
now assumed that the polysomes are jomed by imtact 
messenger RNA, the length of the latter turns out to 
correspond roughly to the length of mRNA molecules 
specifying polypeptides of molecular weights equiva- 
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lent to smgle myosm, actin and tropomyosin chams 
respectively The inference was put to the test 
by examining the products of the cell-free systems 
stimulated by the four fractions Non-radioactive 
muscle protems were added as carrers, and the 
resulting materal was examimed by electrophoresis 
in polyacrylamide gel ın a urea medium It 1s to be 
expected that the results of such an experiment would 
be partly obscured by the presence of incomplete chams 
on the one hand, and of other muscle proteis on the 
other Nevertheless, the product from the largest 
polysomes has 1ts major component in the position 
corresponding to single myosin chams , the products 
from the other two populations of polysomes show some 
overlap, but ıt 1s clear that the first contains a promin- 
ent peak of radioactivity ın the actin position, as well as 
two unidentified peaks, and the second contains two 
major peaks, one corresponding to tropomyosin and 
the other to one of the components that accompanies 
the actm The final category of polysomes—monomers 
and dimers—gives no single recognizable product 

To strengthen their conclusions, Heywood and Rich 
apphed the standard procedures for purification of 
myosin, actin and tropomyosin to the three products, 
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diluted as before with carrier protem In all cases the 
specific radioactivity followed the degree of purifica- 
tion. This strongly suggested that the products had 
been correctly identified. The final proof, as the 
authors recognize, will depend on chemical character- 
wation—for example, fingerprmtmg—but the case 1s 
already strong 

A further mteresting aspect is the change in relative 
concentrations of the different polysome populations 
which accompanies the development of the embryo 
at ten days there 1s a preponderance of the actin poly- 
somes with httle myosin, at fourteen days a detectable 
increase in the myosin polysomes occurs and by eighteen 
days there ıs a large rise in the concentration of the 
tropomyosin group This (as one by now expects) 1s 
consistent with morphological observations on the 
developmg myofilaments the thm actin filaments 
predommate throughout the early development, and 
only later do the Z-bands, m which the tropomyosm 
is thought to reside, become apparent 

Evidently then the protein sub-units are each synthe- 
sized under the control of a monocistronic messenger 
This work must surely be seen as a most encouraging 
portent ın the area of differentiation 


No Data on Sonic Booms 


Tue probability of serious material damage bemg caused 
by sonic booms of aircraft is very small so long as the 
aircraft are operated in a safe and normal manner But 
with the current wholly madequate understanding of the 
response of building matenals to sonic boom pressure 
loadings ıt 1s just not possible to assess accurately what 
kinds and amounts of physical damage will occur That 
1g the conclusion of the report by the subcommittee on 
physical effects of the US National Academy of Sciences 
Committee on supersonic transport-sonic boom The 
report was published on March 5 
The subcommittee set out to answer two questions 

first, what kinds and amounts of physical damage might 
be anticipated from sonic booms which are “acceptable” 
to people and, second, what information 1s necessary to 
assess equitable compensation for any such damage It 
found that the first question cannot be answered beyond 
saying that the damage 1s hkely to be very small, because 
alarmingly httle is known about the response of bulding 
materials to sonic booms or, for that matter, environmental 
parameters such as thunder claps, wind pressures and 
temperature changes As a result the subcommittee has 
been primcipally concerned with how to collect more 
data By far its most urgent recommendation 1s that 
mstead of resummg overfiight test programmes with 
supersonic aircraft, which cannot yield reliable and repro- 
ducıble data because of uncontrollable atmospheric varia- 
tions, at least two sonic boom simulators should be built 
immediately for controlled and reproducible testmg of 
the effects of sonic boom forces The simulators, one small 
and one large, should be capable of stmulating the charac- 
teristic signature, the positive and negative pressures, the 
pulse duration and the rate of pressure rise and decay of 
sonic booms, ideally over a temperature range of — 65° F 
to +150°F The subcommittee recommends that about 
$300,000 should be spent over 2 years on this work 
exclusive of the cost of buildmg the simulators It ıs 
clear that until this 1s done there is no hope of establishing 
the cumulative effect of small pressure overloadings and 


the general failure critena of potentially critical bulding 
materials 

Glass has already proved to be the most easily damaged 
building material Furthermore, the manufacturers’ data 
are apparently both madequate and musleading for the 
analysis of sonic boom damage The subcommittee there- 
fore recommends an extensive investigation of the strength 
and responses of glass ın the simulators How the thick- 
ness of glass affects the probability of damage, whether or 
not the net boom overloadimg ıs the critical parameter, 
what effect various forms of mounting have and how the 
age of glass affects 1ts response to sonic booms are a few 
of the questions that need to be answered. Apart from the 
straightforward tests, the report urges more theoretical 
research into glass failure and mto the way the size, 
spacing and height of buildings mfluence constructive 
interference and reflexion of sonic booms 

It ıs not even clear how much glass 1s used in buildings. 
The subcommittee has called for a census of window 
panes, particularly ın Albuquerque, Chicago, Dallas—Fort 
‘Worth and Denver—metropolitan areas which were sub- 
jected to sonic booms durmg the testmg of the USAF 
aeroplane, the SR-7i—and also Oklahoma City, where 
other sonic boom studies have been made Censuses of 
other selected cities and towns would prove how climatic 
variation and city size affect glass usage From the results 
of censuses 1t should be possible to plot the glass pane 
population of the United States and hence the best route 
for overflghts 

Needless to say, not enough is known about the propa- 
gation of sonic booms, and the subcommittee urges, as a 
matter of high priority, the acceleration and expansion of 
the efforts of the Environmental Science Services Admin- 
istration ESSA has been working on the effects of atmo- 
spheric conditions on the sonic boom signatures of various 
aireraft recorded at ground level. This work should be 
expanded to include analysis of atmospheric and sonic 
boom data recorded at sites, especially urban centres, 
with different weather and topographical characteristics 
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The subcommittee also calls for mereased study of the 
effects of wmd gusts and thunder claps, which in many 
ways resemble sonic booms, on bwidings and building 
materials Such data ought to be useful m making 
realistic appraisals of the natural lifetime of structures 
likely to be damaged by sonic booms Under certain 
conditions booms might also cause failure of earth struc- 
tures, such as coal taps and cuttings and foundations on 
unstable sand or clay strata So, as a matter of lower 
priority, the report suggests that small exploratory 
studies, both theoretical and in simulators, of earth 
structures should be made Apart from providing new 
information, these would provide some indication of the 
degree of potential danger 

Anticipating the legal wrangles that are sure to follow 
regular overflights by supersonic aircraft, the subcom- 
muttee 1s concerned that not enough attention 1s bemg 
given to the problems of assessing progressive and m- 
cipient damage It points out that before any equitable 
law for adjudicating damage claims can be wutten, criteria 
are needed to assess clams for progressive damage that 
arises not from a smgle some boom but from the cumula- 
tive effect of many, and also for damage from mezpient 
failures which would have occurred anyway with the next 
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gust of wnd The lawyers and civil engineers will have 
to put ther heads together over this Furthermore, 1b 
may be necessary to set up a nation-wide some boom 
monitormg system to verify clams, to determme which 
aircraft was responsible and why ıt should have caused 
an excessive boom ‘The subcommittee therefore recom- 
mends that a series of study contracts, worth $50,000 
each, should be offered to competent companies so they can 
explore feasible monitormg systems and estimate their cost 

The subcommittee 1s to be congratulated on its clear 
thinking and for making the ignorance of the effect of 
sonic booms so abundantly clear The US Government 
recently delayed the start of the Boemg supersonic air- 
lmer project by a year, and with luck many of the ques- 
tions the report raises will be answered before that aero- 
plane comes into service In contrast, as far as can be 
gathered, Britam, whch is pressmg ahead with the 
Anglo-French Concorde, has so far made no systematic 
tests of the effects of sonic booms or any concise proposals 
of how such tests should be made. The Mimustry of Tech- 
nology coyly says some tests on the physical effects are 
m progress at the National Physical Laboratory and else- 
where, and the results of last year’s test of public reaction 
to eleven sonic booms have yet to be announced 


Drifting and Rifting of Africa 


by 
R. W. GIRDLER 


School of Physics, 
University of Newcastle upon Tyne 


Recent studies of the East Afncan Rift System have 
emphasized the need for looking at 1ts evolution in terms 
of the continental drift of Africa There are two aspects 
for study first, the geometry of the rift system and, 
second, its evolution ın time The East African Raft 
System extends from Zambia m the south to the Dead 
Sea ın the north It 1s most well developed ın the northern 
half, that 1s, the Red Sea and Gulf of Aden which 1s 
considered. here. 


Geometrical Considerations 


One of the impressive features of the Red Sea which has 
been noticed for some timet- is its symmetry This applies 
to the bathymetry, the gravity anomalies and the mag- 
netic anomalies There 1s also further evidence that the 
youngest parts of the Red Sea and Gulf of Aden are along 
their centres For example, the accurately determmed 
epicentres of earthquakes recorded since the troduction 
of the World Standard Seismograph Net (1963) for the 
Gulf of Aden and southern part of the Red Sea concentrate 
along their centres It seems that the centres of the Red 
Sea and Gulf of Aden are stil active with crustal expan- 
sion stil taking place Further, Vine‘ has re-interpreted 
the magnetic anomalies over the Red Sea ın terms of the 
spreading sea floor hypothesis and this also requires 
symmetry with the newest crust in the centre 

In addition to symmetry, 1t has been noticed? that the 
Red Sea and its various features widen towards the south 
and the Gulf of Aden widens towards the east This, with 
other evidence’, has led to the suggestion that Arabia 
has moved northwards and rotated anticlockwise It 1s 
noted that the symmetry observations require that Africa 
has rotated clockwise 

The structural evidence based largely on geophysical 
data is summarized in Figs land 2 In Fig 1, the newest 


The development of the East African Rift System ıs related to 
the palaeomagnetic evidence for the continental drift of Africa. 


crust coincides with the largest magnetic anomalies In 
the Gulf of Aden, Laughton’ suggests that widening took 
place in a north-easterly direction as indicated by the 
transform faults The transform fault movement has been 
confirmed by first motion studies of recent earthquakes’ 
In the Red Sea, no transform faults have been found 
This does not mean that some might not exist A study of 
the topographic and geological maps suggests the pos- 
sibility of a transform fault at about 19°N (Fig 1) 
Furthermore, 1b 18 clear from the dotted lines connecting 
both sides of the primary crack that there 1s a dommant 
NE-SW direction of movement This direction persists 
through the Red Sea to the Aqaba—Dead Sea rift where 
there ıs a possible transform motion of 90 km (ref 7) 

Fig 2 shows a section across the Red Sea (15 5° to 
165° N ) meorporating the Vine interpretation of the 
axial magnetic anomalies with normally and reversely 
magnetized rocks becoming progressively older from the 
centre At this latitude, the anomahes extend over a 
reversal timescale just greater than three million years 
giving an average spreading rate of about 1 cm/yr 
Towards the north, the anomalies become progressively 
sumpler until an anomaly associated with a single normally 
magnetized immtrusion is found. The crack therefore 
developed m the south and spread northwards associated 
with the greater tension in the south and rotational 
movements 

The Red Sea and Gulf of Aden are not exactly similar 
For the Red Sea, seismic refraction work®S shows the 
presence of continental material on either side of the 
large, axial magnetic anomalies, whereas ın the Gulf of 
Aden all seismic refraction profiles give oceanic struc- 
ture®:® This mceludes a profile close to the Somalı shore 
It is therefore possible that the amount of crustal separa- 
tion in the Gulf of Aden may exceed the amount of separa- 
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Fig 1 Map of the Red Sea and Gulf of Aden showing the possible 

movement of Arabia and Africa as inferred from transform faults and 

the interpretation of magnetic anomalies Mohr'’s Won): fault belt in 
Ethiopia 18 also shown 


tion in the Red Sea by a factor of three Because Arabia 
seems to have moved as one unit, this implies the horn of 
Africa must have moved clockwise further than the rest 
of Africa Further work in the junction area of the Red 
Sea and Gulf of Aden should help to solve this problem 


Geological History of Rifting 


This discussion suggests that the present activity has 
been proceeding for at least 5 milhon years Presumably 
the tensional stresses must have been in progress for much 
longer than this to cause sufficient crustal thinning to 
result ın fracture and injection of igneous material 

Geological evidence suggests that mfting has taken 
place ın a series of phases For example, Baker’ from his 
work m Kenya suggests a late Pleistocene phase which 1s 
still in progress (0-1 million years), a late Pliocene-early 
Pleistocene phase ( ? 4-2 million years) and a late Miocene 
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phase (? 12-18 milhon years) Other workers!’ suggest 
several phases ın the Miocene (the time of the Alpme 
orogeny) and an early phase of rifting at the end of the 
Cretaceous (about 70 million years). Evidence for riftmg 
before this tıme seems to be controversial It seems that 
in most places the rift system has developed m a series of 
phases during the past 70 million years 

The question now arises as to how these movements 
and phases of nftmg are related to the continental drift 
of Africa For Africa most palaeomagnetic results are of 
particularly good quality First, many of the data are 
from igneous rocks and, second, i many cases the 10cks 
are well dated radiometrically The data available cover- 
ing the past 600 million years have been assembled using 
the original references where possible The pole positions 
have been computer checked and some mmor discrepancies 
have been corrected 


African Palaeomagnetic Poles 


The recomputed palaeomagnetic poles for Africa are 
given in Table 1 Most of the ages are radiometric ages 
from the origmal references Where absolute ages are 
not available, such as for sedimentary rocks, they have 
been estimated from the Geological Society of London 
Phanerozoic time-scale? In each case the latitude and 
longitude of the palaeo-north pole is given together with 
the polarity of the rocks The method of computing mean 
poles from site mean poles has been preferred where the 
data are available Nearly all the data are from rocks 
which were subjected to ac or thermal demagnetization 
The data from rocks not so treated (included to fill large 
gaps ın the time-scale) are marked by an asterisk 

The best polar wander curve, using poles only from 
treated samples, ıs shown ın Fig 3 The poles may be 
considered in three groups (a) The poles for rocks less 
than 50 million years old spread from a position close to 
the present axial dipole to a position 73° N. 145° E , most 
of them being to the east of the Greenwich meridian 
(b) The poles for rocks with ages ranging from 110 to 
260 million years form a tight cluster with a mean at 
64° N , 101° W, and circle of confidence™ w»;= 4 6°, sug- 
gesting that there was no continental drift of Africa and 
no polar wander during this period (c) The few results 
available for rocks older than 250 millon years suggest 
there were phases of large scale contmental drift and/or 
polar wander from 250 to 550 milhon years, 


Palaeolatitudes of Nairobi 

For some purposes, such as relating the drift of Africa 
to riftmg and other aspects of geological history, ıb 18 
more convenient to express the palaeomagnetic results m 
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Fig 2 Structural section of the southern part of the Red Sea modified after Drake and Girdler (1964) and incorporating Vine’s interpretation 
of the axial magnetic anomahes The igneous rocks in the axial zone have been intruded progressively over the past 3 to 4 million years 
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Table 1 
Age Rock tvpe Polarity N Pole Ar Lat, Ref 
anlon years) 
<2 Kenya trachytes R 771° N, 127 1° E +18° 2S 11 
18 Olduva Þasalts N 84 7° N, 1010 E +5° 0° 12 
19 Olduvai trachyandesite x 9 O° N , 107 4° W, 0 2° 5 13 
+ +3 Nairobi basalts N,R 87 6°N,115 7° W, -1° 4 S 14, 15 
t +8 Rungwe lavas N, 731° N, 1468 %9 E +16° 7° S ll 
45+ 25 Kerichwa tuffs N 780°N,1408°E +12° 5° S 11 
16 +10 Basalts and phonolites N,B 827°N,1053°E +7° 0° 11 
2254105 Turkana lavas NR 85 4° N , 170 5° W. +2° 88 15 
45 +18 Ethiopian lavas x 85 8° N 173 3° E +3° 5°85 16 
> 109 Lupata volcanics N 618° N , 101 0° W — 20° 22° S WV 
122412 Mianje syenite N 595° N, 969° W — 22° 22° S 18 
172418 Karoo dolerites x 654° N, 104 9° W ~ 16° 21°S 10, 20,11 
190 + 40 Stormberg lavas N,R 7OE°N, 914° W ~17° 13°S 21 
190 Nuanetsi igneous N,R 621°N, 920° W — 22° 18°S 22 
205 +10 Redss Zambia N 68 1° N , 1380 4° W ~7 22°8 23 
209 +16 Shawa Ijolite N 642°N, 044° W — 20° 18° S 24 
260 + 20 Ecca Red s s R 38 2° N , 115 1° W —31° 45°S 26 
260 + 20 Eeca Red ss R 58° N,106° W -21° 28° S 11 
302 + 23 * Dwyka Varve Clay N,R 14 5° N , 158 5° W +48° 70°S 11 
415 +20 * Lower Table Mt Series R 511°S8, 1684°E +148° 25° S 26 
500+ 17 Hook intrusives R 141°S, 156 8° E +107° » 28°S 27 
527413 * Morocco basic flows N,R 53° S, 146° W +178° 36°S 28 
555415 * Ntoya Ring Complex 28° &, 165° E +124° 32° 5 29 
Az, palaeodeclination of Nairobi +, measured clockwise from present north, —, measured anticlockwise from present north Lat, palaeolatitude 


of Nairobi 


* Mav be unrehable because of lack of cleaning or incomplete information 


terms of palaeolatitudes and palaeoazimuths Fig 4 
shows the palaeolatitudes of Nairobi computed from the 
poles of Table 1 It is seen that the site of Nairobi has 
moved farly rapidly north from 20°S8 durmg the past 
110 milion years Durmg the period 110 to 250 million 
years ago the palaeolatitude was constant at 20°S Before 
this time, there was a rapid movement of Africa across 
the polar regions to about 25° to 30°S some 400 million 
years ago Such a movement across the polar regions 1s 
consistent with the evidence for the existence of glacia- 
tions in the Permo-Carbonrferous (about 300 milhon 
years ago)?®3? 

The orogenic revolutions of Holmes* are also shown n 
Fig 4 along the same timescale. It 1s seen that the tume 
interval from 110 to 250 million years was a particularly 
quiet tıme ın the Harth’s history The correlation of this 
part of the two curves is so good that it 1s tempting to 
extrapolate the palacolatitude curve and suggest that 
Africa remamed in the same position from 250 to 70 
millon years ago The two phases of rapid continental 
drift of Africa occur at the same times as the Hercyman 
and Alpine orogenies It 1s during the latter northward 
movement of Africa that the development of the East 
African Rift System was most mpressive 


Palaeoazimuths Rotation of Africa 


The palaeo-declimations or azimuths for Nairobi: have 
also been computed and meluded in Table 1 The azimuths 
and 1otation of Nairobi are presented in diagrammatic 
form in Fig 5 In order to gain a representation of the 
way m which Nairobi has rotated, the azımuths have to 
be plotted with opposite sign 

For the past 50 million years, eight of the nme declina- 
tions range from 0° to +16° (that 1s, east of north) and 
for clarity smoothed values are plotted m Fig. 5 It ıs 
seen that there 1s some suggestion of a change in direction 
of rotation of Africa some time between 5 and 15 million 
years ago, from anticlockwise to clockwise This 1s con- 
sistent with the interpretation of the magnetic anomalies 
over the Red Sea which suggests that the last phase of 
the development of the Red Sea was associated with the 
anticlockwise rotation of Arabia and clockwise rotation 
of Africa, 

The azimuths for the period 110 to 250 million years 
are shown by the shaded zone, there bemg no significant 
differences for this period By analogy with Fig 4 it 
seems likely that the azimuth of Nairobi (N 19°W) 
remained constant from 250 to 70 million years ago 
when Africa began to rotate anticlockwise and move 
northwards 

Because Africa crossed the polar region some time be- 
tween 300 and 400 million years ago (Fig. 4), the azimuths 


for this interval are lable to large errors After crossing 
the pole the azimuths become “reversed” This does not, 
of course, imply a 180° rotation of the continent Because 
of this, the azimuths for 500 and 550 million years are 
shown separately 


Does Polar Wandering Exist ? 


These observations cast doubt on the existence of polar 
wandering Furst, from the African palascomagnetie results, 
1b seems there was no appreciable polar wander for at 
least 140 million years and maybe for 180 milhon years 
(fiom 250 to 70 milion years ago) Second, the tentative 
agreement between the movement of Africa as required 
from palaeomagnetice results and structural arguments 
(for example, the symmetry of the Red Sea and Gulf of 
Aden) suggests that contmental dnft 18 sufficient to 
explam the palaeomagnetic results The possibility, how- 
ever, of polar wandermg synchronous with, or following, 
contmental drift due to redistribution of mass on the 
sphere, 1s not excluded (the wandermg beetle of Gold?>3*) 
The palaeomagnetic results are not sensitive enough to 
resolve this possibility 


Implications for Mantle Convection Theories 


The large-scale movements of Africa (before 250 milhon 
years ago and from 70 million years ago to the present) 





Fig 3 Provisional polar wander curve for Africa The circle groups 
the poles from rocks 110 to 250 million years old and 18 not a circle 
of confidence During this period the pole was relatively stationary 
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tment over the past 600 muilhon year» (l) 
0 From 600 to 300 millon years there 1s a short- 
age of data. The palaeolatitude of Na:robi 
from 550 to 410 millon years was about 30° § 
and at 500 to 550 millon years the palaso- 
azimuth was 110° to 125° , (2) For a period 
just before 300 million years to about 250 
milhon years ago, there was rapid continental 
drift when Africa passed across the polar regions 
(3) From 210 to 110 milhon years and possibly 
from 240 to 70 million years Africa was stable 
(no drift and no polar wander) The latitude 
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Africa crossed the polar regions about 300 
mullon years ago Before 300 million years, there 1s a shortage ofreliabledata From 
about 250 million years to possibly 70 million years ago, Africa was stationary There 
were at least two phases of drift comciding with the Hercynian and Alpine orogentes 


Fig 4 The palaeolatitude of Nairobi 


respectively 


support the existence of some kind of convective motion 
in the mantle The fact that Africa, remamed stationary 
for at least 140 milhon years suggests two possibilities 
either the mantle convective motion stopped some 240 
milhon years ago and restarted some 70 million years ago 
or Africa was conformably seated m an equhbrium posi- 
tion and the convection pattern changed about 70 million 
years ago The possible change in direction of rotation of 
Africa about 10 million years ago suggests the possibility 
of a further sudden change in the convection pattern at 
about that time 

The available palaeomagnetic results make possible the 
followmg conclusions for the history of the African con- 
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Pulaecoazimuths and rotation of Nairobi 
of Table 1 are plotted with opposite sign so as to give some representa- 
tion of the way in which Africa has rotated During the past 70 milion 
years Africa rotated anticlockwise and over the past 10 million years o1 
so may have rotated clockwise 


Fig 5 The palaeoazimuths 





of Nairobi was 20° S and the palaeoazimuth 
was N 19° W (4) During the past 70 million 
years, Africa moved north agam and rotated 
anticlockwise, Nairobi changing latitude from 
20° § to its present latitude of 13° S It was 
during this tıme that the East African Ruft 
System developed probably ın phases (5) 
There ıs some evidence for a change in direction 
of rotation of Africa from anticlockwise to 
clockwise during the past 10 millon years or 
This 1s consistent with the symmetrical 
development of the Red Sea and Gulf of Aden 
(6) The data raise doubts about polar wander- 
ing but cannot exclude the possibility of polar 
wandering during periods of continental 
drift 

Smee this work was carried out, two relevant papers 
have appeared??3? Ewing and Ewmg??, in their studies of 
the distribution of sediment on the ocean floor, have 
found a paucity of sediments over the central parts of 
the ocean rift system At a distance of 100 to 400 km 
from the ridge axes, they find an abrupt or discontimuous 
merease in sediment thickness On the spreading sea 
floor hypothesis, this mcrease 1s found ın all cases to 
occur at approximately 10 milhon years This favours 
the idea that the sea floor restarted spreading about 10 
millon years ago after a quiet mterval The Red Sea 
and Gulf of Aden are ın continuity with the mid-ocean 
ridge system, so ıt ıs reasonable to conclude that the last 
phase of opening of the Red Sea and Gulf of Aden com- 
menced at about the same time Briden* finds that drift 
in phases may apply to the other southern hemisphere 
continents and suggests there were at least four episodes 
of dnft of Gondwanaland 

Evidence seems to be accumulating in support of long 
quiet periods of Earth history with relatively sudden 
phases of activity, contmental drift and mountain build- 
ing. Within these active periods, there were shorter 
periods of quiescence and activity. The shorter timescale 
periods of activity produce phases of sea floor spreading 
and rifting such as we are experiencing today ` 

I thank Mrs Marıon Russell for computer checking the 
palaeomagnetie data and various members of the School 
of Physics, University of Newcastle, for helpful discussions 
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Ir has been said that gigantism m whales 1s an indication 
of over-specialization, and 1t can be developed to the 
degree in which ıt now occurs only m an aquatic mammal 
completely emancipated from the land, because m water 
the weight of the whale 1s counter-poised by the weight 
of water it displaces. Whales washed up on beaches 
often die after collapse of the mb cage*®, which 1s not 
sufficiently strong to support, ın air, the weight of tissue 
surrounding ıt “The elephant [seal] now seems to 
be at the critical pomt in this regard. Some imcrease m 
size would hkely render ıt unable to leave the water”! 

The control of mature size ın the elephant seal ( Mir- 
ounga leomna, Linn) seems to be most important for its 
survival Although adapted for an aquatic life, ıt still 
hauls ıtself out onto land to breed and moult Its structure 
must therefore be adequate to withstand the effects of 
gravity in spite of the fact that most of the annual cycle 
18 spent in the sea 

Differences ın the growth patterns of elephant seals at 
Macquarie Island and the Falklands Islands have been 
observed?*. Macquarie Island seals have a slower rate 
of growth, later onset of puberty and smaller mature size 
than elephant seals of the Falklands Islands Dependencies 
Elephant seals on Heard Island are also known to be 
smaller than those of the Falklands Islands’ Even 
though Lydekker* proposed the existence of several sub- 
specifically distinct groups of elephant seals m the Southern 
Ocean, there 1s still no real justification for the recognition 
of such sub-species’? There is no justification therefore in 
assuming that the different growth and reproductive 
patterns of elephant seals at the different localities are 
caused by genetic factors, and the possibility of lmmitation 
of food supplies being associated with slower rate of 
development and delay of puberty of elephant seals at 
Macquarie Island and Heard Island has been dismissed? 

I propose to explam, m terms of models proposed by 
Dickinson! and Tanner’, possible reasons for the differences 
m growth and age at puberty of elephant seals at the 
different islands 

A hypothesis of mammalian growth, proposed by 
Dickmnson®, is represented diagrammatically m Fig 1 
‘The hypothesis has two limits to the growth curve, a 


* Present address Department of Anatomy, New York State Veterinary 
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Growth models can explain differences in growth patterns and time 
of onset of puberty in elephant seal populations at Macquarie Island 
and Falklands Islands. Elephant seals at Macquarie Island are perma- 
nently stunted—possibly because of retarded growth during the 
suckling period. 


maximum growth path permitted by a “Juvenile growth 
potential”, and a minimum growth path conforming to 
the genetic growth competence In Fig 1, the mmmum 
growth curve represents the boundary between growth 
which reaches a normal end pomt, and abnormal growth 
which fails to reach the normal end point The juvenile 
growth potential controls the maximum growth path 
which can occur when nutritional and other environmental 
conditions are good When the maximum growth path 
is followed, variation in size as @ result of growth com- 
petence ıs obscured until maturity, by other factors 
influencing the utilization of nutrients present ın excess 
of the genetically controlled requirements Dickinson® 
postulated that genetically the juvenile growth potential 
1s unrelated to the genetic growth competence 

The appheation of this hypothesis to this study 1s 
shown in Fig 2. It 1s seen that because of the very rapid 
growth rate of elephant seal pups from birth to weaning, 
any retardation of growth durmg this short suckhng 





Maturity (per cent) 














Age from conception to maturity 


Fig 1 Diagram illustrating Dickinson’s hypothesis of mammalian 

growth? A, Growth path making maximum use of juvenile growth 

potential, B, minimal growth path conforming to genetic growth 
competence, C, permanent stunting on a subminunal environment 
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period, shown to occur m Macquarie Island elephant 
seals‘, will have a profound effect on the remainder of 
the growth of the anımal, if this 1etardation causes the 
growth curve to fall below the mimimal growth path 
conforming to the genetic growth competence The 
Falkland Islands elephant seals (FI) are most likely 
following a growth path which approaches that making 
maximum use of the juvenile growth potential, whereas 
the elephant seals of Macquarie Island (MI) probably 
follow a growth path on which there is permanent stunting 
as a result of submmuimal environment durmg the suckling 
period 

Laws!’ demonstrated a close relationship between the 
attamment of a certain body size, and the onset of puberty 
m pinnipeds Assummg that a certam mmumum body 
weight must be attamed before puberty 1s reached in 
elephant seals, the model explams the later onset of 
puberty in elephant seals at Macquarie Island (Fig 2) 


Maturity (per cent) 





Age from conception to maturity 


Fig 2 Appheation of Dickinson’s model to the present study A, Band 
Casin Fig 1 


The growth path followed by Macquarie Island elephant 
seals resultmg m permanent stunting ıs derved from 
Dickinson’s hypothesis This hypothesis, however, does 
not explain the physiological mechanism mvolved The 
mechanism can be explained in terms of the model of 
growth postulated by Tanner’. In this model a time-tally 
mechanism, located somewhere m the bram—most 
likely ın the hypothalamus—is envisaged It 1s suggested 
that this mechanism 1s responsible for the recognition of, 
and interaction with, a growth inhibitor substance 
produced by the cells of the body The example was given 
of experiments!!! m which rats poorly fed during the first 
21 days after birth nevez caught up afterwards with their 
littermates’ growth. In terms of Tanner’s model, the 
malnutrition occurrmg while the brain was still growmg 
relatively rapidly apparently resulted ın permanent 
damage to the time-tally mechanism Circumstantial 
evidence 1s available m support of this model Schinckel?* 
produced an approximation from results m the hterature 
which mdicated that the sensitivity to permanent stunting 
of lambs was most marked during late foetal hfe and the 
first few weeks only of postnatal life, and Fox" reported 
that the most dramatic structural changes in the brain 
of the dog durmg postnatal growth occurred between 
2 and 4 weeks of age 

The growth curves of elephant seal pups at Macquarie 
Island and Signy Island (the latter from Laws!5) are 
shown in Fig 3 The birth weight of Macquarie Island 
pups is only shghtly lower than that of Signy Island pups 
(and may not be significantly different‘), but there 1s a 
very much greater difference in weights at weaning, which 
can be attributed, at least ın part, to mterference to 
suckling of Macquarie Island pups by disturbances ın the 
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Fig. 3 Comparison of growth of elephant seal pups from birth to 21 days 
old at Macquarie Island (MI) and Signy Island (SI) (the latter 
after Laws'*) 


harems* Hoere then is a natural situation simular to that 
produced expermmentally m rats by Widdowson and 
McCance" and Widdowson and Kennedy? 

The growth curves of nutritionally mdependent ele- 
phant seals at Macquarie Island and the Falkland Islands 
Dependencies are shown m Fig 4 The Macquarie Island 
seal growth curves were made up from my own data; 
those of the Falkland Islands seals were obtamed by 
fitting body length measurements to a weight—length 
curve? 

Figs 5 and 6 show the growth of the bram of elephant 
seals during the suckling period, and brain growth after 
weaning In females 24 per cent, and m males 15 per 
cent, of postnatal bram growth occurs durmg this approxi- 
mately 3 week suckling period Retardation of pups’ 
growth therefore durmg this stage of ther life must 
affect the growth of the brain to a considerable extent, 
even allowing for the fact that the bram has a high 
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Fig 4 Postweanmng increase of live weight of elephant seals at Macquarie 


Island (M I ) and the Falkland Islands (FI) The Falkland Islands 
curves were drawn by fitting body nae to a weight-length curve 
aws 


1108 


pliority for growth The reduction m growth of suckling 
pups at Macquarie Island while their brains aie so actively 
growing could result m permanent damage to the postu- 
lated time-tally mechanism 

Comparison of body weight figures of mature animals 
at Macquarie Island and at the Falkland Islands (Table 1) 
indicates that mature elephant seal males at Macquarie 
Island are 94 per cent of the size of mature males at the 
Falkland Islands Mature females at Macquarie Island 
are only 60 per cent of the size of those on Falkland Islands 
The size of mature males, however, 1s difficult to compare, 
and the comparison 1s only approximate because sealing 
operations at the Falklands Islands Dependencies selec- 
tively remove the largest bulls, and ıt 1s unlikely that the 
full potential for growth of males 1s realized at this locality’ 
In the hight of Howell’s statement’ the possibility arises 
that, with the relief of social pressures caused by the 
sealmg operations, some of the male animals may reach a 
size which would prevent them from living and movmg 
comfortably on land should they reach full size 


Table] COMPARISON OF MATURE WEIGHTS OF ELEPHANT SEALS AT MACQUARIE 
ISLAND AND THE FALKLAND ISLANDS DEPENDENCIES 


Mean weight (kg) 
Macquarie Island Falkland Islands* 


Mature males ~ 3,000 3,200 
Mature females 400 680 


* Weights derived by fitting body lengths to a weight—length curve? 


It is seen from Fig 4 that Macquarie Island seals, 
which have been retarded early ın hfe, grow very slowly 
after weaning, but they never catch up with the Falkland 
Islands seals This agrees with the model shown in Fig 2 
Age at onset of puberty, greater n Macquarie Island than 
m Falkland Islands seals*, seems to be related to attam- 
ment of a certam body size ‘This also seems to agree 
with the Fig 2 model The age of onset of puberty of 
Macquarie Island seals ıs also more vanable This 1s 
probably closely related to the greater variation m growth 
rate of these anmmals ‘This supports the assumption that 
onset of puberty ın the elephant seal ıs associated with the 
attamment of a certain mmimum body size, which occurs 
more rapidly and with less variation ın the faster and more 
uniformly growing Falkland Islands seals In a compara- 
tive study of growth m body length of various famulies of 
seals!*, 16 was shown that the slower growing species 
tended to take longer to reach a size necessary for reproduc- 
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Fig 5. Increase in brain weight and lwe weight of elephant seal pups 
during suckling at Macquarie Island. 
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Fig 6 Postweaning increase in. bram weight and live weight of elephant 
seals at Macquarie Island 


tion (about 87 per cent of final body length) and so mature 
later This is most hkely to occu: within, as well as 
between, species 

Brody?’ has shown that puberty 1s associated with the 
attainment of a certam size, which corresponds to the 
pomt of inflection of the growth curve The latter occurs 
at over 60 per cent of the mature weight in man, shghtly 
below 60 per cent of the mature weight m chimpanzees 
and about 30 per cent of the mature weight m laboratory 
and farm animals From the figures available from the 
Falkland Islands and Macquarie Island, ıt appears that 
puberty in elephant seals occurs at about 30 per cent of 
the mature weight in males, and at about 55 per cent m 
females, which corresponds to approximately 4 yr and 
2 yr of age respectively m male and female Falkland 
Islands seals!*, and 5 to 8 yr and 3 to 5 yr respectively in 
male and female Macquarie Island seals? 

The growth models offer an explanation of the dif- 
ference m growth pattern from birth to maturity, different 
mature size and reproductive pattern of these two popula- 
tions of elephant seals, and of the mechanism by which 
these differences are brought about, as a result of a dif- 
ference m growth during the first three weeks of postnatal 
hfe Reduction in size of mature females most hkely 
leads to depressed birth weight of pups as with other 
mammals”. This could further reduce postnatal growth 
if birth weight should fall below the mimimum growth path 
conformmg to the genetic growth competence 

In this highly adapted aquatic species, 1t 1s apparent 
that the terrestrial part of the annual cycle which has 
been retamed has an important effect on the total hfe 
history, particularly with regard to growth and reproduc- 
tion 

These observations were made while I was a member 
of the Austrahan National Antarctic Research Expedi- 
tions at Macquarie Island, 1964-66. 
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Computers and Employment 


A recent conference in West Germany discussed the effects of 
advancıng technology on employment. Professor L R. B. Elton, of 
the Institute for Educational Technology at the University of Surrey, 
a participant at the conference, has prepared the following report. 


For some years now, the German Metalworkers’ Union 
(IG Metall) has concerned itself with the problems and 
opportunities that automation and technological progress 
are bringing to the worker and to the community This 
month, Dr G Fnedrichs, director of the division on auto- 
mation of IG Metall, orgamzed the third large inter- 
national conference in this field, this tıme on the subject 
of computers and employment, with special reference to 
the employment of technicians and other non-manual 
workers It took place at Oberhausen ın the heart of the 
Ruhr and was attended by more than 1,000 delegates 
of whom about 130 came from 22 foreign countries, 
mcluding the United States and the USSR Of the 33 
main speakers, three were ministers of the German 
Federal Government and two were high international 
officials The rest were divided between academics, 
employers, workers and trade union officials 

It ıs probable that nothing much was said at the con- 
ference that m one way or another was not known before 
We heard about the computer explosion, particularly ın 
the United States, and the effect ıt ıs having on the 
employment of workers and operatives Surprisingly, 
perhaps, the effect at the techmcian level has been much 
less pronounced This may well be because the advent 
of a computer ın an organization 1s at first hkely to crease 
the need for techmicians, and that at present computers 
are used mamly for data processing Once they are used 
widely for the solution of engineering problems and 
problems of design, technicians too will face the need for 
re-education and re-deployment On the whole, however, 
Arnold Weber, professor of industrial relations at Chicago, 
was reassurmg and felt that automation would lead to a 
redistribution of employment, which could be manageable 
This presupposed, however, a generally healthy economy, 
planned programmes to deal with the problems of shifting 
workers from one job to another, and a general support 
and expansion of education 

The need for more and wider education was a recurrmg 
theme of the conference and the one that created most 
passion Agam and again it was stressed that this educa- 
tion had to be general, particularly in mathematics and 
m the basic sciences, m order to make subsequent re- 
education possible It was interestmg that, compared 
with educational concerns, economic ones seemed to fade 
ito the background as the conference proceeded It ıs 
clear that none of the European countries have found 
a satisfactory way to combine education and traming 
for those who have left school, and the American solu- 
tion—to leave students m full-time education for as 
long as possible through the creation of jumor colleges 
—is not likely to prove economically viable m any 
other country Whether it 1s educationally sound was not 
discussed. 

The structure of the German system of secondary 
education came in for some hard knocks At present it 1s 
not unlike the tripartite system that was instituted ın 
this country through the 1944 Act, and ıt was clear that 
the trade union members of the conference were much in 
favour of a change towards the comprehensive school 
The employers’ side seemed decidedly less enthusiastic for 
ehange On the other hand, when 1t came to content, the 
recent proposals of the Damton Committee would merely 
brmg Brtam mto lme with German reforms of the past 
few years, which have approached the problem of the 


swing away from science from the pomt of under-specializa- 
tion An unfortunate consequence of the German 
reform appears to be that science ın the upper school has 
lost ground ın the curriculum compared with the study of 
languages. The pomt that a general education in mathe. 
matics and science should be part of the curriculum for 
all for as long as possible was again stressed in a televised 
discussion on further education and re-education, m which 
representatives of the Netherlands, Czechoslovakia, 
Hungary, West Germany and Britain took part In this 
discussion, the demand of the IG. Metall for sabbatical 
re-education leave for all as of mght recerved qualified, 
although sympathetic support, but ıt was accepted that 
more could not be expected from employers Employers 
would, of course, provide courses which were in the direct 
interests of their concerns, but any wider forms of re-educa- 
tion—and it would have to be wide to be effective—would 
have to come through government action. In this con- 
nexion the flexible approach of the British technical 
college received praise 

Another theme that received much attention was the 
drvision between white collar and blue collar workers In 
the Netherlands this division seems to have largely dis- 
appeared, and contributions from both the United States 
and the United Kmgdom stressed that, m the logic of the 
situation, the divisions are decreasing and will eventually 
disappear everywhere. But this does not mean that there 
are not difficulties on the way, and much discussion centred 
on the problems of those employeers who are not members 
of a trade union, and are faced with rapidly changing 
employment conditions, mcluding shift and piecework. 
Difficulties of a different kind, that face a small socialist 
country trying to liberalize both its economy and its 
society, were discussed in a very frank report by Professor 
Levéik of Czechoslovakia 

An outstanding and forward looking contribution came 
from one of Germany’s grand old men, Professor Salın, 
who stressed the need for a management and sociological 
revolution, without which the technological revolution 
would be stillborn, and contrasted the American “job” 
with its built-in flexibility, with the German “Beruf” 
that concentrated on pension rights This came at the 
end of the last day, and was a fitting close to a conference 
which on the very first day had been aroused by Professor 
André Philip from France with an impassioned plea to 
examine “le sens même de notre civilization” His 
peroration mcluded the memorable statement. “mais 
on ne peut démocratiser les technocrates sı Pon n’a pas 
d’abord technicisé les démocrates” 

What was said at this very impressive conference was, 
however, less umportant than who had organized 16 and 
who took part m ıt That a trade union had taken the 
initiative n this field and was co-operating with employers 
and the government was immensely encouraging, and ıb 
was unfortunate that the British trade union movement 
was not represented The German IG Metall ıs showing 
im a very practical way how co-operation on both the 
national and international planes can be to the benefit of 
all The excellence of the contributions of 1ts members 
ulustiated the strength of the umion’s research effort in 
this field, and showed that ıt 1s taking a responsible 
attitude towards the problems that are arising for em- 
ployers and employees, and for society, through the 
progress of technology 
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Many strains of # col can recognize and degrade DNA 
from foreign E colt strams Whether a foreign DNA 
molecule will be rejected can depend on non-heritable 
characteristics imparted to 1t by the cell from which 1t is 
obtamed. Such characteristics are called host-controlled 
modifications! For example, the ability of à and several 
other bacteriophages to multiply on E coh stram K 
depends on the bacterial host m which the phages were 
last grown Phages grown m bacteria possessmg the 
modification allele mx multiply well, but phages grown 
m bacteria lackmg mx do not Instead, ther DNA 1s 
quickly degraded on entermg cells of stram K The 
ability of stram K to reject or “restrict”? DNA from cells 
lacking mx 1s itself under genetic control, the responsible 
allele beng designated rx (refs 4 and 5) 

More generally, cells with the restriction allele r, can 
degrade DNA from cells lacking the corresponding modi- 
fication allele m, Several different modzfication and 
restriction alleles aie known*:? As well as certain phage 
DNAs, bacterial DNA transferred between cells by con- 
jugation or transduction 1s subject to host-controlled 
modification and restriction, suggestmg that these pheno- 
mena play a part in regulating the flow of genetic mforma- 
tion between bactena 

There is evidence that the modification character of 
a DNA molecule ıs determined by 1ts pattern of methyla- 
tion’: The sumplest hypothesis for the biochemical basis 
of restriction is that each restriction allele directs the 
formation of a nuclease specific for DNA lackmg the 
corresponding modification character We have detected, 
isolated and characterized such an enzyme, 1t 1s an endo- 
nuclease present m strain K that ıs specifically active 
agamst à DNA from strains lackmg mx 

Restriction by bacterial extracts Restriction by extracts 
of rx bacteria was discovered as an ATP-dependent 
nucleolytic activity specific for DNA from A grown on a 
mx~ host Fig 1 shows the sedimentation profiles of 
3H A K DNA and #*P à C DNA incubated without extract 
(a), with extract of the rx stram E cole 1100 (b), and with 
extract of 1ts rg- derivative, stram 1100 293 (c) The 
sedimentation of A K DNA 1s seen not to be affected by 
yncubation with erther extract In contrast, the sedimenta- 
tion rate of à C DNA 1s specifically decreased by meuba- 
tion with the rx extract We conclude that the activity 
is specific for uamodified DNA and occurs only in the 
restricting stram 

Purification of the enzyme Purification of the restriction 
activity was at first frustrated by 1ts apparent loss on 
dhalysis of bacterial extracts The difficulty was overcome 
when we found that both ATP and S-adenosylmethionine 
(SAM) are needed for restriction to occur A role for SAM 
was suggested by the report that methionme, a biosynthe- 
tie precursor of SAM, 1s necessary for optimal restriction 

* Fellow of the Damon Runyon Memorial Foundation 


An endonuclease which degrades foreign DNA has been isolated. 
The enzyme requires S-adenosylmethionine, ATP and Mg++ 


ın vwo by methonineless bacteria (unpublished observa- 
tions of W B Wood, cited in ref 8) 

Following the establishment of suitable assay condi- 
tions, the activity was purified as follows EH cole 1100 
was grown to 6x 10! cells/ml at 37°C ın tryptone broth 
with 1 ug/ml of thiamme hydrochloride The cells were 
sedimented and stored at —20°C 120 g of cells was sus- 
pended in 001 M irs pH 74, 2x10-4 M MgCl, 10-4 M 
EDTA, 2x10 M mercaptoethanol All subsequent 
operations were conducted at approximately 4° C The 
cells were extracted by blending with glass beads and the 
extract was centrifuged at low speed and then at 35,000 
rpm for two hours m the International A-170 rotor 
The sediment possessed very little restriction activity 
and was discarded 

The high speed supernatant (300 ml ) was fractionally 
precipitated by addmg dry (NH,)e SO, The material pre- 
cipitating between 35 and 55 per cent saturation was 
dissolved ın 100 ml of 002 M potassram phosphate, 
pH 7 0, 10-*M EDTA, 2 x 10- M mercaptoethanol (PEM), 
dialysed against the same buffer, and apphed to a column 
of Whatman DE 52 DEAE cellulose 6 cm in diameter 
and 11 cm long that had been eqmlibrated with buffer 
The column was washed with 600 ml of buffer and eluted 
with a 1,000 ml linear gradient of PEM running from 0 06 
to 030 M potassium phosphate and collected ın 50 ml 
fractions The restriction activity was found m two 
adjacent fractions with a mean phosphate concentration 
of 015 M 

The active DEAE fractions were combined, dialysed 
against PEM contammg 002 M potassium phosphate, 
and appled to a 1x15 em column of Whatman Pll 
phosphocellulose equilibrated with the same buffer The 
column was washed with 40 ml of buffer and eluted in 
9 ml fractions with a 300 ml Imear gradient running 
from 005 to 03 M phosphate The restriction activity 
emerged ın three adjacent fractions with a mean phosphate 
concentration of 016 M 

The pooled active phosphocellulose fractions were 
dialysed against 001 M potassium phosphate, pH 7 5, 
10+ M EDTA, and 5x 10-4 M dithiothreitol, concentrated. 
to 75 ml by dialysis agamst dry ‘Sephadex G-200’, and 
dialysed agam The concentrate was apphed m 25 ml. 
portions to 30 ml , 10-25 per cent glycerol gradients made 
up in the dithiothreitol buffer After centrifugation at 
25,000 rpm for 20 h at 2°C in an International §#101 
rotor, the activity was found in three adjacent 1 ml. 
fractions at a position corresponding to a sedimentation 
coefficient of approximately 12S These were stored at 
—10°C and have been kept for nearly a year without 
noticeable activation Table 1 summarizes the purifica- 
tion of the restriction enzyme 

Assays with a lmitimg amount of pure enzyme were 
conducted with and without the addition of extract of 
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Fig 1 Sedimentation profiles of a mixture of °H 4 K. DNA and ®P AC 


DNA incubated for 10 min (a) without extract, (b) with extract of E coli 
strain 1100, or (c) with extract of stram 1100 293 Incubation mixtures 
(b) and (c) contained 1 mg/ml bacterial protein A 0 25 ml sample of 
each mixture was layered on a 35 ml 6-20 per cent sucrose gradient 
containing 0 01 M tr:s pH 8, 0 001 M EDTA, 0 04 percent sodium dodecyl 
sulphate and centrifuged for 1 8 h at 55,000 rpm ın an International 
S§B405 rotor at 20°C Fractions were collected and counted by standard 
techniques “P 


— O0 


, 3 » 


the rx- stram 1100 293 The extract had no effect on the 
extent of the reaction, showing that the activity of rx 
extract can be directly compared with that of the purified 
enzyme in computing the degree of purification achieved 
The failure of the rx- extract to mbhuibit the reaction also 
shows that the rg~ phenotype results from a reduction m 
the amount or activity of the restriction enzyme rather 
than from the presence of an mhuibitor 

Requirements of the reaction Table 2 shows the effects 
of omitting various components of the reaction mixture. 
Restriction 18 measured as the mactivation of infectious 
AC DNA Enzyme, ATP, Mgt+ and SAM are all seen to 
be essential while gelatme, EDTA and mercaptoethanol 
are not Fig 2 shows the effect of lowering the concentra- 


Table 1 PURIFICATION OF THE ENZYME 
Total 
protein Activity 
(mg) 
Low speed supernatant 8,000 ~i 
High speed supernatant 5,700 
(NH,)s SO, precipitate 3,400 
DEAE eluate 260 
Phosphocellulose elnate 2 A 
Glycerol gradient fraction <05 > 6,000 


Activity 18 expressed as the reciprocal of the mg/ml of protein required to 
break 90 per cent of 4 C duplexes during a 10 min incubation under the assay 
conditions described in the text 


Table 2 REQUIREMENTS FOR REACTION 


AK 

logis 4— 

Sw TG 
Complete system 20 
-EDTA 20 
-Gelatine 20 
~Mercaptoethanol 20 
-MgCl 00 
-SAM 00 
-ATP 00 
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tion of ATP or SAM The requirement for SAM cannot 
be satisfied by l-methionme, 5’-thiomethyladenosme, S- 
adenosyl-dl-homocysteme or S-adenosylethionme ATP 
can be replaced by dATP, although at limiting concentra- 
tions approximately twice as much must be used for the 
same degree of activation ATP cannot be replaced by 
GTP, ADP, AMP, adenosine, pyrophosphate or phosphate 
The optimal pH for the restriction reaction hes between 
75 and 80 

The resiroction enzyme rs an endonuclease The action of 
the enzyme on P XC DNA hberates little or no non- 
sedimenting **P, showmg that degradation 1s endo rather 
than exonucleolytic The action of the enzyme on i 
twisted circles, DNA molecules without ends, confirms 
this Sedimentation analyses of a mixture of 7H à K and 
3P 2 C twisted circles incubated with and without enzyme 
(Fig 3) prove that the enzyme readily degrades 4 C twisted 
circles The enzyme, however, has no effect on à K twisted 
circles, neither double nor single chain sessions are 
produced. 

The lmt product ıs duplex DNA A mixture of *H AK 
DNA and *P àC DNA was meubated with enzyme, re- 
isolated by phenol extraction, dialysed agamst TNE, and 
again incubated with enzyme. Fig 4 shows that the 
second meubation caused little or no additional degrada- 
tion A control meubation proved that mtact P àC 
DNA added to the second mcubation mixture was exten- 
sively degraded We conclude that the sedimentation 
profiles seen m the figure represent the hmut product of 
the restriction enzyme under our reaction conditions The 
maxima of these profiles occur close to the position to 
which à quarter molecules would sediment The sedi- 
mentation distribution of the lmıt product m 01 M 
salt was compared with that m 001 M salt No df- 
ference was observed Single DNA chams sediment about 
three times faster ın the stronger salt solution, whereas 
duplexes sediment at the same rate m both solvents. 
We conclude that the limit product consists of duplexes 
contammmg little or no single stranded DNA 

The lumi product ıs without sengle-chain breaks. Clearly 
the enzyme ıs able to break the 4 C duplex mto a number 
of segments Conceivably, there are sites withm these 
segments where the enzyme has broken only one of the 
two polynucleotide chams Such single-cham breaks 
would have little effect on the sedimentation behaviour 
of DNA duplexes They would, however, become apparent 
from a comparison of the molecular weight distribution 
of the reaction product before and after chain separation. 
A mixture of P 10 DNA and °H à K DNA was exten- 
sively incubated with enzyme and then sedimented at 
20° C on neutral and on alkali D,C-H,O gradients con- 
tainmg 09M NaCl The alkali solvent dissociates duplexes 
into their component single chains Fig 5 shows the 
molecular weight distributions calculated from the sedi- 
mentation profiles in the two solvents Molecular weights 
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Fig 2 The dependenceYof restriction activity on SAM and ATP 
concentration. 
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Fig 3 Sedimentation profiles showing the action of the restriction 
enzyme on twisted circular 4 DNA molecules (a) A mixture of °H 4K 
and ®*P à © DNA consisting mostly of twisted circular molecules but also 
containing the less rapidly sedimenting non-twisted circular form 
(b) The same mixture after 10 min of incubation with enzyme Samples 
were centrifuged for 1 h under the conditions gvon in the legend for 


g1 —0— 


3 
Q > 


are plotted as fractions of the weight of the mtact duplex 
or single cham The near superposability of the two 
distributions shows that at least most of the limit product 
consists of duplexes without single cham breaks Only if 
located near the ends of the duplexes would any sub- 
stantial number of smgle cham breaks have gone un- 
detected by this test 

Single chan scission precedes duplex cleavage. Prolonged 
action by the restriction enzyme breaks the DNA duplex 
into several pieces What is the tummg with which m- 
dividual chains of the duplex are broken? Simgle and 
double chain scissions may be sensitively detected and 


3H and “P (counts x 10-*) 











Distance from meniscus 


Fig 4 Sedimentation profiles of a mixture of °H å K DNA and ®P AC 
DNA incubated with enzyme (a) once or (b) twice See text for details 
Samples of 0 4ml were layered on 12 m? 15-28 per cent sucrose gradients 
containing 0 01 M ins pH 80, 0001 M EDTA, 0 04 per cent sodium 
dodecyl sulphate and centrifuged for 17 h at 35,000 rpm ın an Inter- 
national $B283 rotor at 2° © e 2 A (0) 5 SEP. 
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distinguished by ther effects on the twisted circular form 
of A DNA (ref 18) Single chain scission converts twisted 
circles to the more slowly sedimenting non-twisted circular 
configuration. Double strand scission converts them to 
even more slowly sedimentmg non-circular molecules 
Fig 6 shows the result of incubatmg a mixture of #P AC 
twisted circles and *H AK non-errcular molecules with 
enzyme for 30, 60 and 120 s, after an ıtıal lag, un- 
twisted circles are produced before non-circular molecules 
appear Thus single strand scission precedes cleavage of 
the duplex The same conclusion has been reached by a 
comparison of neutral and alkali sedimentation analyses 
performed ın parallel on samples taken at various times 
m the course of the reaction The occurrence of single 
chain scission early m the reaction, taken together with 
the paucity of single chain breaks in the limit product, 
indicate that the enzyme first breaks only one chain and 
then, a few seconds later, breaks the complementary 
cham at a pomt directly or nearly opposite Our results 
do not reveal whether a given enzyme molecule remains 
bound to catalyse the breaks on both chams or whether 
the two chains are attacked mdependently 

The infectivity assay employed to determine the require- 
ments of the reaction 1s probably msensitive to single 
strand scissions, for 4 DNA can be rather extensively 
nicked by pancreatic DNase without loss of infectivity. 
We therefore remvestigated the requirements for ATP, 
Mgt+ and SAM by sedimentation analysis with P àC 
twisted circles as substrate We found that neither double 
nor single chain scission occurs 1f any one of the three 
components 1s omitted from the reaction mixture 

Duplexes with only one modified cham are not attacked 
Separated polynucleotide chains of °H AK DNA and #*P 
2 C DNA were mixed in appropriate complementary com- 
binations and annealed to obtam the two possible hetero- 
duplexes (one cham modified, the other unmodified) and 
both homoduplexes Incubation with enzyme followed by 
sedimentation analyses on neutral and alkal gradients 
showed that unmodified homoduplexes are cleaved but 
that the enzyme does not act on modified homoduplexes 
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Fig 5 Molecular size distributions of the reaction product before 
¢ oO ) and after (—-@——) strand separation Each point 


represents a fraction collected from the corresponding gradient A 
mixture of °H 2K DNA and "P 4C DNA was extensively incubated 
with enzyme and then analysed on 112 mi D,O—-H.O gradients con- 
taining 09 M NaCl, 0001 M EDTA and either 0 04 per cent sarcosyl 
VL97,0 01 MirtspH8 Qor01MNaOH The gradients were centrifuged 
in the SB283 rotor at 41,000 r pm for 3 3 h at 20° C, which moves the 
intact *H reference DNA about 85 per cent of the way down the gradient 

Sedimentation coefficients were computed for each fraction, taking into 
account the variation of acceleration, solution density, ana viscosity 
along the gradient Molecular size relative to intact H å K duplexes or 
single chains taken as unity was obtained from the sedimentation co 

efficients’? The ordinate for each point is the **P counting rate corrected 
for background and normalized to give the amount of DNA per unit 
molecular size No correction has been made for the effect of finite band 
width Parallel centrifugations of the DNA mixture mcubated without 
enzyme showed the “P DNA to sediment im both neutral and alkah solu- 
tion as & band with a half-width of three fractions at half its maximum 
concentration In the neutral gradient, the trailing edge was sharp while 
in alkali it displayed a tail mdicating that approximately 1/4 of the 
polynucleotide chains were broken In neutral solution 10 per cent 
of the material sedimented shghtly ahead of the leading edge while in 

alkali the leading edge was sharp 
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°H (counts x 10-°) and "P (counts x 1074) 





Distance from meniscus 


Fig 6 Sedimentation distributions of a mixture of °H 2 K non-circular 

DNA and P AC twisted circular DNA after incubation with enzyme 

for (a) 30, (b) 60 and (c) 120s The distributions of the untreated DNA 

mixture and of the mixture incubated with enzyme in a reaction mixture 

lacking ATP and SAM were essentially the same as that seen in (a) 

Samples were centrifuged for 11 h under the conditions given in the 
legend for Fig 1 ~—-@——,°H, ——O-——, ”P 


or on either of the two heteroduplexes (fig 7) Thus 
heteroduplexes are resistant even to single cham scissions 

A restriction enzyme from P1 lysogenzed cells We have 
partly purified a restriction activity from cells lysogenic 
for phage P1 which specifically breaks DNA duplexes of 
phage à grown on strams not lysogenic for P1 Like the 
restriction enzyme from stran K, ıt requires Mgt+, ATP 
and SAM The product of its action also consists mainly 
or entirely of relatively large fragments of the duplex 
We propose that these enzymes be designated Æ cols 
endonuclease III K and III P, respectively 

Discussion The degree of purification achieved and 
the diversity of the fractionation procedures employed 
make it most unlikely that the restriction activity we 
have isolated corresponds to more than a single molecular 
species, although 1t may well be a stable aggregate of two 
or more sub-units Indeed, the enzyme’s high sedimenta- 
tion coefficient, the complexity of its action and co- 
factor requirements suggest an aggregate 

The ATP and SAM requirements of endonucleases IIT K 
and III P are unprecedented and we do not yet know 
whether either compound ıs consumed m the reaction or 
acts only catalytically, possibly as an allosteric effector 
The requirement for SAM ıs especially mteresting because 
of the lkelihood that modification corresponds to the 
specific methylation of DNA, presumably usmg SAM 
as a methyl donor It appears that the enzyme interacts 
directly with ATP, for it 1s rapidly activated when they 
are incubated together if SAM 1s absent 

Takano, Watanabe and Fukasawa?’ have described a 
specific mactivation of unmodified infectious 2 DNA by 
extracts of bacteria carrying certain restrictive episomes 
No ATP was added to their reaction mixtures In our 
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experiments and m an earlier investigation (unpublished 
results of § Lederberg and M Meselson) using the i 
infectivity assay system, neither K nor P restriction 
activity was detected m bacterial extracts without added 
ATP, the addition of SAM was unnecessary m our crude 
extracts It remaims to be seen whether the enzymes 
associated with the restrictive episomes studied by Takano 
et al differ m their co-factor requirements from the K 
and P enzymes or whether there was adequate ATP (and 
SAM) naturally present in their extracts 

The size distribution of the DNA fragments m the 
limit digest of the restriction enzyme poses several prob- 
lems The very hmuted action of the enzyme wm vitro 
contrasts sharply with the nearly complete and very rapid 
breakdown of unmodified DNA to acid soluble products 
seen im vivo*l#2 Perhaps the production of an end, or 
a certain type of end, quite generally exposes a DNA 
duplex to such breakdown within the cell, even though 1t 
1s not clear that the known nucleases of # cole would be 
sufficient for this purpose** Although ıt seems very likely 
that the restriction enzyme attacks DNA at fixed sites, no 
clear indication of discrete species was seen m the sedi- 
mentation profiles of the hmit product Depending on 
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Fig 7 Alkali ecdimentation profiles of (a) reconstituted “H 2 K. and 

3P 4 C homoduplexes and (b) the two possible heteroduplexes after in- 

cubation with enzyme Samples of 02 ml were layered onto 35 ml 

6-20 per cent sucrose gradients containing 0005 M EDTA and 03 M 

NaOH and centrifuged 18 h at 55,000 rpm in the SB405 rotor at 
20°C s nH, (9) SUP: 
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the distribution of susceptible sites, however, 16 1s possible 
that different classes of fragments would not have been 
resolved under our conditions of analysis 

The molecular size distribution of the lmuit product 
indicates that not all X chromosomes are broken to the 
same degree For example, although there are segments 
of approximately 40 per cent length, they comprise much 
less than 40 per cent of the digest, as though an appreciable 
number of chromosomes did not react to give such seg- 
ments If Fig 5 accurately portrays the molecular size 
distribution of the mut product, 1t may be that the mutual 
population of DNA molecules was heterogeneous, some 
may already have been modified at one or a few sites. 
Alternatively, the restriction enzyme itself may occasion- 
ally render some sites resistant to cleavage Conceivably 
the restriction enzyme is also the modifying enzyme but 
with its modifying activity only weakly manifested in our 
assay system The presence of SAM m the meubation 
mixture, the close genetic linkage between r- and m- 
mutations, and the fact that a large proportion of r- 
mutants are also m- (refs 4, 5 and 24), are consistent 
with this mterpretation, although other explanations can 
be given 

It is definitely known that one, and somewhat less well 
established that both, of the two possible à chromosomes 
with only one modified polynucleotide chain are able to 
infect and multiply normally in a restricting host®. Our 
findmg that both types of à heteroduplex are resistant to 
the restriction enzyme confirms these conclusions This 
shows that both polynucleotide chams of AK DNA are 
modified at every site of potential attack The fact that 
heteroduplexes are resistant even to smgle chai scission 
indicates that the enzyme somehow takes account of the 
structure of both chams before cuttmg either The 
resistance of heteroduplexes may serve to protect newly 
replicated bacterial DNA from attack by the cells’ own 
restriction enzyme, allowing time for modification of the 
newly synthesized cham Indeed, if restriction and modi- 
fication are accomplished by the same enzyme, the choice 
between the two reactions may normally be governed by 
whether the substrate 1s an unmodified homoduplex or a 
heteroduplex, respectively The extreme destructive 
potential of the restriction system may have enforced 
selection for additional mechanisms to ensure that cellular 
DNA newly synthesized by replication or repair 1s modified 
before ıt can be restricted Various protective control 
mechanisms can obviously be devised involving the co- 
factor requirements for restriction and the sensitivity of 
the restriction enzyme to ATP when SAM is absent 

If DNA synthesis m restricting bacteria could be con- 
tanued beyond one generation after methylation has been 
blocked, the resulting unmodified homoduplexes should 
be vulnerable to cleavage and degradation by the cells’ 
own restriction system Having made this prediction, 
we were struck by the report of Lark that DNA synthesis 
m methionmeless Æ colt 15T- halts one generation after 
methionine ıs replaced with ethionine or norleucime and 
that much of the cellular DNA may then become acid 
soluble Although the level of SAM may be very low 
during methionine deprivation, even one cleavage of the 
bacterial chromosome by restriction enzyme might stop 
replication and trigger extensive degradation According 
to this picture, DNA synthesis should continue beyond 
one generation and without degradation if Lark’s experi- 
ments were repeated with a stram deficient m restriction 

Finally, endonucleases ITI K and IIL P may provide a 
model for other systems that cleave duplexes or cut 
single chains at specific locations, not only ın connexion 
with restriction phenomena, but possibly also m replica- 
tion, recombination or transcription 

This work was supported by the US National Science 
Foundation We thank Miss Ann Hablaman for technical 
assistance and Martin Oster and Fred Blattner for their 
help Samples of S-adenosylhomocysteme and 5’-thio- 
methyladenosine were provided by Dr 8 Harvey Mudd 
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Materials and Methods Bacteria and bactervophages Strain C600 (ref 
10), 1t8 derivative CR34 thy (ref 11) and the DNA endonuclease I deficient 
strain 1100 (ref 12) have the restriction and modification properties txmx 
Strain 1100 293 is an rs, mg mutant of stram1100 Strains C600 4.and C600 5 
are rx-ma~ Bacteriophage 41s the wild type of Kaiser“ and 2e 18 a clear plaque 
forming mutant Phages grown on mk- atrams are designated 4 C, following 
the custom based on the fact that E coh strain Cismi- Taking the plating 
efficiency on strain C600 4 as unity, that on all other sensitive rk- strains 
employed was 1 0 and on r~ strains was 1 0 for 4 K and 10~ for 4 C 

NA preparations Stocks of 2K and de O were made on strains C600 
and C600 4, respectively, by the agar layer method Stocks of *H-thymidine 
ÀK and **P 4C were produced by ultraviolet light duction of CR34 (A) 
and C600 4 (4) in radioactrve media Phages were purified by two cycles 
of differential centrifugation followed by equilibrium sedimentation in CsCl 
solution DNA was extracted with water-saturated phenol, extensively 
dialysed against 0 01 M tris, 001 M NaCl 2x104 M EDTA, pH 74 (TNE) 
and stored at 0°C Before use in assays, DNA solutions were kept at 55° C 
for 5 min in order to disassociate end-to-end aggregates ‘Twisted circular 
4 DNA was prepared by infection of Æ col C600 4 (4) or C600 (A) with 
10 =P 4C or “4 AK per cell, respectively After incubation for 30 min at 
37° C in tryptone broth, the infected cells were sedimented, washed with 
0 03 M és pH 8 0, 001 M NaCl, and resuspended in the same medium at 
5x 10° cells/ml The suspension was made 0 02 per cent in lysozyme, m- 
cubated for 1 min at 37° C, made 0 01 Min EDTA, incubated for an additional 
minute, and lysed by the addition of 10 mg/ml sodium dodecyl sulphate 
The lysate was sheared by vigorous passage through a No 26 hypodermic 
needle, extracted with water-saturated phenol, dialysed against TNE, and 
sedimented through a neutral sucrose gradient contaming 10° M EDTA 
After shear treatment, host cell DNA sediments much more slowly than 
A twisted circles, which are relatively insensitive to shearing The fraction 
of the gradient contaimng twisted circles was dialysed against TNE and 
stored af 0°C 

Polynucleotide chan separation and annealing Separated polynucleotide 
chains were prepared according to Hradecna and Szybalski'5, using poly 
UG rather than poly IG Broken chains and poly TG were removed by 
sedimentation through an alkali D,O-H,O gradient Complementary mx- 
tures contaming approximately 10 ug/ml of purified smgle chams were 
annealed bv overnight dialysis at 37° C against 0 001 M EDTA, 0 1 M NaCl, 
NaOH pH 10 5 followed by dialysis against TNE (private communication 
from W Doerfler and D Hogness) More than 80 per cent of the annealed 
material sedimented at the same rate as native DNA duplexes in neutral 
001 Msalt Sedimentation analysisin alkalı showed that most of the annealed 
duplexes were free of single chain breaks 

Enzyme assays Restnetion activity was assayed in a mixture contaimng, 
perm] 50 xmoles trs, 5 zmoles MgCl., 0 2 zmoles EDTA, 5 zmoles mercapto- 
ethanol, 100 ug gelatine, 0 2 umoles ATP, 0 02 umoles S-adenosylmethionine 
(SAM), approximately 10° phage units of “P 40 DNA and °H å K DNA, 
and the enzyme sample to be assayed SAM was purified from the com- 
mercial product by elution from ‘Biorex 70’ with acetic acid The pH of 
the reaction mixture was 7 7 at 20°C After mcubation for the desired time 
at 37° C, 1/10 volume of 0 4 M EDTA pH 9 5 was added and the mixture was 
subjected to sedimentation analysis 

In some assays, radioactive DNA was replaced with approximately 10° 
phage units of a mixture of Ac CDNA and AK DNA After incubation, the 
reaction mixture was diluted 1 100 in TNE and assayed for infectivity 
Restriction was measured as a decrease in the ratio of clear plaques to turbid 
plaques, relative to the ratio for the untreated DNA mixture AK DNA 1s 
not inactivated by the purified enzyme The infectivity assay was that of 
Kaiser and Hogness'* except for the followimg strain C6005 was used as 
pent and C600 4 (21) as indicator Recipient cells were prepared by 
45h growth at 87°C froma 1 3 dilution of an overnight culture ` Glycerol 
rather than glucose was used as carbon source The bacteria were sedimented, 
resuspended at 2 x 10°/ml in 0 01 M MgSO, infected with 5 A13 phages per 
cell, incubated for 7 min at 37° C, diluted 1 1 with iced 0 01 M tris pH 8 0, 
0 OL M CaCl, 0 01 M MgSO,, sedimented, and resuspended at 2x10°/ml_in 
the same solution The celis were kept at 0° C for 2-12 h before use The 
efficiency of the assay was approximately 001 plaques per phage unit of 
ADNA Infectivity assays were useful for detecting restriction activity only 
after the phosphocellulose chromatography step m the purification of the 
enzyme Less purified enzyme preparations caused severe non-specific 
mactivation of infectivity 
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Strengthening of Silicate Glasses by lon Exchange 


by 
D K HALE 
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A GENERAL characteristic of brittle solids 1s that surface 
cracks or other defects can lead to local stress concentra- 
tions and a fracture strength which 1s very much less 
than the intrmsic strength of the material Glass ıs a 
typical example—‘‘ordinary glass” usually has a strength 
of the order of a few thousand lb /in ? but, if special care 
is taken to avoid surface defects in manufacture, strengths 
of more than 300,000 Ib /n 2 can be obtamed even in 
rods, and very much higher strengths are observed with 
fibres 

The presence of surface defects m glass must usually be 
accepted as mevitable Most of the successful methods 
for strengthenmg glass have mvolved the introduction 
of compressive stress in the surface layers to overcome 
the strength-impairmg effects of surface cracks or other 
defects In thermal tempering, for example, compressive 
stress 1s introduced by rapid cooling Strength mereases 
of up to 30,000 Ib /in ? can be achieved ın this way 

A most effective method of strengthening glass, known 
as chemical strengthening, has recently been developed 
In this method, small cations imtially present in the 
glass are replaced by larger cations from a molten salt®-¢ 
The exchange process 1s confined to a thin layer next to 
the glass surface The strengthening treatment 1s carried 
out at a temperature below the annealing range so that 
the stresses introduced are not removed by relaxation 
On cooling, a permanently stressed layer with a thickness 
of from 50u to a few tenths of a millimetre 1s obtamed 
Strengths of more than 100,000 Ib /m ? can be attamed 
which are not umpaired by mild abrasion This method 
(or a suitable modification) should be applicable to other 
brittle solids and has indeed been applied recently to glass 
ceramics , the strength of nepheline glass ceramics was 
increased from less than 8,000 Ib jm? to more than 
200,000 Ib /in ? (ref 7) 

Although the kineties of 10n-replacement processes in 
glasses have been mvestigated ın some detail®.®, there 
seems to be no published work on the nature of the 
1on-exchange equilibrium between the bulk glass and the 
molten salt The factors which determine the distribu- 
tion of the exchanging ions between the glass and the 
molten salt would be expected to decide the ease with 
which one ion can be replaced by another and the com- 
pressive stress which can be achieved 

In considering the 1on-exchange equilibrium between a 
silicate glass and a molten salt, 1t will be assumed that the 
basic structure of the glass consists of an wregular three- 
dimensional network built up from silicon—oxygen tetra- 
hedra m which each silicon ion 1s surrounded by four 
oxygen ions The tetrahedra are linked together at the 
corners by sharing a common oxygen ion In places, the 
silicon 1ons are linked to “non-bridging” oxygen ions 
imstead of through —O— Imkages to other silicon ions, 
thus providing sites for cations such as Nat, K+, Catt 
The alkal metal ions can diffuse through the structure 
and small ions m the glass (Na+, Lit, for mstance) can be 
replaced by larger 1ons (such as K+) from the molten 
salt In the strengthenmg process this 10n replacement 
leads to an increase ın volume ‘This takes place against 
the elastic forces ın the silicate network and the mechani- 
cal restraint imposed by the glass substrate which, if 
relatively thick, can be assumed to be ngid 

If we consider the replacement of one univalent cation 
by another the exchange process can be represented by 


Surface defects are almost always present in glass, reducing its 
strength. One way of overcoming this ıs to replace cations in the 
surface layer with larger cations from a molten salt 


the equation 7 
A+B2B+A (1) 
where A and B represent the two cations in the molten 
salt and A and B represent the same cations m the glass 
The electrochemical potential 4, of a species + in the 
glass will be given by 
ew tako (2) 
where Hi 9, %7 and F are the chemical potential, the 
electric potential, the electrochemical valence and the 
Faraday constant, respectively 
Assuming an isothermal system and splitting u. mto 
two parts—p,’ representing the composition-dependent 
part of the chemical potential and {;” the contribution 
due to the change m mechanical strain energy when one 
10n. 1s replaced by another—we have 
M=p' +u +alo (3) 
For the molten salt 
n= pit ziF e (4) 
At equilibrium the electrochemical potentials H: and x; 
will be the same, so that because A and B are univalent 
cations (z,=1) we have 


F(¢— 9) = pam papa” (5) 
and Syn eee 
F(?—9) =a — pB — pB” (6) 
Introduemg activities we obtain the relationship 
AQB = x 
RT In ( —— ) = (fin” — Ba” 7 
n \ anaa) 7 E T Ma ) (7) 


where @a and ag are the activities of A and B in the molten 
salt, and Ga and Gz are the corresponding activities n the 
glass 
If we now define a selectivity coeffiaent K by the 
relation 
Cac 
Kå = 4 (8) 
CBCA 
where ca and cg are the concentrations of the ions in the 
molten salt and ¢, and ¢g are the corresponding concentra- 
tions m the glass, we have 


Ink} =n (22) + In M+ Ge (9) 


where Wm=(Ẹs”— p4") and ya, ys, Ya and yg are the 
activity coefficients of the ions A and B m the molten salt 
and the glass, respectively 

In this relationship the first two terms on the nght-hand 
side represent the effect of chemical factors on the selec- 
tivity coefficient The last term represents the effect of 
the mechanical forces Wi, 1s the mechanical work m- 
volved in the replacement of 1 mole of cation A by an 
equivalent amount of cation B, and includes any work 
which may be done against external forces 

Some indication of the effect of the first two terms on the 
selectivity coefficient can be obtamed from existing 
physico-chemical data The effect of the third term 1s 
considered below 

The value of W 1m the absence of external restraints 
may be estimated by assummg that the glass 1s an elastic 
continuum and applymg the “musfittmg sphere” theory 
This approach has very obvious weaknesses but, as 
Eshelby!® has pomted out, the limitations are perhaps 
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more immediately obvious than the shortcomings of 
other approximate treatments This type of approach, 
using the methods of classical elasticity, has been used with 
various modifications and with varymg degrees of success 
in theories of the formation of lattice defects!®."1, pre- 
crpitation hardening?” and the thermodynamic properties 
of solid solutions of metals?* The following discussion of 
strain energy effects on 10n exchange in glasses 1s based on 
the treatment of misfit energy in metallic solid solutions 
given by Eshelby!? and Christian? 

We assume that the glass ıs muitially stress free and 
first consider the replacement of an 10on A (radius rZ 
and volume v3) by the larger 1on B (radius rg= (l +e)? 
and volume vg) mm an infinite elastic continuum We 
remove the 1on A from the glass and expand the cavity 
to accommodate the 10n B which can be assumed to be 
either a rigid or an elastic sphere In the latter case, at 
equilibrium, the volume of the B ion will become vg 
and its radius rp=(1+Ce)rg 

c 3Kp 
(3K + 4G) 
where Kz 1s the effective bulk modulus of 10n B and Gy 
is the shear modulus of the matrix (C=1 and v—a=vf% 
if the B ion 1s incompressible ) 

For an infinite continuum there 1s no dilatation of the 
matrix (m other words, the density ıs constant) If we 
consider a closed surface ın the continuum which encloses 
the A ion, 1t can then be shown that the volume enclosed 
by the surface will increase by Av when the A ion 1s 
replaced by the B ion, and that 


Ave = 0 Avas 


(10) 


(11) 
where 
Avag =v —v}] = 4ne(r i)? (12) 
When the exchange process takes place in a finite 
body of glass, the boundary conditions used ın the previous 
solution are no longer applicable, but a solution can be 
obtained by superimposmg a set of “image” displacements 
caused by surface tractions For the case of a sphero 
(with the A 10n at the centre) there 1s a umform dilatation 
of the matrix and the merease m volume caused by image 
forces 18 


Avt= (4Gm/3K m) Avo (13) 

where Km 18 the bulk modulus of the matrix 

The total increase in volume of the system ıs 
Cc 
Av = Avo + Av = a Avaz (14) 
where 
3K 

CO = ——* (15) 


(8K + 4am) 


This result for the change ın volume has been shown by 
Eshelby** to be valid for any external surface If the 
effective bulk modulus of the 1on B ıs assumed to be 
equal to that of the matrix, then ıt follows from equations 
(10) and (15) that C=C’ and 





Av= Avap=v§—v3 (16) 
The strain energy of the whole system 1s 

Ws = 6GumuOzcwB (17) 

and because € = Avan 

3uB 

A 2 
W, = 20y o Ave)” (18) 
3upB 


Equations simular to equation (17) have been derived 
by Frenkel" (for a mgid sphere) and by Friedel4 

In a finite body of glass there ıs a dilatation of the 
matrix when 10n A 1s replaced by the larger ion B, so 
the successive mtroduction of B 1ons becomes progres- 
sively easier ‘This effect can be expressed m terms of an 
interaction energy which will reduce the value of Ws 
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as the fraction of B ions mcreases In glasses, where the 
exchangeable 1ons occupy a relatively small proportion 
of the total volume, the effect 1s, however, expected to be 
small 

From the volume increase given by equation (16) we 
can estimate the compressive stress p which will be devel- 
oped ın a surface layer when A ions are replaced by B 
1ons_ If the underlymg glass ıs assumed to be rigid so 
that expansion can take place in one direction only, 1t 
can readily be shown that the compressive stress 1s given 
by the approximate relationship 


ea) 
p= 3u./ Nl — p 
where Av, ıs the mcrease ın volume of a volume v, of 
glass contaming 1 mole of 1on A, when the A ions are re- 
placed by Bions ŒE ıs Young’s modulus and p 1s Poisson’s 
ratio 
The effect of external mechanical restraint on the 10n- 
exchange equilibrium has not so far been considered 
The work W, done against the external forces when the 
glass ıs free to expand ın one direction only can be estim- 
ated using equation (19), and ıs given by 


v- Èran 


If we know the appropriate values of v and v, we 
can now obtain W, from equations (17) or (18) We 
can be obtained from equation (20) and the value of the 
selectivity coefficient K4 can be estimated from equation 
(9) 1f we assume that the effect of the first two terms on 
the mght-hand side 1s relatively unimportant We can 
also obtain the increase in volume from equation (16) 
and the compressive stress developed in a surface layer 
from equation (19) 

The difficulty m the application of these relationships 
les in the selection of appropriate values for v3 and v$ 
It ıs clearly unlikely that the size of the cavity ıs determ- 
med by ionie radu equal to those ın crystals Indeed, if 
W, 1s calculated for the replacement of Na ions by K 1ons 
assummg that rya=095 A, rg=1 33 A, H=7x 105 kg 
cm-? and c= 0 25, then W:= 13 9 Cals mole which would 
mean that the replacement of Na 1ons by K 1ons would be 
practically 1mpossible because Kg* would be of the order 
of 7x 104 at 400° C It ıs most likely that the size of the 
cavity will be determined by steric factors involved in the 
arrangement of the silicon—oxygen tetrahedra around the 
alkali metal ions and that the cavity may be similar to 
those in ecristobalte We can, however, assume an 
arbitrary effective radius for the cavity which gives 
the required volume expansion and then use this value to 
estimate the selectivity coefficient and the compressive 
stress which would be attamed in the strengthenmg 
process 

To illustrate the application of these relationships to an 
actual system, we will consider the replacement of 
Na ions by K 10ns in a glass initially containing 1 mole of 
Na ions in 60 cm? of glass If we assume that the Na 1on 
18 situated ın a cavity with an effective radius of 1 15 A, 
that the glass ıs mitially stress-free and that the Na 10n 
1s replaced by a K 10n with a radius of 1 33 A, then the 
change in volume of the system will be 2 1 cm? mole-! 
This is ın agreement with values of 1 25 to 3 5 em? mole-} 
calculated from the approximate data given by Burggraaf!® 
for the merease in thickness of a surface layer after 
lon exchange (It may be noted that these values are 
considerably less than the value of approximately 7 
em mole-! which would be expected from the difference in 
the densities of sodium and potassium glasses of similar 
composition prepared by melting) From the volume 
increase and using equation (19) we can estimate the 
compressive stress which would be developed ın a surface 
layer Assummg H=7x10®° kg cm, o=025 and 
v=60 cm’, we obtam a value of 11,000 kg cm, in 
reasonably good agreement with the value of 8,400 kg em-? 


(19) 


(20) 
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obtained experimentally by Burggraaf' with a glass con- 
taining 20-15 per cent by weight of Na,O. From equation 
(17) a value of 2-65 Cal mole is obtained for Ws. This 
corresponds to a value of 7-3 for Kz" at 400° C if we 
assume that Yya/YK =YNa/yg. Avalue of 0-36 Cal mole-? 
is obtained for W. from equation (20) assuming that 
p= 11,000 kg cem and Av= 2-1 em? molet. The value of 
KR would therefore be expected to increase from 7:3 
towards 9-5 as compressive stress is developed in a surface 
layer. A value of approximately 9 for Ky would mean 
that there would be some difficulty in replacing Na ions 
by K ions but that 90 per cent replacement could be 
achieved if the ion-fraction of Na in the molten K salt is 
not allowed to exceed 1-2 per cent. Although the effect 
of the bi-axial compressive stress on the selectivity 
coefficient is relatively small, it would be expected that 
during the initial stages of the exchange process there 
would be a tendency for the K ions to form linear arrays 
perpendicular to the surface. (In a system with uniaxial 
compression a layered type of structure might be expected.) 

In discussing the effect of the strain energy term on the 
ion-exchange equilibrium it has been implicitly assumed 
that the ions are situated in randomly distributed sites. 
There is, however, evidence that, in the caesium and 
rubidium silicate glasses, the non-bridging oxygens are 
closely associated in pairs and that with the potassium, 
sodium and lithium glasses, larger clusters may be 
formed!?)8, This non-uniform distribution of exchange- 
able ions may be expected to have some effect on the 
validity of the model used in estimating the value of the 
strain energy term, but it would be expected that the 
model would still provide an approximate indication of 
the magnitude of the strain energy effects. It has also 
been assumed that the effect of the first two terms in 
equation (9) is relatively small. On the basis of Eisenman’s 
theory of glass electrode behaviour’? it would appear that 
the importance of these two terms relative to the strain 
energy term will depend primarily on the difference 
between the effective anionic radii in the glass and in 
the molten salt. 

The model used in this discussion of ion replacement 
processes in silicate glasses is clearly an approximation, 
but the relationships derived show how the compressive 
stress achieved in the strengthening process will depend 
on the nature of the exchanging ions, on the concentration 
of ions introduced into the glass, on the elastic properties 
of the glass and on the conditions used in the replacement 
process. To achieve a high compressive stress in the 
strengthening process a high proportion of the replaceable 
alkali ions initially present in the surface layer have to be 
replaced by larger ions. If the ions differ considerably 
in size, the effect of the strain energy term on the selectiv- 
ity coefficient will clearly become of considerable impor- 
tance and may lead to a high value for K4. The extent 
of exchange which can then be attained will be very sensi- 
tive to the presence of low concentrations of ion A in 
the molten salt and it will be difficult to achieve the 
required degree of replacement under practical conditions. 
The effect of the strain energy term may, however, be 
offset by the effect of the first two terms in the RHS of 
equation (9). By a suitable selection of the molten 
salt system or by a suitable modification of the glass 
(the use of an aluminosilicate glass, for example) it 
may be possible to increase the value of yxya/yaye and 
thus reduce the effect of the strain energy term on the 
selectivity coefficient 


Addendum 


Further support for the theory of ion-exchange 
strengthening developed here is provided by the work 
of Rothermel**. In a study of the effect of stress on the 
durability of ion-exchanged surfaces, two aluminosilicate 
glasses were heated below their strain points in KNO, 

baths containing up to 10 per cent NaNO, as a contamin- 
“ant. Glass F initially contained (on a mole per cent basis) 
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Fig. 1. Effect of sodium ion concentration in molten salt on ion exchange 
at a glass surface. 1, Theoretical relationship; 2, experimental (Rother- 
mel, glass G), 3, experimental! (Rothermel, glass F). 


12-3 per cent Na,O and 2-8 per cent K,O; glass G con- 
tained 12-4 per cent Na,O and 2-6 per cent K,O. Treat- 
ment for 6 h at 525° C in 100 per cent KNO, led to approxi- 
mately 90 per cent exchange at the surface and a modulus 
of rupture value of 70,000 Ib./in.* (90,000 Ib./in.? for 
unabraded samples). With abraded samples treated in 
KNO, containing 10 per cent NaNO, the exchange at 
the surface was approximately 55 per cent and the 
modulus of rupture was 40,000 Ib./in.?. 

These experimental values may be compared with the 
theoretical values for a glass containing 11-6 per cent 
Al,O,, 12-4 per cent Na,O and 76-0 per cent SiO,. If we 
assume a density of 2-40 g cm~, the volume of glass con- 
taining 1 mole of Nat will be 109 cm*. If we now take, as 
before, a value of 2-1 cm? mole~! for the change in volume of 
the system on replacing Na by K ions and assume that 
E=7x 10° kg cm~ and o = 0-25, we obtain values of 76,500 
ib.fin.? and 46,750 Ib./in.? for the compressive stresses 
introduced by 90 per cent and 55 per cent exchange, 
respectively. These theoretical values are rather higher 
than the modulus of rupture values for abraded samples, 
but the agreement is not unreasonable if it is assumed 
that the strength of untreated abraded samples is low. 
Because the value of W, depends solely on the elastic 
constants and the volume change, it will have, as before, 
a value of 2-65 Cal mole-!. This will correspond to a value 
of 5-3 for Ky" at 525° C if we assume that Yya/Ye = 
yna/yK- A value of 0-197 Cal mole~! is obtained for We 
when the compressive stress is 5,990 kg em. This means 
that the theoretical value of KX* will increase from: 


5'3 towards 6-0 as compressive stress develops in the 


surface. The theoretical relationship between the per- 
centage exchange at the surface and the mole fraction of 
Na in the molten salt is shown in Fig. 1, which also includes 
Rothermel’s results with the two aluminosilicate. glasses. 
(It has been assumed that the mole fraction of Na ions 
in the molten salt in Rothermel’s experiments can be’ 
calculated from the amount of added NaNO, and that 
the amount of sodium transferred from the glass to the 
molten salt is negligible.) It will be seen that the effect 
of added NaNO, on the extent of exchange at the surface 
is very similar to that which would be expected from the 
theory. 

I thank Mr H. L. Cox for helpful discussions and 
comments. 
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Tue oxidation of Fe,0, to y-Fe,0, has been investigated 
many times since the establishment of the close relation- 
ship between the structures of the two oxides, and since 
Hägg! first discussed the mechanism of the reaction. 
Feitknecht and Lehmann? showed that this oxidation 
was a one phase topotactic reaction. (We have used here 
the nomenclature of Mackay*.) The oxide ion lattice 
remains cubic close packed and oxygen layers are added 
as the iron cations migrate to the surface. The results of 
Egger and Feitknecht4 indicate that particle size not only 
determines the rate of the reaction but also whether the 
a or the y form of Fe O, is obtained. When pure mag- 
netite is oxidized below 220° C, particles less than about 
3000 A in diameter always yield y-Fe,O, while larger 
particles are first oxidized to a composition intermediate 
between Fe,0, and Fe,0;, and then undergo dispropor- 
tionation into Fe,O, and «-Fe,0O;. The Fe,0,, which has 
reappeared, is oxidized directly to a-Fe,0; in the last 
stages of the reaction. Below 220° C, y-Fe,O;, although 
metastable at these temperatures, remains unchanged 
for indefinite periods, but above about 250° C the trans- 
formation to the thermodynamically stable «-form may 
be observed. This transformation, which is quite a dif- 
ferent phenomenon from the formation of a-Fe,O, during 
the oxidation of the larger particles, has been the object 
of a separate study’, Because the oxidation of Fe,O, is 
important in many fields, such as mineralogy and cor- 
rosion, and because the mechanism of the oxidation to the 
y form has the appearance of being a special type of 
topotactic reaction®, a comprehensive investigation em- 
ploying X-ray and kinetic techniques was undertaken. 
This report describes the salient features of the study and 
proposes a model for the reaction mechanism. 

The magnetite sample was prepared by a method!? 
which produces uniform, monocrystalline cubes (see Fig. 
1). The Fet content was 24-6 per cent of the total iron 
content, which is the highest obtainable for particles of 
this size when prepared by this method. Electron micro- 
graphs showed that during oxidation the cubes remained 
intact and monocrystalline, and that the surface area as 
measured by the BET method, 6-2 m*g-!, remained vir- 
tually unchanged throughout. This and all previous 
evidence indicates that this system belongs to the topo- 
tactic class of solid state reactions. 

Apart from some intensity changes and small line shifts 
the X ray diagrams taken at successive stages of the 

co address: Alusuisse, Walliserwerke, CH-8965, Chippis, Switzer- 
and. 


X-ray diffraction and kinetic measurements show that the rate of 
oxidation of magnetite crystals smaller than about 0.2. to y-Fe,O, 
is controlled by the diffusion of iron cations. A model of the mechan- 
ism is successful in describing the kinetics of the process. 


oxidation are identical with those of stoichiometric mag- 
netite, Fe,0,, down to a composition of about 22 per cent 
Fe* (see Fig. 2). Below this composition reflexions of 
the primitive lattice of the LiFe,O, structure appear, 
indicating that cation holes are being created on the 
“lithium” sites of the structure. Between 8-5 and 6-5 per 
cent Fe? the tetragonal reflexions of y-Fe,O, emerge. 
The structure of y-Fe,O, is related to the LiFe,O, struc- 
ture but with holes and cations ordered in the sequence 
FeO O FeO O Fe OO FeO 0 Fe along a spiral of 
the “lithium” sites, which gives rise to the tetrahedral 
symmetry’, Calculations show that at 9-09 per cent Fe*+ 
the number of occupied and empty “lithium” sites are 
equal and if ordered the cubic symmetry of the LiFe,O, 
structure would be retained, but below this composition 
any kind of ordered sequence along the “lithium” spiral 
will result in a loss of cubic symmetry. Fig. 3 shows the 
variation in the intensity of the (111) reflexion, measured 
at successive stages of oxidation from 24-6 per cent to 
zero per cent Fe®+, and during reduction with hydrogen 
from 24-6 to 30 per cent Fe?™*. At about 8 per cent there 
is a break in the curve which we believe is associated with 
the emergence of the tetrahedral reflexions at or near the 
same composition. 

The profile of the «(440) reflexion was measured at 
different stages of oxidation after quenching to room 
temperature. The Bragg angle was found to move con- 





Fig. 1. Electron micrograph of a magnetite sample. The average 
length of the cube edge is 1940+100 A, which agrees closely with 
the value 1870 + 30 A calculated from BET surface area measurements. 
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Structure 
G-——> 
Fig.2. Comparison of Guinier photographs taken at different compositions. 


New lines are always weak when they first emerge with decreasing: 


Fett content but increase in intensity to a maximum at the end of the composition range for that structure. 


tinuously from 72-73° to 73:13°, the value for y-Fe,O0;, 
and the line profile at first gradually broadened asym- 
metrically to a maximum, and then slowly returned to 
its original width and shape towards the end of the 
reaction. Tf the reaction is interrupted the original width 
and shape (but not the Bragg angle) could be restored by 
annealing. The difference in asymmetric broadening 
between annealed and unannealed samples enabled the 
lattice strain to be calculated by the method of Kochen- 
dérfer and was found to be a maximum at 16 per cent 
Fet, but the change in line width and profile is much less 
than that expected from the concentration gradient 
normally associated with a diffusion mechanism. This 
point assumes considerable importance in the discussion 
of the mechanism. 

For the kinetic investigations, 70-80 mg aliquots of 
magnetite were oxidized at 190° C to different composi- 
tions and annealed thoroughly. The kinetics of oxidation 
were measured on a Cahn electrobalance for all composi- 
tions at 190°C and the fractional uptake of oxygen 
plotted against 4/i (Fig. 4) and against t/t,,., where tya 
is the time for half reaction (Fig. 5). Initially all the 
kinetic runs obey a parabolic law characteristic of diffusion 
when the semi-infinite solid conditions hold and when the 
boundary conditions of uniform initial concentration 
throughout the solid and constant surface concentration 
apply. The fraction F of the reaction over which the 
parabolic law is obeyed depends on the variation of D, 
the diffusion coefficient, but unless this changes dis- 
continuously or extremely rapidly a well defined parabolic 
curve, usually up to at least F=0-5, is always found. 
For this reason, the experimental results of diffusion 
controlled reactions, measured under the boundary con- 
ditions given here {and in the absence of discontinuous 
changes of D), follow or almost follow the same curve up 
to F=05 when plotted on a reduced time seale, t/ty 2 
Reduced time plots are therefore of little value in dis- 
tinguishing diffusion reactions in the region F=0 to 0-5, 
but at higher F values they are much more sensitive to 
the type of diffusion mechanism prevailing. 

The theoretical curve for diffusion into a cube under 
these boundary conditions and for a constant diffusion 
coefficient throughout was calculated from the analytical 
equation and is plotted as curve ¢ alongside the experi- 
mental runs in Fig. 5. None of the runs followed this 
curve at all, but rans for an initial concentration of less 
than about 10 per cent Fe?*, however, appeared somewhat 
similar. The symmetry of the erystal in this composition 
range is tetragonal and according to Neumann’s principle 
diffusion is not necessarily isotropic but only limited by 
the restriction Dr= Dy where Ds and Dy are the diffusion 
coefficients parallel to the a and b crystallographic axes, 
respectively. The possibilities for diffusion in a tetragonal 
crystal will fall into two categories. 

(1) D= Dy > Dz where D is the coefficient of diffusion 


along the c crystallographic axis. The two limits of this 
range are D,=0 and D,;=D,. The former was computed 
and plotted as curve b in Fig. 5. The latter is the isotropic 
case and is therefore represented by curve e. 

(2) D,=D,<D,;. The two limits here are Dr=Dy=0 
and D,= Dz, the latter again being the isotropic case. 
The former corresponds to one dimensional diffusion ina 
plane sheet, the solution of which has been computed by 
McKay?" and is plotted as curve a in Fig. 3. 

The experimental points fall within the range of cate- 
gory (2) and correspond very closely to the upper limit 
of category (1), that is, to D:=0 (curve b), ee. 

The experimental curve thus has two interpretations. 
The interpretation according to category (2) requires a” 
particular value of D./Dz, but we favour an interpretation. 
which is a limiting case and which amounts to diffusion im 
two dimensions only. Unfortunately, it seems impossible 
at present to settle this problem by carrying out diffusion 


coefficient measurements along selected directions because 





of the instability of large single crystals in this compositio: 
range. 
The agreement between the analytical solution for 
constant and equal values of Ds and Dy and the runs 
carried out over a narrow composition range (9:5-0 per 
cent Fe%+), together with the gradual displacement. of 
kinetic curves away from this solution for increasing initial 
compositions above about 10 per cent Fe", suggested a 
model for reaction in which the diffusion coefficient. is 
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Fig.3. Variation of the intensity of the (111) reflexion with composition. 
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‘concentration dependent and falls with decreasing Fe*+ 
--eontent. To test this possibility diffusion coefficients 
for each starting composition were evaluated from the 
‘slopes of the plots in the parabolic region using the semi- 
infinite solid equation’, and plotted against composition 
in Fig. 6. This plot indicates not only that D falls with 
_ decreasing concentration of Fe?+, but also that below 9-3 
< per cent the diffusion coefficient is constant. This would 
explain why runs at or below this starting composition 
‘simulate curve b so well. (Below 9-3 per cent Fe?+ the 
diffusion coefficient measured in this way is the average 
Of Dz, Dy and Dz.) 
The uptake-time curve predicted by such a model was 
computed using Fick’s law of diffusion 


de È pide 
dx/ 





èt èe 
which was linearized by introducing the variable 
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and the resulting equation 
38 ès 
Be? 


“was solved by numerical methods on an ICT 1905 com- 
puter for the case of a cube with the same boundary 
“conditions as defined here, for initial compositions 24-6, 
18-9 and 14-3 per cent Fett. The computed curve for the 
24-6 per cent Fe?™ case is shown as plot d in Fig. 5, yield- 

ing good agreement with the experimental points, but the 
~ fit of the theoretical curves for the other two cases was not 
so good. This feature will be discussed later. (The 
. theoretical curves and experimental results of these two 
cases have been omitted from Fig. 5 to avoid confusion.) 
- >The computer programme was designed to store the 
‘concentration profiles at successive points during the 
computation, which will correspond to successive stages 
during the reaction. These are presented in Fig. 7, to- 
gether with profiles for the constant diffusion coefficient 
‘ease for comparison. It is obvious that the profiles of the 
concentration dependent case are nearly horizontal in 
the “core” of the particle. The model thus predicts that 
as the chemical composition decreases it remains almost 
uniform over a considerable volume of the crystal, in 
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Fig. 4. Kinetics of oxidation of samples which had been previously 


oxidized to different compositions and then annealed at 190°C for 
s. more than 10 h. Kinetics were measured at 190°C and 150 torr Os. 
Tnitial concentration (Percentage of P O, 24-6; A, 18-9; W. 143; 

A, 95; (1, 40. 








NATURE, VOL. 217, MARCH 23, 1968 


Fraction of reaction (7) 
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Fig. 5. Kineties of oxidation as in Fig. 4 but plotted on a reduced 
time scale, t/t, along with theoretical curves for comparison. Below 


F=0-5 all experimental points and theoretical curves almost coincide 
and so are omitted, 


Experimental data: 
O, 24-6 
AL 98 2) Tnitial concentration (percentage of Fe). 


Theoretical curves for diffusion in a cube: 


a two Dimensional diffusion, constant P. (See text for precise 
©. three definition of boundary conditions.) 


d, Three-dimensional isotropic diffusion computed for an initial com- 
position of 24-6 per cent Fe®* and for D, which varies with concen- 
tration according to Fig, 6. 


contrast to the steep composition gradients predicted by 
the constant diffusion coefficient case. This phenomenon 
arises in the following way. During the first half of the 
reaction the greatest change in concentration in the 
magnetite crystal occurs in the surface layer. Because the 
diffusion coefficient will fall very rapidly in this layer 
during the early stages of the reaction it will behave like 
an insulator enabling the concentration in the “core” to 
remain near equilibrium during the whole of the reaction. 
The steep part of the gradient is confined to a smaller 
fraction of the volume of the erystal. This means that the 
broadening arising from strain induced by the change in 
lattice parameter with composition will be considerably 
less than that associated with the concentration gradient 
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Fig. 6. Variation ef diffusion coefficient of iron cations with composition 
at 190° ©. 

















NATURE, VOL. 217. MARCH 23, 1968 





0 id Q 

Surface Centre Surface 
Fig. 7. Computed concentration profiles along a crystallographic axis of a cubic crystal of side d, at successive times during oxidation. = === 
Represents the solution of the equation for diffusion from a cube with a constant diffusion coefficient, ——— represents the profiles for single 


crystal cubes of magnetite, calculated from the yariable diffusion coefficient model. 


cases and are defined in the text; 


in the constant diffusion case. The model thus explains 
the unexpectedly small amount of X-ray line broadening. 

An inherent feature of the model proposed in this 
paper is a continuous change in non-stoichiometry from 
Fe,0, to y-Fe,0;. Discontinuities in composition in non- 
stoichiometry, however, are relatively common, but seem 
to be characteristic of compounds which change com- 
position by an anion vacancy mechanism'*"'. Compounds 
like magnetite which may suffer a change in composition 
through a cation vacancy mechanism are, however, 
thermodynamically more likely to give continuous changes 
in composition (that is, completely miscible solid solu- 
tions) because of the smaller size of the cation holes. We 
suggest that the success of this model in describing the 
kinetics over the whole composition range indicates that 
a continuous change in stoichiometry without composition 
discontinuities takes place during oxidation under these 
conditions. Whether this is also true under thermo- 
dynamically equilibrium conditions is another matter. 

The model used for the computation of the theoretical 
curve for the kinetics of oxidation of the 24-6 per cent 
Fe? sample implies isotropic diffusion throughout the 
reaction whereas the experiment previously discussed 
indicated that when the composition falls below 9:3 per 
cent the diffusion is tetragonally symmetrical. The effect 
of not allowing for this feature in the model is likely to 
have only a small effect on the overall reaction kinetics 
when an initial composition as high as 24-6 per cent Fett 
is used. It may, however, explain the small discrepancy 
between curve d and the experimental points for 24-6 
per cent Fe?+, and the gradual deterioration in fit between 
the experimental results of runs for decreasing initial 
compositions and curves computed with the isotropic 
concentration dependent model. 

Colombo et al.!2 maintain that below 600° C magnetite 
never oxidizes to «-Fe,O, unless «-Fe,O, nuclei are already 
present. This is in contradiction to our observation. Even 
as low as 180° C particles larger than about 3000 A have 
been observed to oxidize to 2-Fe,O,, although according 
to the X-ray diagrams and the reducing conditions under 
which the magnetite was prepared «-Fe,O, nuclei were 
absent. Furthermore, in a separate study of the trans- 
formation of y-Fe,0, to «-Fe,0, Feitknecht and Mann- 
weiler® have observed the transformation of y-Fe,0, to 


The other boundary conditions are the same in both 


they inclnde isotropic diffusion throughout. Each curve is labelled with its corresponding F value, 


a-Fe,0, at temperatures as low as 250° C. Colombo et al. 


have used natural magnetite in their experiments whereas 


we have used pure synthetic preparations. It has been 
observed!* that some impurities, especially aluminium, 
stabilize the y form of Fe,0,. Because natural magnetite 
may contain impurities in solid solution and in amounts 


which may vary from one locality to another, it is invalid 


to extrapolate its behaviour to that of pure Fe,04. 

Egger and Feitknecht‘ assumed that in the larger 
partieles (over 3000 A in diameter) spontaneous nucleation 
of a-Fe,0, occurred because of greater lattice strain 
during the oxidation. The model proposed here for the 
mechanism of the oxidation to y-Fe,O, explains why this 


lattice strain should arise. The very low concentration — 
gradient in the core of the magnetite particles during: 


oxidation causes most of the change in the lattice para- 
meter to be confined to a thin surface layer. The strain 
thus generated can be accommodated more readily im 
small particles, but above a certain critical particle ‘size 
the unequal contraction within the surface layer causes 


the lattice strain to reach a level sufficient to activate the 


nucleation of the more stable a-form. 

As far as we are aware, this is the first reaction of its 
kind which has been fully characterized and we would 
like to draw attention to the fact that this was made 
possible by a detailed analysis of the kinetic data in 
conjunction with the X-ray diffraction method. 
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AFTER cell division the DNA in the chromosomes of the 
interphase nucleus or the chromatin may undergo 
replication, or its genetic message may be transcribed 
into RNA. There is evidence)", based on uptake of 
radioactive precursors and known physiological activity, 
which suggests that in cells or regions of cells where the 
concentration of DNA is relatively high, in chromocentres, 
condensed chromatin or heterochromatin’, these meta- 
bolie activities are much less pronounced than in more 
diffuse or extended-state chromatin. Such variation in 
concentration may be accompanied by variation in 
structure, and hence repression and derepression of 
genes may have a structural basis. We therefore sup- 
pose that a knowledge of the structure of chromatin, 
together with biochemical studies (for example, refs. 4, 8 
and 9), will eventually lead to a better understanding of 
the factors controlling nuclear activity in the cells of 
higher organisms. This article summarizes our earlier 
‘data and describes new electron microscope observations 
of the structure of condensed chromatin, identified by its 
eléctron-staining properties and by a comparison with 
images obtained from light microscopy of sections stained 
for DNA with the Feulgen reaction. 

There have been several recent reports, based on 
electron microscopy of thin sections, of structures associ- 
ated with the nuclei of certain mammalian leucocytes 
and. thymocytes, variously referred to as nuclear blebs, 
pockets, loops or projections. ‘These were found in 
lymphocytes", neutrophilic granulocytes!" and mono- 
‘eytes™ in peripheral blood of normal humans; in immature 
granulocytes!?-15, monoblasts! and cultured lympho- 
blasts'* from human leukaemic patients, some under- 
‘going chemotherapy; in neutrophilic granulocytes!7+18 
from humans with an abnormal chromosome number; 
in» thymocytes from normal guinea-pig’? and human 
foetus*®; also in lymphoblasts from Burkitt’s tumour®!-?° 
and cells cultured from it. These nuclear structures 
are therefore a more or less common feature of both the 
lymphoid and myeloid? elements of the blood. Similar 
‘structures were also reported*s-** in the myeloid cells of 
two amphibia, in the interphase nucleus and mitotic 
chromosomes of polychromatophil erythroblasts and in 
mature erythrocytes from the newt Triturus cristatus; 
also in a granulocyte from frog, Rana esculenta. The 
nuclear projections in cells from newt, because of similari ty 
in staining properties to condensed chromatin, were 
thought. to consist of sheets of chromatin limited on both 
sides by the nuclear envelope, and were therefore called 
the envelope-limited sheets of chromatin or, simply, the 
sheets. The variously termed structures associated with 
the nucleus, referred to here, seem to have a similar 
morphology. The remarkable feature?! of these sheets of 
chromatin is their approximately constant width, between 
about 300 A and 500 A depending partly on methods of 
preparation. A second finding??? in the nuclei of certain 
cells, including those from tissues other than blood, is 
that the condensed chromatin immediately adjacent to 
the nuclear envelope is organized into layers. In newt 
cells these layers have similar dimensions to the sheets. 
These numerical data have led to the theory??:?8 that 


common to many vertebrate cells, arranged in a manner rather like 
the molecules in a liquid. More or less random in the interior, the 
unit was recognized because it forms ordered layers of definite 
geometry at the surface of the nucleus and monolayers confined by 
membranes in the cytoplasm. 


condensed chromatin contains a structural unit common 
to many vertebrate cells. The unit has been recognized 
primarily because of this tendency to form layers of 
definite dimensions adjacent to the nuclear envelope. 
In certain blood cells the layers give rise to sheets with 
similar dimensions extending into the cytoplasm. In the 
interior condensed chromatin, that is in regions away 
from the nuclear envelope, the same structural unit is 
present and apparently more or less randomly oriented”. 
The concept of an orderly arrangement near the surface 
of the cell nucleus induced by the membrane closely 
resembles the concept of the crystalline layer at the free 
surface of a liquid, put forward by Bernal** in a new theory 
of the structure of liquids, 


Electron Microscopy 


We have now found envelope-limited sheets in myeloid 
cells from two further classes of vertebrates, namely, birds 
and cyclostomes, and the study of their fine structure 
which we report here supports the theory we have just 
outlined. Cyclostomes are particularly interesting be- 
cause they are the most primitive of the vertebrates. 

To aid in interpreting the electron micrographs, to 
explain terminology and make clear the relationship 
between sheets and layers, our findings are shown schemati- 
cally in Fig. 1, It has to be appreciated that the appear- 
ances in electron micrographs depend on the way the 
section is oriented relative to the specimen. Tilting the 
section in the microscope has been used?’ to elucidate the 
three-dimensional structure in it. When the plane of the 
section is normal to the plane of the sheet, as, for example, 





Fig. 1. Schematic diagram showing the envulope-limited sheets (e.L8,) 
at (4) and (B), of length (L) with plane of section normal to sheet. Lm., 
o.m., The inner and outer membranes of the nuclear envelope. Bands 
bU, 62 (width d’) and 53’ are seen in the sheet of total width 8’, A,‘ is 
the spacing of granules of diameter d’ seen in 62’. The envelope-associated. 
layers (e.a.1.) appear as bands b1, b2, and so on; S is the total width of 
bands b1+62+63; dis the width of the dark band or the diameter of the 
granules when well defined and A, is theirseparation; A, is the separation 
of bands b2, b4. A is the distance separating centre b2 from Lm., and 
S~2A4, Nis nucleus, C is cytoplasm, Inset shows an envelope-limited 
sheet in face view, that is plane of section parallel to sheet. 
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at e.ls. (A) in Fig. 1, the membranes enclosing it appear as 
lines continuous with those representing the nuclear 
envelope. The sheet has a triple-banded appearance due 
to sectioning three layers. Band 62’ is relatively electron 
dense and when well defined it may appear as short 
segments or threads of width d’, or as approximately 
equispaced granules of similar diameter. The appearance 
in electron micrographs was found to depend on orienta- 
tion, These elements, the band-segments and granules, 
are themselves composed of finer threads and similar 
threads cross the relatively less electron dense bands 
bl’, 53’, thereby joining b?’ with the inner membranes. 
Bands 61’ and 63’ are of approximately equal width. A 
second envelope-limited sheet is shown at e.l.s. (B). The 
sheets have a total width S’. Similar alternate dense and 
less dense bands 61, 62 and so on are found adjacent to 
the nuclear envelope*’, and by tilting, this appearance is 
found to result from sectioning envelope-associated layers, 
referred to simply as the layers (ea... in Fig. 1). Fre- 
quently only 61, 62 and 63 are found, and this complex 
has been called the triple-structured band of width S 
(ref. 27). 

Fig. 2 is an electron micrograph of an envelope-limited 
sheet of chromatin, with bands 61’, 62’, 63’, in a mature 
definitive erythrocyte from a chick embryo (17 day); it 
resembles that at (B) in Fig. 1. In a study of erythro- 
poiesis in chick, where many thousands of cells have 
been observed, only six nuclei were encountered with such 
sheets. They occur infrequently and the length (L) 
is always small compared with the perimeter of the nuclear 
envelope seen in section. The average value of 8’ is 
380 A. In a previous study? of mature erythrocytes 
from adult chicken the total width S of the envelope- 
associated layers, 61, 62, 63, was 330 A+18 A after 
fixation in OsO, and embedding in methacrylate. Similar 
bands (Figs. 3.4 and B) have now been found in primitive 
and definitive erythrocytes from chick embryo, fixed in 
glutaraldehyde plus OsO, (‘Araldite embedding). In 
definitive erythrocytes from a 17 day embryo the values 
for parameters in Fig. 1 are: S = 402 + 30 A (120 measured), 
A= 208 Å + 25 A,d=174 A, average (range 150 A to 200 A), 
A,=280 A + 40 A, A,=260 A + 25 A. These values, 


1123 


about 20 per cent higher than those found previously 
for chicken, indicate that the fixation procedure may affect 
the dimensions of the layers. Sheets have also been seen 
in the neutrophilic granulocytes (heterophils) in the 
spleen of embryonic chick. 

In the neutrophilic granulocytes of the lamprey, 
envelope-limited sheets associated with the nucleus 
(Fig. 7) are very common, being found in up to about 
15 per cent of nuclei in any section. Frequently, more 
than one sheet is attached to the nucleus giving it a 
bizarre appearance, very similar to that seen in human 
neutrophilic granulocytes and cells from the Burkitt 
tumour. The total length (L) of sectioned sheet is often 
comparable with the perimeter of the nucleus. In sections 
normal to the sheet there are bands similar to 61’, 62’, 
63’ (Fig. 1) and in certain regions only (parts of Figs. 
4 and 5) band 62’ is composed of well-defined granules. 
Measurements made on one animal give d’ average = 170 
(150 A-210 A), A,’=300 A+23 A. The granules have a 
variable appearance similar to that previously reported** 
for the granules in the envelope-associated layers and the 
interior condensed chromatin of mature erythrocytes 
from lamprey. Occasionally they appear hollow, that is 
annular, and projections may be seen in Figs. 4 and 5 
radiating out connecting them with the inner membranes. 
The value of 8’ in the same animal is 365 A+ 21 A (thirty- 
six sheets). When the plane of the section is more nearly 
parallel to that of the sheet (Fig. 6 and inset to Fig. 1), 
well-defined short bands, straight or slightly curved, are 
seen lying in groups parallel to one another. These bands, 
about 170 A in diameter, centre to centre separation 
about 300 A, are themselves composed. of finer threads 
and granules ranging in size down to 20 A-40 A. The 
arrangement of these finer threads, of molecular dimen- 
sions, has not yet been elucidated. They sometimes run 
at an angle to the 170 A band making it resemble a coil. 
When the section is tilted + 22° in the electron microscope 
the groups of 170 A bands are still distinguishable but the 
finer details in each 170 A band are altered. Envelope- 
associated layers (bands) lying adjacent to the nuclear 
envelope are also seen in lamprey neutrophilic granulo- 
cytes and resemble the bands already described (bl, 





Fig. 2. Electron micrograph of mature erythrocyte from 17 day chick embryo showing an envelope-limited sheet cut normally: compare with 


es. (B) in Fig. 1. 


Membranes are arrowed, the cavity between the pair comprising the nuclear envelope being distended. (x 112,000.) AN 


electron micrographs are of cells fixed in buffered glutaraldehyde followed by OsO,, embedded in ‘Araldite’, stained in uranyl acetate and 
lead citrate, photographed in a Siemens ‘Elmiskop 1’. 


Fig. 3. Electron micrograph of mature erythrocyte from 17 day chick embryo showing the envelope-associated layers cut normally: compare 
e.a.l. (b1-)5) in Fig. 1. In A, arrows point to “granules”; in B, arrows indicate dense bands 62, b4. (x 112,000.) 


Figs. 4 and 5, 


Electron micrographs of parts of two sheets from neutrophilic granulocytes of lamprey (Petromyzon fluviatilis); the plane of 
the section lies normal to the sheet; arrows indicate “granules”; see also Fig. 1. {x 105,000.) 
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and so on in Fig. 1) in the sheets. In the material studied 
so far, however, they are not as well defined as those found 
previously** in mature erythrocytes from lamprey where 
the triple-struectured band has a width S=346 A. We 
attribute this to difficulties in preservation. Envelope- 
limited sheets have also now been found in mature 
erythrocytes from lamprey. 


Structural U nit 


Summarizing certain of our measurements, in chicken 
erythrocytes S’ is 380 A and S is 402 A, while in granulo- 
cytes from lamprey S’ is 365 A and in the erythrocytes S 
is 346 A. This shows that the widths of the sheets 
(S’) and triple-structured layers (S) are all very similar 
to one another and to the widths previously found in 
certain mammalian and amphibian cells. Consequently, 
the data support the theory that the chromatin in these 
cells contains a common structural unit and that the 
envelope-limited sheets are derived, by processes not yet. 
fully understood, from the envelope-associated layers. 
The possible physiological role of the sheets is unclear, but 
where they extend into the cytoplasm they increase the 
area of chromatin in contact with it). 

Consider now the nature of the structural unit which 
forms the sheets and layers and gives rise to the bands 
seen in the electron micrographs. It was at first suggested? 
that an envelope-limited sheet of chromatin was formed 
by folding a thread, about 400 A in diameter, on the 
surface of a membrane, so as to form a sheet of equal 
width. When the sheets were found?™8 to have a banded 
strueture similar to that of the layers near the interior 
membrane of the nuclear envelope, this hypothesis had 
to be modified. Observations** of the envelope-associated 
layers and other more interior regions of the condensed 
chromatin in the nuclei of mature erythrocytes from 
lamprey and adult chicken, as well as in certain cells 


views (see inset to Fig. 1 and Fig. 6) VN, Nucleus; 





Ch, one piece of condensed chromatin; 
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from newt spleen, suggested, as the structural unit in 
them, a thread of diameter between about 130 A and 
230 A, the value depending partly on fixation. The 
dark bands in Fig. 3B arise from threads lying one above 
the other in planes parallel to the optic axis. When the 
axes of the threads are parallel to the optic axis the 
resulting end-on views give rise to “granules” (Fig. 34). 
Sometimes end-on views were annular in shape suggesting 
that the thread is a hollow cylinder, that is a microtube. 
To account for the separation of the dark bands and 
granules both from one another and from the membranes, 
it had to be assumed that there were projections arranged 
along the threads or microtubes. Finer threads could 
indeed be seen in the micrographs crossing bl, 63 and so 
on. 

These data on the fine structure of the sheets confirm 
and extend the hypotheses relating to the structural 
unit in condensed chromatin and its role in forming 
the sheets. Figs. 4, 5 and 6 show, respectively, end-on 
and face views of 170 A threads about 300 Å apart. 
These values are similar to those found?! for the threads 
(range 130 A-230 A diameter) thought to exist in the 
envelope-associated layers. In the embryonic chick 
erythrocytes measured here the thread-diameter (d) is 
also 170 A and the separation (4,) about 280 A. The 
face views of the sheets in granulocytes from lamprey 
provide critical new information. Previously, because 
of the chance of overlapping structures in the section we 
could not rigorously exclude the possibility that the 
structural units in chromatin were not granules or spheres 
regularly arranged along axes. The appearance of the 
layers near the envelope is very similar to that seen in 
sections through certain virus crystals known to contain 
overlapping spherical units. In the sheet extending into 
the cytoplasm, however, there is only a single layer and 
we can be quite sure from the face views (for example, 


Fig. 6. Electron micrograph of that part of the shcet shown at lower arrow in Fig. 7. In this approximately face view, arrows point to the 170 
A bands (threads), 


Fig. 7, Electron micrograph of a neutrophilic granulocyte from the lamprey: arrows point to an envelope-limited sheet; at the white arrow 
the plane of the section is approximately normal to that of the sheet, whereas elsewhere the sheet is cut at an angle giving approximately face 


C, cytoplasm; Ce, centriole; G, granules, 


{x 15,000.) 
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Fig 6) that the unit m it 1s threadlike We infer, as we 
had previously supposed, that the umit in the envelope- 
associated layers, bemg of similar dimensions, 1s also 
thread-like The projections which we have referred to 
may also be seen connecting 170 A “granules” to the 
membranes ın the end-on views (Figs 4, 5) and, as we 
noted, some end-on views are annular We have not 
shown that all the end-on views we observe are consistent 
with a tube and associated projections variously oriented 
with respect to the optic axis, and so we regard this model 
for the distribution of electron scattermg matenal ın the 
170 A thread and the finer threads which radiate from ıt 
as @ working hypothesis 

In the mterior condensed chromatin, that 1s in regions 
away from the mner membrane, threads and granules, 
about 170 A in diameter with internal fine structure, are 
common m both lamprey granulocytes and mature 
erythrocytes of embryonic chick They appear to be 
randomly arranged There are also still finer threads 
and granules All electron microscopists are aware of the 
fibrillar-granular elements of chromatin and have reported 
a range of diameters, about 20 to several hundred 
angstroms (see refs listed ın ref 28) It has been shown?! 
that some of these variations result from overlapping of 
the structures within the section thickness and there 1s 
possible variation due to distortion during preparation 
and to partial sectionmg Because of these factors ıb 18 
difficult to prove conclusively that condensed chromatin 
contains a structural unit of unique diameter, but there 
1s no doubt that there ıs a very close similarity between 
the threads we are able to recognize clearly on the mem- 
branes and those found randomly arranged in the interior 

Finally, we do not know what are the arrangements of 
the molecules m the structural umts in condensed chroma- 
tin, although we can make certain suggestions There 
are various reasons?! to be confident that m chromosomes 
and the nucleohistones derived from them the DNA 1s 
coiled or folded The problem ıs how this ıs effected, 
and various ideas have been put forward that in nucleo- 
Instone the DNA molecules are coiled around one another 
and linked by histone bridges*! or from new X-ray diffrac- 
tion data? on nucleohistone that the DNA forms a coil 
(super-helix) of diameter 100 A, pitch 120 A, that in the 
thieads isolated from nucle: the DNA ıs coiled with 
histone to form a super-coil diameter 200 A~300 A (refs 
32, 33) or that these same threads are formed from two 
parallel 100 A threads each contaming randomly folded 
DNA and histone** Our data suggest that the 170 A 
threads in mtact nucle: are probably tubular, which 
supports the concept of a superhelical configuration for 
the DNA We cannot, however, exclude the possibility 
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that the molecular organization ım the mtact nucleus 
may be more complex For example, the DNA molecules 
may contribute to the formation of the projections from 
the 170 A threads Quite likely ıt will be possible to 
define better the structural unit by further studies of the 
sheets which should be regarded as monolayers confined 
by membranes 

One of us (J V §) 1s the holder of a Science Research 
Council award We thank Sir John Randall, Professor 
M H F Wilkins and Dame Honor B Fell for support 
be encouragement, and Miss Margaret Blade for technical 
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SEVEN different phosphagens (Fig 1) have been found ın 
the muscles of the Annelida, sometimes more than one 
occurling in a single species The group is thus tnique 
m the animal kingdom, where all other phyla contain 


it unlikely that a new enzyme activity can evolve unless the genome 
contains extra DNA with suitable coding properties such as Is pro- 
vided by the duplication of a gene for a functionally related enzyme. 
Evidence from the Annelida suggests that their diverse phosphagen 
kinases evolved in this way 


only argmme (in most mvertebrates) or arginme and 
creatine (an the groups leading to and including the Chor- 
data) It 1s nowadays realized that small metabolites such 
as the phosphagens have the disadvantage, for evolution- e 
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ary studies, of bemg remote from the genome, 
ther nature 1s determmed by the mterplay of 
enzyme systems withm the organism The enzymes 
themselves, on the other hand, are directly related 
to the genome and their comparative biochemistry 
1s a true reflexion of genetic differences 

While the mutation of a gene could be described 
only in terms of gross results, such as changes ın 
size or colour, 1t was possible to believe that evolu- 
tion proceeded by the action of selection on 
organisms bearing different genes for such gross 
characters In this view, some mutant genes were 
advantageous but most were disadvantageous It 
was realized that one gene might modify another’s 
action and hence its selective value, but the 
mechanism of these effects remaimed obscure? 
In our present working concept, the unit of 
detectable mutation ıs a change in a single amino- 
acid of a particular polypeptide chain (Behind (a) 
this, not yet of great practical use, lies the change 
of a single nucleotide of a particular codon in the 
DNA) At the same time, a protem is seen as a 
delicately balanced functional entity the mtegrity 
of which may be destroyed by one such change 
It has thus become necessary to analyse the | 
process of evolution in terms of protem structure 
and synthesis, the primary phenotypic effects 
which form the basis of the gross phenotype to 
be exposed to selection in the whole organism 


Essential Enzyme Features 


The establishment within a polypeptide cham 
of a small number of essential amino-acid residues 
orientated to form a catalytic entity must have 
been contemporaneous with the origm of life A 
few types of catalytic sites can be recognized*-+, 
corresponding to different classes of chemical 
change catalysed, in each of which specific ammo- 
acid residues must occur in their correct place in 
the polypeptide chain and be maintamed in their 
correct spatial arrangement through the tertiary 
structure of the molecule All the basic mechan- 
isms for catalysis m present day organisms 
probably already existed m the earliest forms of 
hfe, slight modifications ım three-dimensional 
onentation of the catalytic ammo-acids to permit 
the processing of new substrates appearing 
gradually durmg the evolutionary divergence of 
the various groups of orgamsms A mutation Fig 
resulting in change of a residue directly mvolved m 
catalysis would cause loss of enzyme function 
and, except in special cases, would always be 
lethal. A posstble example 1s loss of one of the two essen- 
tial thiols from the creatine kinase of mice with a fatal 
hereditary muscular dystrophy Changes m residues 
concerned ın mamtenance of the three-dimensional 
structure of the catalytic site might not always change 
the structure sufficiently to cause loss of function, 
so that selection agamst such changes would not be 
absolute 

The phosphagen kinases catalyse a phosphoryl transfer 
between ATP and a guanidmo compound (Fig 1) and 
enzymological evidence® supports the expectation that 
all have catalytic sites of one type. The differences 
between them mvolve other functions requiring particular 
ammo-acids at particular positions in the enzyme molecule 
which can be listed as follows (1) direct participation 
in the binding of substrates, (2) direct participation in 
specificity—the exclusion of unwanted substrate-like 
molecules to which the enzyme might be exposed in the 
cell, (3) direct participation m mternal interactions 
permittimg any conformational changes which might be 
associated with the catalytic process, (4) direct participa- 
tion im interactions of a structural kind between the 


e sub-units of the enzyme or between the enzyme and other 
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(a) Phosphagens whose kinases show mgh specificity, (b) 


towards other members of the group 


macromolecules of the cell, (5) the maimtenance of 
tertiary structure required m (1), (2), (8) and (4) and to 
adapt the catalytic site to the particular substrate, (6) 
the maintenance of tertiary structure required to confer 
stability on the enzyme ın 1ts particular cellular environ- 
ment, which ın turn may depend on the particular ex- 
ternal environment of the organism 


Compensating Changes 


A protem carrying out a particular function must be 
correctly constructed ın many of its component parts m 
order to work at all Moreover, residues may be critical 
for more than one function, s particular amino-acid having 
been selected because ıb satisfies all the functional needs 
Adaptations of the protem molecule to encompass, for 
example, new substrate specrficities would be likely to 
impair the correctness of the structure with respect to 
stability or in other ways Thus even if asmgle mutation 
could bring about such an adaptive change, which 1s in 
itself unlikely, other changes m combmation with the 
first change ın the protein would almost certainly be 
necessary to restore its functional fitness This pheno- 
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menon of compensating amino-acid changes has been 
shown in the A protem of the E cols tryptophan synthe- 
tase system?’ Here a glycine residue in one tryptic 
peptide and a tyrosme in another have been shown to be 
changed in certain mutants to glutamic acid and cysteme, 
respectively Both these changes result singly ın loss of 
enzyme activity, but, when the two are combined, a 
partial revertant type ıs produced showing enzyme actı- 
vity, although lower than that of the wild type Sımılar 
compensation has been shown m Æ coh alkaline phos- 
phatase® 

Compaiison of the amino-acid sequences of a number 
of vertebrate haemoglobin and myoglobin polypeptides® 
showed that variation occurred in all but nine (about 
6 per cent) of the residues, while the tertiary structure 
and function remained virtually the same Hence, 94 
per cent of the residues have been non-essential One 
non-lethal change, however, could produce a cascade effect 
m the selection of counterbalancing changes elsewhere 
Thus zt 1s particular combinations of residues which should 
be regarded as essential The idea of imterdependent 
changes in residues underhes much of the discussion of 
globin variation by Zuckerkandl and Pauling" 

To convert a prote:n to a new function or to adapt it 
to existence in a changed environment must in general 
require a number of mutations including both primary 
and compensatory ones Anfinsen" has suggested that, 
according to the metabolic mportance, the selection 
pressure on enzymes will vary and hence their rate of 
evolutionary change A functional enzyme could, however, 
only acquire a new function as an extra by a slackening 
of specificity and changes m binding properties A new 
individual enzyme requires a gene of its own DNA coding 
for a once useful enzyme might have two mummediate 
disadvantages its base sequence might be quite unlike 
that coding for any enzyme which could be of use to the 
organism and, at the pomt when its particular step m 
metabolism became redundant, mutations replacmg 
amino-acids at the catalytic sites might have a strong 
selective advantage instead of bemg lethal This might 
not present a serious evolutionary problem Benzer!? has 
shown, ın phage, that variation ın the ratio of forward 
back mutation rate at the same pomt 1s greater than can 
be explained by the possible nucleotide interconversions, 
selection may have established a “‘stable” sequence around 
the essential residues. giving them a low forward back 
mutation ratio A third disadvantage of “unused” DNA 
would, however, develop with time, its isolation from 
selective pressure would permit the accumulation of 
random changes in base sequence resulting in its inability 
to produce a protem resembling any enzyme It has been 
pointed out by Freese and Yoshida’, however, that, 
because mutagenic substances are most active on single- 
stranded DNA, regions of the genome not involved m 
mRNA production would be to some degree protected, 
particularly m higher organisms where they may carry the 
additional barrier of a histone sheath This idea suggests 
that unused DNA might be kept m “cold storage”, but 
furthermore that, before the most rapid evolution could 
occur, the probability of mutation would have to be 
mereased by the process of producing a meaningless 
mRNA 


Gene Duplication 


The existence in the cell of “extra” DNA, as distimet 
from that “released” from 1ts function because the protein 
for which ıt coded ıs redundant, ıs bound up with the 
concept of duplication of the whole or part of the genome 
This represents a departure from the essential processes 
of DNA replication and distribution to daughter nucle: 
whereby its quantity and nature are maintaimed ın succeed- 
ing cell generations 

Duplication of the whole genome has 1ts own evolution- 
ary significance In plants, vegetative reproduction allows 
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the stabilization of polyploidy, and hermaphioditism 
elummates the problem of mterference with sex-determna- 
tion, polyploidy is an essential feature of the evolution 
of this group and has been widely studied Muldal'5 has 
compared chromosome counts for a number of ohgochaete 
annelids and shown that those species which are partheno- 
genetic show various increases in ploidy above that m 
hermaphrodite species He also suggests that the latter 
are only secondarily diploid, having possibly arisen from 
the bisexual polychaetes'* through tetraploid formation 
He points out that such events must lead to a freezing 
of the evolutsonary change found m cross-fertilizing 
orgamisms Such a process may sometimes be reversible, 
as in the suggested origin from various ancestors among 
polyploid hermaphrodite fish of several vertebrate groups 
which subsequently adopted bisexual reproduction?’ 

The theoretical advantages of the duplication of small 
parts of the chromosome was appreciated before the days 
of molecular biology Huxley wrote in 1942 that “small 
‘repeats’ of this type constituted the chief method 
by which the number of genes 1s increased, thus providing 
duplicate factors and the opportunity for shght divergent 
specialization of homologous genes, giving great delicacy 
of adjustment’’8 

The occurrence of gene duplication was long ago 
recognized m Drosophila from gross genetic analysis of 
the Bar eye gene, which had the property of giving mse 
to normal and “double Bar? eyes m crosses where only 
Bar eye would have been expected and with a frequency 
far above that of mutation? The phenomenon of unequal 
crossing-over following occasional incorrect pairmg m 
the Bar region was postulated to explam these results, 
and Sturtevant’® believed double Bar to be a dupheated 
form of Bar, while the revertants had lost the gene 
altogether Bridges? found that numerous small dupl- 
cated regions could be detected in preparations of Droso- 
phla salivary chromosomes, and discovered?! that Bar was 
one of these, while double Bar showed the same region 
tripheated He realized that the no-gene concept for the 
wid type did not accord with the origin of Bar by a normal 
mutation Unequal crossing-over between two duplicated 
genes giving rise to a single and a triplicated gene, that 1s 
to normal and double Bar (Fig 2), 1s then achieved without 
the unlikely event of synapsis of lengthy non-homologous 
regions of the chromosomes* Such homologous unequal 
crossing-over does not explam the origin of a tandem 
duplication but can account for its development into mul- 
tiple replicated regions The nature of primary duplication 
events, which may have occurred in the past, 1s a subject 
for conjecture based on cytogenetic evidence for possible 
modes of reorganization of the chromosomes Genetic 
investigations of the mechanism of tandem duphcation?*»*4 
have dealt only with secondary duplications m regions 
of the chromosome consisting of pseudoalleles, arrays of 
genes with a fair degree of homology bemg the product, 
presumably, of earlier unexplained duphecation events 
It was shown? that the occurrence of homologous unequal 
crossing-over within such a series did not mduce non- 
homologous unequal crossing-over in adjacent regions of 
the chromosome 

Usually, duphcations must be detected a very long 
time after their arismg, when ther relative positions on the 
chromosome may have been altered by subsequent 
rearrangements and can thus provide small clues to the 
nature of the orginal events Possible mechanisms for 
the origin of dupheated genes, based on cytogenetic evid- 
ence for types of chromosome rearrangement, have been 
reviewed?§ These lead to the duplicate gene being sited 
ın various parts of the genome relative to the original 
gene, and may be classified mto four groups, with duplicate 
genes (1) adjacent, (2) close together m the same 
chromosome arm, (3) m different arms of the same 
chromosome, (4) ın different chromosomes From the 
evolutionary pomt of view, the first two groups are 
probably the most umportant because they permit 
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further (secondary) duplication to occur by homologous 
unequal crossmg-over It must be concluded, however, 
that there 1s no evidence to suggest how any of the known 
gene duplications originated, although ıt may be inferred 
that the dupheation by which the è haemoglobin gene of 
primates arose from the B haemoglobin gene was of the 
adjacent type, on the basis of sequence analysis and 
phylogenetic evidence for its recent occurrence in con- 
junction with linkage data?’ 


Unequal crossing-over Resulting gametes 
ee DE SAAT) ERR RES 
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Fig 2 Unequal crossing-over at the Bar locus in Drosophila melano- 
gaster (1) According to Sturtevant”, non-homologous unequal crossiag- 
over, (2) according to Bridges’, homologous unequal crossing-over 


Few of the mechamsms for gene duplication based on 
chromosome rearrangements directly yield tandem dupli- 
cations This, together with a desire to explain partial 
dupheation of the haptoglobin «-chain gene by a one step 
mechanism (as opposed to duplication followed by deletion, 
for example), may have prompted Smuithies, Connell and 
Dixon?! to discuss the mphcations of non-homologous 
unequal crossing-over as a source of primary duplications 
and partial duplications The mechanism is not new but 
this comprehensive treatment 1s probably responsible for 
its great popularity with biochemsts interested m 
evolution We have found no evidence for its occurrence 
It 1s often confused with homologous unequal crossing- 
over, for which there is good evidence Until molecular 
genetics has thrown considerably more hght upon the 
chemistry of crossing-over—in particular on how much 
homology ıs necessary for ıt to occur—non-homologous 
crossing-over should be treated with much greater 
scepticism 

As a result of a survey of the properties of aldolase 
enzymes m a wide range of organisms, Rutter?* proposed 
that the A and B isoenzymes in the rabbit, which can be 
distinguished by means of kinetic parameters, are the 
products of genes derived in the past by duplication of 
an ancestral gene Our scheme for the evolution of the 
annelid phosphokmases is based on what 1s probably still 
the only evidence for gene duphcation giving rise to 
enzymes with different substrate specificity ım different 
species—one essential feature of divergent evolution 

Duplication of a gene can result in the release of one of 
the duplicate genes from selection while the other provides 
a viable phenotype The subsequent possibilities are the 
same as those for the DNA no longer used because the 
enzyme 1s no longer required by the organism, except that 
there would be no initial selective advantage m loss of 
enzyme activity or other aspects of the origmal “tailor 
made” structure These considerations make released 
DNA of this kmd a very favourable material for the 
development of enzymatic capacities which are new but 
related to that of the orginal gene Related activities 
might melude the further metabolism of the product of 
the origmal enzyme, or the parallel metabolism of related 
substrates prevented by the specificity of the orgimal 
enzyme For aphosphagen kinase, mediating the reversible 
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transfer of the termmal phosphoryl group of ATP to a 
compound which forms a dead-end storage product 
for chemical energy (Fig 1), only the latter can apply 


Evolution of Phosphagen Kinases 


In effect, a phosphagen kmase mediates a complete 
metabolic pathway, if its substrate is changed, new 
enzymes are not required to deal with the products of the 
reaction Adaptation of an organism to the use of a new 
phosphagen kinase would depend on the presence of the 
new enzyme and the availability of the new phosphagon 
The latter can most probably be provided by means of 
metabole pathways commonly found in animals, argi- 
nine, the only guanidino amimo-acid of protem, occurs 
universally and all other phosphagens are formed by 
transamidination from ıt (see formulae in Fig 1) The 
non-guanidino part of the molecule may most frequently 
be derived from general ammo-acid metabolism Addi- 
tional evidence for the presence of the appropriate kmase 
being the limiting factor in the use of a particular phos- 
phagen ıs derived from the fact that m addition to all 
those animals which use any phosphagen other than 
argmme, many annelids contam appreciable quantities 
of more than one guamdine but only use one as a phos- 
phagen*° 

Once duplicate genes have been formed, two other 
processes besides pomt mutation might be mentioned as 
potentially contributing to thew divergence The first 
might occur in any DNA, whether duplicated or not, and 
has the effect of dupleating or deleting small groups of 
bases The mechanism 1s based on physical studies made 
by Lerman on DNA-acridine complexes*! His results 
were compatible only with an intercalation model for the 
complex, he pomted out that in higher organisms local 
regions of the homologous chromosomes after synapsis 
could be out of register by one or several base pairs if 
mtercalation of this kind had occured randomly, and that 
crossing-over m such regions would result mn deletion and 
reciprocally, duplication of the number of bases out of Ime 
Although there 1s httle evidence ın favour of whole genes 
undergoing non-homologous pairing, identical bases are 
not required at the actual pomt of crossing-over Two 
tryptophan synthetase mutants with an ammo-acid 
difference can give recombmants having a third amino-acid 
at this pomt’, indicating recombination within dissimilar 
codons When amino-acid sequences of related protems 
are compared, amid regions of similar sequence, single 
extia or missing residues are frequently found®*33, Ler- 
man’s mechanism would exactly account for this pheno- 
menon 

The second process for modification of the gene 
applies only in the case of adjacent duplicate genes, and 
has been suggested by Wagner and Mitchell**, Horowitz 
and recently by Comings* as a source of apparent multiple 
mutation It might sometrmes have happened that re- 
combination between large parts of two duplicate genes 
by unequal crossmg-over gave rise to a functional new 
protem Such events would be necessarily linked to changes 
in the number of duplicate genes 

If ıt 13 assumed that the ancestral annelid possessed 
aiginme kmase, as ıs the case with most invertebrates, 
duplications resulting m two or three arginine kinase genes 
might be followed by various kinds of evolutionary 
divergence (Fig 3) A modern descendant may still possess 
arginine kinase either alone or with one or more homologous 
enzymes using other phosphagens as substrates Alter- 
natively, after the evolution of a second kmase was 
completed, the ancestral argmme kmase activity might 
have been lost and replaced by one or more other kmase 
activities It seems unhkely that modern forms should 
contmue to possess several genes coding for identical 
arginine kinases, for, making the reasonable assumption 
that one gene can provide all the enzyme required by the 
organism, the surplus genes would tend to be mactrvated 
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Fig 3 Theoretical scheme for the evolution of phosphagen kinase enzymes subsequent 
to the duplication of an ancestral arginine kinase gene Symbols AK, arginine kinase, 
XK, YB, ZE, genes 


AR, gene for AK, KK, YK, ZK, any other phosphagen kmases, 


for XK, YK, ZK, I, inactive protein, or none, J, gene for I 


by mutation. On the other hand, genes for isoenzymes 
of argmme kmase, with shght structural differences of 
advantage m particular tissues or under the control of 
different control systems, might very well be mamtamed 
by selection It also seems unlikely that modern forms 
should possess two genes coding for identical X-kinases, 
because this would mdeed be a freak of convergent 
evolution, unless in stepwise duplication the second step 
occurred very recently Once again, the possibility of 
isoenzymes of X-kmase exists 

In summary, duplication events could give mse to a 
diversity of homologous enzymes both within and between 


Table 1 
Additivity 
Presence of (where 
Animal kinases Total Speci- more than Iso- 
K CK GK TK-No fiaty onekinase enzymes 
present) 

Aphrodue 

aculeata? AK CK 2 Ratherlow nt 
Arenvola marina* GE TK 2 nt nt 
Branchwmma 

vesrculosum*®" TK 1 Normal — 
Hermione 

hystria** CK 1 nt — 
Hyalinoecra 

tubicola” AK CK 2 Normal nt LAK 
Myzicola 

infundibulum” AK GK TK 3 Ratherlow AK+TK 
Nephthys caeca** CK GE 2 nt nt 
Nerera fucata”! CK GK TK 3 Normal GK+TK 1CK 1GK 

GK+CE (come- 
dent) 

Sabella pavonina AK 1 Low = 2 AK 
Sabellana 

alvealata* AK TK 2 nt AK+TK 
Transa forbesn AK CK 2 nt nt 


AK, Arginine kinase, CK, creatine kinase, GK, glycocyamime kinase, 
TK, taurocyamine kinase, nt, not tested 


* Unpublished resulta, 


Ancestor 


Intermediate 
form 


Modern 
descendants 
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species of the descendants These might be 
isoenzymes dealng with one substrate or 
enzymes dealing with related substrates 
Further predictions about evolving enzymes 
would be that such features as substrate 
specificity or structural rigidity might be less 
absolute 


Annelid Phosphagen Kinases 


Information on the phosphagen kinases m 
a range of polychaete annelids ıs set out ın 
Table 1 The second column shows whether 
the species has been found to possess 
arginine kinase activity Other phosphagen 
kinases which have been demonstrated are 
also listed, and the third column shows the 
total of different activities known for each 
species The fourth column contains mfor- 
mation on kinase specificity obtamed from 
studies with substrate analogues (D-argimine, 
homoargmine, glycylglycocyamme, $-guant- 
dino-n-valerate, L-a-amino-y-guanidinobuty- 
rate and L-canavanine sulphate), and the 
fifth, m the cases where more than one 
activity has been shown, contains mforma- 
tion about the additive nature of the reac- 
tion in the presence of mixtures of substrates 
The latter mformation is of use ın reaching a 
decision as to whether two separate enzymes 
deal with two different substrates as opposed. 
to one enzyme of lower specificity In the 
last column, where 1t has been possible to 
apply this technique, starch gel electro- 
phoresis results for the enzymes are noted. 

It can be seen that actual results with 
polychaete annelids completely parallel the 
theoretical expectations and can m fact be explained by 
the hypothesis illustrated m Fig 3, where three homolo- 
gous sections of DNA were postulated The maximum 
number of different activities found ım one species was 
three, mncluding arginine kinase in Myacola (as m Fig 3, 
possibility 5) and excluding 1t ın Neres (as mn possibility 6) 
In both cases, additivity has been only partially checked, 
but was found to occur with the substrate combinations 
tested The possibility therefore remams that only two 
enzymes, coded for by two homologous sections of DNA, 
could possess the activities found As discussed by Virden 
and Watts’, however, the data of Thoai®*, Thoat et al 3? 
and Gaffney et al% on the specificity of kmases the 
substrate of which contains the guanidino-ethane group 
(Fig 1) make it clear that although specificity 1s low as 
between the members of the group, activity with other 
natural guanidines is almost entirely absent This would 
make it extremely unlhkely that the GK and TK activities 
m Myztcola are functions of the same enzyme or the CK 
and TK m Nereis For Nerevs, all possible paired activities 
are thereby ruled out, while for Myxcola the AK and GK 
might still be functions of one enzyme The activity of the 
Myzicola extract with glycocyamine was very high, 45 per 
cent of the argmme kinase level of activity, although the 
specificity with substrate analogues was shown to be lower 
than for most argmime kinases, the highest unusual 
activity, with D-argmime, was only 5 per cent of the 
argmine kinase level It seems reasonable to conclude that 
there are three distinct enzymes in Myzicola 

Aphrodite and Hyalonoecva both have arginine kinase 
plus creatine kimase (possibihty 2) and Sabellaria has 
argnme kinase plus taurocyamine kmase Until the 
latter species was investigated, 1t seemed that there might 
have been some evolutionary bias towards the AK and 
CK combination, which occurs also in two other major 
groups, the Tunicata?? and the Echinodermata*!-**, 
suggesting that evolution from AK to CK may be simpler 
or more advantageous than from AK to any other kmase 
In this respect, as m others, ıt now seems that the Annelida 
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must be distinguished from other groups The fourth 
possibility, two kmases neither of them AK, is represented 
by Arencola and Nephthys 

Sabella affords an example of the situation where no 
kmase other than AK 1s found, the first possibility This 
enzyme, however, showed a particularly low specificity 
toward substrate analogues, suggesting that this species, 
like the others, had an ancestor ın which duplications 
occurred, and that it is also an example of evolution in 
action The indication of two AK isoenzymes m starch 
gel electrophoresis supports the view that Sabella is 
not a “living fossil” with only one kinase gene Possi- 
bility 3 1s found in the case of Branchiomma, which shows 
only taurocyamine kinase activity, and m Hermione, 
with only creatine kmase Some reservation may be 
appropriate with Hermione, since the related species, 
Aphrodite aculeata, also found by Hobson and Rees to 
show only creatme kmase, was subsequently found to 
possess a relatively labile argimine kinase*’ If results for 
for phosphagens*’ are considered, a long list of species 
with only one phosphagen, differmg from phosphoargmme, 
could be made In those species where kinase activities 
have been measured, however, agreement with the phos- 
phagen results 1s not good, the enzyme measurements 
bemg clearly more sensitive and occasionally m conflict 
with those for the phosphagens?? 

The group specificity of enzymes towards phosphagens 
containmg the guanidincethane group, the fact that 
Sabella (AK), Aphrodite (AK+CK) and Myzwwola (AK + 
GK+TK) were all capable of phosphorylating substrate 
analogues, and that a number of argmine kmases had a 
lower than usual stability are all features to be expected 
if the enzymes were still undergomg evolution 

Evidence for multiple forms of the activities studied 1s 
not abundant Only three of the species possessed kinase 
activities powerful enough to be revealed by the rather 
msensitive methods used for stainmg after starch gel 
electrophoresis In all these, the activities found had 
migrated with medium velocity at pH 85 In Nerevs the 
CK and GK activities were located in the same band 
indicating (an conjunction with the additivity of these 
activities) that the two enzymes had the same mobility 
In Hyalwnoecra only AK could be demonstrated on the 
gel, and m Sabella, where no other activity had been shown, 
two arginine kinase bands appeared, one in the same zone 
as the activities ın other species, and one of shghtly 
greater mobility Including isoenzymes, more than three 
activities have never been shown ın one species As it 
seems that the properties of molecular dimensions and 
charge upon which electrophoretic mobility depends may 
be closely similar in most of the enzymes, isoenzymes 
may occur which cannot be demonstrated unde: the 
conditions of electrophoresis used 

In contrast to the diversity of phosphagen kinases found 
among the polychaete annelids, only lombricme kinase 
could be detected! among sixteen species of oligochaete 
annelids As previously mentioned, polyploidy 1s common 
m the latter group, accompanied by parthenogenesis 
At first sight, ıb seems paradoxical that, m a group of 
species known to have at least a double complement of 
genetic material, only one enzyme 1s found, whilst ın a 
related group several homologous enzymes occur There 
are two main possibilities for the evolution of the oligo- 
chaete situation, either this group diverged from the 
polychaetes after the primary dupheation of the arginine 
kinase gene and followed the same pathway as a polychaete 
m group 3 (Fig 3) or, alternatively, the extra gene making 
possible the evolution of lombricine kinase arose ın the 
polyploidization The fact that no diversity of kinases 
has been evolved ıs witness to the great mmportance of 
recombination in evolution The mutation rate in the 
ohgochaete genes 1s unlikely to be greatly different from 
that m the polychaetes, but regrouping of portions of 
changed genetic material 1s virtually absent mn a partheno- 
genetic organism In consideration of this, 1t seems most 
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probable that the ohgochaetes and polychaetes diverged 
after the primary gene dupheation and that polyploidiza- 
tion in the former group did not occur until after the 
evolution of lombricine kinase was complete 

The hypothesis presented here for the origm of diverse 
enzymes following duplication of the appropriate matenal 
in the genome is in itself no novelty Its theoretical 
development, originally undertaken to examine its 
feasibility for the annehd phosphagen lunases, should also 
prove useful in understanding the evolution of other pro- 
tems Perhaps the most remarkable feature of the some- 
what sparse data available for the annelid kmases is that, 
in addition to being m no way ın conflict with the hypo- 
thesis, they afford illustration of almost all the possibilitics 
predicted by ıb 

R L Watts thanks the Spasties Society for support 
durmg the greater part of the preparation of this paper 
We also thank Professor P E Polanı for much helpful 
discussion of the manuscript 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Stimulation of Interstellar OH 
by Phonons 


THs attempts which have so far been made to explain the 
observed features of the interstellar OH molecule cannot 
be regarded as entirely successful! The most mteresting 
observations are the OH sources in emission, where 1b 18 
clear that some form of maser action 1s mvolved Any 
theoretical model to explain these data must provide a 
mechanism for producing stimulated emission while also 
accounting for the formation and stabılıty of the OH 
molecule under the conditions prevailing in the emitting 
region An optical pumping device involving absorption 
and re-emission at 4=3080 A in the K?..-»A°S+ bands 
was suggested by Perkins eż al*, but this process has 
1ecently been criticized by Solomon? It has been argued® 
that the OH would be dissociated faster than 1t would be 
pumped by ultraviolet absorption Solomon has ın fact 
suggested that OH may form in the upper level of the A 
doublet by mverse pre-dissociation reactions taking place 
at a few thousand degrees Kelvin, but the possibility of 
other formation and stimulation mechanisms cannot be 
ruled out at the present moment 

The possibility that OH may be closely associated with 
grains has so far not been seriously considered Recent 
observations by Ishida and Akabane‘ indicating a close 
coincidence between the isophotes of OH emission with 
those of optical absorption in W3 seem strongly to support 
such a view According to current ideas®, mterstellar 
grains consist of graphite flakes of radu ~5x10-* cm 
from stellar sources which accrete mantles chiefly consist. 
ing of H,O, ın quiescent HI regions The outer ice mantles 
of the grains are quickly sputtered away® * in shock fronts 
and HII regions where the gas temperature rises above a 
few thousand degrees. The end-products of the sputtermg 
reaction cannot be specified definitely, but ıt 18 not un- 
likely that large quantities of OH might be hberated by 
this process It 1s also likely that free graphite surfaces 
will be very efficient m catalysing the recombmmation of 
OH in the manner discussed by Stecher and Willams’ 
A considerable fraction of the OH formed in hot clouds 
may be able to diffuse into the graphite lattice and become 
trapped between the hexagonal layers The melusion of 
OH as impurities would make them quite stable agaist 
dissociation by ultraviolet hght It would also then be 
reasonable to expect that solid state effects would play 
a part ın the stimulation of the OH molecule 

The results of two recent experrments seem to have 
an important bearing on this issue 

(1) It 1s found that acoustic microwaves may be greatly 
amplified in a semiconducting material provided currents 
involving supersonic electron drift velocities can be 
generated® In these conditions the electrons, which 
may be imagined as bunched together ın the potential 
troughs of the wave, transfer their energy towards ampli- 
fying the acoustic wave 

(2) Acoustic microwave phonons may be generated by 
electromagnetic microwaves and, conversely, acoustic 
microwave phonons may give rise to electromagnetic 
mucrowaves in conducting and semiconducting matenal® 

The following sequence of events is proposed Thin 
graphite flakes of radu. ~10-* em contammg OH impuri- 
ties* are exposed to collisions with gas atoms m a shock 


+ We may assume that graphite flakes with a high mopurity content 
possess the semiconducting properties required for experimental result (1) 
to be valid The impurities have the effect of separating the valence and 
conduction bands of graphite, and reducing the free carrier concentration 
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front or an HII 1egion where the kinetic temperature T > 


3,000° K Because of collisions the grams acquire angular 
speeds w given by 


1 3 
z7 2 9g ht (1) 


where I 1s the moment of mertia For a thin flake (thick- 
ness ~ 10-7 cm) an angular speed ~ 10° Hz may be obtained 
quite easily in the regions we consider With respect to 
axes fixed in the gram the galactic magnetic field will have 
rapidly oscillating components and the process of dia- 
magnetic relaxation will take place The details of this 
process have been discussed elsewhere’ ın relation to the 
problem of the ahgnment of grams The energy dissipated 
by such a process 1s expected to be largely in the form of 
low amplitude microwave phonons. It 1s also hkely that 
a background microwave radiation at ~ 10° Hz would feed 
in low amplitude phonons at the same frequency (compare 
experimental result (2)) If the conditions necessary for 
experimental result (1) to hold are satisfied, these miero- 
waves may be very greatly amplified m a maser-hke 
fashion There ıs also some evidence to suggest that 
maximum amplification occurs for frequencies in the range 
10°-101° Hz, very close to the frequency of the A doubling 
transition in OH {ref 8) The result will be a contmuous 
pile-up of phonon states with energies close to that 
required for the excitation of the upper state of the A 
doublet Finally, from the experimental result (2) we 
would expect the microwave phonons to give mse to 
photons of the same wavelength which actually cause 
the population mversion in the OH mpurities 

The velocity of sound m graphite 1s ~10® em s7 
Although this 1s close to the thermal velocities of conduc- 
tion electrons in the grain, the production of systematic 
currents with drift velocities v~ 10° em s-1 would require 
external electric fields E ~v/u, where u denotes the electron 
mobility For ideal graphite y~3x 10: msu (ref 10), 
but for impure samples ıt ıs considerably lower, for our 
case 1t may be reasonable to assume p~ 105 ESU (ref 11) 
The external electric field required 1s thus E ~ 10 E8 U 
Such a field may be supplied by ~ 10 electrons residing 
at any time on a grain of radius ~ 10-8em By considering 
the rates of arrival of electrons and protons at a grain 
surface, Spitzer! has shown that such a net charge 1s 
indeed likely ın an HII region 

The estimation of the energy output 1s difficult on 
account of several uncertain parameters involved The 
very small sizes, <~001 pe, of the emittmg regions 
would suggest that drastic compressions of the inter- 
stellar medium must be involved For our model ıt would 
suffice if this compression 1s chiefly restricted to the dust 
component The early work of Spitzer!’ suggests that such 
compressions of dust relative to gas may take place in the 
presence of mtense radiation fields, which may be appro- 
priate to clouds in O and B associations This 1s due to 
an attractive force which is set up between two dust 
particles, because each grain casts a ‘‘shadow”’ on the other 
and cuts off the radiation field ın a small solid angle 
Assuming @ compression of dust from an initial dimen- 
sion of ~ pe to ~001 pec, the dust density would 
increase from ~10-11 em to ~10- cm The gas den- 
sity may rise by a smaller factor, say, 107-10? 

According to the picture we have, the chief source of 
energy for the excitation of OH arises from the constant 
arrival of electrons at the grain surface It is the electro- 
static force exerted by the umpmging electrons which 
accelerates the conduction electrons to supersonic speeds, 
and these ın turn give up their energy to amphfy the 
18 cm microwaves The arrival rate of electrons 1s 


~ Ne TY? Ve (2) 


where ne 1s the number density of ambient electrons, ve 
is their thermal velocity and r is the radius of the gram 
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The rate of supply of energy to the conduction electrons 
is therefore 
Hew ne nr? ve kT erg s7 (3) 

assuming that the entire kinetic energy of impimging 
electrons 1s transferred to the solid. With plausible 
values, ne%10? em~, rx3x 10-6 cm, T10 °K, vex 107 
em s~!, we obtain #23x10- erg s~ If an appreciable 
fraction of this energy 1s converted mto 18 cm wavelength 
photons, the photon production rate will be ~10? s-! 
grain, With an estimated grain density of ~ 10-5 cm~? 
this would give a production rate of ~0 1 photons em~? 
s-1, similar to the mmimum output {assumed isotropic) of 
the stronger sources 

A further lnear compression of the dust by a factor 
~ 102-108 would raise the total output of radio photons to 
~ 105-108 cm? s1 We may then be able to obtain very 
high brightness temperatures, T > 1013 °K, for OH sources 
without requiring a collimation of the microwave output 

A shght degree of collmation 1s to be expected in the 
microwave output if the highly anisotropic graphite flakes 
are aligned by a magnetic field The harmonic motion of the 
radiating dipoles will be largely confined to the hexagonal 
planes, and the scattered light profile of an mdividual 
grain will be strongly directed along the crystal axis We 
may therefore expect the microwave output to be directed 
more or less along the magnetic field It may also be 
possible to explam some of the polarization effects which 
have been reported in terms of the alignment of spinning 
grains The narrow widths of the observed OH lines may 
be understood as being because of the very low thermal 
velocities of the grains 

I thank Dr E A Davis and Dr P A. Strittmatter for 
valuable discussions 

N. C WICKRAMASINGHE 

Institute of Theoretical Astronomy, 
University of Cambridge 
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Lunar Occultation of a Solar Active 
Region at 4 cm Wavelength 


Tue solar eclipse of July 20, 1963, was observed from 
Ann Arbor, Michigan, using the 85 ft paraboloid tele- 
scope of the University of Michigan As observed from 
Michigan the solar eclipse was partial, however, the Moon 
completely occulted two discrete regions on the Sun—one 
near the east limb and the other near the west lamb We 
observed the lunar occultation of the eastern region At 
the 4 em wavelength at which this occultation was ob- 
served, the pencil beam of the radio telescope had a half- 
power width of 5’95 of are Drift scans were taken across 
the region before the occultation m order to find the 
position of the peak These scans indicated an angular 
size of about 3’ of arc and a position which was m agree- 
ment with the position undicated by Stanford 491 cm 
maps ‘Thus the beam almost completely covered the 
discrete region, and the observations consisted ın track- 
ing the region throughout the period of occultation with 
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Fig 1 The curves of immersion and emersion of the eclipse of July 20, 
1963 The radiometer intensity is in arbitrary units 


the beam pointed on the peak of the region The occulta- 
tion was observed in both ummersion and emersion. 

Both analogue and digital records at intervals of 4 s 
were taken The occultation curves for immersion and 
emersion are shown m Fig 1 From the calculated posi- 
tions of the Moon’s lmb at intervals of 4 s, we have 
determined the position angle and the velocity at which 
the Moon’s limb moved across the source These calcula- 
tions led to an mdependent determination of the position 
of the source It comeided well with the position of the 
region as given by the Stanford map at 4 91 cm 

The strip-mtegrated brightness distribution was ob- 
tamed by differentiating the occultation curve for both 
mamersion and emersion The smoothed brightness dis- 
tributions for immersion and emersion are shown in Fig 2 
From the emersion distribution 1t seems that the source 
has a central component of angular size about 45” of 
are and a very weak outer component Furthermore, the 
distribution 18 not symmetrical, the imtensity mses 
sharply on the east, and decreases rather slowly on the 
west side 

From the derived brightness distributions, one can find 
the exact times of disappearance and reappearance of 
the peak of the active region These times in turn give 
the position of the peak with a precision of better than 
5” of are Converted mto heliographic co-ordinates the 
position thus obtained 1s N. 9°%5, E 62°-6 at 2200 hours 
UT This position is slightly displaced from the position 
of the associated sunspot as 1t appears on the Fraunhofer 
Institut map This ıs because the source at A 4 cm 18 
situated above the sunspot Indeed, assuming that the 
source 18 situated radially above the associated sunspot, 
the height estamated ıs found to be 14,000 km above the 











photosphere These results are in agreement with the 
observations! made earlier on à 3 cm, and are consistent 
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discrete region, zero of ordinate represents the position where the 

beam was pointed Directions of scanning for immersion and emerson 
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with the theory of resonance absorption that has recently 
been proposed to explain the slowly varying component?» 
According to this theory, resonance absorption at har- 
monics of the gyrofrequency m the strong sunspot mag- 
netic field can explam the small size and hugh brightness 
temperature of the source at centimetre wavelengths 
This theory also indicates that the intense peak at centi- 
metre wavelengths should he above the associated 
sunspot 
We thank Professor F T Haddock for permitting one 
of us (M R K) to use the 85 ft dish for these observa- 
tions 
M. R Kundu 
T VELUSAMY 
Tata Institute of Fundamental Research, 
Bombay 
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PLANETARY SCIENCE 


Sunspot Cycle and the Quasi-biennial 
Stratospheric Oscillation 


PREVIOUS communications? reported observations from 
the southern hemisphere indicating an attenuation of the 
quasi-biennial stratospheric oscillation ım the years 
1963-64 The 24 to 26 month cycles of wind and 
temperature in the lower stratosphere, and of total 
ozone, weakened or vanished after a series of pro- 
nounced cycles? ın the years 1955 to 1962 (which were 
characterized by high sunspot activity) 

During recent years, quasi-biennial modes reappeared 
with a reversed phase m observations from many places 
The breakdown of the oscillation ın 1963 had been hnked* 
with a reduction of direct solar radiation in the southern 
hemisphere, following the mjection of voleamie dust into 
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the lower stratosphere durmg the eruption of Mount 
Agung, Bah (8° S, 115° E ), in March 1963 Eibden‘ has 
since shown that a weakening and subsequent phase 
reversal in the quasi-biennial modes in 30 and 50 mbar 
temperatures at Ascension Island (7° 58’ S, 14° 24° W, 
about 14,000 km west of Bah) commenced with a rela- 
tively sudden and sustained temperature rise which was 
compatible with the eastward spread of the dust and its 
radiation effects 

Ramanathan!‘ had already noted that ın the Jong series 
of observations of total ozone at Arosa (47° N) from 
1939 to 1963 breaks and phase shifts occurred m the 
quasi-biennal mode, about half-way between sunspot 
maxima. Because 1964 was a year of sunspot mmimum 
an extraterrestrial influence on the oscillation 1s suggested 

We present here further evidence to support a connexion 
of the quasi-bienntal oscillation with sunspot cycle, mm- 
cluding observations ın the tropics north of the equator 
The curves in Fig 1 summarizing this evidence are based 
on time series of monthly means to which a suitable filter! 
has been apphed to elummate trend and annual waves 
The recent break ın the cycles of total ozone at Brisbane 
(27 5° S ) and Aspendale (38° S) in the southern hemi- 
sphere, where the ozone amplitude has been generally 
larger than ın the northern hemisphere’, can be seen 
The reappearance of a quasi-biennial cycle with reversed 
phase in 1965 ıs mdicated Early Australian ozone 
observations with the old type Dobson spectrograph at 
Mount Stromlo, Canberra (35° S), ın the four years 
preceding a sunspot mimmmum in 1932 also showed a 
markedly weakenmg bienmal mode 

In the longer records of 60 mbar temperature at Aden 
(13° N ) and Hobart (43° § ) the attenuation prior to the 
sunspot minimum in 1964 stands out clearly There is 
no discernible quasi-biennial oscillation for several years 
preceding the sunspot mmimum m 1954 At Aden this 
means a break in secular continuity because the earliest 
records, before 1951, reveal a marked bienmal mode 
The curve for the meridional wind component at 18 5 km 
(= 60 mbar) over Wilkes (66° § ) on the coast of Antarctica 
—-a corrected and extended version of one previously 
published (ref 1)—-bears out the global nature of the 
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Solar activity and breaks in the quasi-biennial oscillation of temperature, wind and totalozone The operator é signifies 12 month minus 
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phenomenon, though with a reduction of amplitude At 
Macquane Island (53° S) quast-biennial cycles of the 
100 mbar temperature continued after 1962 (ref 2) 

In search of still earlier evidence, we collected all 
records (see legend to Fig 1) of sufficiently hıgh pilot 
balloon ascents near the equator where, m the lower 
stratosphere annual and semi-annual waves ın zonal 
wind are swamped by the quasi-biennial variations They 
can thus be recognized ın scattered samples, each consist- 
ing of a few days of observations, as seen in Fig 1 in the 
plots of 195 km (~60 mbar) zonal wind velocity ın the 
1908-33 epoch (on a level with the Aden temperature 
curve) The zonal velocity mdicated by the dust veil 
from the Krakatoa eruption is also shown ‘The con- 
nexion with sunspot cycle ıs brought out ın these wind 
data ın another way, by a broadly m-phase relation with 
the Aden curve, the time scales having been fixed relative 
to the sunspot cycle (the mmimum m) 

An association of amplitude fluctuation ın the quasi- 
biennial oscillation of temperature and ozone with the 
single (about 11 yr) sunspot cycle suggests the influence of 
variable solar corpuscular emission This would, however, 
require a polar rather than an equatorial drive Lindzen? 
concluded that one can rule out an equatorial drive by 
iadiative-photochemical response (that is, through absorp- 
tion in the Haitley-Huggins bands of ozone) to small 
fluctuations in solar ultraviolet emission Variation 
in the absorption of reflected light from below ın the 
Chappuis band of O, in the visible was, however, a feasible 
cause of the oscillation, and semi-annual (6 month) 
variations of cloudiness in the tropies have been suggested 
as a mechanism To explain a biennial (24 month) 
oseiletion, one has to invoke a mechanism of sub-harmonie 
response which Staley* questions ın regard to zonal 
momentum in the equatorial stratosphere In any case, 
as Staley points out, this would yield mtegral multiples 
of semi-annual or, in the extratropical region, annual 
foreing periods Subharmonic response would therefore 
fail to explam a period of about 26 months (A value of 
26 2 months has been calculated from monthly means of 
zonal velocity based on 120 months of records at Balboa, 
at 9° S (ref 9) ) 

We can show, however, that variations in solar emission 
associated with the double (22 yr) sunspot cycle provide 
a possible mechanism by which the frequency of a biennial 
cycle can be shifted Assuming a sinusoidal caruer wave 
of orbital frequency v=} yr- with angular modulation 
by a single wave with frequency vjz= 1/22 yr-}, one obtains 
principal side-band frequencies of ve + var, the correspond- 
ing periods baing 22 0 and 264 months It ıs »mportant 
to pomt out that angular modulation 1s a feasible mechan- 
ism whereas amplitude modulation yielding simular side 
bands would require additional energy presumably not 
available, for the oscillation We are mdebted to MrR R 
McGregor who drew our attention to this distinction 

At this stage no plausible mechanism can be suggested 
whereby only the lower side band with an approximately 
26 month period ıs observed, nor can we explaim how the 
amplitude of the quasi-biennial oscillation varied with the 
single, 11 yr solar cycle But ıb 1s noteworthy that low- 
amplitude wind cycles with a 13 month period which 
have been detected m good data from the lower tropical 
stratosphere’ can be interpreted in terms of modulation 
by this cycle. of a weak annual wave present in the 
tropical belt 

F A Berson 
R N KULKARNI 


CSIRO Division of Meteorological Physics, 
Aspendale, Austraha 
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Longitudinal Spread of pc | Micro- 
pulsations in the Magnetosphere 


Oxe of the important problems ın the field of pe 1 muero- 
pulsation (pearl) research is to determine what portion 
of the magnetosphere 1s involved ın the propagation of an 
individual structured pe 1 event. It 1s generally recog- 
mized! that these muicropulsations propagate back and 
forth m a dispersrve medium? between conjugate 
hemispheres guided by the Earth’s magnetic field, but it 
is not known whether the waves are constrained to 
propagate along a single field lme or whether they can 
spread out along an appreciable portion of a magnetic 
shell Because energy is transferred back and forth 
between trapped particles and ultra-low frequency (ULF) 
waves ın the cyclotron resonance interaction‘, and because 
trapped particles undergo longitudinal drift, 1t 1s reason- 
able to assume that a structured pe 1 micropulsation may 
spread out along a magnetie shell even if ıb started on a 
particular field Ime Dispersion measurements®~* which 
have been used to locate the latitude where the field 
hnes or shells mtercept the surface of the Earth cannot be 
used to determme longitude, and hence one must resort 
to interstation comparison of data 

Unfortunately, measurements of differences ın polariza- 
tion and of the arrival time of the same event at spaced 
stations are not sufficiently accurate to allow an un- 
ambiguous measurement of the longitude or spread ın 
longitude of the magnetospheric portion of the path 
Comparison of the signal strength or occurrence rates at 
different stations may also be xumposstble because the 
final portion of the propagation path involves an 1ono- 
spheric duct with unknown attenuation parameters 

Fig 1 ilustrates the type of mteraction that may be 
present at the mterface between the magnetosphere and 
ionosphere In the reflexion region, part of the meident 
wave must be reflected back along the field line and part 
must enter the 1onospheric waveguide and be ducted 
honzontally m all directions at the broad mmimum of 
phase velocity located between 300 and 700 km®° Both 
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Fig 1 Possible ray paths of a structured pe 1 micropulsation The 
wavy lines represent the direction of propagation of the incident 
reflected and ducted waves as well as those which leak out of the 
F-region duct Mode conversion takes place in the cross-hatched area 
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the modent and reflected waves that are guided must be 
left-hand polarized whereas the unguided or ducted wave 
cannot have left-hand polarization Because waves are 
detected at the surface of the Earth, the waveguide must 
be leaky at the lower boundary and perhaps also at the 
upper boundary The spectral energy density of the 
received signal may be modified drastically durmg the 
short passage through the lower F and E region after 
leaking out of the duct because attenuation 1s orders 
of magnitude larger at these lower altitudes® 1° 

Some of the effects of this attenuation can be demon- 
strated by noting that stations located near 65° geo- 
magnetic latitude rarely detect structured pe 1 at mght!, 
even though mid-latitude stations® detect many events at 
might which propagate on field les or shells entering 
the duct at about 65° Because of this strong local 
absorption, ıt ıs difficult to determine the longitudmal 
extent of the magnetospheric path from interstation 
comparison of signal strengths and occurrence rates of 
pe 1 events 

Further progress can, however, be made towards the 
solution of the longitude problem because of recent 
advances! m the mterpretation of the pi 1 events known 
as “irregular pulsations of diminishing period”? (IPDP)! 
These events usually last about an hour and consist of 
broad-band noise gradually increasing in frequency with 
structured elements frequently superposed These 
structured elements arrive simultaneously m conjugate 
hemuspheres and do not have a simple repetitive pattern" 
It has been shown!214 that these elements are guided 
along the magnetic field lines after having been muitiated 
out in the magnetosphere near the equator Structured 
pe 1 and structured pi 1 events have the same frequency 
range, so that the effects of the 1onosphere on these two 
different classes of guided micropulsations should be very 
simular 

The results of the dispersion analysis of a large IPDP 
data sample? show that the structured elements propa- 
gate along field lines with equatorial geocentric distances 
between 7 and 13 Earth radu The diurnal variation of 
occurrence’ #15 and the rising frequency of IPDPs show 
that the event 1s characterized by a motion of some 
disturbance region bemg swept m and approaching the 
Earth by crossing field lines ın the late evening hours 

An interstation comparison of data presented n Fig 2 
shows that the rate of detection of IPDP events at Seattle 
1s approximately the same as that at College and 1s strongly 
associated with local magnetic disturbances as indicated 
by comparison with the Victoria K-index The College 
data were taken from the Hzgh-Latiwtude Geophysical 
Data senes without regard to emission frequency, and 
the Seattle data were scaled from original records in the 
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Fig 2 The variation of monthly occurrence of IPDP events for 

1965 and 1966 The dashed line represents Seattle data and the solid 

lune 1s for College data The dotted line forms a histogram showing 

the vaniation of the monthly sum of the local magnetic index Kv for 

Victoria, BC , during the hours (0-6 UT) >» £[Kx(0-38 UT + 
Kvx(3-6 UT)} 
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same fashion Upper frequency hmuits of approximately 
1 Hz are common at Seattle, whereas the IPDPs detected 
at College rarely exceed 05 Hz! Because all theso 
emissions propagate on field lines which enter the iono- 
sphere at higher latitudes than College", the loss of high 
frequency activity at College should not be caused by 
F-region duct attenuation but more likely by attenuation 
at lower altitudes after leaking out of the bottom edge 
of the duct Furthermore, the fact that the Seattle rate 
1s essentially the same as the College rate, as shown m 
Fig 2, indicates that only a very small attenuation 
18 curred by the passage of the waves through an 
additional 1,500 km path in the F-region duct 
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Fig 3 Three superimposed histograms showing the diurnal variation 
of occurrence of IPDP events from February 1965 to December 1986 
The dotted histogram shows the diurnal variation of all IPDP events 
observed at Seattle, the solid one 1s for all IPDP events observed at 


College, and the dashed curve shows the diurnal vartation of all IPDP 
events detected simultaneously at both sites 


Similar oceurrence rates can exist for these two stations 
if they always see the same event or if they merely see 
different events with the same probabilty Fig 3 18 a 
plot of the diurnal variation of occurrence of all IPDP 
events detected either at Seattle or at College or simul- 
taneously at both sites It 1s clear that the two stations 
do not normally see the same event even though they are 
separated by only 2 h in longitude An explanation that 
seems reasonable for the good north-south propagation 
of muicropulsations (stmilar IPDP occurrence rates at 
Seattle and College) and the poor east-west propagation 
(low rate of simultaneous IPDP events at Seattle and 
College) ıs anisotropic coupling mto the F region at the 
reflexion point shown schematically ın Fig 1 Amsotropic 
couplng into the duct ıs more hkely than anisotropic 
propagation after the wave 1s m the duct because of the 
pecuhar boundary conditions that must be considered at 
the magnetosphere—ionosphere interface 

On the other hand, there are many observations!1? of 
the detection of identical structured pe 1 events at stations 
widely separated ın longitude A possible explanation for 
these observations 1s that a structured pe 1 event can 
have an appreciable spread im longitude along a shell 
m the magnetosphere rather than be constrained to 
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plopagate along a flux tube that ıs very restricted m 
longitude 
H. B KNAFLICH 
J FEF KENNEY 


Boemg Scientrfic Research Laboratories, 
Seattle, Washington 


V P HESSLER 
Geophysical Institute, 
University of Alaska, 
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Heating of the Upper Atmosphere 
during Geomagnetic Disturbances 


During geomagnetic disturbances the upper atmosphere 
may be heated? either by mjected charged particles and 
electrojets® or by magnetohydrodynamic waves and 
plasma oscillations? arly studies of the heating were 
based on some peculiarities of auroras at large heights? 
The detection of the merease of artificial satellite drag 
during geomagnetic disturbances‘-* led to more widely 
accepted data on the phenomenon 

Investigations of ordinary auroras by an interferometer 
method’? show that withm an error of +5 per cent the 
temperature of the upper atmosphere does not differ 
from that given in the 1965 Cospar International Refer- 
ence Atmosphere for undisturbed conditions? This 1s 
the case even during auroras of the IV IBC type durmg 
which an energy of up to 600 ergs em- s~! can be intro- 
duced? About 10 per cent of this energy mevitably 
turns into heat Nevertheless, there are no observations 
showing considerable heating Before these mvestiga- 
tions ıt was assumed? that durmg auroras at low heights a 
considerable cooling of the upper atmosphere may take 
place due to emissions by vibrationally excited NO and 
NO+ molecules Such molecules can be easily formed 
not only at a high temperature but also as a result of 
different atomic exchange reactions Such reactions 
can develop most effectively durmg vibrational exertation 
of O, and N, It was supposed that the vibrational 
excitation of N, 1s possible durmg collisions with elec- 
trons! This process seems to be confirmed by the fact 
that durmg geomagnetic disturbances at middle latitudes 
the electron temperature ın the ionosphere decreases'® 
After the great geomagnetic storm on February 11, 1958, 
a decrease of ordmary daytime radio wave absorption 
in the D layer was observed!* This can be interpreted as 
a result of the accumulation of very large amounts of 
NO in the upper atmosphere, perhaps exceedmg 10!” 
NO cm. In such circumstances, hydrogen Lyman a 
emission, penetrating into the D layer and ionizing NO 
there, will be considerably weakened, and will not be 
able to produce an ionized layer ensurmg considerable 
absorption of radio waves Truttse (unpublished work) 
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has observed that the pubhshed maternal of the IGY 
and the IQSY™ contams mdications of a consider- 
able merease of the contmuum of the night sky emission. 
at middle latitudes durmg large geomagnetic storms 
This continuum is a result of the appearance of consider- 
able NO concentrations'*:1¢ m the upper atmosphere It 
should also be recalled that ın the spectrum of the aurora 
on February 11, 1958, two unidentified emissions at 
3780 A and 3812 A were found which are near to 
the components of the most mtense 0-11 band of the 
B-system of NO (ref 18) NO and NOt molecules can 
emit about 3 x 10-3 ergs m 01 s and nearly restore their 
vibrational excitation durmg each collision with sur- 
rounding atoms and molecules?® Thus if the result of 
interferometric investigations of the temperature during 
auroras ıs reliable, there are serious grounds for believing 
that the heating of the upper atmosphere at low heights 
(below 200 km) because of the myection of charged 
particles and electrojets cannot be important. 

During large geomagnetic storms, however, the metast- 
able atomic oxygen emussion at 6300 A (refs 19 and 20) 
which appears above 300 km 1s the mam and predominant 
auroral emission Even m the mid-latitude region 1ts 
diffuse fields have enormous extents and intensity The 
Doppler contour of this emission is very wide This 
indicates that even temperatures averaged over several 
hours reach 3,500° K (ref 21) Thus mstantaneous 
temperatures can be much higher At the most mtense 
spots during the aurora on February 11, 1958, the emission 
at 6300 A reached 10° R, which corresponded to an energy 
flow amounting to 300 ergs cm~? s- The mtensity of this 
emission exceeded by four orders of magnitude the intens- 
ity of the green emission of atomic oxygen at 5577 A, 
while the excitation potentials amount to 1 96 eV for the 
former and 4 17 eV for the latter, that 1s, they do not differ 
considerably Neither energetic, nor low-energy electrons 
nor hot electron gas with a Maxwellian energy distribution 
can be a reason for the excitation of red emussion at 
6300 A In high-latitude regions durmg the mjection of 
low-energy protons, which do not penetrate deeply mto 
the atmosphere, the mtensity of the emission at 6300 A 
mereases considerably**. But on February 11, 1958, 
hydrogen emission m high-latitude regions was not mten- 
sive and at middle latitudes did not exceed the observabil- 
ity threshold at all Thus the heating of the upper atmo- 
sphere by some plasma oscillations or magnetohydro- 
dynamic waves remains at present the only probable 
reason for the appearance of red atomic oxygen emussion 
at 6300 A 

The top of the upper atmosphere should be heated most 
intensively The boundary of the heated region will be 
lowered to levels at which the removal of myected heat 
outside the atmosphere will become possible The greater 
the injected energy, the lower the boundary of the high- 
temperature region The removal of the heat down- 
ward, however, as a result of thermal conductivity, 
18 Insignificant even durmg very great heating despite a 
large surface which removes heat and which 1s secured by 
a rapid levelling of the temperature m the top of the 
upper atmosphere 

In these circumstances, the most probable processes 
are collisions and the atomic exchange reaction NO(?II)+ 
O@P)—-NO(*II) + OD), durmg which the Wiegner rule is 
observed At high temperatures when the average energy 
of atoms and molecules approaches 2 eV, the rate of this 
reaction can amount to 10-1 em? s-t In such arcum- 
stances, most oxygen atoms will be in the 'D state Thus 
at about 10° O em- tt 1s necessary to have about 10% 
NO cm for an emission at 6300 A at 10° R (the maximum 
intensity observed) At a lower temperature but with an 
equal number of collisions these NO molecules can be 
excited and emit infrared photons with energies of about 
02eV The total energy ın this region of the spectrum, 
however, will be an order of magnitude lower than m the 
red emission at 6300 A the photons of which have energies 
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of 196 eV At the same time the afore-mentioned NO 
molecules will take part in the creation of the contmuum 
m the reaction NO+0O-—-NO,+contimuum?™ This 
reaction has a ratel! of about 10718 em? s-1, giving a 
continuum of 10? m a very wide region. of the spectrum 
Such additional emussion cannot be observed agaist the 
general background of the ordmary contmuum Thus the 
mcrease mm the contmuum may only be due to the accumu- 
lation of large quantities of NO ın lower parts of the 
atmosphere with a larger atomic oxygen concentration 
Large amounts of NO will, however, considerably cool the 
atmosphere As a result of this, the temperature at 
low heights will not merease essentially, because the 
downward flow of heat from strongly heated parts of the 
atmosphere, where emission at 6300 A is emitted, 1s con- 
siderably weakened 

The inciease of artifiaal satelite drag durmg geo- 
magnetic disturbances was interpreted in terms of heating 
of the upper atmosphere during which the height distribu- 
tion of heat mflows corresponded to that typical of day- 
tıme ordinary, undisturbed conditions Indirect measure- 
ments of the mcrements ın the exospheric temperature 
AT obtained from the value of the drag were not great, 
being about 1° K per ap unit Direct measurements of 
such temperatures have not yet been accomplished 
Jacchia? has noted that the maximal drags and AT 
take place when the perigee of a satellite 1s situated at 
a height of about 650 km Lower and higher perigees 
correspond to smaller drags and AT. A higher location 
of the mai source of heating does not contradict the 
relative distribution of drag with height described by 
Jacchia 

The actual data avaiable at present do not permit us 
to establish all the details of the heating process Truttse 
(unpublished work) has shown that the drag and the 
logarithm of the intensity of emission at 6300 A (ref 24) 
are m phase and proportional to Dae On one hand, this 
dependency can be interpreted as evidence of a sharp 
non-hnear increase of the heating agent with an mcrease 
of Dy On the other hand, it can be regarded as an 
indication of a sharp conversion from vibrational excita- 
tion of NO molecules and ther quenching by mfrared 
photons to the generation of emission photons at 6300 A 
in the atomic exchange reaction because of the crease 
inthe temperature In the latter case, the relation between 
Dz and the total energy in the NO infrared emission and 
the atomic oxygen emission at 6300 A will not be so 
non-linear and perhaps will even be linear The choice 
between these two alternatives can only be made on the 
basis of simultaneous mvestigation of these emussions 

Twenty-seven day and semi-annual vanations of artifi- 
cial satellite drag can also be associated with the heating 
of the upper atmosphere by plasma oscillations or mag- 
netohydrodynamic waves which accompany geomagnetic 
disturbances and auroras The latter are characterized 
by remarkably sımılar synphase variations Variations 
of the upper atmospheric density with the time of day 
and with solar activity are well described by the existing 
models of the atmosphere, ın which only variation of the 
solar electromagnetic radiation 1s taken into account 
It ıs very likely, however, that with further, more detailed 
determination of the heatmg processes a small contribu- 
tion from magnetohydrodynamic and plasma wave 
absorption will be de.ected This should be taken into 
account despite the fact that solar hard ultraviolet 
radiation, absorbed ın the atmosphere, 1s relably known 
The problem 1s that the process of the transformation of 
energy into heat and the removal of this heat outside the 
atmosphere has not yet been explored with sufficient 
comprehensiveness 

V I. Krassovsxy 

Institute of Physies of the Atmosphere, 
USSR Academy of Sciences, 
Moscow. 
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Age of the Upper Boulder Clay 
Glaciation in the Midlands 


THe radiocarbon dating of 30-36,000 yr provided by 
Shotton! for peaty samples obtamed from gravels occu - 
ring beneath the Upper Boulder Clay of the Four Ashes 
area [SJ9208], situated about 5 miles north of Wolver- 
hampton, ıs probably the most important advance mn 
absolute Pleistocene chronology yet achieved by the 
method of age determination in the Enghsh Midlands It 
has proved that the Upper Boulder Clay 1s a viable tıme- 
stratigraphic unit within the Shropshire—Cheshire Basin®:3 
and disproved the hypothesis that the maximum hmıt of 
advance of the ico-sheet which laid down the Upper 
Boulder Clay in north Cheshire reached only as far as the 
Wrexham-—Bar Hill morainic suite situated ın the centre 
of the Shropshire-Cheshire Basm‘ By inference this 
dating must support the view that the complex Wrexham— 
Bar Hall end-moraime ıs of pre-Upper Boulder Clay 
(Middle Sands) age% and therefore cannot be correlated 
with the Brandenberg and Lesnow moraines as suggested 
by Boulton and Worsley! Furthermore, 1+ also shows 
that the variations ın carbonate leaching properties dis- 
covered by Boulton and Worsley in the Upper Boulder 
Clay to the north and south of this morainie suite are not 
necessarily indicative of age differences between these 
deposits as suggested by them* 

The sequence of glacial deposits within the Shropshire— 
Cheshire Basin®? comprises an Upper Boulder Clay (now 
shown to be of Wurm II age), Middle Sands (of radiocarbon 
age—determinations ranging from 28,000% to 57,0005 yr 
old) and Lower Boulder Clay (by inference probably of 
Wirm I age) The melt-phase of each glaciation produced 
separate and distinct glacial lake features within the 
Shropshire—-Cheshire Basin? and from the Four Ashes age 
determination of 30-36,000 yr we must conclude that the 
Main Terrace of the River Severn (dated downstream from 
Ironbridge at 42,000 yr (ref. 6) correlates through the 
Ironbridge Gorge with a glacial lake-stage formed durmg 
the melt-phase of the Lower Boulder Clay glaciation 
(products of which probably melude the Middle Sands 
Wrexham-—Bar Hill morainic suite) rather than with the 
long accepted correlation with glacial Lake Lapworth’, 
for the uppermost Lake Lapworth features are cut into , 
and obviously postdate the Upper Boulder Clay of the 
type Shrewsbury (sheet 153) area?:3.7 
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While this new radiocarbon dating has helped to stand- 
ardize the chronology of the Shropshire-Cheshire Basin, 
it accentuates the need for further such absolute chron- 
ology to be obtained ın the critical Wolverhampton- 
Birmingham area A glance at the one-inch geological 
duft maps 158, 154 and 168 shows that the now-proved 
Wurm II Upper Boulder Clay of the Four Ashes area 
occurs on the north-western margin of an almost con- 
tinuous till-sheet which extends eastwards over the 
Cannock Coalfield and south-eastwards mto the West 
Bromwich and Edgbaston area of Birrangham The so- 
called “Wolverhampton Line’! 1s merely an approximate 
limit of large ‘Irish Sea” erratics m the Upper Boulder 
Clay and as such 1s not absolute evidence of the maximum 
lmt reached by ice-sheets in the Wurm II period of 
glaciation The boulder clay to the south of the River 
Tame south of Walsall is chiefly composed of locally 
derived Coal Measures material in which “Irish Sea” 
erratics are occasionally found It ıs notable that Kelly 
has recorded “Irish Sea” erratics m the Upper Glacial 
deposits of the North Birmingham area! and ıt would 
seem at least possible that the uppermost boulder clay 
(Edgbaston Tull) of his complex succession hereabouts 
may correlate with the Wurm II boulder clays of the 
Four Ashes area 

E G Poore 
Institute of Geological Sciences, 
London 
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Koyna Earthquake 


Tse Koyna earthquake of December 11, 1967, killed 
about 200 people and mjured a few thousand The 
eipcentre was within 5 km of the Koyna Dam {17° 23} N, 
73° 45’ E) <A magnitude of the order of 75 on the 
Richter scale has been reported by the Indian Meteoro- 
logical Department and the Central Water and Power 
Research Station The depth of focus of the earthquake 
has been estimated at about 30 km The earthquake was 
felt over distances up to 700 km from the epicentre 
Geologists, basing their opimon on this information, 
have suggested that the earthquake resulted from move- 
ments along a fault, possibly a satellite of the principal 
fault along the Malabar coast, and that ıt may be an 
isolated event unconnected with the reservoir and the 
earlier seismic activity 

Koyna Dam and the Shivay: Sagar Lake formed by ıt 
aie situated in the western part of the peninsular shield 
which 1s covered by the Deccan lava flows commonly 
known as Deccan Traps The dam was constructed on 
the Koyna river which origmates m the Mahabaleshwar 
region and runs practically north-south up to Helwak, a 
point which is very close to the epicentre and where the 
river turns sharply to the east 

The penmsular shield ıs one of the nearly non-sersmic 
stable central shields of the continents Isolated shocks 
of low magnitude have been reported on the western 
and eastern ghats The Koyna reservoir was impounded 
1m 1962 and reports of Earth tremors near the site of the 
dam began to be prevalent soon afterwards The frequency 
of tremors increased considerably from mid-1963 Fiom 
September 1964 to Maich 1966 sixty-one tiemors were 
ə 1ecorded and their epicentres were determined usmg data 
from a network of four closely spaced seismological 
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observatories at Mahabaleshwar, Satara, Govalkot and 
Koyna Nagar (Fig 1) Durmg 1967, five tremors were 
recorded by a few other seismological observatories as 
well as the four situated in the neighbourhood of Koyna 
Dam Studies of these tremors showed that the epicentres 
of most of these were located within a small radius around 
the dam site The foci of these tremors were located at a 
depth of about 4 km, and they were attributed to crustal 
adjustments within the Deccan lava flows! Before the 
earthquake of December 11, there was a shock on Septem- 
ber 13. 1967, in this region which was widely felt and 
caused minor local damage ‘This was the first earthquake 
in this area to arouse public anxiety 

Field investigations carried out by us after the Koyna 
earthquake of December 11 showed very localized damage 
Koyna Nagar and some areas to the south are the most 
affected, where the intensity hardly exceeds 8 on the 
MM scale Poorly constructed brick and mud houses 
have withstood this earthquake at small distances of 
8-10km Field studies indicate a much smaller magnitude 
than 7 5 and a depth of focus shallower than 30 km The 
large distances of 700 km over which the earthquake 
was felt may be a consequence of the good transmission 
of energy ın the shield area 

We have obtained seismograms from Adelaide, Athens, 
Anpu, Kongsberg, Valentia and Kirkenes, where the 
seismological observatories are equipped with WWSSS. 
The surface wave magnitude has been determined for the 
Koyna earthquake from these seismograms and an average 
value of 6 2 ıs obtamed (Table 1) The Uppsala observa- 
tory has reported a magmitude of 6 25 for this earthquake 
and the same value has been assigned by Adams (personal 
communication) If ıs therefore establhshed that the 
magnitude of this earthquake ıs of the order of 6 2 


Table 1 


Recording station Surface wave magnitude 


Adelaide, Australia 
Anpu, Taiwan 
Athens, Greece 
Kongsberg, Norway 
Kirkenes, Norway 
Valentia, Ireland 


aaan 
co o9 0 Oo ar 


Seismic activity has been reported to be associated 
with the fillmg of the Boulder Dam by Carder? where 
several hundred small earthquakes were felt and several 
thousands were recorded by seismographs in the vicinity 
of the Boulder Dam reservoir after it was filled in 1935 
These earthquakes were of low magnitude and did not 
cause any damage Adams (personal communication) 
has found a three-fold merease in seismic activity at 
Mangla Dam in Pakistan following its filling 
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Evans*4 has put forward the classic 
example of Rocky Mountam Arsenal near 
Denver where a deep well was used for 
disposal of waste fimds Otherwise a non- 
seismic area, Denver experienced about 700 
tremors during 3 5 yr The frequency of these 
tremors was found to be high durig the 
months of high injection and vice versa The 
Pre-Cambrian rocks of the Arsenal reservoir 
are highly fractured and rest on steep slopes 
The merease of fluid pressure withm the 
reservoir decreases the frictional resistance 
along the fracture planes and the movement 
occurs The elastic wave energy thus 
released ıs recorded as earthquakes The 
largest recorded magnitude in this area 1s 
4 8 on the Richter scale 

Association of the enhanced seismic 
activity in the Koyna region with the impounding of the 
dam ıs established beyond doubt Guha et al! have 
shown an merease im the seismic energy ielease in 
this area with the merease of the reservoir level 
with a certain time lag The highest recorded magni- 
tude for tremors in this region until March 1966 was 
of the order of 400 The earthquake of September 
13 had a magnitude of the order of 560 and the earth- 
quake of December 11 of the order of 60 These events 
all seem to be connected 

The exact mechanism of the seisme activity associated 
with the loading of the .eservorr 1s not known Without 
doubt the hydrostatic pressure of 50 Ib /in 2 exerted by the 
Koyna reservoir could not be directly responsible for an 
earthquake of magnitude 6 0 

There 1s the possibility that the Koyna river itself flows 
along a fault and that water from Shivaji Sagar Lake 
percolating through great depths could have created 
certain imbalances ın hydrostatic pressures resulting in 
shppage along fracture planes This mechanism itself 
could also act as a triggermg agency for some sort of 
eham reaction at depths of 5 to 10 or 15 km Detailed 
geological and geophysical mvestigations in this region 
and studies of the seismological records of the earthquake, 
its fore-shocks and after-shocks are essential if the cause 
of this earthquake in this part of the stable peninsula 1s 
to be understood 
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Chemical Composition of Dew and 
Dry Fallout in Jerusalem, Israel 


Tars report describes the first results of an analysis of 
the chemical composition of dew collected m Jerusalem, 
Israel, during the dry summer season of 1967 The data 
are compared with analyses of precipitation and dry fallout 
carried out durmg previous years (unpublished results of 
Yaalon and Jacobs), which were made ın an attempt to 
evaluate the contribution of airborne salts to the eircula- 
tion of soluble salts)? 

Thirty-five samples of dew were collected during the 
ramless months July to October 1967 In twenty-one 
of these the amount exceeded 150 ml (equivalent to 
more than 0 15 mm of dew per night), which sufficed for 
a complete chemical analysis (including Na, K, Ca, Mg, 
Cl SO, HCO,, pH and conductivity) accordmg to the 
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Fig 1 Frequency distribution of conductivity and pH values in 33 samples of dew, 
Jerusalem, summer 1967 Minimum and maximum values of conductivity aro 100 


and 500 umhos cm~! (25° C}, the pH range ıs 6 55 to 810 


methods currently used by this laboratory for rain water 
analyses Only partial analyses of the remaining smaller 
samples were made. 

Dry fallout durmg the rainy winter season of 1962-63 
was collected by washmg a large polyethylene funnel 
(area. 700 cm?) and the bottle which served as rain collector 
with exactly 11 of double distilled water 

The concentration of soluble salts found ın the dew is 
usually within the range of concentrations found previ- 
ously in the precipitation (unpublished work of Yaalon 
and Jacobs) There 1s a clear inverse relationship between 
the amount of dew and salt concentration The average 
chloride concentration ın dew on days with <0 1 mm of 
dew ıs three times as large as in the rest of the samples 
In part the effect may be because of some evaporation 
of the dew from the glass collecting plate Because of 
occasional high concentrations the frequency distributions 
of the 1on1c concentrations are all positively skewed and 
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Fig 2 Average chemical composition of dew and bulk precipitation in 

Jerusalem The number of analyses available for the calculation of the 

median values of dew are indicated in the graph Values of bulk pre- 
cipitation are the means of rainfall years 1960/61-10962/63 æ 
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tend to be Jog-normal Medians rather than means were 
therefore calculated The frequency distributions of con- 
ductivity and pH values are shown m Fig 1, the medians 
bemg 210 mhos cm~ and pH 7 7, respectively Median 
values for all the analysed ions are plotted ın Fig 2, and 
compared with the weighted mean concentrations of 
precipitation in Jerusalem The inequality between the 
sum of cations and anions 1s explained principally by the 
disregard of ammonia m the analyses? The median total 
amount of dissolved solids (calculated) ın the dew 1s 
120 mg l-1, more than that ın the precipitation Fog 
water has also recently been found to contain greater 
concentrations than rainfall! 

From Fig 2 ıb seems that dew 1s richer than precipita- 
tion in Ca, HCO, and SO, Ths enrichment becomes 
still more evident from the ternary plots showing the 
relative amounts of cations and anions (Fig 3) In spite 
of the fairly large variations in the concentration of the 
salts, their relative proportions m the dew vary remarkably 
httle In the precipitation the variations are usually 
much larger (unpublished work of Yaalon and Jacobs, 
and ref 6) The dommance of Ca and HCO, 1s easily 
explamed as bemg due to caleareous dust from rocks and 
buildings in the Jerusalem environment’ Possibly some 
of the fine calcareous dust particles act as condensation 
nucle: for the dew and are dissolved m the process 
Sulphate is doubtless derived from sulphur dioxide m 
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the relative proportions of all constituents except Ca and 
HCO, are sumilar to those in the precipitation 

Only very approximate calculations can be made of 
the total contribution of dew and dry fallout to total salt 
precipitation. Measurements of dew in Israel™! indicate 
that in Jerusalem there are about 150 dew nights per 
year, depositing something like 0 15 mm. per dew night or 
a total of about 25 mm per year, with maximum fre 
quency and quantities m September Although the 
amount of dew depends greatly on the nature of the 
surface on which it collects, the present measurements 
generally confirm these averages Dew would thus con- 
tribute an amount of Cl and the other oceanographic salts 
equivalent to 25 mm of winter precipitation Dry fallout 
contributes several times more than this, principally 
because ıt 1s not confined to the few night hours of dew 
condensation The total amount of dry fallout m summer 
cannot yet be estimated because of madequate data 
In the ramy winter season 1b 1s included with the pre- 
crpitation Estimates from other countries that dry 
fallout contributes more than raimfall*:® may well be correct 
for Jerusalem 

In conclusion, these data seem to suggest that dew 
condensation represents rather well the chemical composi- 
tion and relative proportions of the oceanogenic part n 
aerosols and dry fallout It may be worthwhile to deter- 
mine the relative concentrations of these and other 
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Fig 3 Diagram showing general chemical character of dew, bulk precipitation and dry falloutin Jerusalem, Israel Sum of equtvalent reacting 
values for cations and anions equals 100 per cent 


the ar It seems to dissolve the carbonate minerals in 
the dusty air, thereby producmg some calcium sulphate 

Both the average concentration and the relative ionic 
proportions of Cl, Na, K and Mg m dew are remarkably 
similar to those m the precipitation This seems to 
suggest the same maritime source for these salts Evid- 
ently the moisture which condenses as dew scavenges 
salts and aerosols from the air just like bulk precipitation 
Whitehead and Feth* reported that ın Calfornia bulk 
precipitation, which includes dry fallout deposited on the 
collector between rams, is 4 to 10 tames higher m mineral 
concentration than ramwater 

Sodium and potassium have been combmed in the 
ternary diagrams The low Na/K ratio, which im all of 
the twenty-eight analyses was less than 10 (median 6 5), 1s, 
however, noteworthy The Ca/Mg ın the dew, varying 
from 7 to 25 (median 10), is relatively high, reflecting the 
effect of dissolution of CaCO, dust The influence of 
calcareous dust 1s even more evident m the composition of 
e ay fallout (Fig 3) In the dry fallout (eighteen samples), 


salts at other places also, and to determme the concen- 
tration gradients with distance from the sea 
We thank Mrs T Braun for carrymg out the chemical 
analyses and Mr A Katz for collecting the dry fallout 
samples 
D H Yaaton 
E Gaynor 
Department of Geology and 
Department of Climatology, 
The Hebrew University, 
Jerusalem, Israel 
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PHYSICS 


Self-trapping of Radiation Produced 
Electrons 


TH problem treated here 1s the trapping of free electrons 
produced by 1omzmg radiation m dielectric systems 
Detailed theoretical descriptions of the equilibrium 
properties of the solvated electron are availablet-3, but 
its formation is still under discussion Electrons are 
formed and thermalhzed in the coulomb field of the positive 
ions, but not fully recaptured by the ions Magee 
considered the auto-iomzation of the H,O radicals as 
a possible secondary source of electrons, Freeman5-? 
assumed the electrons to be trapped m the defect sites 
of the medium at the instant of thermalzation, while 
we thought®* that m polar dielectrics the escape of the 
electrons from the ions can be a free-energy decreasing, 
and therefore spontaneous, process In our approach, the 
electrons which escape are treated as quasi-free, and the 
question of the kinetics and mechanism of electron 
trapping arises Diffusion kmetic calculations on the 
radiolysis of water?*-1! suggest very high muitial hydrated 
electron densities, which require fast trapping processes 

Our electron escape theory used a contmuous dielectric 
medium to which the notion of any defect site 1s not 
applicable This theory has already been proved expert- 
mentally to some extent}? Thus m keepmg with Platz- 
man’s ongmal conception", and with the picture given 
recently by Boag", we shall discuss the stabihzation of 
the electron m the medium as a self-trappmg process, 
that 1s, as the formation of an energy well in the medium 
under the mfluence of the electric field of the electron 
The question to be answered 1s how much time 1s needed 
for a free electron m a dielectric substance to form an 
energy well of suitable depth ? 

An electric charge of density p imduces in a dipolar 
medium some polarization of ıts environment The extent 
of this process can be characterized by a polarization 
charge density p* In the case of equihbrium, pe*= 
(1—es1)e, where es 1s the static dielectric constant of 
the substance (see appendix) This relationship 1s correct 
only as far as the absolute values are concerned, p* and 
p bemg of opposite sign An electron becomes self- 
trapped if the polarization charge density 1s high enough 
to produce a strong positive field which ıs able to trap 
the electron The presence of solvated electrons nm a 
system shows pe* to have met this requirement 

An electron will become trapped at a place r and a time 
t, where the actual density of polarization charges equals 
or surpasses the equilibrium value, that 1s, where the 
following mequality holds 

e*(r,t) > (1—es~*)e(r,t) (1) 

An inducing charge ummediately mfluences non-polar 
dielectrics to form their polarization charges The 
polarization 1s much faster than the change ın the field 
strength caused by the motion of a thermal electron 
Thus the condition of inequahty (1) 1s met at the mstant 
and site of thermalization, or not met at all Because it 
has been shown? that thermal free electrons occur with 
only a very low probability ın non-polar systems, this 
pomt will not be discussed 

Polar dielectrics need some time for the polarization 
charges to be formed For a large class of polar sub- 
stances, including water, this formation can be described 
by the equation 


e*(8.t) = (1— eo) p (r,t) + E91 exp (—t/9) {ole} exp (U/9)de’, 


(2) 


where ss and £œ are the static and infrared dielectcrr 
constants, respectively, and + 1s the dielectric relaxation 
tıme (see appendix) 


B= ce t/eEs 
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Fig 1 Schematic electron density distribution 


The sluggishness of the polarization, reflected m equa- 
tion (2), helps the electron to be trapped Thermal 
electrons spreading out over a number of water molecules 
can be characterized by some contmuous charge density, 
which depends on space and time, and 1s qualitatively 
similar to the density distribution given in Fig 1 Let 
the electron move m the direction of the +æ axis The 
high charge density p, tends to mduce a certain amount 
of polarization m the medium at 2, The polarization 
charges form slowly and, although they continue to do so 
after p, has left site x,, this process ıs far from complete 
by the time the low charge density p, reaches x, The 
polarization charges at x, are insufficient to trap the high 
density part of the electron, because their density 1s much 
lower than required by equality (1) The polarization 
at a, as induced by p, might, however, trap the low density 
part of the electron, p This 1s meaningful in statistical 
terms 

This qualitatrve picture can be formulated by combmmg 
mequahty (1) and equation (2) to give the expression 

t 
e(r,0)+ f [Ap(r,t’)/d0'] exp (¢’/9)dt’ <0 (3) 
Inequality (3) defines for each moment ¢ a volume V(t) 
which contams all the pomts—that 1s, the space vectors r, 
where this mequality 1s met. 

The trappmg probabihty p(t) for the period of time 

[0,2] ıs equal to the probability of finding the electron 


im the volume F (t) 
pt)= f e(r,dV (4) 
vm 


The quantum mechanical calculation of the time- 
dependent electron wave-function m a potential well 
formed by the electron itself 1s msoluble A very crude 
estimate can be made by describing the electron as a 
travellng wave packet of constant geometry; that 18, 
the effect of elapsing time which tends to broaden the 
charge-distribution and the effect of the potential well 
bering formed which tries to confine the electron are 
neglected If the electron moves with a constant velocity 
v m the +2 direction, the one-dimensional density 
function has the general form p= p{x—vt), and mequality 
(3) assumes the form 


p(«,0) —9v(0 p/@x)[exp (¢/$)—1]<0 (3’) 
The solvation probability 1s given as 
lt) = Í ple’ w) 


Solvation takes place, accordmg to equation (3’), only 
at those sites where (3 p/dx) > 0, that 1s, along the ascending 
part of p(x) Hence this model leads to a 50 per cent 
solvation as an upper lmt. 

A numerical guess can be made by using the “roof” 
dotted m Fig. 1 as a normalized electron density function 
This has the followmg analytical form 


pla — vt) = (— 1)4(4/2 A) P(e — vt) + (12A) 
we 1 f a—vt<0 


laf a—w>0 (5) « 
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whereas the continuous curve ın Fig 1 1s that of the 
Gaussian function [(A4/7m)-! exp [(z—vt)/a}* According 
to equation (5), v has a finite range and so a well defined 
period of tıme for the completion of trapping The de 
Broghe wavelength à of an average thermal electron 1s 
60 A, and 1ts average velocity v=1 x 107 cem s+ Using 
these values and the dielectric characteristics of wate1'* 
(es=801, eo =49, t=101x10 s), the self-trappng 
process takes about tmm3 x 10-4 s 

If the tiavelling velocity of the polarization changes ts 
known, the site of the self-trappmg can be dete:xmined 
It 1s shown ın the appendix that there is only a small 
difference between the velocity of the centre of the 
polarization charge cloud v* and that of the centie of 
mass of the electron v Thus we simply compute with 
v and evaluate! the average distance travelled by the 
election from the site of thermalization to the site of self- 
trapping as the geometrical mean of 1ts maximum path 
length of vim and mmimum displacement of ~10-8 em 
Here we get about 17 A for the mean displacement This 
figure agrees with the radius of electron spurs used as 
parameters m diffusion kinetic calculations by Schwaiz’° 
and Kuppermann! This final result 1s almost mde- 
pendent of v 

This agreement ıs thought to be somewhat fortuitous 
and cannot be considered as a heuristic proof of our 
treatment There are, however, semiquantitative results 
of the present calculation which we consider both valid 
and important 

According to mequality (3), solvation can take place 
at those sites where the electron density decreases, that 
18, Where (@e/dt)<0 This proves our previous assump- 
tion®* that the electrons of a spur or track which become 
solvated are those which are able to escape, moving 
outward from the positive ions and thus decreasing the 
density of the electron heap 

Quasi-free electrons m a polar substance become self- 
trapped ın much shorter periods than the dipolar relaxa- 
tion time, self-trappimg being about as fast as thermaliza- 
tion Thus thermahzation and self-trapping take place 
almost simultaneously 


Appendix Let us define p* as the source of the polar - 
ization Using standard notation 


1 1 
os 7 z= —— _ = ĝm — r 
p“ = div 7E div (D— E) = ẹ In div E (6) 


For a large class of polar substances D and E ae mter- 
related by the differential equation?$ 


dE/at + E/9 = Dea t+ (1/en)dD/dt (7) 


By combming equations (6) and (7) one gets equation (2) 
In the case of equilibrium D =e, E and, when this 1s inserted 
mto equation (6), pe* is found 

The centres of the electron cloud r, and that of the 
polarization charge cloud r,* are defined as 


To=fro(r)dV and r,* = froet(r)dl (8) 
¥ Vv 


The corresponding velocities are 

v=dr,/dé and v*=dr,*/dt (9) 
The combination of equations (6), (7) and (9) leads to the 
expression 
1l—eq 


+ — 
vi S iao exp y * T (10) 





(1 —e4-1)(€9)-1 exp (—t/9) f v[exp (’/9) — Lde’ 
[1 — sst — e7 exp (— tHE B 





or, because the second term in equation (10) 15 never 
negative 


vevt2[(l-ea UU -ss) IV 


(11) 
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The lower mit even for highly polar water 1s as high as 
08v Therefore the approxmate identity 


væv* 
holds 


I thank DrM Ebert for his help during the preparation 
of the manuscript 
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Central Research 


Vibration Analysis by Stroboscopic 
Holography 
Tms communication describes a method for vibration 
analysis ın which fringes are directly related to the 
amplitude of the vibrating object. This is achieved by 
combining the frozen fringes technique with stroboscopy 

Wavefront reconstruction interferometry 18, by now, a 
well established technique, and some applications of this 
technique, sometimes referred to as the “frozen fruges” 
method, have been deseribed?? Powell and Stetson*-+ 
have extended the method to vibiating objects 

When. a hologram is made in the normal way from a 
vibrating object*4, interference fringes are seen on 
reconstruction These fringes are uniquely related to the 
probabihty density function of the motion of the object 
and not to the particular motion Thus the fringe pattern 
1s not directly related to any physical parameter which 
could be otherwise measured In any vibration analysis 
the position of vibration nodes 1s of primary interest 
This method does not give the direct answer 

With a conventional optical arrangement a hologram 
of the object was recorded on the photographie plate 
The exposure time, however, was half that which would 
be required to produce a good hologram The object was 
then acoustically excited using a signal generator and a 
6 W loudspeaker At the same time, the laser hght was 
chopped m synchromzation with the vibrating object by a 
slot in a disk driven by @ synchronous motor coupled 
to the same signal generato. The same photographic 
plate, retaimed in precisely the same position, was exposed. 
again The exposure tıme was adjusted so that the final 
density (about 05 log umts) gave a bright good-quahty 
reconstruction The object, a “T” piece clamped by its 
central shorter leg to the loudspeaker frame, was vibrat- 
ing at its first resonance frequency, about 226 Hz ‘The 
chopper produced a light pulse of approximately 40 us 
The phase was adjusted to “freeze” the motion at approx?- 
mately maximum displacement—that 1s, at the position 
where the velocity 1s zero. Fig 1 shows stroboscopic 
fringes obtamed by double exposure 
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The object was vibrating about the horizontal axis, 
parallel to the plane of Fig. 1, so all fringes should have 
been horizontal and parallel. Because of the vibration 
of the whole mounting of the loudspeaker, however, the 
recorded resultant motion was far more complicated than 
simple harmonic oscillation. This changed the shape of 
the fringes. The motion of the frame was detected, of 
course, by the presence of stroboscopic fringes on it. For 
comparison Fig. 2 shows Powell and Stetson fringes? of 
the same object under exactly the same excitation. 

This stroboscopic method also allows the analysis of 
objects vibrating with larger amplitudes than the method 
of Powell and Stetson. This is shown in Figs. 1 and 2: 
the fringes in Fig. 2 have smaller spacing than in Fig. 1 
for the same amplitude. Furthermore, stroboscopic 
holography can be used to obtain fringes at any amplitude 
less than the maximum. In this case the light pulse 
would have to be reduced as the velocity would have a 
finite, and possibly, large value. This, in turn, would 
require an increase of the exposure time. The exposure 
times used were moderately short. With the illuminating 
pulse occurring every ninth cycle and an 80 mW e.w. 
He-Ne laser the exposure time was between 2-4 min. 
The hologram produced measured approximately 10x 
10 em. 

The interpretation of fringes obtained stroboscopically 
is far easier than of those of Powell and Stetson. The 
fringes here, as in the frozen fringe method, are directly 
related to displacement and therefore to the amplitude of 
the vibrating object. The interpretation of such fringes 
was discussed by Haines? and his conclusions are directly 
applicable. Here, as in all interferograms, the sign 
ambiguity of the amplitude exists. The sign must be 
predicted from experience. 

With this method, as with those previously described‘, 
live fringes can be obtained. The hologram is first made 
from the non-vibrating object and replaced in exactly 
the same position as it occupied during the exposure. 
Then if the vibrating object is illuminated stroboscopically 
and viewed through the hologram the reconstructed 
image from the hologram will interfere directly with the 





Fig. 1. 


Frozen fringes obtained stroboscopically from a vibrating 
object. 
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Fig. 2. 
object. 


Powell and Stetson fringes obtained with the same vibrating 
In the foreground a standard optical bench rod is seen, 


light scattered from the object and live fringes will be 
seen. 
Finally, if a Powell and Stetson hologram is made with 
stroboscopic instead of continuous illumination, the pulse 
width of the chopped light will determine the range of 
amplitude recorded on the hologram. Thus on recon- 
struction, the fringes will correspond to an object vibrating 
over a smaller amplitude range. 
We thank J. Ackroyd, L. G. May and P. Atkins for 
useful discussions. 
B. M. WarTRASTEWICZ 
P. SPICER 
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Measurement of the Diffusion 
Coefficient of Radium A 


Tue potential hazard in mines from the inhalation of the 
progeny of radon gas has become increasingly interesting 
in recent years. This hazard involves radon daughters in 
two forms: (a) attached to aerosol particles or con- 
densation nuclei; and (b) unattached atoms or ions. The 
form of the unattached daughters is not fully known, but 
one of their important and basic characteristics is their 
diffusion coefficient. Of special interest is the diffusion 
coefficient of the first radon daughter, uspo, called 
radium A. This parameter is very important not only m 
describing atmospheric behaviour but also in considering 
the biological hazard of inhalng unattached daughters*. 

Radon decays by alpha emission, with a half-life of 
3-825 days, to form radium A with a recoil energy of 
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120. KeV.._ It.is positively charged from the stripping of 
orbital electrons by the departing alpha particle or by the 
recoil-motion. Its recoil range in air is about 50p. How 
long it remains charged and into what chemical reactions 
it enters have not been demonstrated. It is possible that 
the radium A ion is quickly neutralized and forms 
polonium oxide. 

On contact, radium A becomes attached to surfaces. 
Because it has a high diffusion coefficient, and because 
the most available surfaces are the surfaces of aerosol 
particles, radium A rapidly becomes attached to aerosol 
particles at a rate dependent on the aerosol concentration 
and on the diffusion coefficient. Similar effects occur with 
other unattached radon progeny, the most important 
being 24*Pb, called radium B, and 2144Bi, called radium ©. 
Curie? observed that the attachment seemed to be affected 
by water vapour, but this effect has not been elucidated. 

If unattached radium A is inhaled by a human, it 
deposits by diffusion on the walls of the respiratory tract. 
How much is deposited during breathing and where in 
the respiratory tract this deposition occurs depend on 
the diffusion coefficient of radium A. The diffusion 
coefficient of radium A is reported to be approximately 
0-05 cm? s~ (refs. 2 and 4). This is smaller than would 
be expected for a single uncharged atom (0-1 cm? s-t), 
implying either a charged atom or a small cluster of 
atoms. The importance of water molecule interactions 
has not been clearly demonstrated. In this study, the 
diffusion coefficient of radium A was measured in two 
different conditions of humidity (described by the tem- 
perature of the dew point). An apparent effect of the 
humidity of the atmosphere on the diffusion coefficient 
was found. 

The technique introduced by Townsend’ was used to 
make these measurements. This technique consists of 
drawing the radon daughters through cylindrical tubes of 
various lengths and observing the penetration fractions. 
For these experiments glass tubes of small diameter were 
used, A filter was placed at the end of each of the tubes 
to collect the penetrating radon daughters, and these 
filters were counted for alpha activity. The air concen- 
trations of the radon daughters were calculated by 
mathematical study of the decay of each samplet. To 
correct for the production of radon daughters during 
passage of the radon gas through the tubes, similar 
measurements were made with filters also at the entrances 
of the tubes and the small concentrations of radon 
daughters found with these prefiltered samples were 
subtracted from the corresponding unfiltered penetration 
concentrations. 

Samples were taken from the centre of a 1,000 1. 
chamber through which clean air containing radon gas 
was continually flowing. The supply of air for the chamber 
was doubly filtered. The state of humidity depended 
on the meteorological conditions. The radon gas was 
generated by bubbling a small quantity of air through a 
dilute hydrochloric acid solution containing radium 
chloride. The arrangement was basically that described 
by Wilson’. Before entering the radium chloride solution, 
the air was filtered and passed through a conditioning 
bubbler for humidification. The radon-laden air was 
passed through an overflow and droplet trap and then 
through a soda lime trap. It was doubly filtered at the 
entrance to the chamber, where it was mixed with the 
clean air. Independent measurements of the daughters in 
the chamber were made with filters inserted directly into 
the chamber. All flow rates for sampling were 1-081. min-}, 
The humidity was measured with a thermistor psychro- 
meter. 

Two experiments were conducted: experiment 1 used an 
atmosphere with a dew point of 27° Fahrenheit, and experi- 
ment 2 used an atmosphere with a dew point of 47° Fahren- 
heit. For both experiments the chamber flow was 180 1. 
min- and the radon concentration was about 1:5 x 10-* 
Ci 1.-! with the ratio of radium A atoms to radium B atoms 
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at about 2:4: 1. There was little radium C. In both cases, 
the air temperature was 78° Fahrenheit. 

To study the electrical charge state of the radium A, 
samples were drawn through a condenser with an electrical 
field up to 50,000 Vm-?. Radium A was undisturbed in 
passage through this condenser, indicating that the 
radium A ions were neutralized to uncharged atoms 
because of the high radon concentration. 

Townsend’ derived an equation describing the penetra- 
tion of diffusing particles drawn through a cylindrical 
tube, and this equation was more accurately calculated 
by Gormley and Kennedy*. The relationship can be 
expressed as 


F=0-819 exp (—3-662Dy) + 0-0975 exp (— 22:3xDy) + 
0-0325 exp (— 58-6 Dy) 


with F the penetration fraction, D the diffusion coefficient 
of the diffusing material and y equal to the length of the 
tube divided by the volumetric flow rate through the 
tube. Because the last two exponential terms are un- 
important except very close to the entrance of the tube, 
this relationship yields a straight line for penetration 
fractions less than about 0-8 when the logarithm of 
penetration is plotted against the parameter 4. The slope 
of this line is proportional to the diffusion coefficient. 

To analyse the data collected in these experiments, the 
concentration of radium A based on each sample was 
corrected for the radon decay in the tube and then 
normalized by dividing by the concentration of radium A 
measured with the chamber sample (zero diffusion length). 
The corresponding variances and standard deviations 
were also calculated. These experimental data were fitted 
by the method of weighted least squares to a simple ex- 
ponential with the zero-length intercept equal to 0-819. 

The calculated penetration fractions and their standard 
deviations for the two experiments are plotted in Fig. 1 as 
percentage penetration. Also shown are the experimental 
points reported by Chamberlain and Dyson? for the 
thoron daughter ##Pb, called thorium B, which they 
used to confirm their calculation that the diffusion 
coefficient should be 0-054 cm? s~. 

The diffusion coefficient calculated in experiment 1 was 
0-047 cm? s-!, which is similar to the value given by 
Wellisch*. The ‘diffusion coefficient calculated from the 


Percentage of penetration 


4 


1 
0-0 1-0 2-0 








3-0" 40 50 6-0 70 
Distance from entrance (cm)/flow (cm* s~) 


Fig. 1. Experimental data and standard deviations with the fitted theo- 

retical lines for the percentage of penetration of radium A passing through 

a diffusion tube, The data points and theoretical line:reported_ by 

Chamberlain and Dyson? (referred to here as C + D) are also given, The 

temperature of the dew point is indicated as DP. a, D=0:034 cm? s- 

(BP =47° Fahrenheit); b, D=0-047 cm? s (DP=27° Fahrenheit); 
c, D=0-054 em? 8 (C + DB). 


Flow Tube diameter 


Symbol (cm? s+) (cm) Source 
e 16-6 Q4 C+D 
x 33:3 18 C+D 
A 83-3 0-4 C+D 
Oo 83-3 1-8 C+D 
I 18-0 0-7 Experiment 1 
x 18-0 0-5 Experiment 2 
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data of experiment 2 was 0034 em? s The prinerpal 
difference between these two experiments was the absolute 
humidity, which, when expressed as the temperature of 
the dew pomt, was 27° Fahrenheit and 42° Fahrenheit, 
respectively 

Tyndall’ predicted that polar molecules, such as water, 
would tend to cluster around tons such as the mutially 
charged radon daughters This type of clustermg may 
explain the apparent diminution of the radon daughter 
diffusion coefficient with mecreased absolute humidity 
Possibly chemical reactions such as the formation of 
oxides are involved 

These diffusion coefficient measurements indicate that 
there 1s a need for a more thorough study of the diffusion 
coefficient of radon daughters m various conditions, with 
special concern for the absolute humidity 

This work was undertaken during the tenure of a US 
Atomic Energy Commission fellowship in the Depart- 
ment of Radiation Biology and Biophysics, University of 
Rochester, New York 
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THE SOLID STATE 
Particle Coarsening in the Solid State 


PARTICLE growth ın supersaturated solutions has stimu- 
lated much theoretical and experimental work, but less 
attention has been pa:d to the subsequent reaction of 
particle coarsening n a matrix of solute content ın local 
equilibrium with small particles The driving force for 
coarsening 1s the decrease ın total energy accompanying a 
reduction of particle/matrx interfacial area Coarsening 
is controlled either by the diffusion of solute down the 
concentration gradient between neighbourmg particles of 
differing size, or by the difficulty of assnmulating solute 
atoms at the interface of a growing particle 

It has been shown! that a particle dispersion with an 
initial mean radius 7, at the beginnmg of the coarsening 
process will usually have at time ¢ a mean radius F given 
by an equation of the form 

Pm — Fry = At (1) 

where n and A are constants The value of n depends 
on the mechanism controlling the coarsening process 
The condition that n= 2 mdicates an interface controlled 
reaction! while »=3 indicates volume solute diffusion 
control? Speight! has recently proposed a model for 
coarsening of particles in grain boundaries, in which n= 4 
In the latter case growth takes place by grain boundary 
rather than volume diffusion The constant A contains 
varous parameters which depend on the precise mech- 
anism 

A difficulty with reactions following equation (1) 1s that 
of determining the index n It ıs common practice to 
plot the logarithm of the measured parameter versus the 
logarithm of the tıme, thus neglecting the constant 7, in 
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Fig 1 Coarsenig of 1ron carbide particles in steel 


equation (1) If 7, 1s small compared with 7 for the time 
interval of interest, then n 1s equal to the reciprocal of the 
slope If, 1s not negligible, however, the slope of a log 7 
versus log ¢ plot ıs no longer inversely proportional to n and 
the slope tends towards zero at small ¢ as # tends towards 
Fo This difficulty 1s enhanced when such log-log plots 
show breaks or changes of slope which afe usually inter- 
preted as indicating changes in mechanism or rate 

Data for coarsening of won carbide (Fe,C) in a 0 3 per 
cent by weight carbon steel at 720° C and at 675° C are 
presented ın Fig 1 as plots of log F versus log time The 
radu plotted were obtained from the procedure given by 
Fullman’ for the sectionmg of uniform spheres of radius 
Tu If the shape of the size distribution histogram of 7/¥ 
1s variant with time, as ıt should be for a coarsening 
reaction, then no error 1s introduced in the determmation 
of n by utilzng rą from the uniform sphere formula 
rather than 7 values 

Curve A;, showing the data for coarsening at 720° C, 
has a slope near to zero at small ¢ The slope gradually 
creases with ¢ until 1t corresponds to an n value of 3 
at t~2x 10's, when #*~ 67,3 The solid curve A, was not 
drawn as a best fit through the data pomts but was cal- 
culated from equation (1), using values of 7, and A 
derived from a plot of #3 versus è Curve A, was calculated 
from equation (1) usmg values of 7 and A derived from a 
plot of 7t versus ¢ The two curves are indistinguishable 
for t<104 s Clearly the data best fit equation (1) with 
n=3 This n value indicates that a matrix diffusion 
process 1s the activated step controllmg coarsening, 
possibly carbon diffusion, although co-operative drffusion 
of iron cannot be excluded® 


Table 1 VALUES OF THE CONSTANTS GIVEN BY THE NON-LINEAR REGRESSION 
ANALYSIS 
Temp (°C) n A em” s4 To cm 
720 31 0 73 x 10-7 0 28 x 10+ 
675 3 09 0 29 x 107? 0 21 x104 
675 4il 0 58 x 10-83 0 49 x 104 


To verify this mterpretatıon of the log-log plot the 
data were analysed using a non-linear regression analysis 
on an IBM 760/350 computer Ths gave a value of 
n=3 1 for the whole of the time span investigated The 
other constants are given in Table 1, but their values as 
determined from a non-lmear analysis are probably not 
as accurate as would be obtained using a Imear analysis 
with the correct n value 

The data. for coarsening at 675° C—curves B, and B,— 
show a break in the log-log plot Treating each section 
as a linear relation grves slopes of 034 and 022 It 1s 
possible that the lower slope for t>2x 10‘ s 1s a transient 
effect caused by the neglect of a new (and greater) ře 
term and that the tıme dependence 1s the same as in the 
early stages The data were split at the break m the plot, 
and appheation of a non-lmear regression analysis for 
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each half showed that the data for shorter times were best 
fitted by an n value of 3 09 and the data for longer times 
by n=411 These results are reasonably close to possible 
ideal values, indicating a real change m reaction mech- 
anism 

The constants 7, and A were obtamed from plots of 7* 
and F! versus ¢ for each half of the data, and curves B, 
and B, were calculated from equation (1) with the con- 
stants appropriate to n=3 for the shorter time data and 
n= 4 for the longer time data Clearly all the data cannot 
be deseribed by a smgle curve of the form of equation (1) 
The complementary curves using the values of 7, and A 
calculated from n=4 for the shorter time data and n=3 
for the longer time are not shown, but do not provide a 
fit with the data Many of the carbide particles were seen 
to he at sub-grain boundaries in both steels at all agemg 
times, and, as already indicated’, a value of n= 4 suggests 
that a gram boundary diffusion growth process becomes 
predominant at long agemg times 

We have found smmilar behaviour ın other steels and 
we are investigating the factors affecting the transition 
from matrix to gram boundary diffusion control more 
closely as a function of temperature, chemical composition 
and microstructure 

We thank R I Iles for some of the experimental 
determmations, and Mrs Jamice Rolls for advice on 
computer procedures 

R V Day 
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Optical Study of Particle Size of 
Montmorillonite with Various Adsorbed 
Cations 


Ix sodum-montmorıllomte suspensions the single clay 
plates are largely separated from each other, whereas m 
calerum—montmorullonite they form aggregates or tactoids 
contaming from 5 to 15 parallel plates! This property of 
calerum—montmorillonite may affect 1ts swelling’, negative 
adsorption? and ion exchange kinetacs and equilibrium*® 

Because of this difference in particle size, dilute sodium- 
montmorillonite suspensions are less opaque—that 1s, 
they absorb and scatter less light m the visible range— 
than calerum—montmorilonite suspensions*®-§-7 Differ - 
ences in the opacity also exist between dilute suspen- 
sions of montmorillonite with other adsorbed cations 
It ıs known that, ın general, the absorption and scatter- 
ing of light is largely dependent on the size of the colloidal 
particles, and can be used to estimate particle size In 
fact, optical methods have been used to estimate the 
orientation and the shape of particles ın pure sodium— 
montmorilonite suspensions®:® This has not, however, 
been done for mono-ionic montmorillonite with other 
adsorbed 10ns We therefore decided to study systemat:- 
cally the optical properties of a series of montmorillonite 
suspensions with different adsorbed cations, and to use 
the findings to estimate the particle size 

We found that the relative size of the average mont- 
moorulonite particle depends on the type of adsorbed 10n 
The size tends to increase systematically with the position 
of the ion in the lyotropic series, probably because of the 
formation of tactoids containing greater numbers of clay 
plates Even the monovalent 1ons were observed to mduce 
tactoid formation, so this process seems to be the rule for 
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Fig 1 ‘The absorbance indea (optical density for unit optical path 

length) of dilute, mono-ionic montmorillonite suspensions (250 mg 

clay 1~*) in the wavelength range 200-800 mz Notice the selective 

absorption peak at 245 mz, and the absence of such selective light 
absorption in the visible range 


montmorillonite ın any ionic form rather than an excep- 
tion for calcrum—montmorwlonite, as previously assumed 

Mono-1onie, essentially salt-free, montmorillonite sus- 
pensions of known clay concentration were prepared, as 
described ın detail elsewhere®, and their optical density 
was determmed in the range 200-800 my with a Cary 
model 15 recording spectrophotometer From the results, 
the absorbance index K, defined as the optical density 
for unit path length, was calculated 

Fig 1 shows the spectra of montmorillonite saturated 
with Lit, Nat, K+, NH,+, Rbt, Cst, Mgtt, Catt and Batt 
All the suspensions had the same clay concentration of 
250 mg1-t Similar spectra were obtamed for other clay 
concentrations ın the range up to 500 mg 1. It can be 
seen that the adsorbed cation does not affect the general 
shape of the spectrum, but the higher the adsorbed 10n in 
the so-called lyotropic series, the higher 1s the absorbance 
index of the suspension at a given wavelength m the visible 
range Because the erystallographic composition and the 
concentration of the clay are the same in all the suspen- 
sions, and because the 1ons per se do not adsorb or scatter 
hght in the visible range, ıt seems that changes in the 
average particle size of the clay can be the only possible 
cause for the observed differences in K 

We will now attempt to estimate the relative sizes of 
the clay particles m a more quantitative way In the 
experimental system used, little of the scattered hght 
entered the measured beam, so the absorbance index 
measured the total decrease in hght mtensity resulting 
from both lght absorption by the particles and scattermg 
from their surfaces Thus!’ 


K=z=tdéd (1) 
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Fig 2 Correlation between absorbance index (K) ratios and specific 
surface area (S) ratios K values were taken from Fig 1 at 700 mu 
S values, determined by the negative adsorption method, were taken 
from the hterature and serve to estimate the relative number (7) of 
plates per tactoid for montmorillonite in various ionic forms Values 
for Li-montmorillonite were taken as the basis im all the calculations 
Sources for S values ©, Edwards, Posner and Quirk#*, x, Edwards 
and Quirk?, C, Bolt and Warkentin™, V, Schofleld?® 


where ¢ and d are the seattermg and absorption contribu- 
tions respectively It ıs known, however, that clays do 
not absorb light in the visible range! We confirmed this 
for the montmorilomite suspensions we used by measur- 
ing separately the hght absorbance component of several 
suspensions using a total daffuse reflectance accessory 1n 
the Cary spectrophotometer We found that absorbance 


was negligible compared with scattermg As a first 
approximation, equation (1) thus reduces to 
K=t (2) 


Furthermore, ¢ 1s related to the turbidity + by t= 0 434387, 
The turbidity 1s proportional to the particle weight M 
and the concentration c as follows 


z = HeM (3) 


where H 1s a constant depending on the optical properties 
of the particles and the solvent’? This relationship can 
then be used to estimate the particle weight from the 
optical measurements 

The montmorulomite tactoids consist of several parallel 
clay plates separated from each other by water layers of 
9-10 A thickness? For such an arrangement the composite 
particle weight 1s simply given by 


M = mn 


(4) 


where m 1s the average weight of a single clay plate and 
n the average number of plates m a tactord 

Using equations (2), (3) and (4) we can calculate the 
ratio of the absorbance mdices at a given wavelength of 
two suspensions having the same clay concentration but 
different adsorbed ions (1) and (2), and we get 


K, Hm 
K, Hm 


We see that the absorbance mdex ratio 1s proportional to 
the relative size of the tactoids 

Because the hthrum—montmorillonite suspension gave 
the smallest K values, 1t apparently had the smallest n, 
assumed to be equal to one, and 1b was used as the reference 
(ion 2) for the calculations of the relative average tactoid 
sizes in other ionic forms by use of equation (5) and data 
from Fig 1 To check these calculations we estimated the 
relative tactoid sizes by another, independent, method 


(5) 
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We assumed, followmg Edwards and Quirk’, that the 
existence of tactoids ın the suspension decreases the 
volume of exclusion of chloride ions Thus the surface 
area S calculated from the measured volume of exclusion 
1s also decreased, beng in inverse proportion to the tac- 
toid size More explicitly we write S=S;/n where S; 1s 
the total surface area The relative average tactoid size 
in two different ionic forms can then be found from the 
relationship n,/n.=S,/S, For the calculations, we used 
surface area data reported m refs 3, 13, 14 and 15, 
again with Li as the reference form Finally we plotted 
the K ratios versus the n ratios, as shown m Fig 2 Apart 
from the deviations of caleruam, a rather good correlation 
1s found between the two sets of values This fact lends 
support to the hypothesis that the average particle size 
of montmorillonite ın suspension ıs affected by the type 
of adsorbed ion ‘This is a hitherto unknown effect of the 
exchangeable 10n on the particle size of montmorillonite, 
and it should help m understanding the many other 
properties of clay suspensions that depend on the average 
particle size A possible cause of the great discrepancies 
between measured surface areas of calcrum—montmortl- 
lonıte reparted ın the hterature, for example, refs 3, 13 
and 14, and reflected m Fig 2, may be variations ın the 
tactoid size of the clays studied, resulting from different 
materials or preparation methods . 

We thank Mr D Banm for his assistance in the optical 
measurements 
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CHEMISTRY 


Co-ordination Compounds of Alkali 
Metals, with 8-Hydroxyquinoline and 
Isonitrosoacetophenone 


As part of a study of the uptake and transport of alkali 
metals by plants, we are mvestigating their co-ordination 
chemistrv m an attempt to obtam compounds m which 
the alkali etal ıs unequivocally co-ordmated Earher 
reports! on compounds formed with salicylaldehyde (HL) 
suggested formulae of the form MLnHL In this system 
we have found n to be contmuously variable, only the 
salt ML bemg definitely isolated But with the ligands 
8-hydroxyquinoline and isonitrosoacetophenone we have 
succeeded m isolating crystalline complexes ML HL or 
ML 2HL, the product formed depends primarily on the 
radius of the metal and second on the reaction conditions 
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Addition of the hgand 8-hydroxyqunolme (HQ) to a 
suspension of metal hydroxide m absolute ethanol—it is 
essential that water be absent—gave MQ HQ for M =L, 
Na and K but MQ 2HQ for M=Rb and Cs, irrespective 
of the ratios of reactants F 

For the ligand isonitroacetophenone (I), HL, the 
reactions took place m ethanol between the metal 
hydroxide and the ligand 

Whatever the proportions of the reactants hthum and 
caesium gave only LıL and CsL HL, respectively For 
the alkah metals of mtermediate radius ML or ML HL 
was formed according to the conditions For mole ratios 
1 1, with potassram or rubidium m slight excess, the 
yellow ethanol solution deposits red flaky crystals of KL 
or RbL These crystals give red solutions m dimethyl 
formamide or N-methylpyrohdone If they are warmed in 
ethanol or benzene with excess HL, yellow needles of 
KLUHL or RbLAL separate These give a yellow 
solution in N-methylpyrolidone In other organic solvents 
the red flakes ML are deposited, and in water the hgand 
separates leavmg a yellow solution of the salt The sodruam 
salt NaL is obtamed as a cream coloured precipitate, 
when this is suspended in benzene and treated with HL 
a gelatmous white substance 1s formed which when dried 
was analysed as NaL HL 

The new compounds are summarized ın Table 1 All 
gave satisfactory chemical analyses Entries for the 
crystal system mdicate that the molecular weights have 
been determined by X-ray studies on single crystals, 
KL HL ıs isomorphous with RbL HL, RbQ 2HQ and 
CsQ 2HQ are isomorphous No mformation about mole- 
cular symmetry can be deduced from any of the space 
groups 

Table 1 PROPERTIES OF THE COMPOUNDS 


Compound Colour m.p (dec) Crystal system 
nL Yellow 180 

Nal Cream 150 

KL Red 95 

RbL Red 108 

NaL HL White 05 

KL HL Orange-yellow 7 Triclinic } 
RbL HL Yellow 110 Trichnic 
CBL HL Yellow 85 Monoclinic 
LQ HQ Pale yellow 130 Hexagonal 
NaQ HQ Pale yellow 115 

KQ HQ Pale yellow 150 Monochnic 
RbQ 2HQ Pale yellow 120 Trichnic } 
CsQ 2HQ Pale yellow 110 Trichnic 


The infrared spectra of all the compounds have been 
measured m Nujol mulis, as have those of HL and HQ 
under the same conditions Al the alkah metal HQ 
compounds in Table 1 gave similar spectra They differed 
from that of the hgand molecule by the absence of a 
weak broad band at 3,200 cm- (probably O-H stretchmg) 
and by an mcrease in the number of bands ın the 1,570- 
1,610 cm~ region from one in the hgand to four ın caesum 
compound The spectra were simular to those of the 
magnesium chelate MgQ, (ref 2) 

The infrared spectra of the ML compounds are similar 
to one another and differ from that of the hgand by the 
absence of the hydroxyl band at 3,260 cm- and a 
shift ın the carbonyl peak from 1,680 cm-! to 1,640, 
1,635, 1,625 and 1,610 em- for Lı, Na, K and Rb, 
respectively This suggests a chelate form (IL) for the 
ML compounds. 

The infrared spectrum of the compound NaL HL 
closely resembles that of HL, ın particular m having a 
hydroxyl band at 3,200 cm-! and a carbonyl stretch at 
1,675 cm~ This evidence is equally consistent either 
with a second molecule being chelated m form I or with 
the product being a mixture of NaL and HL Potassium, 
rubidium and caestum compounds, ML HL, have spectra 
distinct from those of ML and of the ligand, no hydroxyl 
frequency appears and all three show a sharp band at 
1,635 em- Another sharp band appears at 1,660, 1,655 
and 1,650 cm~ m the K, Rb and Cs compounds, respec- 
tavely These spectra are consistent either with the 
alkali metal bemg chelated by one anomie hgand as in 
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(I) 


(IV) 


(II) and a second neutral one as in (III), or with the 
hydrogen bonded structure (IV) The latter would make 
both ligands equivalent and might more satisfactorily 
explam the colour changes on co-ordination by a second 
ligand. 

Prelimmary expermments with mixed hgands, grving, for 
example, KL HQ, have yrelded promusmg results and will 
be reported when the compounds are fully characterized 
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Molecular Conformation of Thymidine 
and a Comparison with some Electron 
Spin Resonance Results 


Tue determmation of the structure of thymidine 
(C10 N2 05 H14, Fig 1) was undertaken as part of a series 
of structure determinations of nucleic acid components 
Thymidine 1s the only nucleoside which has been studied! 
by electron spin resonance of uradiated single crystals 
and, ın particular, the orientation of the pyrimidine nng 
has been predicted from these studies Radiation effects 
on thymine make an important contribution to the 
spectra obtamed in electron spin resonance experiments 
on irradiated deoxyribose nucleic acid? 

Crystals were obtained from aqueous solution The 
unit cell ıs orthorhombie with dimensions a=4 86 A, b= 
1391 A and c=1632 A The space group 18 P2,2,2, 
and there are four molecules in each cell These results 
are m good agreement with those found by Furberg? 
In all, 1,203 reflexions were observed usmg molybdenum 
Ka radiation The data were collected using the Hilger 
and Watts linear diffractometer 
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The structure was determmed by the method described 
by Tollm and Cochran‘ The function J(® 9) (ref 4) was 
calculated using the 100 largest sharpened |F|? values and 
is shown in Fig 2 This map indicated that the plane of 
the pyrimidine ring has a normal defined by @ = 90°, 
p= 43 5°, where © and ọ are the spherical polar angles 
with respect to the axial set a, b,c The onentation of the 
pyrimidine rmg within this plane was obtamed from 
the section im this orientation through the omgin of the 
Patterson function The position of the rig in the umt 
cell was determined usmg the Q-functions defined by 
Tolhn’ 

A three-dimensional electron density map, using the 
magnitudes of the observed structure factors and phases 
calculated from the atoms of the pyrumidine rmg alone, 
revealed the positions of the remaimg atoms Fourier 
refinement on the a-axis projection and least-squares 
refinement using the three-dimensional data led to a 
structure giving an R factor, where 


_ DFe- Fell 
Resin” 


of 013 usmg isotropic temperature parameters The 
determination of the positions of the hydrogen atoms 
from a three-dimensional difference Fourier and subse- 
quent refinement with anisotropic temperature parameters 
gave a final structure which led to an R factor of 0 08 
for the observed reflexions These results together with 
the details of the structure determmation will be published 
later, but a number of observations can be made at 
present 

The orientation of the pyrimidme ring ıs given by 
O = 89°, 9 =45°, the maximum deviation from this 
plane bemg 0015 A, which confirms the electron spm 
resonance results which predict angles of approximately 
@=90°, p=45° The conformation of the sugar residue 
relative to the pyrimidine ring ıs best described by the 
torsion angle @¢y defined by Donohue and Trueblood* 
which has a value in this case of — 39°, the sugar bemg in 
the ani conformation with respect to the pyrimidine 
ring This value agrees with previous results for pyrim1 
dine nucleosides and nucleotides? Moreover, in all 
nucleosides and nucleotides the sugar ring has one atom, 
either C2’ or C3’, displaced from the mean plane of the 
other four rmg atoms In thymidine the atom C3’ 1s 
displaced 0 5 A on the opposite side of the plane from the 
atom C5’ (the exo conformation) Only one other nucleo- 
side or nucleotide—deoxyadenosme*—has this displaced 
atom in the exo position The bond C5’—O5’ 1s gauche 


Fig. 1. The molecular formula of thymidme and the conventional 
numbermg system. 
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Fig 2 The Z(O,~) function Contours are drawn at equalintervals Tho 
lowest contour 1s dashed The oross ( x) marks the position of largest 
pea, 


with respect to the C4’—O1’ bond and trans with respect 
to the C4’— C3’ bond’. R 

These results can be compared with the conformation 
of the molecule ın calaum thymmdilate!® m which Qoy = 
— 48°, the displaced atom ıs C3’ ın the endo position and the 
conformation of the bond C5’— O5’ ıs gauche-gauche 

Pruden et al ! state in their conclusions from the electron 
spm resonance studies of irradiated thymidine that “The 
equivalence of the coupling of the C,,,—CH, protons 
proves that the methyl group is rotating about the C—C 
bond” The hydrogen atoms of the methyl group are well 
resolved ın the three-dimensional difference map, so we 
conclude that ın the undamaged crystals the methyl 
group 1s not rotating 

We thank the Science Research Council for financial 
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BIOCHEMISTRY 


Growth Hormone in Human 
Development 


Many investigators have established that changes occur 
m the structure of enzymes and other protems during 
development For example, Cahn et al have shown 
changes ın the isoenzymes of lactic dehydrogenase (LDH), 
and Korber was the first to recognize that foetal haemo- 
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globin ıs more resistant to alkali than maternal haemo- 
globin? 

There is thus a precedent for the possibility that human 
peptide hormones undergo changes during foetal develop- 
ment To pursue this question, complement fixation, a 
technique extremely sensitive to shght changes in anti- 
geme structure’, was employed to compare growth 
hormone m the human foetus and human adult 

Adult human growth hormone (HS-496 A), prepared 
by the method of Wilhelmi*, was purified by column 
chromatography on diethyl] amimo-ethyl cellulose in 0 02 
M borate-NaOH buffer, pH 80 Three protem peaks were 
obtamed Peak A, the purified antigen in this study 
contained 2 1u/mg of growth activity’ and 6 8 1u/mg of 
crop gland stimulating activity® 

Thirteen pituitaries, and a small piece of foetal fibrous 
connective tissue from the area around the sella turcica, 
used as a control, were obtamed at autopsy from foetuses 
ranging from 12 weeks (crown-rump, 8 cm) to 40 weeks 
old, and were frozen at —20°C Before use they were 
thawed, weighed to the nearest mg, and imdividually 
extracted ın 1 ml of ice cold isotonic tres buffer, pH 7 4, 
by homogenization in a glass tissue grinder® 

After standing for 1-2 h at 2°C the homogenates were 
centrmfuged at 10,000g for 10 mm at 4° C The supernatant 
solutions were decanted and used for ummunological 
studies without further purification 

A single anti-adult human growth hormone A rabbit 
serum (RA 452B-7) was used It was prepared as pre- 
viously deseribed and diluted 1 1,500 before use!?? No 
evidence of immunochemical heterogeneity of the anti- 
serum was shown by double diffusion in agar In addition, 
only one complement fixation peak was observed with the 
antiserum even when there was a great excess of antigen 
against human growth hormone or a crude extract of 
adult human pituitary glands 

Quantitative micro-complement (C’) fixation was per- 
formed aceording to Wasserman and Levine!! The C’ 
fixation curves (Fig 1) obtamed with antiserum RA 
452B-7 (diluted 1 1,500) and HS-496 A and thirteen 
crude extracts of human foetal pituitary glands from 
12 to 40 weeks of gestation are all supermposable These 
curves show that 85-88 per cent of complement is fixed 
at the zone of antibody-antigen equivalence (0 08 ug of 
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Fig 1 © fixation curves obtained with adult human growth hormone 
A (BGH-A) (x) or with a crude extract of any one of thirteen foetal 
pituitaries (©) and antiserum 452B-7, diluted 1 1,500 The curves 
are drawn with their points of equivalence at the same antigen con- 
centration The maximum C’ fixations obtained with purified HGH-4 
and the crude foetal pituitary extracts are identical No C’ fixation was 
obtained when a crude terre ary orong tissue Was used as an 
antigen 
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antigen) No complement was fixed when foetal fibrous 
tissue was used as the antigen 

The question of whether or not there are specific foetal 
hormones may have important umpheations for medicine 
and biology If they do exist, there may be abnormalities 
of therr regulation, analogous to some of the haemo- 
globinopathies, which have not yet been recognized 
Also, the persistence of the varying levels of the foetal 
hormone in the adult may account for some of the 
hormone-like substances which have been detected ın 
adult serum?!®13 On the other hand, the mmutabihty 
of growth hormone during development may be equally 
significant 

This experrment does not conclusively exclude the 
possibility that a specific foetal hormone exists It is 
possible that (a) areas of the peptide hormone other than 
those contammg the antigenic determinants are struc- 
turally different, (6) growth hormones exist in the foetus 
which are so different antigenically that they do not react 
with the antiserum used ın this experiment, and (c) earher 
stages of development than those investigated have dif- 
ferent growth hormone(s) 

Further studies, including investigation of still younger 
foetuses and study of the primary structure of the peptide 
hormones, are necessary to elucidate the problem The 
present studies indicate that pituitaries of human foetuses 
contain a substance which ıs antigenically mdistinguish- 
able from purified adult growth hormone by quantitative 
complement 
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Pink Spot as a Diagnostic Test in 
Schizophrenia 


Tue first report of the presence of DMPEA in the urme 
of schizophrenic patients! was followed by other con- 
firmatory* and conflicting®-* results We have used 
different methods to give a better i1esolution of the sub- 
stance Recently a new technique for the isolation and 
identification of the pink spot was described?® This 
seems to be a specific method by which at least seven 
constituents of the pmk spot (DMPEA beimg only a 
minor one) have been discovered 

Only one of the previous investigations‘! involved the 
chromatographic procedure first described by Fredhoff 
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and van Winkle. and the pmk spot has regularly been 
found to be absent from normal mdividuals, while 1t was 
present in varying proportions m a group of schizophrenic 
patients We wished to verify whether the pmk spot— 
identified by a special method and consisting of many 
other compounds as well as DMPEA—was specific for 
schizophrenia If ıb was, this would signify that, as well 
as the production of DMPHA, a greater disturbance of 
amine metabolism could be mvolved m schizophrenia", 
this would prove the validity of our method as a diagnostic 
test 

We treated the wime of 221 imdividuals according to 
the extraction and chromatographic method of Friedhoff 
and van Winkle Of these, 106 cases had psychic disorders, 
eighty-eight were physically ul and twenty-seven were 
normal subjects Twenty hour urme samples were col- 
lected ın the first 24 h after admission to hospital, before 
the beginning of any treatment The patients had re- 
ceived no drugs foi periods of from 3 weeks to several 
months Of the 106 patients with psychic disorders, 
fifty-one were diagnosed as schizophrenics by three 
psychiatrists The remaming fifty-five patients were 
divided as follows sixteen had neurotic disorders, fifteen 
had psychopathic disorders—seven mania and nme endo- 
genous depression—and eight had mvolutional or 
artheriosclerotic dementia Of the patients with physical 
disorders, nine were suffermg from Parkimson’s disease, 
and the rest were cardiac, rheumatic or digestive cases 

The pink spot was present m the urne of twenty-three 
out of fifty-one schizophrenics (45 per cent), and three 
cases were impossible to assess We could not find any 
significant correlation between the form of schizophrenia 
and the frequency of the pink spot‘ As for the urme of the 
other seventeen subjects, only ın one case of Parkmson- 
ism did we obtam a positive reaction and m another case 
with the same diagnosis the reaction was umpossible to 
assess The presence of DMPEA in the urine of patients 
with Parkmson’s disease has been reported before’? 

We consider these results to confirm the chromato- 
graphic technique of Fnedhoff and van Winkle as a useful 
diagnostic method If the pmk spot consists of at least 
seven ammes, and if ıt 1s specifie for schizophrema and 
possibly for a few restrained disturbances of the basal 
gangha as well, then a certam common derangement of 
amine metabolism, including the production of DMPEA, 
occurs m such cases ‘These data agree with the mgh 
concentration of catecholammes and dopamine in sub- 
cortical structures and with the Parkinson-hke symptoms 
induced by psychoactive drugs which have a depressant 
action on these structures™ 
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Effects of Enzymes on the Pharmacology 
of Isolated Organs 


A NUMBER of reports! have described the effects of 
enzymes on the mechanical responses of isolated muscles 
obtamed m response to drugs and other stimuli Enzyme 
treatment, however, does not always provide a way of 
examining the nature of drug receptors because the drug 
receptor mteraction 1s only the first of a cham of events 
leading to contraction If the predommant enzyme 
effect 1s on a stage of the process followmg the drug 
1eceptor imteraction, no mformation about the nature 
of the receptor can be adduced. In such cases a propor- 
tional reduction in the response to several different 
stimuli might be expected We wish to present our own 
findings as a case in pomt 

The effects of tryptic digestion on the sensitimity of 
frog rectus abdominis muscle to acetylcholme (stimulus 
via, drug receptors) and to direct current (stumulus by- 
passing drug receptors) were studied Both the aggregate 
(contracture) and the discrete (single muscle cell membrane 
potentials) 1esponses were monitored by conventional 
means The results show that although classical stimulus- 
effect relationships are mamtained after enzyme treatment 
(Fig 1), the responses to both acetylcholme and de 
stimulus detenorate at comparable rates (Fig 2) with 
contmued exposure to trypsin . 

Furthermore, this relationship holds for all concentra- 
tions of trypsin which produce a measurable desensitiza- 
tion of the muscle There ıs concomitant obliteration of 
muscle cell membrane potentials successively deeper 
within the preparation (Table 1) Histological sections 
confirm this mvasive deterioration of cellular structures 

Our findmgs mdicate that, for the rectus muscle and 
taypsm, the penultimate process of contracture 1s affected 
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Fig 1 Effect of digestion by 01 mg/ml of trypsin on the response 

of frog rectus abdominis to acetylcholine (A) and to electrical stimula- 

tion (B) 1, Control, 2, after 10 min digestion, 3, after 20 min digestion 
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Fig 2 Change ın sensitivity of frog rectus abdominis muscle to 
acetyichohne (——) and to electrical stimulus (-———) as a function 


of time and of enzyme concentration «@, 001 mg/ml of trypsin, 
b, 01 mg/ml of trypsin, c, 1 mg/ml of trypsin 
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Table 1 LATENT PERIOD FOR REDUCTION OF MUSCLE CELL MEMBRANE 
POTENTIALS FROM INITIAL LEVELS (—65 TO —78 mV) TO —10 TO ~20 mV 
AT VARIOUS LOCATIONS WITHIN A RECTUS MUSCLE TREATED WITH 0 1 mg/ml 


OF TRYPSIN 
Tume of 
Depth No of depolarization 
(pu) observations (mm) 
100 5 25-35 
100-400 5 70-14 
400-600 8 24-45 


to the extent that precludes an assessment of specrfic 
effects of the enzyme on drug receptors We suggest that 
a similar exammation of other systems may show that 


this ıs a common Imutation to such studies 
M Grossman 
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Production of Renin by in vitro Cultures 
of Human Chorion and Uterine Muscle 


RENIN-LIKE enzymes have been extracted from a variety 
of tissues other than the kidney, mcluding cat placenta’, 
rabbit uterme muscle and placenta*-, hog aorta’ and 
mouse submaxillary gland®’” 

In sttu synthesis has been claimed m pregnant rabbit 
uteri: on the basis of the finding that bilateral nephrec- 
tomy does not lead to depletion of renin from this tissue® 
Proof of synthesis by n vtro culture techniques has, 
however, only been shown in renal cortical cells®?°, and 
even m these studies renm production was poor, with 
supernatant concentrations below those normal in plasma 
In addition, evidence of renin production through sub- 
culture was not provided 

The description by Brown et al 1! of high concentrations 
of renm m human ammiotic fluid has led us to measure 
the renm content of maternal and foetal tissue, and to 
reveal that chorion laeve had a higher content per wet 
weight than myometrium, decidua, amnion and placenta 
Concentration m chorion was four times that of either 
amnion or liquor amnu, and 100 times that of placenta 
and uterme muscle These findings suggested that chorion 
could be an important site of renm synthesis We report 
here confirmation. of this suggestion, together with evidence 
that cells m human uterme muscle are capable of producmg 
renin during in vitro culture 

Tissues were collected from five normal pregnant 
subjects at the end of gestation Four of the five subjects 
were delivered by caesarean section before the onset of 
labour, and one subject was delivered vaginally Peripheral 
chorion (chorion laeve) was collected by strippmg amnion 
from chorion, and chorion was also dissected from the 
foetal surface of the placenta (chorion plate) Placenta 
itself was sampled from the maternal surface, and uterine 
muscle and decidua were dissected at caesarean section 

Tissues were washed five times ın an antibiotic solution 
of 104 pg/ml of kanamycin and 500 ug/ml of fungizone 
in “Dulbecco’ phosphate buffer (personal communication 
from Von der Borch) Tissues were minced into small 
fragments (approximately 1 mm?) and explanted mto 
chick plasma clots m Leighton tubes The culture medium 
consisted of 6 per cent chick embryo extract, 40 per cent 
human AB serum and 54 per cent tissue culture medium 
199 (Commonwealth Serum Laboratories) The cultures 
were mamtamed at 37° C and the medium was changed 
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every 48 or 72 h and replaced with 2 ml of fresh medium 
After each change, the culture medium was frozen and 
stored, together with a sumiular volume of control culture 
medium not exposed to the tissue culture When con- 
fluent growth had occurred—usually after 7-10 days— 
sub-cultures were made by trypsmmuization with 0 25 per 
cent trypsin and 1esuspension of the cells ın the culture 
medium Placenta was taken from two subjects, chorion 
laeve from four subjects, chorion plate from two subjects, 
aronion from three subjects and uterme muscle from two 
subjects. All tissues were cultured at least m duplicate. 

The growth of the tissue cultures is summarized m 
Table 1 In ten out of thirty-five primary cultures, no 
growth occurred In the remaining twenty-five cultures, 
some primary growth occurred, and eleven were suitable 
for sub-culture 

Supernatants collected at each medium change were 
frozen for storage and control medium was sampled at 
the same time. The concentration of renin in selected 
samples was then assayed quantitatively by the technique 
described for plasma!? In this method, renin is prepared 
free of endogenous substrate and then meubated m stand- 
ard conditions with a constant amount of added substrate 
m an angiotensmase-free environment The velocity of 
angiotensin formation m the mcubate was assayed using 
rat blood pressure, and specificity for renin was tested 
by the method used before!?, which 1s based on (a) the 
peptide nature of the end product, (b) consumption of 
substrate, and (c) antibody imactivation. Non-specific 
pressor and depressor responses were not encountered 
Renin was present m control media m approximately half 
the normal concentration m plasma’, and this was sub- 
tracted accordingly m deriving renn production 

Fig 1 shows the concentration of ronn in supernatants 
of all cultures which displayed some growth. The six 
primary cultures of chorion consistently produced large 
amounts of renin mto the media The time course of this 
production was sumular for all cultures, with peak concen- 
trations on days 5-9 The highest concentration achieved 
was 1,000 u/ml, approximately 100 times the usual 
concentration of renm™ In five cultures a fall ın renin 
production after day 9 was paralleled by a declme ın the 
rate of growth. Renm production, nevertheless, con- 
tmued at a lower level for 24 days Only one primary 
culture of chorion had @ consistent growth rate throughout 
(closed squares, Fig 1), and this was successfully sub- 
cultured three times during a 55 day period, at which 
time supernatant concentrations were still reachmg the 
concentrations displayed by the primary growth 

Myometrium also produced large amounts of renin, 
but for an entirely different tıme course (Fig 1) Three of 
four cultures displayed grew well throughout, but each 
produced renin only after an imutial mterval of 10~15 





Table 1 
No of No ofcul- No of Total time 
‘Tissue cul- Explant growth* tures sub- sub- of culture 
ures cultured cultures (days) 
Chorion laeve 10 No growth 4 E — _ 
Fair growth 3 —- — Al 15 days 
Good growth 2 — — 27, 27 
Excellent growth 1 1 3 
Uterıne muscle 5 No growth 1 
Fair growth 1 i 1 30 
Good growth 3 3 1,1,3 380, 27, 27 
Placenta 4 Poor growth 2 — — 20, 20 
Far growth 2 — — 24, 24 
Amnion 6 No growth 1 im _ == 
Good growth 2 2 1,1 27, 27 
Excellent growth 3 3 2,1,1 27, 25, 25 
Decidua 4 Poor growth 2 — — 20, 20 
Fair growth 2 — — 18, 18 
Chorion plate 4 Nogrowth 2 — — — 
Poor growth 1 — — —- 
Good growth 1 1 2 67 


ee terms poor, fair, good and excellent growth apply to the primary 
culi 

These terms refer to the period of time in culture before outgrowth from 
the explant occurred Thus, with poor growth, outgrowth occurred after 
16-14 days, fair growth occurred after 7-10 days, good growth after 3-7 days 
and excellent growth within 3 days 
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days, durmg which none was detected After the tenth 
day, renin concentration mcreased progressively, reaching 
a level 120 times that of normal plasma before sub-culture 
The fourth culture, which showed fair growth, 1s not 
shown in Fig 1, and produced no renn durmg 30 days of 
meubation Myometrium was successfully sub-cultured 
on two occasions and m each mstance renm production 
continued 

Placenta did not grow well, but two of the four cultures 
showed fair growth and produced some renim into super- 
natant The time course was similar to that for chorion, 
but at a much lower level No growth was adequate 
for sub-culture 

Although amnion grew consistently well and was 
readily sub-cultured, no renm was produced into the 
supernatant (Fig 1) Decidua neither produced renm 
nor grew well, and was not sub-cultured. One culture 
of chorion plate grew well and was sub-cultured, but 
produced no renm, while a second grew poorly and 
produced low but sigmficant amounts 

These experiments provide the first proof that other 
tissues as well as the kidney can synthesize renm Both 
chorion and myometrium growmg wm vitro produced 
renin at remarkable rates In 2 days the amount of 
renm released mto the 2 ml of culture medium totalled 
more than that normally present m 200 ml of plasma 
That this renm was synthesized and not simply a release 
of stored enzyme ıs shown by its continued production 
through sub-culture, and by the fact that the total amount 
produced was far in excess of that shown previously to be 
present in these tissues!* 

The different time course for the production of renin 
mm chorion and myometrium cannot be related to different 
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Fig 1 Renm concentration (u/ml ) in selected culture media changed 

every second or third day Primary cultures are shown in solid lines 
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growth rates, for both grew well from the start Nor 1s 1t 
hkely that the particular cell producmg renin took longer 
to become established ın cultures of myometrium than 
chorion, because both cultures seemed to produce only 
fibroblast-like cells The possibility that myometrium 
contams an enzyme mhibitor which 1s progressively lost 
during culture has been excluded (unpublished work of 
Skinner, Lumbers and Symonds) by findmg that added 
renn displays the expected activity m myometrial 
extracts We have previously shown that human myo- 
metrium contaims lhttle renin, and so 1t seems more likely 
that the synthesis of this enzyme is weakly repressed m 
human myometrial cells, and that, after passage through 
several ın vitro generations, this repression 1s lost It 
follows from this hypothesis that production of renin by 
human myometrium ın vwo probably does not usually 
occur Rabbit myometrium is notably different, however, 
with a high renin concentration? and presumably m this 
species synthesis is not repressed? Such extreme differ- 
ences between species are hkely to be of functional signifi- 
cance, but the reasons are not apparent at present 
No conclusion can be reached at this stage as to the 
specific cells mvolved in renin synthesis Although the 
growing cells looked lıke fibroblasts, histological mvestiga- 
tion may reveal some heterogeneity We cannot exclude 
the possibility that the cells growmg ın culture may be 
decidual This seems unlikely, m view of our earlier 
findmg that decidua contains much less renm per wet 
weight than chorion (unpublished) The close proxmnity 
to the amniotic sac of cells capable of synthesizing renin 
provides a logical explanation for the high concentrations 
of renin in liquor amnu 
This work was supported, ın part, by a grant from the 

National Health and Medical Research Council of Aus- 
traha We thank Miss K Ormond and Mrs R Sexton 
for assistance with the wm vitro cultures 
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Ratios between Contents of DNA, 

RNA and Protein in Different 
Micro-organisms as a Function of 
Maximal Growth Rate 

THE growth medium determines the macromolecular com- 
position as well as the growth rate (number of doublings 
per hour) of micro-organisms in the steady state of growth 


For a given mucro-organism the ratios of RNA protein 
and RNA DNA are lmear functions of the growth rate, 
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whereas the ratio of DNA protem 1s virtually mdependent 
of the rate of growth! All these studies involved one 
mucro-organism studied at different growth rates 

We have looked for a correlation between the maximal 
growth rates of different micro-organisms and their con- 
tents of DNA, RNA and protem. The organisms tested 
included twelve bacteria, a haploid and a diploid strain 
of yeast and a ciate protozoon, selected to cover a range 
of generation times for growth at 30° C m complex media 
which create optimal growth conditions for many organo- 
trophic micro-organisms® 

All organisms were grown m batch cultures The 
bacteria, except Lactobacillus bulgaricus and Clostridvum 
perfringens, were grown aerobically in 0 8 per cent Difco 
broth, 01 per cent NH,Cl, 005 per cent MgSO, 7H,O 
and 65 per cent glucose Cl perfringens was grown 
anaerobically in this medium and Lactobacillus bulgaricus 
was grown aerobically m 4 per cent Elhker broth (Difco) 
Saccharomyces cerevisiae was grown aerobically in 2 per 
cent Bacto peptone, 01 per cent yeast extract and 2 per 
cent glucose Tetrahymena pyriformis was grown aerobic- 
ally at 28°C m 2 per cent ‘Proteose’ peptone (Difco), 
01 per cent hver extract (Wilson Laboratories) and m- 
organic salts as described earlier? Generation times of 
the bacteria and of the yeast were determined by measur- 
ing the mcrease m turbidity at 450 mp (bacteria) and at 
420 mp (yeast). The cells were collected ın the steady 
state of growth at an optical density (O D) of approxi- 
mately 05 Growth of Tetrahymena pyriformrs was fol- 
lowed by particle counts m a Coulter electronic cell 
counter, model F Tetrahymena was grown at 28° C, and 
so corrections were made for the generation time assuming 
a doubling of the growth rate for a 10°C merease m 
temperature All growth rates were calculated as the 
number of doubhngs per hour at 30° © 

The chemical analysis of the cellular content of DNA, 
RNA and protem was carried out as follows Nucleic 
acids were extracted from about 100 mg wet weight of 
cells by treatment with 05 N perchloric acid at 70°C 
for 20 min Deoxyribose was determmed by the diphenyl- 
amine procedure usmg dAMP as standard? Rubose was 
determmed by the orcinol procedure usmg AMP as stand- 
ard’ The protem content m the residue was determined 
by the method of Lowry usmg bovine serum albumin 
(Armour) as standard® 

The rate of protem synthesis per unit of RNA has 
previously been determmed according to the expression 
protein/RNA x u, where .=doublings per hour (refs 1, 2 
and 4) Table 1 shows the rates of protem synthesis per 
unit of RNA for different organisms collected from steady 
state growing cultures The values for the rate of protem 
synthesis per umt of RNA vary from 20 to 31 h> This 


“Lable 1 RATIOS BETWEEN DNA, RNA AND PROTEIN OF DIFFERENT MICRO- 


ORGANISMS GROWN IN COMPLEX MEDIA AT 30° C 
Gener- u=Growth Pro- Protein 





Micro-organism ation rate(doub- tem “RNA 
time(h) Imgs/h) RNA (h) DNA h} 

alerobacter aerogenes 048 2 33 118 27 120 28 

colt 50 200 147 29 109 22 
Salmonella 

typhimurium 0 50 2 00 157 31 98 20 
Citrobacter freunda 050 200 135 27 106 21 
E coh B 052 192 154 30 104 20 
Seriatia marcescens 0 52 192 135 26 102 20 
Bacillus subtilis 0 58 172 141 24 150 26 
Erwinva carotovora 0 68 147 167 25 109 16 
Merococeus 

anhaemolyticus 072 139 185 26 112 16 
Cl perfringens 077 130 1 83 24 120 16 
Pseudomonas 

aeruginosa 068 147 184 27 51 q 
Lactobacillus 

bulgaricus 0 92 109 281 31 94 10 
Saccharomyces cerevisiae 

(diploid) No 66 125 0 80 244 20 820 66 
Saccharomyces cerevisiae 

(haploid) 1507-74 150 067 298 20 105 0 70 
Tetrahymena pyri- 

forms GL 200 050 434 22 240 12 


The deteimmation of the growth rates of the micro-organisms and the 
chemical analysis of DNA, RNA and protem were carried out as described in 
the teat Each value represents the mean of triplicate determinations of 
DNA, RNA and protein in two independently grown cultures 
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suggests a sumilar efficiency of the ribosomes m protem 
synthesis in the organisms which we studied 

The ratio of DNA protem for Escherichia cok, S 
iyphamurvum, A aerogenes and T pyriformes in the steady 
state of growth has been shown to be almost independent 
of the growth rate of these organisms!~4_ The relationship 
1s almost lmnear when the ratios of DNA protem for each 
of the organisms studied are plotted against their maximal 
growth rate (Fig 1) The ratio of DNA protem for S 
cerevisiae 1s lower than would be expected from the 
growth rate When, however, a haploid strain of S 
cerevisiae was compared with a diploid stram, the general 
trend shown in Fig 1 was confirmed The diploid stran 
shows a significantly higher ratio of DNA protem as 
well as showing faster growth 


DNAfprotein (per cent) 





05 10 15 20 


Growth rate 


Fig 1 Ratio of DNA protein as a function of maxumal growth rate for 
& number of micro-organisms growing at 30° © Each ratio of DNA 
protein represents the mean of triplicate determinations of DNA and 
protein contents in two independently grown cultures DNA and protein 
were determined as described in the text The solid line is drawn as 
calculated by the “estimate (regression) equation” The zone +18 yx 


(standard error of estimate) 1s shown by the dotted lines ©, Acrobacter 
aerogenes, @, Escherichia coh, ©, E coh B, Q, Salmonella typhi- 
munum, W, Erunma carotovora, O, Serratia marcescens, @, Citrobacter 
Sreundu, W), Bacillus subtilis, [C], Pseudomonas aeruginosa, W, Lacto- 
bacillus bulgaricus, S, Micrococcus anhaemolyticus, Gi, Cl perfringens, 
A, Saccharomyces cerevisiae (haplord) 1507-74, A, Saccharomyces 
cerevisrae (diploid) No 66, A, Tetrahymena pyriformis GL 


The correlation shown m Fig 1 suggests that the 
amount of the DNA template can be a rate hmuting factor 
for the flow of information from DNA to protem, that 1s, 
that the amount of DNA can be limiting for mRNA syn- 
thess A high ratio of DNA protem could favour a 
high overall production of mRNA ın fast growing organ- 
isms This explanation 1s consistent with the hypothesis 
that the degradation of mRNA 1s possibly correlated with 
the translation of mRNAs on the ribosomes" A. fast 
growing organism with a high ratio of DNA protein 
might thus have a higher turnover of mRNA than a slow 
growing organism because of rts higher content of DNA 
and ribosomes 

A second explanation could mvolve the fact that 
ribosomes are active m the regulation of mRNA synthesis 
in bacteria!!-14 This mode of regulation, which suggests 
that ribosomes are needed for the detachment of mRNA 
from the DNA template, could depend on the appropriate 
amount of DNA per mbosome Thus the ratio of RNA 
DNA as well as the ratio of RNA protem could be 
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important for a micro-organism to grow at the maximal 
rate 

This work was supported by a grant from Carlsberg- 
fondet I thank Professor Hans Klenow, Professor 
Ole Maaise, Dr K Overgaard-Hansen and Dr Ronald 
Pearlman for helpful suggestions and criticism 
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Evidence for an Extragranular 
Localization of Tyrosine Hydroxylase 


GROWING interest ın the intracellular localization of 
enzymes has led to the standardization of techniques 
generally used in tissue fractionation The scope and 
limitations of these methods have been defined already, 
im particular the use of marke: enzymes ın profiling the 
distribution of different particles! 

The data concerning the mtracellular localization of 
tyrosine hydroxylase are rather conflicting Nagatsu et 
al *, who first isolated the enzyme, described it as particle- 
bound, while Udenfriend* has proposed that all enzymes 
involved in biosynthesis of catecholamime are organized 
into granules containing catecholamine In the brain, 
tyrosine hydroxylase was found to be hnked to a particu- 
late fraction? Stjarne and Lishajko’, however, have 
shown, by incubating ın vitro various frac- 
tions of a bovine splenic nerve homogenate, 
that this enzyme occurs outside the granules A 

This communication deseribes experiments 
dealing with the activity of tyrosine hydroxy- 
lase in various fractions of bovine adrenal 
medulla and in different segments of the 
splenic nerves of dogs 

Bovine adrenal medullae were homogen- 
ized ın five volumes of either 0 25 M sucrose 
~or of 0 16 M potassium chloride with a ‘Dual’ 
homogenizer The sediment obtamed after 
low speed (7,000g mim) centrifugation was 
1esuspended in the same volume and centri- 
fuged again at the same speed to provide a 
pellet of the nuclear fraction A sample of the 
pooled supernatants was kept and the rest 
was further fractionated by centrifuging at 


19 


_ 


Relative specific activity 
to 


ot 


6 x 10°g to obtain a large particulate fraction N 


and a final supernatant The whole fraction- 
ation procedure was carefully carried out at 0 
0C 

Splenic nerves were ligatured as previously 
deseribed* Iwo segments of nerves were 
removed 48 h after operation, one above 
(proximal to) and another below (distal to) 


Fig 1 


experiments 





Distribution pattern of enzymes 
sucrose and, B, in 0 16 M potassium chloride 
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the hgature As with the coeliac ganghon or normal 
splenic nerves, they were homogenized ın twenty volumes 
of 0 25 M sucrose 

The total activity of dopamme-f-hydroxylase was 
assayed using tyramine as the substrate and in the pre- 
sence of ‘Triton X-100’, as previously deseribed’ Tyrosine 
hydroxylase was assayed according to Nagatsu et al? 
using labelled tyrosmme (New England Nuclear Corp, 
u4C-L-Tyrosie, specific activity 300 mCi/mmole) The 
dopamine-f-hydroxylase was separated on Al,O,; columns 
and the radioactivity was counted ın a Packard hqud 
scintillation spectrometer In order to el:minate mter- 
fering of large amounts of catecholamines, acid-msoluble 
protems were determined according to Lowry’s methods 

Fig 1 shows the distribution patterns of tyrosine 
hydroxylase and dopamine-f-hydroxylase when the frac- 
tionation of adrenal medulla was carried out erther m a 
sucrose or in a KCl medium JDopamuine-§-hydroxylase 
provides a valuable marker to fix the position of the 
catecholamine granules on the distribution diagrams’? 
This enzyme behaves similarly ın both experimental 
conditions, as shown by its distribution patterns, m that 
more than 60 per cent of the activity 1s found in the large 
particulate fraction On the other hand, the distribution 
of tyrosine hydroxylase 1s quite different from that of 
dopamine-f-hydroxylase In sucrose solutions 34 per cent 
of the activity 1s found in the nuclear fraction and 41 per 
cent ın the supernatant This bimodal distribution þe- 
comes nearly unimodal ın potassium chloride solutions 
with values of 16 per cent and 70 per cent 

The different distribution of tyrosine hydroxylase could 
be a result of higher adsorption of soluble protems in 
sugar solutions than ım ionic media Nevertheless, these 
experiments show clearly that, by comparing the distribu- 
tion patterns of these two enzymes, 1t cannot be suggested. 
that tyrosine hydroxylase ıs contained ın the catechol- 
amine granules Furthermore, other data concerning the 
latency of all the enzymes of noradrenaline biosynthesis 
and dealing with the uptake of various amines! support 
the view that tyrosme hydroxylase 1s located m an extra- 
granular site, probably the cell sap The results listed in 
Table 1 lead to a similar conclusion 

Thus the activity of tyrosme hydroxylase was found to 
decrease slightly above the proximal segment 48 h after 
hgation, although, for the same period, the activity of 
dopamine-f-hydroxylase was twenty times greater than 
that of the control values In contrast, both enzymatic 
activities decreased similarly ın the distal segments It 
should also be noted that these activities are slightly 
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The results are presented in the manner used by de Duve et al 
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Table 1, ENZYMATIC ACTIVITY IN SPLENIC NERVES AND COELIAC GANGLIA 
OF DOGS 
Dopamme-f- 
Tyrosine hydroxylase hydroxylase 
(moles/gfht+SD) (umoles/g/h+S D} 
Splenic nerve 
Control 0394009 0 79+0 56 
(n=5) (n=5) 
Proximal part 48 h after 0 21+009 151468 
ligation (n=12) (n= 
Distal part 48 h after gation 0124+007 0 394035 
n=12) (n=5) 
Coeliac ganghon 
Control 0 56+0 24 149+0 36 
(n=18) (n=11) 


higher for the coehac ganglion than for the splenic 
nerves 

If tyrosıne hydroxylase were associated with granules 
contaimg catecholamme and dopamine-f-hydroxylase, 
a similar accumulation above a constriction of the sym- 
pathetic nerves, as proved for dopamune-§-hydroxylase 
and previously for noradrenaline’, should be expected for 
tyrosine hydroxylase The fact that tyrosme hydroxylase 
does not increase in the proximal part after hgation 
ponts to an extragranular localization of the enzyme 
This new approach confirms the previous data of Stjarne 
and Lishajko® 

Because these observations show that tyrosine hydroxyl- 
ase in the adrenal medulla and sympathetic nerves 1s 
mdependent from the granules contaming catecholamine, 
the first step of catecholamme biosynthesis, as well as the 
second one", occurs outside these granules 


PIERRE LADURON 
FRANS BELPAIRE 


J. F. and © Heymans Instıtute of Pharmacology, 
Ghent University School of Medicine, 
Ghent, Belgium 


Received January 15, 1968 


3 de Duve, C , J Theoret Biol , 6, 33 (1964) 


a Nappi T Levitt, M, and Udenfriend, S, J Bool Chem, 289, 2910 

3 Udenfriend, 8 , in Mechanisms of Release of Brogenic Amines (edit by 
von Euler, U S, Rosell, S, and Uvynas, B), 103 (Pergamon Press, 
Oxford, 1966) 


‘McGeer, P L, Bagchi, S P , and McGeer, E G , Lafe Ser , 4, 1859 (1965) 
+ Stjarne, L , and Lishajko, F , Beochem Pharmacol ,16, 1719 (1967) 

* Laduron, P , and Belpaure, F , Infe Set , 7, 1 (1968) 

7 Belpaire, F , and Laduron, P , Biochem Pharmacol (m the press) 


$ Lowry, H , Rosebrough, N J, Far, A L,and Randalli, J , J Bul Chem, 
198, 265 (1951) 


* de Duve, C , Pressman, B C , Gianetto, R , Wattiaux, R , and Appelmans, 
F , Biochem J , 80, 604 (1955) 


ae Bepa F, and Taduron, P, Arch Intern Physwl. Biochim , 75, 550 
n Laduron, P , and Belpaire, F , Biochem Pharmacol (ın the press) 


BIOLOGY 


Germination of Caryophyllaceae at 
Low Temperatures in relation to 
Geographical Distribution 


SEED germimation 1s one of many factors which determine 
whether a particular species is able to mamtam itself 
in a given locahty This must occur at a season which 
will allow the subsequent development of the plant and 
the production of flowers and viable seed There have been 
many reports of the mechanisms which regulate the time 
of germination based on requirements for a period of 
after-ripening, temperature conditions, light or mechanical 
myury Yet few studies have been made on the relation 
between germmation patterns and natural distributions 
of different species This work was done with a group 
of species of Caryophyllaceae distributed ın different 
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localities throughout Europe, in an attempt to determine 
features of the germination response which could be 
correlated with chmatic conditions 

Ripe seed was collected from plants growing in the 
Royal Botanic Gardens, Kew, and stored over calcium 
chlomde at 18° to 22° C, until required for tests. Tests 
were done m incubators at 2° C, or on a specially designed 
thermogradient bar set to provide contmuously variable 
temperatures from about 5° to about 18°C Temperatures 
on the bar were monitored through thermo-couples and 
could be defined at any pomt throughout the bar’s 
length to within +05° C The seeds were sown on a 
basic medium consisting of the standard Long Ashton 
nutrient solution!, used at half-strength and stabilized 
with l per cent agar They were taken as having germun- 
ated as soon as the radicle was visible Records were made 
either at convenient intervals in the incubators at 2° C, 
o1 daily on the thermo-gradcient bars 

Fig 1 illustrates the way ın which the rate of germina- 
tion at 2° C varied between different species grouped 
according to their broad geographical distributions These 
groupings are approximate, for the occurrence of some of 
these species as weeds makes thei natural distmbution 
hard to define The geographical definitions used, however, 
are so broad and the difference between the groups so 
distinct that they overwhelm any differences of opinion 
on the precise ranges of the species concerned 

There were wide variations in the rates of germination 
and the limits for reaching the 50 per cent level lay between 
19 days fo. Agrostemma githago and nearly 190 days fox 
Silene alba All the species from the Mediterranean 
germinated rapidly at this low temperature, whereas none 
of the species from northern Europe reached the 50 per 
cent level m less than 100 days; central European 
species occupied intermediate positions 

Germination rates of a selection of species were recorded 
at temperatures between 5° C and 18° C on the thermo- 
gradient bar, and graphs were prepared from which the 
number of days required for each species to reach 50 
per cent germination at different temperatures could be 
calculated. The results (Fig 2) showed that the rates of 
germination. varied from one species to another, and that 
the speed of germmation could be related to the geo- 
graphical range over the whole temperature range tested 
There was no straight hne relationship between germin- 
ation rate and temperature, and the exponential curves 
obtamed showed a rapidly mereasing steepness as the 
temperatures fell. There was evidence that the tempera- 
ture range over which the curves tended to the vertical 
was correlated with geographical range, occurring at 
inereasingly higher temperatures as the distribution of 
the species moved north Kohlrauschia prolifera, classed 
as a central European species, was a possible exception 
to these generalizations appearing m Fig 2 in association 
with the Mediterranean species Agrostemma githago and 
Silene nocturna 

Supplementary experiments on these species have shown 
that most of them have a short period of relative dormancy, 
after the fully mature seed 1s shed, during which they fail 
to germinate at temperatures above about 20°C Germina- 
tion at lower temperatures 1s normally unaffected by 
after-ripening requirements, and, because the seed im 
these tests had been kept ın store for several months and 
germinated freely to 90 per cent or more at temperatures 
between 10° C and 18° C, it ıs unhkely that the results 
obtained were distorted by any unsatisfied after-ripening 
requirements of the seed It seems probable that the 
measurements represent the capacity of each species to 
grow at low temperatures, and reflect a phenomenon 
similar to that reported by Cooper? for ecotypes of Lohum 
perenne collected from varymg geographical locations 
Cooper found that Lokum perenne from northern or 
colder areas stopped growth at higher temperatures than 
those from regions with milder winters such as the 
Mediterranean 
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Fischer, 6, S walca (I. ) Pers (1966), 7, Kohlrauschia prolifera (L ) Kunth c, Northern and north-west Hurope 1 Swene diora (L ) Clairu, 
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The exponential relazionship between germination rate 
and temperature shows that, with these species, straight 
line extrapolations of the kind made by Went? to determine 
minimum temperatures for germination would be quite 
iwnadmussible, and that in fact no determmable mmimum 
{above 2° C) exists Each of these species was capable of 
germination at all temperatures down to 2° C, although 
germination was very slow m some of the species from 
northern Europe at the low temperatures 

No work has yet been done to relate the results to 
climatic situations in the localities from which the species 
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Temperatures at which various species of Caryophyllaceae 
attamed 50 per cent germination rate on successive days after sowing 


Fig 2 


1, Agrostemma githago L, 2, Kohlrausena prolifera (L) Kunth, 3, 

lene nocturna L , 4, Silene ahea (L ) Pers , 5, Lychnis flos-jovs (L ) 

Desr , 6, Silene noctiflora L, 7 Lychnis viscana L , 8, Silene cucubals 
Whbel, 9, Silene diowca (L) Clairu 


come They may be sumular in some respects to the results 
reported by Went and co-workers, on temperature 
effects on the germimation of winter and summer annuals 
in Cahforma, to the extent that Mediterranean species 
with their capacity for germination at low temperatures 
seem to be adapted for germination in late autumn and 
winter whereas the species from northern Europe m which 
germination is very slow m soil temperatures around 9° C 
would not usually germinate to any extent in Britam 
after early September 

The results reported here are based on relatively 
few species, but the correlations between distribution 
and germination are marked They provide no indication 
of the amount of variability within a particular species, 
however, and experiments are now in progress to determine 
to what extent germination behaviour of a species may 
show modifications according to the location of individual 
populations within its general range 
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Saprolegnia parasitica Coker in Estuaries 


Dicx’s interesting comments! on our communication? 
pomt to the need for further work on this complex topic— 
a fact of which we are not unaware Indeed, our communi- 
cation was intended solely as an inte1zm report on work in 
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progress ın order to show that too facile dismissal of fungal 
involvement in previously reported work was premature 

We did not set out to answer “whether S parasitica 1s 
a fresh-water fungus or a fungus capable of growmg and 
spormg m both fresh-water and estuarine environments” 
We merely recorded two facts (a) that Saprolegnia has 
been isolated m a number of cases from fish that we can 
prove to be freshly arrrved in an estuary, and (b) that S 
parasitica can grow in saline conditions 

At this stage of the mvestigation, these are facts 
important enough to warrant recordmg and are not 
vitiated by Dick’s comments For Saprolegnia to be m- 
volved at all m estuarme conditions 1t 1s not essential, as 
Dick states, to find out whether the fungus 1s capable of 
sporulating and so on equally well m both fresh-water 
and estuarine conditions (Ql-6), however desirable ıt 
may be to have further evidence along these nes We 
do not imply that the estuary 1s the sole locus for infection, 
and imdeed believe that ıt ıs much more hkely that 
Sapiolegma 1s more active in fresh water 

Finally, we state that “the apparent correlation between 
the spread of the fungus in ulcerative dermal necrosis and 
water temperature merits mvestigation” This is a 
general observation and nowhere do we quote “‘tempera- 
ture data for asexual sporulation” as Dick states 
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Resistance of Rainbow Trout to 
Ulcerative Derma! Necrosis 


Tum susceptibility of rambow trout to ulcerative dermal 
neciosis!, an imfectious disease of some salmonids, has 
become a matter of unportance to fish farmers We have 
shown that the aetiological agent of ulcerative dermal 
necrosis 18 filterable® although some workers have sug- 
gested that specific bacteria?4 or fungi® may be the pri- 
mary pathogens Prelmmimary experiments dicated that 
rainbow tiout exposed to a salmon affected by ulcerative 
dermal necrosis did not show symptoms of the disease 
whereas a healthy salmon m the same tank as the trout 
did The siphonmg technique successfully used to re- 
produce ulcerative dermal necrosis ın salmon? was adapted 
to the experiments described here, which were designed to 
ascertain the susceptibility of rambow trout to the disease 
Further experiments, also described, were carried out to 
show whether rambow trout can act as symptomless 
carriers 

In expermment A, ten mature hatchery-reared rainbow 
trout obtained from the Inland Fishenes Trust farm at 
Roscrea were divided mto two equal groups One group 
was kept as a control and the other was placed in a tank 
with a salmon obtained from the Boyne, a river free from 
ulcerative dermal necrosis Water was siphoned mto the 
tank containing the trout and salmon from a tank con- 
taming a salmon obtamed durmg a natural outbreak, and 
showing clinical signs of ulcerative dermal necrosis! 
Both tanks (and all tanks used m these experiments) were 
disinfected with a chlorine solution before use 

The mean water temperature was 108° ©, range 
75-13 0° C On the fifteenth day of the experiment, the 
Boyne salmon died showmg lesions of ulcerative dermal 
necrosis The five trout m the tank with the salmon 
showed no lesions, and they and the controls remamed 
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clinically healthy until the end of the series of experiments, 
more than 4 months later 

In expermment B, the five rambow trout exposed to 
infection m experiment A were placed in one disinfected 
tank and a healthy salmon from the Boyne was placed 
in another Water was siphoned from the tank contammg 
the trout to that contammg the salmon The mean 
water temperature was 72° C, range 50-80° C On 
the forty-seventh day of the experiment the salmon was 
in excellent health and showed no signs of ulcerative 
dermal necrosis The usual incubation period of the 
disease 1s 7-17 days? 

In experiment Q, the salmon used in expermment B 
was placed in a dismfected tank, and water was siphoned 
to 1t from a tank containmg a salmon affected 1n a natural 
outbreak of ulcerative dermal necrosis The mean water 
temperature was 6 3° C, range 3 0-10 0° © The recipient 
salmon died showing lesions of ulcerative dermal necrosis 

The results of experiment A confirmed previous findings 
that rainbow trout do not show clinical signs of ulcerative 
dermal necrosis Trout do not act as symptomless carriers 
of the disease, for the salmon which had been exposed to 
possible infection from the trout m experiment B was 
in fact susceptible, as shown ın experiment C, so the result 
of experiment B was obtained because the trout were not 
infective 
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Imprinting: Drug-produced Isolation 
and the Sensitive Period 


IxernrtING as a phenomenon m eatly behavioural 
development owes much of its importance to the fact 
that ıt occurs only durmg a lımıted period of an animal’s 
hfe Although there ıs some disagreement as to the exact 
nature and duration of this sensitive period, there ıs 
general agreement that such a period exists 

Because of 1ts importance in distmgushing mmprinting 
from other forms of stimulus-response association, the 
sensitive period has been the subject of considerable 
theoretical mte:est This interest ın turn has centred 
on the factors which influence the length and offset of 
the period Bateson! has recently reviewed empuical 
studies of the role of these factors and has concluded 
that the mmprinting response wil usually contmue to 
occur to a particular strmulus unless the bird concerned 
has had an opportunity to develop a preference for 
something else Thus is, of course, equivalent to saymg 
that ımpııntıng as a process 1s mevitable and ıt will 
happen to ether a class of stimuli in the bird’s regular 
environment, or to a stimulus presented m an experi- 
mental imprinting situation. 

I have developed this argument by assuming that the 
tendency to umprint on expermental objects declines 
as a result of the bird smprinting on some stimuli ın its 
housing environment If this imprinting on the general 
environment 1s made less effective by procedures which are 
known to make experimental imprinting less effective, 
then the time during which the bird will remain responsive 
to test objects will be prolonged While it would be desir- 
able to test directly the strength of attachment to aspects 
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of the housmg environment, ıb ıs not possible to do so 
because of the presence of confounding factors such as 
food and warmth 

A method of making umprinting on the general environ- 
ment less effective without confounding stimulus charac- 
teristics and experience 1s suggested by an experimental 
study reported by John Bradford and myself to the 
Eastern Psychological Association m Aprl 1966 The 
results of that study—on the effects of sodium pentobarbi- 
tal on the development of the approach response in the 
domestic chick—showed that birds injected with a small 
dose of sodium pentobarbital (7 mg/kg) 15 min before 
imprinting traming trials did not develop the associations 
necessary to produce approach behaviour when the 
imprinting stimulus was presented later It follows from 
this result, and from the foregomg line of argument, that 
newly hatched chicks eared under the ınfluence of small 
doses of sodium pentobarbital would not imprint strongly 
on their envnonments and would therefore continue 
to be more responsive to experimentally mtroduced stimuli 
when the drug is withdrawn 

This proposal was tested using forty-eight White Rock x 
Cornish chicks, which were removed from the incubator 
2 h after hatching and placed in individual compartments 
in a warm air brooder Immediately after this the chicks 
were weighed and injected intraperitoneally with erther 
10 mg/kg or 15 mg/kg of sodium pentobarbital or equiva- 
lent volumes of control solution Thus there were two 
drug groups and two control groups The chicks were 
injected again 4 h later and again at approximately 
10am,2pm and 6pm on the followmg 2 days On 
the fourth day the subjects were mjected at 10 am and 
given umprinting test procedures at 4pm On the fifth 
day the subjects were again tested m the umprinting 
situation 

The mprinting procedure was a modification of that 
used by James? and consisted of placmg the bird in a 
l ft x1f x 6 ft alley with the stimulus, consisting of a 
flashing light and mtermittent sound, on at one end 
When the bird approached within 12 in of the stimulus 
and when 60 s had elapsed, the stimulus was switched to 
the other end These 60 s trials were repeated five times 
and resulted m a procedure functionally equivalent to the 
bird following a stimulus The mumprinting score was time 
spent within 1 ft of the stimulus during the 5 min period 
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As can be seen m Fig 1, the results were clem Both 
groups which were kept partially isolated and treated 
with the drug showed much higher responsiveness to the 
imprinting test stumuh than then corresponding control 
groups The experimental groups also showed a greater 
merease in imprinting Scores from the first test day to the 
second test day than did the controls The differences 
were shown to be significant by analysis of variance 
(P<001) There were no significant differences between 
the two treated groups or between the two control groups 

These results lend strong support to the notion that the 
offset of the critical period for experimental impimting 
1s a result of the birds imprmting on or formmg associa- 
tions with stimuli in their general environment Further- 
more, because the birds were pharmacologically isolated. 
for only a part of each 24 h period, there is the implication 
that ımpuntıng on general environmental stimuli is not 
set m absolute opposition to imprinting on a, test stimulus 
Rather, a partial reduction in imprmting on the general 
environment will result m a corresponding increase m the 
time that the bird remains sensitive to experimentally 
produced imprinting test stimuli 
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Dispersal of Larvae by Equatorial 
Ocean Currents and its Importance to 
the Zoogeography of Shoal-water 
Tropical Species 


PLANKTONIC larvae are dispersal stages which make ıt 
possible for marine species to breach faunal barriers and 
to colonize new regions The occurrence of trans-oceanic 
dispersal by larvae of the shoal-water tropical benthos 
can be deduced if the actual distribution of such larvae 
1s known relative to the prmeipal ocean currents’ likely 
to transport them 

Taken as a whole, the North Atlantic surface cucula- 
tion may be regarded as an enormous clockwise gyre 
The Gulf Stream continuing as the North Atlantic Drift 
passes eastward toward the European continent The 
Canary Current joms the North Equatorial Current which 
passes westward from the coast of Africa to the shores of 
South America In the southern hemisphere, the Atlantic 
forms a similar gyre, but rotates counterclockwise Cir- 
culation in the North and South Atlantic 1s actually much 
more complex than this simplification, which 1s adequate 
for the purpose here 

Within the equatorial region the North Equatorial 
Current 1s separated from the South Equatorial Current 
by a rather weakly developed Equatorial Countercurrent 
moving eastward Unlike the currents on either side of 
it, the countercurrent moves a relatively small volume of 
water, and usually extends only part of the way across 
the western Atlantic Monthly charts of the North and 
South Atlantic surface circulation constructed by Sehu- 
macher and the US Hydrographic Office'-? show the 
Equatorial Countercurrent to be diffuse and seasonal in 
occurrence The surface currents of the Atlantic described 
here are common knowledge, and may be found illustrated 
in any good atlas 

Consider now the distribution on the ocean surface of 
larvae that belong to tropical benthic species The bio- 
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logical data are from more than 600 plankton samples 
taken throughout the North and Equatorial Atlantic 
Larvae from the chief invertebrate phyla, mcluding the 
Coelenterata, Echinodermata, Arthropoda, Annelida and 
Mollusca‘, are found in the surface waters of the open sea 
A diversity of taxa are known from each of these phyla 
For example, among the gastropods alone, at least nine 
families are represented, including the Cymatndae, Tri- 
phoridae, Architectonicidae, Ovulidae, Cypraeidae, Ton- 
nidae, Thaidae, Magilidae and Naticidae’ About 79 per 
cent of all plankton samples taken from the North Atlantic 
contain velger larvae of benthic gastropods, and it 1s 
certain that many additional farmlies will be represented 
when the material 1s further studied 

One example among the gastropods can be exammed 
in more detal Velger larvae of the genus Philippa, 
belonging to the prosobranch gastropod family Archt- 
tectonicidas, are frequently found ın the surface waters 
of the tropical North and South Atlantic Several species 
are represented, but one common form ıs believed to be 
Philppra krebs Morch?’ 

As a reproducing adult, this species 1s restricted entirely 
to tropical and subtropical regions Its vertical distribu- 
tion, however, extends from 7 to 205 m (ref 6) Such a 
range in depth means that the species frequently must 
live at temperatures well below 20° C, for although tropical 
surface waters often exceed 27° C, at 150 to 200 m the 
water temperature at the bottom may be as low as 12°— 
15° C It 1s concluded from this that Philippia krebsu 
must be eurythermal or at least that the adult of the 
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species lives at wider ranges of temperatures than might 
at first be expected from its tropical distribution 

The larvae of Philippa krebsw are characteristic of 
tropical gastropod veligers found m the open sea The 
protoconch or larval shell 1s thin and not heavily calcified, 
the velum has large lobes used ın swimming and feeding 
The vivid colours of the larvae can only be seen in hving 
specimens at sea When the distribution of Architectonicid 
larvae 1s examined, particularly that of Philippa krebsw, 
the veligers are seen to be distributed along the entire 
penphery of the North Atlantic gyre The larvae are 
clearly also eurythermal, sometimes occurring in water 
much colder than 20° C in the North Atlantic Drift while 
more commonly at 27° C in the surface waters at the 
equator (Fig 1) 

If the larvae can delay metamorphosis long enough, 
then the North Atlantic can be regarded as a giant 
roundabout, and the riders, that ıs the larvae, 1f lucky, 
can jump off at any pomt along the way There 1s 
already evidence, from holding larvae captured at sea, 
to suggest that a considerable number of tropical gastropod 
species have veligers that remain planktonie for a long 
time (for example, Cymatuum parthenopeum’) Further- 
more, 1t ıs known from experiments that settlement of 
some gastropod veligers can be delayed in the absence of 
an environment where post-larval survival] is possible®~!¢ 

There are many tropical species that are shoal steno- 
thermal warm-water forms, and yet are amphi-Atlantic 
in their distribution Such species will not readily survive 
the colder temperatures of 20° C and less that are 
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Fig. 1 Distribution of veliger larvae of the gastropod family Architectonicidae 
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Fig 2 The Equatorial Undercurrent is a sub-surface core of saline water moving m an easterly direction at a depth of from approximately 60 

to 90m It flows directly under the equator between Brazil and the island of São Tomé in the Gulf of Guinea”, and 1s shown in vertical cross- 

sections The more saline water of the undercurrent 1s stippled ın the cross-sections Plankton samples were taken from this portion of the water 
column Vertical salinity sections modified after Khanaychenko et al * 


frequently encountered in the North Atlantic Drift 
Examples of stenothermal forms are found among the 
Zoanthid corals and a wide variety of other organisms 
The question now amses how Zoanthid corals, restricted 
entirely to the tropics, can possibly be dispersed from the 
western to the eastern Atlantic, for although the transport 
of Semper’s larvae from the coast of Africa to South 
America 1s readily explamed by drift along the North or 
South Equatorial Current, 1t 1s not ummediately obvious 
how transport in the opposite direction can oceur Cer- 
tainly the Equatorial Countercurrent does not provide a 
very likely means for easterly dispersal 

The answer to this problem was unwittingly provided 
in 1886 by the hydrographer Buchanan when he described 
to the Royal Geographical Society ‘the very remarkable 
undercurrent setting in a south-easterly direction with a 
velocity of over a mile per hour’! This current was 
found directly under the equator as far as Buchanan was 
able to trace ıt It ıs remarkable that this mformation 
has been rediscovered only recently m an imternational 
oceanographic expedition of the tropieal Atlantic com- 
monly referred to as ‘“EEqualant’”? The current described 
by Buchanan, now generally known as the Equatorial 
Undercurrent, 1s an easterly subsurface flow at a depth of 
between 60 and 90m _ It 1s evident in salinity profiles as 
a saline core of water (Fig 2) The maxunum velocity of 
the current varies from 1 to 5 km/h and averages perhaps 
2 km/h (ref 13) Most important is the fact that the 
water temperature in its core 18 warm, exceeding 25° C 
at ıts centre (Fig 3) Thus ıt might readily be supposed 


that the Equatorial Undercurrent could serve as an 
mportant agent for zoogeographical dispersal 

Semper’s larvae of the Zoanthid coral are not par- 
ticularly striking, and their coelenterate affinities are not 


Current velocity (km/h) (----) 
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Fig 3 Temperature and current velocity in the Equatorial Undercurrent 

in the region between 25° and 32° W latitude Temperature data 

) are from bathythermograph lowerings made at the time the 

plankton samples were collected Velocity data ( - - - } are averages 
computed from Stalcup and Metcalf“ 
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immediately obvious When such larvae are’ sectioned, 
however, this affinity becomes evident from the presence 
of septa The distribution of the Semper’s larvae from 
one species will serve to demonstrate the importance of 
the undercurrent 

Throughout the tropical Atlantic there ıs a larval form, 
probably belonging to the genus Palythoa, which 18 
entirely restricted to water at 23° C or more The species 
has rarely been found ın the Gulf Stream at 36° north 
latitude butitis very prevalent throughout the equatorial 
Atlantic (Fig 4) But does ıb occur ın the undercurrent, 
and can this account for 1ts dispersal from South America 
to Africa? Closmg nets can be used to take samples at 
any given depth interval Net tows taken in the Equa- 
torial Undercurrent, that ıs, between 50 and 100 m depth, 
show that Semper’s larvae of this species regularly occur 
in the eastwardly moving undercurrent Hence the larvae 
of Palythoa can drift westward on the North or South 
Equatorial Current and eastward in the Equatorial 
Undercurrent While there are a great variety of other 
shoal water benthic larvae found ın the undercurrent, 
interestingly enough Phippia krebsu is seldom among 
these, for ıb 18 almost entirely restricted to surface waters 
(0-50 m) 

It is now apparent that there are two means by which 
larvae can be transported from east to west across the 
Atlantic The first 1s by way of the North Atlantic Drift 
and can only be accomplished by eurythermal forms, the 
second ıs by means of the Equatorial Undercurrent and 
is the only means available to stenothermal tropical 
species 
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Relation between DDT in Diets of 
Laying Birds and Viability of their Eggs 
Concern at the presence of organo-chlorine insecticides 
m birds’ eggs has stimulated attempts to relate concen- 
trations of toxicants m eggs to hatchability! We have 
tried to relate the mgestion of DDT by adult buds to 
the viability of ther eggs Initially we carried out a pilot 
study simular to that of Cross eż al ? and followed this with 
the study deserrbed here, m which diets contaimng 200 
ppm of DDT were fed after the start of laymg to caged 
Japanese quail (Coturme c japomca) Eggs were set at 
weekly mtervals before and after the start of feeding of 
DDT and the hatchabilty of the eggs and survival of 
chicks were compared with those of a control group 
The concentration of DDT im the treated diet 1s expressed 
as the amount of the (pp) isomer contamed 
m a commercial wettable powder con- 
tainmg 35 per cent (pp) and 10 per cent 
(op) isomers On this basis, the mean weight 


2 of pp DDT consumed per bird per week was 
estimated at 28 mg for the first week and 
22 mg for the second. 

ea Table 1 shows numbers of chicks hatched 


from fertile eggs, set at weekly mmtervals, 
from both groups Chi square tests show no 
N significant changes ın hatchability in either 

the treated or control group durmg the 
o° test, moreover, the hatchability of the 

batch of eggs collected during the second 
s week after the start of feeding DDT showed 

no significant difference from the control 
10° batch We have, however, been aware of 
the desirability of measuring mortality m 





70° 


Eig 4 
throughout the equatorial Atlantic 


Direct evidence from their distribution m the open sea 
shows that larvae are commonly dispersed over long 
distances by ocean currents The examples that I have 
given are only illustrative of a large volume of unpub- 
lished data There 1s no doubt that the exchange of 
species can occur across the Atlantic m either direction 
between Africa and South America The dispersal of 
larvae over long distances by ocean currents offers one 
important explanation for the amphi-Atlantic distmbution 
of tropical shoal-water benthic species 

This research was supported by grants from the 
US National Science Foundation I thank Mrs Janet Moller 
and the officers and crew of the research vessel Atlantis IT 
for their help 
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Woods Hole Oceanographic Institution, 
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Distribution of Semper’s larvae from a Zoanthid coral taken mn plankton tows 


chicks for several days after hatching? In 
the present expermment, deaths among all 
chicks were recorded for 7 days after 
hatching of the first chick Approximately 
79 per cent of all deaths of chicks occurred 
withm 3 days of hatching Clear signs of DDT powonmg 
—strong tremors and loss of balance followed by col- 
lapse—were observed in both batches of chicks from 
treated parents Table 2 shows the total deaths among 
ehicks from weekly settings A chi square test shows 
lnghly significant heterogeneity (P=0 001) m mortality 
among batches of chicks from the treated group and this 
1s largely the result of the high mortality among chicks 
obtamed from eggs laid ın the second week of consump- 
taon of food to which DDT had been added Heterogeneity 
m mortahty among batches of chicks from the control 
group 1s not significant at the level P=0 05 


Table 1 NUMBERS OF CHIOKS HATOHED FROM FERTILE EGGS 


Treated group Control group 
No of No of 


No of No of 
Period Diet of parents eggs chicks Diet of parents eggs chichs 
(days) set hatched set hatched 


1-7 Normal food only 125 74 (59%) Normal food only 119 72 (61%) 
8-14 200ppm DDT 177 116 (66%) 4, wy) 148-107 (72%) 
14-21 200,  „ 156 107(69%) gg Ss 189 107 (77%) 
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Table 2 MORTALITY OF OHICKS DURING THR FIRST WEEK AFTER HATCHING 


Treated group Control group 
Period Diets of Nos of chicks* Diets of Nos of chicks 
(days) parents Hatched Died parents Hatched Died 


1-7 Normalfoodonly 58 10(17%) Normalfoodonly 62 16 (26%) 
814 200ppm DDT 100 19(19%) ,, moe 105 22 (21% 
14-21 200 3 5 103 64 (62%) si ae 107 13 (12%) 


* Chicks hatched later than 2 days after the start of hatching were dis- 
pane as were all those which were deformed or died in the incubator before 
Tying 


We conclude that ıt is possible for eggs to carry 
amounts of DDT, or 1ts metabolites, large enough to 
cause high mortality among chicks hatched from them 
without substantially affecting ther hatchability It 1s 
also clear that the situation m which newly hatched 
chicks rely for some days on stored yolk for nutrition, 
which Koeman eż al? suggested to represent a hazard to 
birds contaminated with dieldrin, also applies potentially 
to DDT 

We thank E N Wright for helpful discussions, A 
Taylor for analysing a sample of DDT and Miss G M 
Parrott who carried out much of the practical work 
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Relationships among Functional 
Properties of Californian Grassland 


THE communication by McNaughton! provides an 
example of the problems which arise when a quantitative 
approach ıs made to a subject such as ecology 

McNaughton attaches significance to a correlation 
between a dominance index and number of species but, 
as defined, his parameters are not mdependent. If a 
sample contains only four species, the two species con- 
tributing the greatest (most important) proportion to the 
standing crop must exceed 50 per cent—otherwise all 
species contribute equally For the range of species 
number studied, this mınımum value varies from 33 3 per 
cent for six species to 125 per cent for sixteen species 
Percentage contribution 1s not logically mdependent of 
species number 

Species number (richness)! is not usually equated with 
diversity as normally defined; McIntosh? has examined 
the parameters species number, dominance and number of 
individuals in relation to imdices of diversity These 
indices take into account both species number and 
“overall dominance’? or equitability—that 1s, the dıs- 
tribution of individuals among the species The questions 
to be asked about the relationship between species number 
and dominance should perhaps be rephrased as three 
‘interrelated questions (a) What combinations of species 
number and abundance occur in the field? (b) Do all 
possible combinations of diversity for a given species 
number and abundance (standing crop or number of 
individuals) occur in the field? (c) Does the range of 
single species dominance observed in the field correspond 
with the possible range for the same number of species 
and the same abundance ? 

Definitions of the terms “diversity”? and “dommance” 
are needed before these questions can have a precise 
meaning McIntosh? has reviewed the definition of 
diversity, dommance can be defined as the abundance 
of the species which has the greatest observed abundance 
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The limits of this value when abundance ıs measured as 
number of individuals are 


Dominance maximum = N —§ + 1 


N N 
mmnmum = ¢ when 3 isan integer 
N 
- or = 5 +1 


where N 1s the number of individuals and S 1s the number 
of species. 

When standing crop ıs used as a measure of abundance, 
it is not possible to define the maximum possible con- 
tribution of a species The contribution of the most 
abundant single species can, however, be compared with 
that expected with maximum diversity (mmimal domin- 
ance), that 1s, when all species contribute equally 


A dominance index D ean be used 


where C 1s the standmg crop and X 1s the contribution 
of species X to the standing crop D = O at maxmum 
diversity, D — 10 as dommance mcreases D ıs not 


independent of S, as S — œ, D —> s (compare MeNangh- 


ton'), when S 1s small, the percentage contribution must 
be greater to obtain an equivalent value of D 

D cannot equal 10, but 1t would be of considerable 
mterest to know how closely observed values approach 
this figure The size of mdividuals of other species present 
m the community will mfluence this, which suggests that 
for a given species number the community with the 
greatest range mm size of species will have the larger 
possible dominance All hypotheses of this type, however, 
depend on an adequate definition of the term “com- 
munity”, which 1s at present lacking 

McIntosh? quotes Gerard? “ Before measurements 
can be meaningful they must be directed to the nght 
things and even in science, finding these right things 1s 
the major achievement, entitation 1s more impoitant 
than quantitation”, and adds “Heren lies a major diffi- 
culty of ecology”. More adequate definitions are necessary 
before McNaughton’s suggestions regarding the relation- 
ships between the functional properties, species number 
and dominance, and between productivity and dominance 
can profitably be examined 

I thank D Machn, P Greg-Smith andE R B Oxley 
for helpful discussion and comments 
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Artificial Reconstruction of a Species 
of Fern, Asplenium adulterinum 


Amone the flowermg plants there is a lmmited number of 
records of artificial synthesis of a natural polyploid species 
Of these, the first and most familar example is Galeopsis 
tetrahit? The example deseribed here, however, is the 
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first complete synthesis of a natural species of pterido- 
hyte 
i Tho fern Asplemum adulterznum Milde has a wide but 
extremely mtermuttent distribution ın Central Europe 
and Scandinavia It 1s virtually restricted to serpentine 
and other ultrabasie rocks In morphology, ıt 1s inter- 
mediate between A trichomanes L and A viride Hudson 
As its name suggests, 1ts status has been widely disputed 
m the past, but 1t has been generally accepted for many 
years as a genuine and distinct species All examples of 
‘A adulteronum which I have investigated cytogenetically, 
whether from localities ın Austria, Norway, Switzerland 
or elsewhere, have proved to be tetraploid, with n=72 
chromosomes, and to reproduce sexually All chromo- 
some counts of this species recorded by others?-4 are 
hkewise tetraploid 

Hybrids have been synthesized between <Asplenvum 
adultermum and the two diploids which aie believed to 
be its parents, A vride and A trichomanes ssp tracho- 
manes These hybrids are triploid, and include thu ty-sıx 
bivalents and thirty-srx univalents at meiosis’ I have 
synthesized hybrids between A adulferrmum and two 
other tetraploid European species of Asplenvum, namely, 
A majoricum Litard and A lepidum C Presl These 
hybrids, themselves tetraploid, both show uniformly com- 
plete failure of chromosome pairing in metosis, 144 uni- 
valents being present Such a result mdicates an origin 
by allopolyploidy for A adulteronum (and, incidentally, 
also for both A majoricum and A lepidum) Moreover, 
it makes possible mterpretation of the chromosome 
pairing seen m the two triploid hybrids obtained earher, 
and already mentioned The thirty-srx bivalents found 
in both of these triploid hybrids must arise from pairing 
between chiomosome sets common to both diploid and 
tetraploid parents The triploid hybrids are backcross 
hybrids between an allotetraploid species and its two 
diploid parents The relationships can be symbolized as 
follows, where letters represent the chromosome sets 
present, and the underlining bars indicate the composition 
of the bivalents formed m meiosis A virrde=VV, A 
thichomanes ssp trehomanes=TT, A  adultermum= 
VVTT, A adulternum x trichomanes ssp trichomanes = 
VTT, and A vride x adulternum= V VT 

Tt proved possible to synthesize the diploid hybrid 
Asplenium viride x irichomanes ssp trichomanes (= VT) 
Ths hybnd shows complete failure of chromosome 
pairing with seventy-two univalents present at meiosis 
(Fig I) It should be possible to mduce tetraploid sectors 
in this diploid hybrid by tieatment with an agent inducing 


Fig 1 Permanent aceto-carmine squash preparation of meiosis in a 
synthetic diploid hvbrid, Asplenium viride x trichomanes ssp tri- 
chomanes, showing seventy-two univalents (x1 
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Fig 2 Permanent aceto-carmine squash preparation of meiosis in 
synthetic Asplenum cael ey ane seventy-two bivalents 
xi, 


polyploidy, for example colchicine This procedure has, 
however, been unnecessary, because the fronds of the 
diploid hybrid have been found to produce spontaneously 
an appreciable number of viable spores which have in 
turn produced normal sexual gametophytes More than 
1.000 prothall: have thus been obtamed, and random 
fertilization of these prothalli has resulted in the pro- 
duction of more than 120 sporophytes which are morpho- 
logically imseparable from characteristic examples of 
natural A adulteromum So far, ten of these sporophytes 
have been cytologically examined To all intents and 
purposes, all these plants are tetraploid, with a normal 
melosis showing n= 72 bivalents (Fig 2), although one or 
more plants can be aneuploid foi a single chromosome 
(In this genus, 1t 1s technically difficult to obtam complete 
certainty in observations of small irregularities in chromo- 
some behaviour) Sowings of spores from two of the 
cytologically tested plants ın both cases resulted im 
copious and uniform growths of prothall, showing that 
the spores produced by these plants have a high degree 
of viability The prothalli have now produced an abundant 
crop of sporophytes, indicating in turn that these gameto- 
phytes are highly fertile 

The tetraploid nature of the sporophytes derrved from 
the spores produced by the diploid hybrid clearly indicates 
that these spores must themselves be diploid; im other 
words, they contain an unreduced chiomosome comple- 
ment Their origin has not yet been critically studied, 
but ıt seems likely from observations already made? on 
a closely related hybrid of wild origin, A trichomanes ssp 
tmexpectans x viride, that these spores arise by restitution 
of the spore mother cell nucleus after failure of meiosis to 
progress beyond first metaphase In this respect, it 18 
significant that the spores produced by this wild hybrid 
have in a similar way given rise to fertile tetraploid 
sporophytes’? Furthermore, this ready production of 
tetraploid sporophytes by the spores formed by a diploid 
hybrid has also been shown by myself and Reichsteim? 
for a natural example of the hybrid A trichomanes ssp 
trichomanes x viride originally found wild in Switzerland 
by Dr W Gatzi (although not on serpentine rock) The 
morphology of this hybrid ıs virtually identical to that of 
the synthesized examples of this hybrid combination, 
while the chromosome behaviour observed ın both of the 
two wild diploid hybrids and their tetraploid progeny is 
indistinguishable from that seen in the synthetic hybrids®:? 
The phenomenon of the production of spontaneous tetra- 
ploid progeny from a diploid hybrid has also been observed 
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elsewhere in Asplenvwm Wagner and Whitmore? obtained 
tetraploid plants of A ebenowdes from spores produced by 
a wild example of the diploid hybrid A platyneuron x 
rhizophyllum, although in this case only a few prothall 
were obtained 

In the case of a plant such as Asplenium adulteronum 
where the propagules are both very numerous and light, 
and are readily dispersed by air currents, the possibility 
of contamimation of the experimental cultures by the very 
species one 1s attempting to reconstiuct must be con- 
sidered The conditions in which these experiments have 
been carried out do not entirely exclude the possibility of 
the mtroduction of spores of adventive origin Moreover, 
some plants of A adulterınum of wild origin were in 
cultivation on our site at the time the experiments were 
in progress All sporopnytes produced by the prothalhal 
cultures obtained from the synthetic A viride x irrcho- 
manes ssp trichomanes hybrid were retamed In spite of 
the presence of very numerous different sources of fern 
spores in our greenhouses, only 4 per cent of the sporo- 
phytes obtained are of evidently contaminant origin, 
Another more positive control has been possible An 
exactly comparable experiment has been conducted ın 
an immediately adjacent series of cultures using the 
spores produced by another diploid Asplenwum hybrid 
of synthetic origin, A veride x fontanum (L ) Bernh This 
hybrid also shows complete failure of chromosome pairmg 
Tetraploid sporophytes have again been produced, showing 
a regular meiosis with n=72 bivalents In this case, the 
total progeny obtained again exceeds 120 sporophytes, 
more than 95 per cent of which are of the expected 
morphology A fertile tetraploid form of this hybrid has 
never yet been found m the wild, so contamination of the 
prothallial cultures by the actual species one 1s attempting 
to synthesize 1s in this instance totally mmpossible 

Returning to the newly obtamed synthetic examples of 
Asplenwum adultermmum, a critical test of the degree of 
identity existing between the natural species and its 
synthetic sumulant 1s possible Comparison ın uniform 
conditions of cultivation has shown that certain strains 
of A adultermum from different localities show small but 
constant morphological differences with respect to such 
characters as the shape of the pinna and the position on 
the rachis of the pomt of change ın its colour from brown 
to green (unpublished results of Lovis and Reichstein) 
Use of these strains as one parent has made it possible 
to distinguish hybrids from self-fertilized plants m the 
progeny resulting from crosses made between natural 
and synthetic examples of A adulterrnum (Because the 
prothalli are hermaphrodite and self-compatible, it 1s not 
possible entirely to prevent some self-fertilized progeny 
as the outcome of a hybridization experiment) Cyto- 
logical exammation of these hybrids shows a regular 
meiosis, indicating that close homology exists between the 
chromosomes of natural examples of A adultermum and 
those of its synthesized facsrmuile 

I thank Professor I Manton and Professor T Rech- 
stem for ther advice and encouragement, and the staff 
of the experrmental gardens of this department for their 
assistance ın cultivation of the plants involved ım this 
investigation 
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IMMUNOLOGY 


Immune Haemolysis : Reaction of the 
Terminal Complement Component 


THE lytic step of the complement reaction sequence 18 
biologically very umportant An attempt to determime 
1ts nature by indirect methods was previously made in 
this laboratory)? Another duect approach to the 
problem was conceived when it was shown that the 
“classical” third component of haemolytic complement 
(C’) comprises at least six distinct factors?! 

Sensitized sheep erythrocytes (EA) which had been 
reacted with the first eight components of complement 
(C’1-C’8, for nomenclature see ref 5) were prepared and 
we have investigated the 1eaction of these EAC’I-—8 cells 
with the last component of complement (C’9) This 
communication summarizes our findings, which will be 
published ın detail later 

EAC’1-8 cells were prepared by a two-step procedure 
First, sensitized sheep erythrocytes were mcubated at 
32° C with diluted guinea-pig serum adsorbed on zymosan, 
prepared by the method of Lepow and Leon! After 10 min 
the cells were collected and washed twice These cells 
were readily lysed by guinea-pig or pig serum in the 
presence of 0010 M ethylenediaminetetraacetic acid 
(EDTA). which mdicated that they had at least been 
brought to the state EAC’1a,4,2a In a second step, these 
erythrocytes were incubated for 20 min at 37° C with a 
serum fraction containing 0’3, C’5, C’6, C’'7 and C’8 This 
fraction was obtained by gel filtration on ‘Sephadex G-200° 
of the euglobulins of pig serum EAO’I-8 cells were 
washed and stored at 4°C ın veronal buffered saline 
contaimng Ca++ and Mg++ (VBS) which was used as a 
diluent throughout? 

Our procedure for the preparation of EAC‘1-8 is 
based on findings of Wellensiek and Klem They frac- 
tionated gumea-pig serum on a ‘Sephadex G-200’ column 
and reported that of the C’ components reacting subsequent 
to C2 only the terminal one ıs eluted together with the 
albumin (“4S peak”) while the others are associated 
with the 7 S gamma globulins? When tested with 
reagents prepared accordmg to Wellensiek and Klein*?, 
we observed that after gel filtration of the pig serum the 
distribution of the late acting C’ components in the 
column eluate was simular to that described foi gunea- 
pig serum 

HAC’1-8 are haemolysed by pig 0’9 as well as by func- 
tionally pure preparations of guinea-pig and human C’9 
They are characterized by a slow, spontaneous lysis when 
stored in VBS as well as by a decreased resistance against 
hypotonic solutions of NaCl, lysolecithin or sodium- 
deoxvcholate!® Sumilar observations were reported with 
cells which had reacted with the first eight components of 
guinea-pig complement"! HAC’1~8 showed no detectable 
loss of reactivity with C’9 when stored in VBS at 4° C 
for more than 100 h or at 37° C for 48 h They were, 
however, no longer reactive to C’9 after treatment with 
pronase, a proteolytic enzyme from Streptomyces griseus 
(Calbiochem, Lucerne, Switzerland) A sample of 108 
EAC’1-8 was incubated with 125 ug of pronase in 1 0 ml 
for 60 min at 37° C 

We prepared C’9 from pig serum The euglobulin 
fraction was precipitated by 2-ethoxy-6,9-diammo-aeridine 
lactate (“Rivanol’, Farbwerke Hoechst) and subsequently 
by ammonium sulphate (35-50 per cent saturation) 
Further purification was achieved by column chromato- 
graphy on ‘CM-Sephadex C-50’, gel filtration on ‘Sephadex 
G-200 and by preparative zone electrophoresis Function- 
ally pure human C’9 was prepared similarly Pig C’9 
showed a single band im analytical agarose-polyacry- 
lamide electrophoresis?! with the migration charactoristics 
of a fast B-globulm Its activity ıs rapidly destroyed at 
56° C with a half-hfe time of 75 mn Human C’9 (C'T) 


1166 


was reported to have a half-life of 6 min at 56° C 
(ref 13) 

The activity of C’9 was completely abolished by 
dialysis against 010 M mercaptoethanol which suggests 
that there are disulphide bonds ın the native molecule 
Di-isopropyl-fluorophosphate (DFP), p-chloromercuri- 
benzoate (pCMB), HgCl, or 1odoacetamide had no effect 
on the C’9 activity which would seem to indicate that 
seryl or SH-groups are not essential for the haemolytic 
activity of the component (Table 1) 

Antibodies against pig C9 were prepared by rmmunizing 
rabbits with functionally pure preparations incorporated 
into complete Freund adjuvant The antiserum was heat: 
inactivated to destroy C’9 and absorbed with EAO’I-8 
It strongly mhibited the activity of pig C’9 and, to a lesser 
extent, that of human 0’9 (Table 2) 

The dose-response curve of the reaction between 
EAC’I1-8 and C’9 suggested a one-step mechanism The 
curve was concave to the abscissa and gave a straight line 
after transformation to the Z= — In(l-y) plot according 
to Mayer™ which indicated a linear relationship between 
the number of hits per cell and the C’9 concentration 
The reaction was temperature dependent and had its 
optimum at 42° C. Na-Cu-chlorophyllin (Merck, Darm- 
stadt) was found to be a potent mhıbıtor which stopped 
the reaction within 10s With the aid of this compound we 
were able to show that at 37° C the reaction between 
EAC’1-8 and C’9 started without a lag phase and was 
completed after 20 mm A typical experiment is shown 
in Fig 1 

In addition to Na-Cu-chlorophyllin a number of other 
inhibitors were detected (Table 3) While the mhibition 
by Cut+ (CuSO, or Cu(NO,),) and Znt++ (ZnSO,) was 
completely reversible by dialysis against cold VBS, the 
addition of Fett (FeSO,) or Fet++ (FeCl,) to C’9 led to 
an irreversible mactivation of the component Its activity 
was not restored by dialysis against VBS or by the addition 
of the chelating agent 1,10-phenanthrohne hydrate 
(Merck, Darmstadt) These findings are not in accord 
with recent observations of Hadding and Muller-Eber- 
hard", who reported that 1,10-phenanthrohne imduces 
lysis of EAC’la,4,2a,3,5,6,7,8 prepared with human © 
components Iron ions m the divalent form mhibited the 
lysis of the cells by both phenanthroline and human C’9, 
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Fig 1 Kinetics of the reaction between EAC’1-S cells and C’9 at 
37°C Three flasks, 1, 2 and 3, each containing 10 m! of BAC’1-8 (2 x 108 
cells/ml ) were set up in parallel Flasks 1 and 2 recerved 10 ml of 
C’9, and flash 3, 10 ml of VBS At the times indicated 1 0 m! samples 
from flask 1 were pipetted into 05 ml of VBS contaiming 20 yg of 
Na-Cu-chlorophyllin (curve 1) To flask 2, 10 ml of VBS containing 
40 wg of Na-Cu-chlorophyllinjm!] was added at ¿=2 5 min as indicated 
by the arrow Samples of 1 5 ml were withdrawn at the times indicated 
(curve 2) To flask 3, 10 ml of VBS containmg Na-Cu-chlorophylin 
was added at ¿=0 min Samples of 15 ml were withdrawn at the 
times indicated (curve 3) After sampling, each tube was left for a 
further 60 min at 37° C before the degree of haemolysis was determmed 
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Table 1, EFFECT OF VARIOUS SUBSTANCES ON THE ACTIVITY OF 09 


Substance Concentration (M) Percentage 
inhibition 
Mercaptoethanol* 10x10? 100 
DFP 10x10" 0 
pCMBt 10x107 0 
Hegci.§ 10x10 0 
Todoacetamide || 20x10- 0 


*C’9 was first dialysed against mercaptoethanol for 60 min at room 
temperature followed by dialysis against VBS or 2x 10-? M 1:odoacetamide 
and then VBS 

+09 ml 0'9 and 01 mi 10-* M DFP tn anhydrous isopropanol were 
incubated at 37°C After 30 min EAC’1-8 were added and incubation was 
continued for 60 min 

= 0’9 was incubated with yCMB at 37°C After 15 min BAC'1-8 were 
added and incubation was continued for an additional 60 mın Lysis in 
tubes contamiıng yCMB and C’9 was 20 per cent higher than in tubes con- 
taining only C’9 HAC’1-8 treated only with pCMB showed no haemolysis 
within 60 min 

§ HgCl, was incubated with C’9 at 37°C After 15 min EAC‘1-3 were 
added and incubation was continued for an additional 60 min TAC'l-8 
treated with HgCl, for 60 min at 37°C showed no haemolysis 

{| C’S was dialysed against 1odoacetamide for 4 h in the cold 


‘The 1odo- 
acetamide was then removed by dialysis against VBS 


Table 2 INHIBITION OF C’9 BY ANTI-C’9 RABBIT ANTISERUM 


C’S preparation Reciprocal dilution Percentage 
of antiserum inhibition 
Pig 1,200 100 
Pig 5,000 50 
Human 20 50 


A sample of 0 5 ml of C’9 was incubated with 0 5 mi of antiserum dilution 
at 37°C After 20 min EAC‘1~8 cells were added and incubation was con- 
tinued for an additional 60 mm 


Table 3 INHIBITION OF HAEMOLYSIS OF WAC’I-8 By C’9 
Percentage 
Inhibitor HE inhibition* 
Na-Cu-chlorophyllin 10 100 
Na-chlorophyllin 50 100 
Germanin (Bayer 205) 200 100 
Heparin-Na (Nordmark, 740 (=100 84 
Hamburg) international 
units) 
Concentration (M) 
FeSO, 12 10- 86 
FeCl, 12 10-4 97 
CuSO, 15 10-5 97 
Cu(NO3)a 15 10-5 100 
nSO, 10 10~ 100 


A sample of 10* EAC’1-8 cells was incubated for 60 min at 37° © in the 
resence of the inhibitor with an amount of C’9 sufficient to give 70 per cent 
ysis ın the controls Total reaction volume was 1 5 ml 


* No inhibition was observed when EAC’1-8 cells were pretreated with 
the innbitor and were washed before the addition of 0’9 


Table 4 DFRFEOT OF 1,10-PHENANTHROLINE HYDRATE AND 2,2-BIPYRIDINE 


on EA AND EAC’1-8 


Concentration ( x 10 M) Percentage hnemolysis* 


Phenanthroline hydrate EA EAC1-8 
2 0 0 
4 0 0 
6 09 0 
8 10 0 
10 10 0 
12 23 18 
13 50 53 
14 99 105 
15 149 159 
Bipyridine 
5 0 0 
10 0 04 
20 0 21 
24 13 23 
30 47 59 


A sample of 10" cells was incubated for 60 min ın the presence of the 
Fe*+-chelating agents in a total reaction volume of 15 ml 


* Values were corrected for lysis of the controls not contatning the chelating 
compounds 


whereas trivalent iron had no such effect The authors 
inferred from their results that the capacity of C’9 and 
of phenanthrohne to lyse EAC’la,4,2a,3,5,6,7,8 might be 
caused by a reaction with Fet+ and that activation of 
C’8 sites on the cell might be brought about by with- 
drawal of Fet+ 

In view of these discrepancies, the effect of Fett- 
chelating agents on EA and EAC’l-8 was re-examined 
using 1,10-phenanthrolne hydrate and 2,2-bipyndine 
(Merck, Darmstadt) As a result, EA and EAQ‘1-8 
were shghtly haemolysed to the same extent, but only by 
the highest concentrations used (Table 4) Thus m our 
system neither Fet+ ions nor phenanthroline seem to affect 
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Fig 2 Bffect of EDTA on the haemolysis of EAC’J-8 cells by C’9 
Tsotonic solutions of different concentrations of EDTA were prepared 
by mixing 0 090 M EDTA, pH 7 6, with appropriate volumes of 0 15 M 
NaC! EAC’1-8 cells were incubated with C’9 for 60 min at 37°C 


C’9 or EAC’I-8 specifically. Most likely the results are 
caused by differences in the preparation of the cells and 
of C’9 They may, however, be caused by the different 
species origin of the complement components A detailed 
comparative study of the two systems may resolve these 
questions 

Lysis of EAC’ 1-8 after reaction with C’9 was not observed. 
in isotome 0090 M EDTA, pH 76 Lysis occurred, how- 
ever, when these cells were washed and remcubated in 
VBS This type of hibition was found by Frank et al 16 
who studied the transformation of E+ to ghost and haemo- 
globin It can be seen in Fig 2 that the effect of EDTA 
1s already clear at concentrations much lower than 0 090 
M Moreover, the degree of the spontaneous lysis of B, 
EA and EAC’1-8 ıs markedly reduced when these cells 
are stored in 0 090 M EDTA as compared with their lysis on 
storage in VBS (unpublished observations) Thus EDTA 
seems to exert an unspecific stabilizing effect upon the 
erythrocyte membrane which might be strong enough to 
mbhibit the release of haemoglobin from EAC’]-8 treated 
with C’9 

The described experrments do not yet allow any con- 
clusions to be made concerning the molecular events of 
the terminal step ın immune haemolysis We hope that 
with the aid of the established system more precise 
studies will be possible 

We thank Miss A Behrendt and Miss R Thumb for 
technical assistance This work was supported by the 
Deutsche Forschungsgemeinschaft 
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PHYSIOLOGY 


Pheromones from the Abdominal Brushes 
of Male Noctuid Lepidoptera 


RECENT mvestigations have shown that benzaldehyde is 
the chief component of the pheromone extracted fiom the 
abdominal scent-brushes of Leucama mpura (Huebner), 
Leucama. conigera (Schiffermueller) and Phlogophora 
meticulosa (Linnaeus) 

Many types of male eversible organs occur within the 
Lepidoptera, and these have been assumed to function as 
scent producing organs with some role in courtship The 
extreme variation m both their structufe and location 
umples that these organs have evolved mdependently 
many times in response to a powerful selection pressure 
Their role has recently been described ın detail for a large 
diurnal species, the Queen butterfly (Danaus gilappus)* 
In the related species Lycorea ceres, the components of 
the scent have been chemically identified? The courtship 
display of nocturnal moths ıs more difficult to observe, 
because moths do not readily produce natural behavioural 
responses in captivity 

The brushes of the species we investigated are of the 
type restricted to noctuid moths and desertbed by Eltring- 
ham? The brush ıs supported on a lever attached to the 
base of the first apparent abdomunal sternite (Fig 1), 
and usually hes ın a lateral pocket stretching from 
sternites three to five The lips of the pocket are tightly 
pressed together to restrain the hairs and to hmit evapot- 
ation of the scent Eltrmgham suggested that the scales 
lining the pocket might produce the scent, but, unknown 
to him, Stobbe* had already described a pair of small 
glands giving rise to a thread of mtertwined hairs which 
lead mto the brush Excision of these glands from living 
moths, with appropriate controls, showed that they 
secrete the characteristic scent The brush ıs everted by 
specific muscles acting on the lever to pull ıt from the 
pocket and away from the abdomen A muscle across 
the back of the basal plate of the brush contracts to spread 
the apically expanded hairs After use, the brush returns 
to he alongside the abdomen, and from there ıb 1s slowly 
pulled back mto the pocket by hairs Iming the lips, to be 
reloaded with scent 

Laboratory observations of the courtship of Phlogo- 
phora meticulosa showed that mating took place at about 
dawn (4am m June). The males remamed at rest until 
the female exposed her sex gland and released the 
attractant pheromone As this dispersed, the males 
became active and flew upwind towards the calling 
female In several cases, a male was observed to evert the 
brushes in the immediate viemity of the female, followed 
at once by an attempt to copulate The brushes remaimed 
expanded for only lor 2s On no occasion was copulation 
attempted without prior eversion of the brushes The 
scent thus naturally liberated by one moth could be easily 
discerned by the human nose This 1s apparently the first 
time that the use of these brushes in the courtship display 
of a noctwd moth has been confirmed 

To extract the volatile material, the lever was cut and 
the brush lhfted out and dropped straight mto solvent 
(methylene dichloride) As long as the hairs are prevented 
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Fig 1 Enternal surface of the abdomen of Leucanta conigera cut along 
the mid-dorsal hne (cleared in KOH, stained methylene blue) showing 
location of the brush organs 


from fanning out, most of the volatile substances are 
retamed Inclusion of only the brush hairs results m the 
extraction of very little superfluous material from the 
moth In previous attempts to extract female pheromones 
from moths, it has often been necessary to extract from 
the whole abdomen Samples (1 and 2 yl ) of each solution 
were analysed by gas-hquid chromatography (GLC) 
Table 1 shows the number of brushes and retention times 
for each species 

For both L mpura and L comgera the smgle GLC 
peak had the same retention time as benzaldehyde, as 
shown by an enlargement of the peak area on addition 
of a benzaldehyde marker Analysis of both solutions on 
a mass spectrograph showed the presence of a major 
component with a molecular weight of 106 which ex- 
hibited the characteristic fragmentation pattern of benz- 
aldehyde’ These results confirm that benzaldehyde 1s a 
chief component of the scent The characteristic almond 
smell of the two Leucanza species seems to be the main 
component of the scent (Leucama pallens (Linnaeus) also 
smells strongly of almonds) For Lycorea, Memwald was 
forced to assume the presence of a scent component in 


Table 1 
No of Quantity of GLC retention 
Species brushes solvent (ml) time* (min) 
Leucana vmpura 214 5 20 
Leucania conwera 64 5 20 
Phlogophora meticulosa 40 1 20+ 24 
Apamea monoglypha 142 1 63 


* On a Pye 104-14 gas chromatograph equipped with a flame ionization 
detector and 30 per cent ‘Apiezon ZL’, on an 80-100 mesh ‘Embacil’ column, 
operating at 100° C with an argon cartier gas flow of 40 ml /mm 
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trace amounts, m addition to the three components 
identified to account for the characteristic odour 

An estimate of the quantity of scent extracted was 
obtamed by runmmg a quantitative control of benzalde- 
hyde on the chromatograph The samplo of 214 brushes 
from L mpura contamed about 10 g, which gives an 
average of 5 ug for each brush This figure 1s certainly 
an underestimate because losses must occur through 
evaporation and oxidation to benzoic acid The amount 
must vary from moth to moth, depending on the length 
of time from the previous discharge 

Of the two peaks recorded from P meticulosa, the first 
was shown to be benzaldehyde, the second has not yet 
been identified The longer retention time peak from 
Apamea monoglypha (Hufnagel) ımples a less volatile 
compound with higher molecular weight A component 
with a molecular ion weight of 284 was observed on mass 
spectrographic analysis 

Three biological functions can be suggested for this scent 
(1) It may act on other males as a deterrent Aldehydes 
are well known as major components of defensive secre- 
tions and benzaldehyde ıs secreted by several mullipedes 
(Diplopoda) It ıs possible that other males lose mterest 
in a mated female more quickly through distribution of a 
male scent than by cessation of a female one, although 
the rapid disappearance of the scent makes this doubtful 
(2) It may act on the female as a species specific signal 
to prevent cioss-breeding This seems to be ruled out 
because L mpura, L conigera and probably L pallens 
all have the same scent Because all three species are 
common grass-feeders and are active at the same time of 
year, the mechanism to prevent cross-breeding may lhe in 
the tıme of matmg The three species also possess addı- 
tional posterior abdominal brushes, however, the role of 
which 1s not yet known The male scent may act as an 
isolating mechanism between some species Varley’ has 
described several noctwid genera where closely related 
species have very different types of scent-organ or none 
at all (3) It may act on the female as an aphrodisiac to 
induce mating A combmation of (2) and (3) seems to 
be most likely 

We thank Professor G C Varley for encouragement, 
and the Hon Miriam Rothschild for suggesting that one of 
us (R T A) should mvestigate the chemistry of insects 
M C B acknowledges a Science Research Council research 
studentship 
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Effect of Humming on the Visibility 
of a Stabilized Retinal Image 


Ruston! has recently described a series of ingenious 
experiments which demonstrate the effect of humming 
on the induction of stroboscopic patterns in non-fluctuat- 
ing Wlummation By mtroducmg a number of controls 
and by studying the perception of presumably non- 
peripheral phenomena (such as the Pulfrich pendulum), 
he concludes that the strobmg ıs induced because the 
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humming sets up a mechanical vibration of the retina, 
and not, as might be suggested, by mducing “central 
strobimg” through driving the rate of neuronal firmg 

These conclusions are supported when one considers 
the effect of humming on the perception of a perfectly 
stabilized 1mage—which, of course, cannot be displaced 
with respect to the retina by mechanical vibration We 
have recently performed two simple experimental studies, 
employing this technique, which are relevant to Rushton’s 
work In the first we examined the effect of hummmg 
on the perception of the pattern ın Fig 1 when viewed as 
a stabilized image (the method of stabilization involves 
the production of an intense, clear after-mage by ilumin- 
ating the target with a 1,250 J flash 1 ms in duration?) 
It has been suggested that the fringes or shadow patterns 
observed when Fig 1 18 fixated m normal Jlummation 
are the result of some central scanning process, but they 
are more probably caused by eye-movement scanning, 
for the phenomena are not observed ın stabilized vision4 
Humming at 100 Hz might possibly induce the fringe 
patterns in the after-1mage if the prmerpal effect of hum- 
ming were to drive neural input at some pomt ın the 
visual system, but ıt would be expected to have no effect 
if 1t were merely causing retinal vibration, because both 
retina and after-image vibrate in phase In fact, a series 
of simple observations reveals that humming does not 
induce any significant change ın the perception of Fig 1 
as an after-1mage 





Fig 1 


Fig 2 


In a second, quantitative, study, an after-1mage of the 
line drawing shown in Fig 2 was viewed m four different 
conditions, and in each case the time was recorded from 
the first appearance of the perfect image to the first 
change of any kind This is known as “time to first 
disappearance” The after-1mages were viewed with eyes 
closed, about 10 1n from a screen illuminated from behind 
to a brightness of 0 9 log ft -lamberts in an otherwise dark 
room In the first three conditions, the ilummation was 
steady—provided by a de lamp—and ın the fourth ıt 
was strobed at 100 Hz The first two (control) conditions 
were identical except that ın one case a 100 Hz tone was 
heard through earphones while viewing, and in the 
other no tone was used In the third (experimental) 
condition, the subject was required to hum m tune with 
the tone Thus the four conditions and times were as ın 
Table 1 
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Table 1 
Mean time (s) 
(25 trials) SD 
(a) dc illummation, no sound 148 91 
(6) dc illumination, 100 Hz tone 72 67 
(ce) de illumination, 100 Hz tone hum 70 61 
(d) Illumination strobed at 100 Hz, no sound 38 24 


There ıs a highly significant difference (P <0 008) 
between conditions (a), (b+c), and (d), but no difference 
between (b) and (c) themselves (P>03) This makes 16 
clear that the onset of fragmentation of the after-umage 
18 facihtated by the auditory mput or by strobing the 
background, but that any change in the behaviour of an 
after-rmage which might be ascmbed to the effect of 
humming really results from the sound input itself and 
not from the method of generating 1t The effect of 
strobing the background 1s so much greater that ıt would 
not seem that the hummung was operating by ‘“‘strobing” 
the visual system central to the retina This therefore 
provides interesting support for Rushton’s conclusions 
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Effect of Light and Dark on Secondary 
Induction of Cornea in Tadpoles of 
Rana temporaria 


WE have found a close connexion between the functional 
state of the retina and certain inductive processes m the 
developmg vertebrate eye Such studies, carried out 
during functional ontogenesis, were based on theoretical 
concepts of the unity of the evolutionary origin of func- 
tional and formative phenomena and their close connexion 
ın animals! ? 

Furst, we repeated previous experiments on the second- 
ary induction of cornea in skin grafted onto the eye*4, 
but subjected the tadpoles to different light conditions A 
blinking pattein, highly active for retina, obviously 
accelerated induction, which was retarded m the dark’ 
Light of different quality (sunlight, colour), according to 
its physiological effect on the retina, either accelerated 
or slowed the induction of Wolffian regeneration in the 
larvae of Pleurodeles walilu, and this was reflected n the 
structure of regenerating lenses’ 

Different ght conditions also influenced temporarily 
the development of the more stable intact eye Thus 
flashing light accelerated the differentiation of the retina 
photoreceptors and, consequently, primary mduction of 
the cornea in young tadpoles, however, constant light 
(8 h/day) caused mcereased accumulation of ganglionic 
cells and enhanced the development’ of the lens It 1s 
interesting that the growth of eyes and optical brain 
lobes ın chick embryos was accelerated under the influence 
of flashing hght® 

The mfluence of adequate external stimul on the 
ability of the retina to mduce the production of cornea 
by altering the specific and spontaneous function of the 
retina needs to be explained It 1s possible that alternating 
light and dark influences not so much the mductive ability 
of the retina as the reactivity of the skin graft covermg 
the eye, which m tadpoles® 1s very sensitive to hight 
We have mmvestigated this rmportant problem 

Expermments were carried out on tadpoles of Hana 
temporaria with three-membered hind hmbs without 
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digits In such tadpoles the electroretinogram 1s 
already formed#!, showing that thew visual apparatus 18 
functional In 390 expermments, skin was successfully 
grafted from the host’s back onto the outer cornea of the 
recipient’s right eye There were two series of experi- 
ments (l) the retina was kept mtact on the operated 
eye, and (2) at the same time as grafting the optic nerve 
was cut so as to mduce a hmuted retro-degeneration and 
destruction of the mner layers of the retina which it does 
m this species!*»13_ About half the specumens ın each series 
were exposed to diffused sunlight and natural days and 
nights (control) while the other half were kept ın a dark 
chamber which was opened only in red hght All other 
conditions (such as temperature and food) were identical 
for both groups All tadpoles developed normally 

The dynamics of the transformation of the pigmented 
skin into hyaline cornea, under the mfluence of the eye 
was first exammed on flat preparations The stages of 
transformation were evaluated with a four-mark system 
—, t, + and + Many of these eyes were also studied 
histologically 

On the nmth day of the experiment, one out of ten 
controls (of series 1 and 2) showed signs of depigmentation 
of the skin grafts (+) We then chose daily at random 
ten “light” and ten “dark” tadpoles from both series and 
watched the changes which were visible in the grafted 
skm until the new cornea formed (+) ın the control 
groups This allowed us to store data using two phase 
variance analysis (first the symbols were replaced by the 
figures 0, 1/3, 2/3, 1) and draw graphs which showed the 
difference ın the rate of formation in light and darkness 
It ıs umportant that ths difference is insignificant in 
series 1 but strongly mereases in series 2 The influence 
of hght and time on the secondary mduction of cornea in 
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and darkness ©, Control (light), O, experrmental (dark) 
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the grafted skm ın seres 1 (P>0 95) and even more so 
in series 2 (P> 0 999) 1s unquestionable 

Our results undoubtedly depended on the different 
state of the retina ın the two series of tadpoles In series 
1 the retina was normal and ın series 2 the ganglionic and 
mner nuclear layer opposite the pupil always degenerated 
under the mfluence of the optic nerve intersection Any 
alteration of formative properties of the light-sensitive 
skin graft could not influence results, because control and 
experimental tadpoles of both series were kept in the same 
conditions of light and darkness 

These and our previous data on the effect of adequate 
external simul: on very sensitive formative connexions 
m the vertebrate eye agree with what 1s known about 
the physiology of vision Thus when excited by light, the 
norma] retina induces ım good time new cornea in the skin 
graft, but in tadpoles ım the dark the specific retina 
activity 1s replaced by 1ts weaker spontaneous activity 
and the formation of a new retina is retarded After the 
optic nerve had been cut the photoreceptors, closely 
connected with cornea formation, do not lose their electro- 
physiological! and formative activity® They seem to 
crease the rate of the physiological reaction, probably 
because of acceleration of the mductive action of the 
denervated eye in the hght and slowing down ın darkness 
The latter phenomenon 1s also explained by the partial 
destruction of the mner layers of the retina, mndicative 
of the decrease in the spontaneous production of impulses 
by the darkened retina 
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Some Aspects of Heart Function in 
Patella vulgata L. ; 


WITHIN the pericardium of Patella vulgata L , ın addition 
to the auricle and ventricle, there 1s a third chamber of 
the heart, the bulbus aortae or pseude-chamber (Fig 1, 
Ba). This chamber 1s situated laterally to the ventricle (V) 
and all blood leaving the ventricle passes through a valve 
into the bulbus aortae before leaving the pericardium by 
the anterior or posterior aorta (Aa and Pa) The function 
of the bulbus aortae 1s of considerable doubt, for although 
it is histologically mdistinguishable from the ventricle 
it has not previously been observed to contract rhythmic- 
ally Wegmann? considered the bulbus aortae to be a 
sub-division of the ventricle, but all later workers argue 
that ıb ıs the fused, swollen bases of the anterior and 
posterior aortae? 
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The effect of tidal exposure on the heart rate of 
limpets while on the shore at Muillport, Isle of Cumbrae, 
was recorded by impedance pneumograph This method 
involved placing two silver electrodes through the shell 
so that they touched the pericardium, and connecting 
these to an umpedance pneumograph designed to detect 
pulsatile changes m volume, which was ac coupled to a 
multi-channel pen recorder Simular work on bivalves? 
has shown a retardation of heart rate durmg littoral 
exposure (to about 15 beats/min) and an imcrease during 
tidal coverage (to about 30 beats/mm) The recordings 
obtained from Patella, however, indicate that the heart 
rate 1s about 33 beats/mm when the tide is out (Fig 
2A), but the recordings taken when the tide was n show 
a much slower rhythm of about 18 beats/mm although 
the beats were of greater amplitude (Fig 2B), the precise 
rates varying from individual to dividual This 1s not 
the original heart beat because the latter 1s in places 
superimposed on the slower rhythm (Fig 2B, X) The 
slower rhythm occasionally ceased when the tide was m 
and did not start at all when the tide was ın and a storm 
was blowing The heart rate, when distinguishable, 
displayed a slight, but significant, increase when the tide 
was in, to about 38 beats/min 

The slower rhythm was at first thought to be the result 
of the effect of the raspmg movements of the radula 
because these are of a similar frequency Laboratory 
tests, however (Fig 20), have shown that radula move- 
ments have no effect on heart recordings made n a similar 
manner to those of Fig 2A and B, and therefore this 
explanation seems unlikely to be true The effects of 
temperature were also excluded as the air and sea tem- 
peratures were similar at the time of the field experrments 

The other most probable source of the slower rhythm 1s 
the bulbus aortae, but ıt proved impossible to take pneumo- 
graph recordings of heart beat while at the same time 
observing the bulbus aortae In an attempt to verify this 
hypothesis, a number of experuments were carried out 
First, the left half of the roof of the pericardium was 
removed, leaving intact the fibres jomimg the ventricle 
to the roof of the pericardium (Fig 1, Puf), and a thread 
was attached round the auricular—ventricular junction to 
an isometric myograph Contractions of the bulbus 
aortae, which was visible through the permcardial wall, 
were marked manually onto the recorder (Fig 2D) 
Second, the whole roof of the pericardium was removed 
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Fig 1 Patella vulgata L Dorsal aspect of the pericardium and heart 

A, Auricle, Aa, anterior aorta, Ant, anterior, Ba, bulbus aortae, 5 

great palhal vein, Nrv, vemlets from the roof of the nuchal cavity, 

Pa, posterior aorta, Pe, wall of the pericardium, Post, posterior, Puf, 

fibres jorning the dorsal = of the taco to the ventricle, 
, ventricle 
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Fig 2 Patella vulgata L Recordings of the heart beat (A) Pneumo- 
graph recording during tidal exposure, (B) pneumograph recording 
when covered by the tide X 1s superimposed ventricular contractions, 
(C) pneumograph recording (a) wlule moving and feeding on glass with 
(b) simultaneous manual record of the rasping movements of the radula, 
(D) isometric recording of the contractions of the auricle and ventricle (a) 
with contractions of the bulbus aortae manually marked (b), (E) 
isometric records of auricular contractions (a) and contractions of the 
bulbus aortae (b), (F) pressure recording from within the pericardium 
and, after the arrow, from within the ventricle while the bulbus aortae 
was beating Pressure is reduced in the pericardium as the bulbus aortae 
contacts N, but the pressure increases in the ventricle durmg ventricular 
systole P Pressure in em of water 


and threads were attached round the auricle and 10und 
both the ventricle and bulbus aortae to isometric myo- 
graphs The bulbus aortae ıs attached at both ends to 
the pericardium and only contractions of the bulbus 
aortae were recorded m this manner, not those of the 
ventricle (Fig 2E) 

Unsuccessful attempts were made to obtain pressure 
recordings from within the bulbus aortae and simultan- 
eously from within the pericardium Fig 2F, however, 
shows a record from within the pericardium adjacent to 
the bulbus aortae, followed by a record of ventricular 
contractions (which were continually occurring), ob- 
tamed when the cannula was manipulated into the ven- 
tricle (at arrow). The low frequency of the bulbus aortae 
appears as a negative pulse (N) ın the pericardium, and 
ventricular contractions as positive peaks (P) mm the 
ventricle 

In each case the faster rhythm/slower rhythm ratio 1s as 
follows (letters refer to those of Fig 2), A/B=1 84, 
DajDb= 1-35, Ha/Eb=133 and F=1 98. The pressure 
recording caused the least disturbance to the animal and 


1172 


thus gives the best correlation This indicates that the 
contractions of the bulbus aortae bear a similar relation 
to the frequency of auricular/ventricular contractions as 
do the recordings taken when the tide 1s in to those 
obtained when the tide 1s out The records also show that 
the control of the bulbus aortae 1s independent of the 
auricle (and presumably the ventricle), for the contractions 
are capable of bemg arrested in spite of the continuing 
auricular beat (Fig 22) 

These results suggest that the recordings obtaimed 
when the tide was in are caused by the rhythmic contrac- 
tion of the bulbus aortae The recordings illustrated 
(Fig 2) are almost the only successful laboratory observa- 
tions of the contractions When the animals from which 
the origimal records were obtained were moved on their 
own substrate mto the mobile laboratory housing the 
recording apparatus, only a recording similar to Fig 24 
was obtained, even after synchronous tides were produced 
experimentally On replacing the limpets on the shore the 
recordings were simular to those originally obtained 

The bulbus aortae of Patella may have either an active 
or a passive function The enlargement of the aorta of 
Busycon canalaculatum and the aortic bulb on the pos- 
terior aorta of the clam Tridacna would seem to play 
only a passive part, both acting simply to even out the 
pressure surges produced by the ventricles’ That of 
Trdacna may also act as a reservoir for arterial blood 
squeezed back during adduction® The aortic ampulla of 
Pila globosa 1s, however, contractile, probably performing 
a more actrve role? The bulbus aortae of Patella, it 1s 
suggested, acts as an accessory pump, for it 1s clearly 
capablo of strong contractions independently of the 
ventricle It may also act to synchronize blood flow with 
movements of the odontophore, though Fig 20 would 
seem to contradict this ın that the bulbus was not con- 
tracting during feeding 

The initiation of beatmg of the bulbus aortae may be 
concerned with the oxygen demand produced as a result 
of locomotion and feedmg The oxygen consumption of 
Patella 1s at 1ts highest when the tide 1s in’, and the buccal 
muscles of Buccinum have a very high oxygen consump- 
tion? Most littoral animals are mactive when the tide 
1s out and ıt may require periods of sustained activity for 
the beat of the bulbus aortae to be imtiated Specimens 
of Patella kept in the laboratory feed only intermittently 
and possibly there 1s not a consistent enough high demand 
for oxygen for the beat to be initiated 

It would therefore seem that the bulbus aortae of 
Patella vulgata chiefly acts as an accessory pump, provid- 
ing mereased blood flow to satisfy the higher oxygen 
demand produced as a result of the increased activity when 
the animal 1s covered by the tide 

I thank Dr E R Trueman for advice and encourage- 
ment, and Professor J G Phillips and the director of the 
Scottish Marine Biological Association for facilities This 
work was carried out while m receipt of a Science Research 
Council research studentship 
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Observations on the Presence of 
Titanium and Zinc in Human Leucocytes 


THE electron probe microanalyser makes possible rapid, 
precise localization and quantitation of elements ın thin 
biological tissue during visual scanning of specimens 
This communication describes a study of its use m 
analysis of the metal content of normal and malignant 
blood cells The mstrument used (Cameca, Paris) had an 
optical magnification of 400 diameters with a resolving 
power of about 054 The X-ray spectrographs use 
quartz crystals which are bent and ground to a focusing 
circle of 250 mm radius Detectors are proportional 
counters, one with a berylkum window and another of 
gas-flow type with a thm plastic window 

Of the numerous substrates possible for such work, 
single crystal disk wafers of highly polished silicon were 
found most suitable because such substrates (1) facihtate 
optical exammation of specimens by reflected light ın the 
electron probe instrument, (2) provide sufficient electrical 
conductivity to discharge specimens, (3) ensure the 
absence of particulate umpurities, and (4) yield a low 
background of contimuous X-rays 

Under a 30 kV beam of electrons of 10-7 A, focused on 
a spot about ly across, smgle cells give useful X-ray 
spectra in which intensities of some lines are as high as 
1,000 cps with a peak-to-background ratio of at least 
10-fold and sometimes as high as 100-fold 

Specimens of whole blood, bone marrow and lymph 
nodes were obtained from human sources The blood 
smears were produced by the standard technique on 
opposing surfaces of silicon disk and glass cover slips, 
takmg care to avoid contamination by dust, finger 
contact, stains, fixatives or substances contamıng metal 
The bone marrow specimens were similarly prepared by 
direct application and smearing on the substrate surface 
without anticoagulants, fixatives or dilutants The leuco- 
cytes from lymph node sources were isolated by gentle 
agitation of the node with ‘Teflon’ tweezers in physio- 
logical sodium chloride solution without buffering 
additives, immediately after surgical lymph node biopsy 
Smears were made of the resulting undiluted cell sus- 
pension and of separately prepared centrifugal concen- 
trates 

During a study of the mtracellular cation content of 
human erythrocytes subject to dialysis after removal from 
the frozen state, the metal content of leucocytes which 
contaminated the specimens was also investigated Un- 
expectedly large amounts of titanium and zinc were 
occasionally found A repeated search was then made of 
the leucocytes of normal peripheral blood, with only rare 
stmilar findings Because of the difficulty ın identifying 
the morphological subtypes of leucocytes ın unstamed 
specimens with reflected ilummation at 400 diameters, 
attention was directed to relatively pure strains of cells 
to learn whether granulocytes or lymphocytes were the 
source of the signals Initial tests on blood of a subject 
with predominantly lymphoblastic forms m the circu- 
latmg blood gave clear evidence of the presence of high 
concentrations of titanium and zinc m many cells This 
was in the range of 10° to 10° metallic atoms per cell 
Ths was substantiated by sumilar findings in three 
additional cases Control specimens from normal sources 
were strikingly different 

Fresh bone marrow aspirates rich ın leucocytes were 
then examined Again, cells containmg titanium and zme 
were found, but apparently much mdre frequently im 
cases of lymphoblastic lymphoma mvolving the marrow 
as shown ın Table 1 In an effort to refine the technique 
farther, fresh lymph nodes removed during surgical 
biopsies were next examimed Again, cells contammg 
titanium and zme were found, most frequently in cases 
of lymphoblastic lymphoma Table 2 shows the results 
of a randomized white cell count and simultaneous 
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Fig 1 X-ray emission spectrum from a single lymph node cell, Ka lines ofpotassium, 
titanium and zinc Specimen from patient with Hodgkin’s lymphoma. 


recording of titamum and zinc emission X-rays on & 
strip chart recorder of the counting rates. A total of 300 
cells were scanned ın all cases but one, ın which only 200 
cells were available Randomization was accomplished 
by selecting two peripheral and one central field m a 
300 p? area The recorder settings were adjusted to reveal 
clearly on the chart zme and titanium X-ray signals of 
intensity as low as 10 cps Such an mtensity of X-ray 
signal may be compared with an intensity of some 
60,000 cps on solid metal specimens of zinc or titanium 
under identical conditions of the electron beam Thus 
the sensitivity of the techmique can be estimated to be 
below 01 per cent of a pure metal standard or, alterna- 
tively, a detectable lmt of about 10-14 g of metal atoms 
per cell. This sensitivity was entirely adequate for our 
purpose and no attempts were made to mcrease sensi- 
tivity Fig 1 shows a typical X-ray spectrum of a single 
cell in which zinc, potassium and titanium are seen 


Table 1 FREQUENCY OF CELLS CONTAINING TITANIUM AND ZINC IN WHITE 
CELLS FROM BONE MARROW 


Frequency of occur- 


Specimen Diagnosis rence of cells contain- 
Ing titanlum and zinc 
1 Normal marrow, toxic goitre 0 out of 100 
2 Normal marrow, secondary anaenua 3 out of 200 
3 Normal marrow, histiocytosis 0 out of 200 
4 Myeloblastic leukaemia 1 out of 100 
5 Lymphoblastic leukaemia 15 out of 85 
6 Multiple myeloma 9 out of 300 


Table 2 NUMBER OF CELLS CONTAINING TITANIUM AND ZINC IN 300 CELL 
RANDOMIZED COUNTS ON LEUCOCYTES EXTRACTED FROM LYMPH NODES 


Number of titan- 


8pecimen Diagnosis lum and zinc cells 
1 Norma! 1 
2 Normal 1 
3a Hodgkin’s lymphoma 25 
38 Hodgkin’s lymphoma, centrifuged 16 
4 Normal 1* 
5 Lymphosarcoma and Hodgkin’s lymphoma 15 
8 Non-lymphomatous, undifferentiated carcinoma 1 


* 200 cell count 


Among samples from lymph nodes, blood and bone 
marrow from some thirty-six persons with malignant and 
non-malignant haematological diseases, variations ın the 
ratio of zine to titanrum were observed In cases of 
lymphoblastic lymphoma, multiple myeloma and Hodg- 
kin’s disease, however, the atomic ratio of zinc to titam1um 
maintained a constant value estimated at 3 or 4 to 1 In 
a single cell the two metal atoms, if present, were at 
precisely the same location Additional cells were observed 
m which titanium or zme occurred alone, and often ma 
region smaller than the electron probe beam Occasional 
material containing zine and titantum larger ın physical 
size than a single cell was, however, observed This could 
represent either an extracellular deposit or an agglomer- 
ated mass of denatured cells Such extracellular maternal 
was not included ın the results reported here. 

The intracellular role of these metallic elements in the 
structure or function of leucocytes 1s unknown, but we 
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considered that the differences ın fre- 
quency of their presence in leucocytes 
from normal as opposed to immature 
(mahgnant) sources were sufficient to 
justify this preluzmmary report Multiple 
biochemical and physiological studies 
will be necessary to establish the 
function, 1f any, of these metals m 
cells 
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Efficacy of -Adrenergic Blocking 
Agents in inducing Histamine 
Sensitivity in Mice 
THE usually high resistance of mice to the lethal effects 
of Instamme can be greatly reduced m certam strains 
by some substances The most potent of these histamme 
sensitizing substances 1s probably the so-called histamine 
sensitizing factor (HSF) of Bordetella pertussis. Recently, 
substances with B-adrenergic blockmg activity, such as 
dichlororosoproterenol (DCI), pronethalo] (‘Alderlin’®) 
and 4-(2-1sopropyl-amimo-l-hydroxyethyl) methane sul- 
phonanilde HCl (MJ-1999), have also been shown to 
Increase the sensitivity of mice to hıstamıne?? Some of 
these agents, such as DCI, have been found highly effective 
m reducing histamme tolerance? Prelummary work with 
DCI and the CFW strain of mice, reared m our laboratory, 
confirmed that treating mice with DCI does induce hist- 
amie sensitivity, but we did not find that DCI was 
effective m the small doses (0 005 mg/kg) reported by 
Fishel e al? With the advent of other f-adrenergic 
blocking agents, we felt ıt would be of value to test the 
histamine sensitizmg effects of these agents and to 
determine if some were more efficient ın this respect than 
others In order to duphcate more closely the experi- 
mental conditions used by Fishel et al 2, we used female 
CEW mice obtamed from Carworth Farms, New City, 
New York 

The mice, weighing 20-24 g, were treated intravenously 
with various doses of B-adrenergic blocking agents given 
m 02 ml of physiological salme and were challenged 
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Table 1 COMPARISON OF THE EFFIOAOY OF VARIOUS f-ADRENERGIC BLOOKING 
AGENTS IN INDUCING HISTAMINE SENSITIVITY IN MICE 


Dose B-Adrenergic blocking agent 
(ug/mouse DeIt Pronethalol Butoxamme Propranolol 
lv) HCl 
240 7/10* 8/10 8/10 10/10 
80 6/10 7/10 5/10 10/10 
27 1/10 1/10 5/10 10/10 
9 2/10 2/10 2/10 9/10 
3 2/10 0/10 1/10 10/10 
2 1/10 2/10 3/10 8/10 
1 1/10 1/10 1/10 3/10 
5 0/10 2/10 1/10 4/10 
0 25 3/10 0/10 1/10 2/10 
0 (saline) 1/10 


* Deaths/number of mice tested (all mice challenged intraperitoneally with 
0 5 mg histamine base, 20 min after recerving the blocking agent) 
+ DCI, Dichloroisoproterenol 


Table2 SD,o8* OF B-ADRENERGIC BLOCKING AGENTS TO INDUCE SENSITIVITY 
TO A CHALLENGE WITH 0 5 MG OF HISTAMINE 


8-Adrenergic blocking Trial 

agent First Second Third 
DCI 77 3 wet 12 7 ug 68 6 ug 
Pronethalol 71 3 ug = 55 3 yg 
Butoxamme HCl 125 0 ug — 46 6 ug 
Propranolol 0 22 ug 20g 10 xg 


* Calculated by the method of Reed and Muench® 
+ Calculated quantity of blocking agent required to sensitize half of the 
mice to the lethal effects of the histamine challenge 


15-20 min later with an mtraperitoneal myection of 0 5 mg 
hıstamıne base in 02 ml of sahne Pronethalol, DCI, 
butoxamme-HCl and propranolol (‘Inderal’®) were com- 
pared for their ability to merease the sensitivity of mice 
to histamme Propranolol m doses of 2-240 pg/mouse 
gave consistent sensitization to histamme (Table 1) 
The other three drugs also sensitized mice to histamine, 
but greater doses were required to produce a consistent 
and high degree of sensitivity These results were obtained 
m other experments ın which propranolol was always 
found to be more potent than DCI, pronethalol or butox- 
amine-HCl 

Table 2 summarizes the result obtained in three experi- 
ments with respect to calculated SD;,s for the B-adrenergic 
blocking agents to mduce sensitivity to a standard 
challenge with 05 mg histamine Some differences in 
degree of sensitization were noted in the various experi- 
ments and could only be explained by differences ın the 
lots of mice employed Even more strmking differences 
had been observed when CF W mice raised in our labora- 
tory were employed ın this type of experment DCI was 
much less effective in sensitizing CFW mice raised m our 
laboratory than CFW mice purchased directly from Car- 
worth Farms This variation m lots of mice, or m mice 
raised. m slightly different conditions, 1s at present 
unexplained, but ıt 1s a difference that makes ıt essential 
to use proper controls in this type of experiment 

Of the compounds we have tested, propranolol is the 
most potent on a weight basis of the B-adrenergic blocking 
agents ın 1ts histamine-sensitizing activity, and approaches 
m potency the soluble preparations of B pertussis Like 
other $-blocking agents, ıt produces histamime sensitivity 
within. 15-20 min after mjection and this sensitivity begins 
to disappear 1 h later As with DCI and pronethalol, 
mice treated with propranolol could be protected from 
death by mtroducing about 7 5 yg of l-epmephrine mtra- 
venously 30 s after the histamine challenge 

Fishel et al® have advanced a hypothesis which 
attempts to explain histamme sensitivity ın muice after 
treatment with either 6-a1drenergic blockmg agents or 
HSF from B pertussis They proposed their hypothesis 
as follows “ the B pertussis organism erther possesses 
a component or causes the host to elaborate a substance 
with a steric configuration complementary to the ß- 
adrenergic receptors Because of natural affinity, this 
substance combines with the 6-receptors and occupies the 
site normally available for the adrenergic transmitter, 
1e, adrenaline and/or noradrenaline When such an 
animal is challenged with histamine or serotonin, the 
antagonistic action of the excessively released catechol- 
amines 1s blocked at the -receptor level, leaving the 
a-adrenergic activities unopposed The resultant ımbal- 
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ance produces a combination of unfavourable metabolic, 
and, consequently, smooth muscle as well as neural 
adjustments, culmmating ın a reduced resistance to 
hıstamıne and serotonin ” 
An impressive amount of data has been reported 
which indicates that some sort of B-adrenergic blockade 
may indeed operate m pertussis-treated mice’? There 
are observations, however, which do not support some 
aspects of this hypothesis There 1s little doubt that 
f-adrenergic blocking agents produce histamme sensitiza- 
tion, but proof is lacking that an imbalance between the 
æ and #6 receptor responses 1s responsible for death after 
challenge with histamme If an imbalance between the 
a and ß receptor responses to endogenously released 
catecholamines were indeed the underlymg cause of 
sensitization to histamine, one would not expect animals 
treated with ®-blocking agents or with HSF from B 
pertussis to be protected by mjection of epmephrine 
This type of protection has, however, been reported?:4 
In addition, animals treated with ®-blocking agents or 
HSF would be expected to be more sensitive than normal 
animals to injection of epinephrine, but this is not the 
case Fishel et al? reported very httle difference m 
LD;, values when epmephrine was admmuistered mtra- 
peritoneally to normal and pertussis-treated mice We 
obtained sumilar results after giving l-epmephrine ntra- 
venously The LD, ın normal and HSF-treated mice 
were 80 and 64 ug, respectively, mn an experiment m 
which epinephrine doses started at 0 0156 ug/mouse and 
increased to 16 0 ug/mouse in two-fold mcrements. 
With the available data, 1t 1s quite tempting to suggest 
that histamme sensitivity ın mice 1s caused by a blockade 
of the 8-adrenergic receptors As suggested by Nickerson’, 
however, ıt cannot be assumed that all the effects of 
B-adrenergic blocking agents are caused by blockade of 
the f-adrenergic receptors It does seem significant, 
however, that histamine sensitivity has been obtained 
with all f-adrenergic blocking agents tested (DCI, 
butoxamme-HCl, pronethalol, propranolol and M.J-1999), 
thus mdicating that the B-adrenergic receptors may be 
involved ın histamime sensitization in mice 
We thank Mr Joseph Ayers for technical assistance, 
Dr J W Black, Imperial Chemical Industries, Ltd. 
for ‘Alderln’R, Dr A  Sahagian-Edwards, Ayerst 
Laboratories, for ‘Inderal’R and Dr R A Salvador, 
Burroughs Wellcome and Co , for butoxamme-HCl 
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Skeletal Abnormalities in the 
Hindlimbs of Young Cats as a result 
of Hypervitaminosis A 


HYPERVITAMINOSIS A causes extensive confluent exostosis 
formation of the cervical spme m adult cats? It was 
initially reported that no juvenile osteodystrophy occurred 
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in this diseage', but an abnormal hindquarter gait was 
described later in a group of young cats receiving large 
daily doses of vitamin A (ref. 2). No explanation of this 
abnormal gait was given and the condition was therefore 
studied further. 

A litter of six healthy 8 week old kittens was divided 
randomly into two groups of three, whose diet consisted 
of raw meat and milk. The first group received no vitamin 
A supplementation and each cat in the second group was 
supplemented for 4 weeks with a daily oral dose of 
100,000 1.0. of vitamin A acetate in polyethylene glycol 
and isopropanol. To prevent rickets due to a possible 
interaction between vitamin A and vitamin D (ref. 3), all 
eats received calcium and vitamin D supplementation 
throughout the experiment. 

From the beginning of vitamin A supplementation the 
cats showed a marked disinclination to walk and depres- 
sion of appetite. Immediately after cessation of vitamin 
A dosing, appetite returned, but reluctance to walk 
remained. Two weeks later the cats had a distinctly 
abnormal hindlimb gait which became more severe with 
time and was not a result of weakness, Their limbs 
appeared disproportionately short, particularly the hind- 
limbs. During walking, extension of the stifle joints was 
restricted and the hocks projected laterally. One cat from 
each group was killed after a further 4 weeks. After 
another 6 weeks some toes of the remaining test cats were 
observed to be shortened (Fig. 1). These animals and the 
two remaining controls were killed in the seventeenth 
week of the experiment—13 weeks after the cessation of 
vitamin A supplementation. 

The outstanding pathological findings in the test cats 
included the following. (1) A dramatic shortening of the 
long bones of the limbs. (2) Alteration in strueture of the 
stifle joint. The tibial crest was prolonged dorsally so 
that the tubercle lay above the remainder of the proximal 
epiphysis and rested against the distal femoral articular 
surface (Fig. 2). The femoral condyles were enlarged and 





Fig. 1. Hind paws of one cat which had been dosed with vitamin A with 
hind paws of a control shown above. 
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Fig. 2. The right tibia from a control (left) and hypervitaminosis A cat. 
(Normal size.) 


displaced proximally so that the trochlea was the most 
distal part of the femur. (3) Irregular shortening of the 
metatarsal bones. 

The first two changes were bilaterally symmetrical in 
all three cats. The projection of the anterior proximal 
tibial diaphysis was longer and curved in a caudal direc- 
tion in the cats killed at the later date. The third change 
was observed only in the latter two cats and was bilaterally 
symmetrical in one, affecting the third metatarsal bones, 
‘All four metatarsal bones were shortened in the right 
hind paw of the other cat, but only the fourth one was 
affected in the left. Histopathological examination of the 
distal ends of the metatarsal bones showed varying degrees 
of reduction of epiphyseal plates, sometimes with com- 
plete disappearance. In some bones, the medullary 
cavities of the epiphysis and diaphysis were continuous 
and a small piece of residual cartilage appeared free in 
the extended cavity, thus playing no part in the endo- 
chondral bone formation needed for longitudinal growth 

Fig. 3). 

Tt seems that after exposure to vitamin A for 4 weeks 
the growth of specific epiphyseal cartilages was arrested. 
and as the bones continued to increase in diameter growth 
took place around the retarded epiphyseal cartilages and 
these were completely or partially resorbed. 

These findings differ from those of Wolbach‘, using rats 
and guinea-pigs, who concluded that bone shortening in 
hypervitaminosis A was simply a result of premature 
elosure of epiphyses caused by accelerated growth 
sequences. Our observations seem rather to support those 
of Fell and Thomas® and Thomas et al.*, who found actual 
depletion of cartilage caused by dissolution of its matrix 
and loss of chondroitin sulphate in foetal mouse bones in 
vitro and in growing rats, respectively. 

Fairbank? stated that the skeletal changes due to 
hypervitaminosis A in children resolved with no per- 
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Fig. 3. Distal end of the right fourth metatarsal bone in a control (left) 
and hypervitaminosis A cat. (x 8.) 


sistence of bone lesions. Pease’, however, reported per- 
manent bone shortening in some children who suffered 
from hypervitaminosis A. The shortening of limbs was 
asymmetric and this was simply attributed to difference 
in weight bearing. The irregular nature of the shortening 
of metatarsal bones in young cats in this experiment is 
unlikely to have this explanation. The chief cause of the 
permanent gait abnormality in these cats was the 
bilaterally symmetrical prolongation of the anterior 
proximal tibia, making the extension of their stifle joints 
beyond ninety degrees mechanically impossible. Growth 
at the proximal end of the tibia takes place both at the 
cartilaginous epiphysis and also at an anterior fibro- 
osseous epiphysis*°. The bone deformation observed in 
this study seems to be a result of restricted growth at the 
cartilaginous epiphyseal plate, while that at the anterior 
fibro-osseous region remained unrestricted, although prob- 
ably modified by new stresses imposed by the changed 
stifle joint action. 

High levels of vitamin A intake comparable with those in 
this experiment are possible for cats in natural conditions 
in Australia, where liver which is high in vitamin A 
content is readily available as pet food!?. The osteo- 
dystrophy described here probably occurs in some kittens 
fed intensively for a short period on livers which are 
unusually high in vitamin A content. 


L. CLARK 
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Veterinary School, 
University of Queensland. 
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Frequency, Conduction Velocity and 
Rate of Depolarization in Rabbit 
Auricle 


THERE is evidence that an increase in heart rate is accom- 
panied by a decrease in the velocity of impulse conduction 
in heart muscle!-*. We have therefore looked for inter- 
dependence between the frequency of the isolated rabbit 
atrium, the conduction velocity in the atrium and the 
maximal rate of rise of the atrial action potential. 

In our experiments, the crista terminalis was isolated 
together with the S.A. node and a small part of the right 
atrium. The muscle strip was put in a tissue chamber, 
which was perfused with oxygenated McEwen’s solution? 
at 37°+01° C. The muscle strip was continuously 
stimulated with rectangular voltage pulses (1V above 
threshold lasting 0-5 ms), administered with a bipolar 
silver electrode on the proximal part of the crista termina- 
lis, near the head of the S.A. node. 

Stepwise changes in the rate of stimulation were 
imposed on the muscle strip. In each programmed series 
of changes the intervals between the stimuli varied from 
150 to 330 ms. Intervals were always increased or 
decreased in steps of 20 ms, and each new frequency was 
maintained for 15 s. A reference interval of 250 ms was 
used between two series of interval changes. 

Transmembrane action potentials were recorded with 
mieroelectrodes at two sites on the endocardial side of 
the crista terminalis. All the electrodes, one stimulating 
and two recording, were placed in a straight line. Each 
interval between two successive action potentials, the 
intrinsic conduction time, was measured with a digital 
counter. 

When the stimulus interval was abruptly shortened, 
the intrinsic conduction time was increased gradually, 
in about 8 s, to a new steady state. After a sudden 
inerease of the interval the conduction time fell gradually 
to a steady state, also in 8 s. 

When the usual interval change (20 ms) was augmented, 
the time required to reach a new steady state increased 
proportionally. The effect was the opposite when the 
interval change was diminished. 

The average value of the steady state conduction time 
and its standard deviation were calculated from the 
twenty values of the intrinsic conduction time, which 
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Fig. 1. Relation between steady state stimulus interval and intrinsic 
conduction time. Intrinsic conduction times are plotted as percentages 
of their value at the reference stimulus interval (250 ms). 
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were measured at the end of each frequency period 
(S.D =0 4 per cent, SD sp =0 2 per cent). 

Fig. 1 shows the results of four series of mterval changes 
m one experiment Before we started a new series 
of changes the location of both microelectrodes was 
altered Almost the same relationship was found when 
two extracellular recording electrodes were used The 
maximal rate of mse of the depolarization phase of the 
atrial action potential was measured ın each series 

After a sudden change m frequency the rate of mse 
gradually adapted to a new steady state, which requred 
the same tıme as the adaptation of conduction time 
During every merease ın frequency we observed a signifi- 
cant decrease n the maximal rate of mse, whereas the 
opposite obtamed during a decrease m frequency. 

The average value of the maximal rate of rise together 
with its standard deviation were agam calculated from 
the twenty values measured at the end of each frequency 
period (S D =1:9 per cent, S D gp =05 per cent) 

After each series of mterval changes the maximal rate 
of mise attamed its previous reference value Between 
individual cells, however, this value varied from 50 to 
110 V/s The relation between the stimulus mterval 
and the maximal rate of rise as measured in sıx series of 
changes durmg one experiment 1s shown m Fig 2 

Fig 3 shows superimposed action potentials recorded 
from the same cell at steady state levels during one series 
of interval changes The smallest potential with the 
slowest rate of rise corresponded to the shortest strmulus 
interval and the longest conduction time 

During the frequency changes the level of the membrane 
potential did not change significantly, and repolarization 
was complete at all frequencies ‘This observation cannot 
therefore be explained by the relation which was found 
earher! between the level of the membrane potential and 
the rate of rise of the action potential We think that the 
relationship between frequencies exceeding 3 cps. and 
the rate of rise might be explained by (a) mcomplete 


120 
o 
?: s 
110 pea 
Ye 
. v 
re * 
a 
100 . 2 
a vv 
i a 
Me * 
& 900 2 4 
il à 
A a a 
x . F 
B ° 
80 F 
y 
70 
e 
60 
Zat hs PE a ps 
170 210 250 290 830 
Interval (ms) 


Fig 2 Relation between steady state stimulus interval and maximal 
rate of depolarization The maximal rates of rise are plotted as per- 
centages of their value at the reference interval (250 ms) 
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Fig 3 Superimposed action potentials at different stimulus intervals 
(170-330 ms) during one series of frequency changes The time base was 
triggered by the stimulus artefact 


reactivation of the Na-carrymg system im eriste termin- 
alis fibres and (or) (b) msufficiency of the Na-K pump. 
The decrease in the rate of rise might be responsible for 
the decrease m conduction velocity® 
J W Vrersma 
L N Bouman 
M MATER 
Department of Physiology, 
Jan Swammerdam Instituut, 
University of Amsterdam. 
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immediate Circulatory Response to 


High Altitude Hypoxia in Man 


Acure mountain sickness and high altitude pulmonary 
oedema are two acute medical problems for troops ın the 
Himalayan terrain who frequently shuttle between sea 
level and high altitudes (10,000-16,000 ft) These two 
acute ulnesses have some features m common tıme lag 
(they rarely occur withm 12 h of arrival at the altitude 
or 96 h after arrival), throbbmg headache, muscular 
cramps and pulmonary congestion. We have studied the 
acute circulatory response to high altitude hypoxia and 
investigated the extent to which shifts in the circulating 
blood volumes, rf any, could be related to the tame lag 
and clinical features of these acute Ulnesses 

Thirty healthy volunteers were selected from the Indian 
Army. They were between 17 and 32 yr old (average 21 5 yr) 
and had never been exposed to high altatudes Sea level 
data were obtamed at Del (height 650 ft} Right heart 
catheterization was performed by positioning a number 7 
cardiac catheter ın the pulmonary artery just below the 
valve The left atrum was entered by the percutaneous 
trans-septal method!. The mght brachial artery was can- 
nulated to obtain arterial blood pressures and dye curves, 
Consecutive dye dilution curves were obtamed directly on 
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Table 1. OIROULATORY RESPONSE TO ACUTE HIGH ALTITUDE HYPOXIA 
Parameters Total No 12-86 h 48-72 h 84-130 h 
2,960 3,110 2,760 
Tota eee Sa 27 2880 CD 3440 (9) 2,930 : (7) 
I blood fi C 44 44 
PoP ito ral run tssis HA 12 EL (12) at (12) EL (12) 
Cerebral blood flow 
mal /100 g brain min HA 18 a (6) ki @) of (6) 
í 
Cenal poon volume vi 20 He (8) ss (6) 505 (6) 
1 © 251 
ric = mena mne HA 12 340 © 493 (9 237 ® 
Arne p Ood pH 741 747 741-> 746 TAl—> 745 
PCO, C+HA 27 39 0 30 8 } (9) 390 +310 | (9) 89 0 308 | (9) 
Po, 87 0 +53 0 87 —>52 87 +52 


C, Control data at 650 ft. HA, Data at 12,000 ft, Numbers in parentheses indicate the number of subjects observed during tho period 


a ‘Polyviso’ channel through a contimuous recording 
densitometer (Colson) by myecting 5 mg of mdocyamne 
green dye into the main pulmonary artery and then into 
the left atrum The difference ın the mean transit times 
of the two resultmg curves was taken as the pulmonary 
transit tıme The cardiac output was measured from the 
dilution curves by the formula of Hamilton et al? The 
volume of blood between the pulmonary artery and the 
left atrum was obtamed by multiplymg the pulmonary 
mean transit tıme by the average cardiac output and this 
represented the, pulmonary blood volume Sumularly, the 
volume of blood between the pulmonary and brachial 
arteries was estimated by multiplymg the pulmonary 
artery to brachial artery mean transit time by the average 
cardiac output and this gave the central blood volume? 
The total blood volume was determined by the Evans 
blue dye method Cerebral blood flow was estimated by 
the nitrous oxide technique of Kety and Schmidt‘ Pen- 
pheral blood flow was measured ın the right forearm by 
venous occlusion plethysmography® All pressures were 
recorded through Statham P2344 stram gauge mano- 
meters on a, four-channel single gun photographie system® 
Arterial blood pH, Poo, and Po, were determmed using 
electrodes (Beckman) Cerebral blood flow and pul- 
monary blood volume were estimated m alternate sub- 
jects, other parameters were studied ın every subject. 
For high altitude study, the team of mvestigators (nme 
doctors and four technicians) with equipment were amr- 
lifted a week earlier for acchmatization to an Army 
general hospital at 12,000 ft The subjects were sub- 
sequently flown m three batches at intervals of 5 days so 
that ıt was possible to observe the acute response in five 
to srx subjects each day from day I to day 5 after arrival 
at the altitude Peripheral blood flow, however, was 
estimated in four subjects from each batch (total twelve 
subjects) daily from day 1 to 10 Physiological studies at 
Delhi and at the altitude were performed m identical 
conditions with regard to room temperature, equipment 
and observers 

While there was no significant change in the total blood 
volume, peripheral blood flow diminished from the begin- 
ning, and remaimed so for the next 7 days On giving 
100 per cent oxygen the dimmuished peripheral flow was 
somewhat increased. The cerebral flow mcreased by 
40 per cent within 12-36 h and approached normal values 
by the fifth day Between 48 and 72 h the pulmonary 
blood volume increased by 80 per cent, and the central 
blood volume mcreased by only 28 per cent The arterial 
blood pH mereased and Peo, and Po, fell from the 
begmning 

Severmghaus ef al? also found an merease of 33 per 
cent m the cerebral blood flow estimated m sıx men 
within 6-12 h of arrival at 12,500 ft Furthermore, we 
could relate the mtensity of the headache of the sufferer 
to the greater mcrease ın their cerebral blood flow 
Blood acid base changes observed by Severinghaus? 
showed similar patterns in the rise ın arterial blood pH 
and fall in Peo, and Po, Reduction ın the peripheral 
blood flow has been observed in acute hypoxia by 
breathmg 75 per cent oxygen® and also in congestive 


heart failure? The disproportionate merease in the 
pulmonary blood volume compared with the central 
blood volume (and no mcerease mn the total blood volume) 
may contribute to the pulmonary congestion. Yu et al 10, 
on the other hand, by giving 12 per cent oxygen to sixteen 
patients with heart disease, found that the average 
central and pulmonary blood volume values decreased 
by 36 and 48 ml /m? The two groups are not comparable 
because our subjects were healthy young soldiers and we 
did not study mduced hypoxia of only 10-15 mim duration. 

These observations cannot be critically reviewed, 
because comparable data on shifts in the circulating 
blood volumes caused by high altitude hypoxia are not 
available Decrease m the peripheral and increase in the 
cerebral blood flows, fall ın the arterial blood Po, and 
Peo, with concomitant rise in pH can be related to the 
early onset of hyperventilation and respiratory alkalosis, 
throbbmg headache and muscular cramps Marked 
increase in the pulmonary blood volume between 48--72 h 
may ın part account for the maximum medence of high 
altitude pulmonary oedema durmg this period It 1s con- 
cluded that tame lag for the onset of the illnesses and 
such features as headache, muscular cramps and pul- 
monary congestion as seen in acute mountain sickness and 
high altitude pulmonary oedema may be related to the 
shifts in the circulatmg blood volumes and the fall in the 
arterial Po, and Poo, with mse m pH 

We thank General A K Dev and Professor K L., Wig 
for their help We also thank the volunteers and Pershad, 
Sharma, Smgh and Dumre for technical assistance 
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Influence of Temperature on Isometric 
Contractions of Rat Skeletal Muscles 


THE influence of temperature on isometric contractions 
of rat skeletal muscles n vuro has been determmed for 
fast extensor digitorum longus muscles (EDL) and slow 
soleus muscles (SOL) from 4 week old female Wistar rats 
isometric contractions were recorded with the long axis 
of the muscle vertical, with one tendon tied to the frame 
below and the other tendon tied to a short steel wire 
connexion which lmked ıt with the tension transducer 
above The comphance of the transducer (Statham, 
G1-80-350) and the steel wire connexion to the muscle 
was 4 5x 10-5 cm/g and the natural frequency of vibration 
was 2 kHz The muscle was immersed m about 100 ml 
of fluid (137 mM NaCl, 5mM KCl, 2 mM CaCl,, 1 mM 
MgCl,, 1 mM NaH,PO,, 2 g/l of NaHCO, and 2 g/l of 
glucose) which was bubbled contmuously with 95 per 
cent O, and 5 per cent CO, Neuromuscular transmission 
was blocked by addmg 20x10 g of tubocurarme 
chloride/ml of bath flud The muscles were stimulated 
directly by a transverse electrical field of 15 V/cm fox 
02 or 03 ms applied to the bath flud by “massive” 
bright platinum electrodes set about 1 cm apart? All 
recordings were made with the muscle set at the optimal 
length determmed for twitch contractions at 20° C 

Fig 1 shows representative records of isometric twitch 
and tetame contractions of an EDL muscle and a SOL 
muscle from one animal Three twitches were recorded 
{1/10 s) about 10 mm after each change ın temperature 
for a series ın which the temperature was altered in 5° C 
steps from 35°C to 20°C and from 20°C to 35°C For 
both muscles the maximum twitch tension (P;) at a given 
temperature did not differ by more than 2 per cent for 
the ascendmg and descending series of measurements 
The isometric tetanic contractions were recorded 10 min 
after each change ın temperature m a separate series of 
measurements at 35° C, 20° C, 25° C, 30° C and 35°C m 
that order The muscles remaied in good condition 
throughout the expermment and the ratio of the maximum 
isometric tetanic tension (Po) for the final contraction at 
35° C to Po for the initial contraction at 35° C was 1 05 
for SOL and 0985 for EDL The results show that 
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Fig 1 Records of isometric twitch (10 ms and 50 ms time marks) and 
tetanic (100 ms time marks) contractions of extensor digitorum longus 
{EDL) and soleus (SOL) muscles at different temperatures The frequen- 
cles of repetitive stimulation for tetanic contractions of EDL were 
300 Hz at 35° C, 210 Hz at 30° C, 150 H7 at 25° C and 105 Hz at 20° C 
and the frequencies of stimulation of SOL were 250 H7 at 35° C, 180 Hz 
at 30° C, 125 Hz at 25° C and 90 Hz at 20°C The rat was 4 weeks old 
and weighed 70 g Muscle weights EDL=32 mg, SOL=275 mg 
Average muscle fibre length EDL=9 5mm, SOL=10 5 mm 
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Fig 2 The relation between maximum tension, P (ordinate ın kg/cm? 
cross sectional area of muscle) and temperature (abscissa 1n ° C) for 180- 
metric twitch (P) and tetanic (Po) contractions of fourteen extensor 
digitorum longus (EDL) and three soleus (SOL) muscles from four-week 
old rats (P: of EDL = O, Pi of SOL=A, Po of EDL= O, Po of SOL= 
A) Responses of individual muscles at different temperatures were 
recorded for three SOL and ftve EDL muscles Of the other nine EDL 
muscles, two were examined at 25° C only, two at 27 5° C only and 5 at 
35° C only Post-tetanic potentiation (PTP) was recorded at various 
temperatures ın ten of the fourteen EDL muscles The peak tensions of 
potentiated twitches recorded 10 s after the end of repetitive stimulation 
which produced maxymum PTP have been plotted as filled circles (@) for 
comparison with the control pretetanic Pt The average value for peak 
twitch tension ın the potentiated twitches was 105 kg/cm? and is 
indicated ın the diagram by the interrupted line 


decrease ın temperature from 35°C to 20°C decreased 
P: and Po of SOL and Po of EDL, whereas P; of EDL 
was increased 17 times The decrease in temperature 
from 35° C to 20° C increased the isometric twitch contrac- 
tion tıme (T.e) ın both muscles from 10 75 ms to 37 5 ms 
for EDL and from 28 ms to 122 ms for SOL and also in- 
creased the time for half relaxation from 925 ms to 
42 ms for EDL and from 36 ms to 170 ms for SOL 

The effects of temperature on P: and Pe of fourteen 
EDL muscles and three SOL muscles are shown m Fig 2. 
The linear changes ın P; and Po of EDL are almost the 
same as those described before for rat triceps surae? A 
similar influence of temperature has been described for 
amphibian muscle? Recent measurements on the sar- 
torus muscle of Rana temporaria which were stored at 
3°C m October, usmg “massive” direct stimulation wm 
vitro, show that P; mcreases from 07 kg/cm? (0 5-0 96, 
n=65) at 20°-22°C to 142 kg/cm? (1 21, 174, n=2) at 
2° C and that Po decreases from 35 kg/cm? (3 37-3 63, 
n=65) to 2 38 kg/cm? (2 06, 2 69, n= 2) for the same range 
of temperature (unpublished results of Close) The effect 
of temperature on contractions of SOL 1s similar to that 
described for neonatal rat EDL4 

The differences in temperature dependence of contrac- 
tions of EDL and SOL muscles may be related to dif- 
ferences ın the effects of repetitive stimulation on these 
muscles Post-tetanic potentiation (PTP) 1s usually absent 
ın neonatal EDL and SOL and adult SOL, but appears 
m EDL durmg the first few weeks after brth The peak 
twitch tension of EDL durmg maximum PTP at different 
temperatures has been plotted in Fig 2 for comparison. 
with the pretetanic Pe The results show that there is 
httle or no post-tetanic potentiation mn EDL at 20° C and 
P: at that temperature ıs about the same as the peak 
tension of the maxmnally potentiated twitch at other 
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temperatures between 20°C and 35°C, In other words, 
the mfluence of temperature on contractions of EDL m 
the fully potentiated state 1s smmuilar to the effect of tem- 
perature on contractions of SOL and neonatal EDL and 
mvolves a change m time course of the twitch response 
with httle or no change in P; At 35° C maximum post- 
tetanic potentiation leads to a two-fold merease in the 
peak twitch tension with little or no change in the time 
course of the response A simular degree of maximum post- 
tetanic potentiation has been observed in cat fast muscles 
at 37°C and frog twitch muscle at about 20° C and has 
been shown to occur im smgle muscle fibres*-?. A possible 
explanation for the differences m temperature dependence 
of frog twitch muscle and rat EDL muscle on one hand 
and rat SOL on the other 1s that a decrease in temperature 
decreases the intrmsie speed of shortening and the rate 
of removal of activator ın all these muscles, thereby 
causing an inversely proportional increase m Te with 
little or no change ın Pe (ref. 4), but also mcreases P: of 
frog twitch muscle and adult rat EDL, ın much the same 
way that repetitive stumulation increases 1t, by mereasmg 
the degree of activation of mdividual muscle fibres with 
little or no change ın the time course of the response. This 
mterpretation of the results follows an earlier suggestion* 
that differences in isometiic twitch contraction times of 
different muscles may be due largely to differences m 
mtrmsic speed ef shortenmg and that differences in P;/Po, 
or P, as kg/em*, may result maimly from differences in 
the degree of activation of single muscle fibres 
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PATHOLOGY 


Solubilization of Human Leucocyte 
Membrane Isoantigens 


IsoaNTIGENS, thought to be ımportant as hıstocompatı- 
bility antigens, have been identified on membranes of 
human cells by serological techniques: In order to mter- 
pret serological studies of histocompatibility antigens ın 
terms of an understanding of the molecular representation 
of gene information, the isoantigens must be obtained in 
a suitable state for detailed chemical analysis Prepara- 
tion of soluble isoantigen ın relatively low molecular weight 
form would be an important step m this direction 

Such an advance would also be relevant to efforts to 
achieve specific immunological tolerance of human tissue 
grafts Tolerance ın animal systems has been difficult 
to induce across major histocompatibility loc: when crude 
tissue extracts were used as antigens Previous studies, 
however, have mdicated that tolerance can be mduced 
to relatively pure, soluble protem antigens? Durmg 
continuous work on transplantation ummunology, we 
have investigated techniques that might yield human 
isoantigen in a soluble form 

Methods for preparation of quantities of soluble human 
isoantigens have not been reported previously Mouse 
H-2 isoantigens, however, have been solubilized from 
cellular membranes ın various ways*-’. In a very officient 
proteolytic procedure, the enzyme papain was used to 


NATURE, VOL. 217. MARCH 23, 1968 


solubihze murme H-2 isoantigens When further purified 
(about 200-fold) by a combmation of column chromato- 
graphie and electrophoretic techniques, the murine H-2 
isoantigens were found to have the chemical characteristics 
of glycoproteins (85 per cent protein, 10-12 per cent 
neutral and amino sugar) and a molecular weight of the 
order of 70,000 (ref 8) In the present work, the method 
of papain digestion has been extended to the preparation 
of soluble, membrane-free human leucocyte isoantigens 

Continuous cultures derived from human lymphoid 
tissue have been shown, in our laboratory, to possess a 
wide range of human leucocyte isoantigens Cell lines 
selected for preparation of iscantigens were RAJI and 
RPMI-4265 These two cell lines show different patterns 
of reactivity with a panel of human leucocyte isoantisera 

Isoantigens were identified and quantified m the crude 
membrane and soluble preparations by a radroisotope 
release cytotoxicity technique modified to an inhibition 
assay® Quantitation was expressed as the reciprocal 
of the dilution of the various preparations necessary to 
mbhibit 50 per cent of the cytotoxic reaction Antisera 
used to detect these isoantigens include a broadly specific 
antiserum, Iochum, which reacts with lymphocytes of 
96 per cent of a normal donor panel and eight isoantisera 
of more limited specificities (Pinquette, Storm, Anderson, 
Kessler, T-155, T-53, Cutten, T-106) known to detect 
different genetically determmed leucocyte isoantigens 
(Serum Bank, Transplantation Branch, National Institute 
of Allergy and Infectious Diseases, National Institutes of 
Health) 

Crude membrane preparations were made by freezing 
and thawing 10° tissue culture cells m 12 ml of 014M 
NaCl The cells and cellular debris were spun out at 
1,500g (International centrifuge, PR-2) for 20 mm at 
4° C and the supernatant was collected The cells and 
cellular debris were washed for 10 min at 4° C in a step- 
wise fashion with solutions of decreasmg concentration 
of NaCl (014 M-001 M NaCl). Cells and debris were 
removed after each wash by centrifugation Washing was 
discontinued when the supernatants were no longer 
turbid (usually about 001 M NaCl) The pooled super- 
natant solutions were centrifuged (Spinco L-2, 40 rotor) 
at 80,000g for 90 mm and the resulting pellet suspended 
in distilled water at a concentration of 10-15 mg of protein/ 
ml All protem determinations were by the method of 
Lowry?® Crude papain II (Sigma Chem Co, St Lows, 
Mo ) was dissolved ın 0 05 M tres Cl-0 14 M NaCl buffer 
(pH 8 4) and stabilized with cysteme HCl at a final con- 
centration of 0:01 M The papain solution was added to 
the crude membrane preparation to give several ratios of 
concentration. The ratio of 2 mg enzyme to 1 mg mem- 
brane protem was found to be particularly useful The 
release of protem and isoantigenie activity from the 
membrane was time dependent (Fig 1) Recovery of 
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Fig 1 Papam solubilization of human isoantigen from cell line 
RPMI-4265 Protein release from the membrane (-M-), protem 


recovery ın supernatant (-C]-), isoantigenic loss from membrane 
(-- @-- ), 1soantigenic recovery in the supernatant (- - © - -) Iso- 
antigenie activity determined by the polyspecific antiserum, Iochum 
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activity in the supernatant solution reached a maximum 
after 60 mm of mcubation at 37°C Isoantigenic activity 
in the supernatant decreased thereafter, indicating prob- 
able degradation by the enzyme 

Recovery of isoantigenic activity ın the soluble form 
was found to be 45-50 per cent of the total membrane 
activity ın experiments with four preparations from two 
cell hnes Inactivation of papain by icdoacetie acid 
(0 01 M final concentration) at time zero or meubation 
without enzyme resulted in release of less than 2 per cent 
of the activity This was not increased by adding 0 01 M 
cysteine alone These findings indicate that the antigen 
release shown in Fig 141s a result of activity of the added 
enzyme preparation 

The solubihzed material was precipitated and concen- 
trated by the addition of saturated ammonium sulphate 
solution (pH 7 6) to a final concentration of 75 per cent 
(ammonium sulphate at concentrations of 25 per cent 
and 50 per cent caused no visibly detectable precipitate) 
The solution was incubated for 30 min at 37° C and 18 
h at 4° C The resulting precipitate was separated by 
centrifugation at 40,000g (Spmco L-2, 40 rotor) for 30 
min at 4° C, dissolved in trs saline buffer (pH. 8 4) and 
dialysed against this buffer at 4° C for 18h An average 
of 17 per cent of the total protem and 67 per cent of the 
1woantigenic activity was recovered by ammonium sulphate 
precipitation of three enzyme-solubilized isoantigen 
preparations from each cell hne 

The solubthzed material was further fractionated by 
chromatography on a column of ‘Sephadex G-150’ (Fig 2) 
Although at least four major protein peaks are evident, 
woantigenic activity was found mostly ın tubes 23-26 
The isoantigenie activity was thirty times greater than 
the protein content m tubes 23-26 when compared with 
the starting material 

The pattern of elution indicates that most isoantigenic 
activity ıs associated with molecules of 60,000—70,000 
molecular weight if the membrane protems separate 
chromatographically ın a simular fashion to three protems 
(ovalbumin, chymotrypsim and gamma globulm) which 
were used to calibrate the columns Some 1soantigenic 
activity was evident in the excluded fraction of the 
first peak. It has not yet been determined whether this 
1soantigenic activity 1s associated with a different sub- 
stance than the smaller molecular weight fraction, or 
whether ıt represents a larger material from which the 
smaller molecular isoantigens arise by enzyme action 
Two solubilized preparations from each cell line were 
fractionated on the same column of ‘Sephadex G-150’ 
Identical elution patterns were found for each preparation 

Fractions were screened for isoantigen content by the 
polyvalent antiserum, Iochum Subsequently, six addı- 
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Fig 2 Gel-filtration (‘Sephadex @-150’) of papain solubilzed human 

isoantigen Starting material was the RAJI cell line Protein OD 

280 mu (—) Isoantigenic activity ın units per 100 wl as detected by 

a polyspecific antiserum, Tochum (—@—), and an antiserum specific 
for LA-3 (Storm) (- - O - -) 
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Fig 3 Chromatographic comparison of solubilized human and mouse 
isoantigens ‘Sephadex G@-150’ gel-filtration of combined human 


(RA JI) and mouse (C57Bl/6) isoantigens obtained after papain treatment 

and 75 per cent sulphate precipitation Protem OD 280 mu (—) 

Isoantigenie activity in umts per 100 ul as detected by mouse antisera 
(H-2 5) (- -@- -) and human 1soantisera Storm (L4-3) (- -O - -) 


tional antisera, reacting with different isoantigens, were 
used to determine the presence of specific 1soantigens m 
the various fractions These studies (not illustrated) 
indicated that the isoantigen molecules have similar but 
not necessarily identical distribution on gel-filtration 
chromatography. 

The elution pattern of human isoantigenie activity 1s 
sunilar to that found with papain solubilized mouse H-2 
antigen® Human and mouse isoantigens solubilized by 
papain were directly compared by applying a mixture 
of soluble isoantigenic material from C57Bl/6 (H-2b) 
mouse spleen cells and from human lymphoid cells on a 
column of ‘Sephadex G-150’ The elution pattern (Fig 3) 
demonstrates that human isoantigenie activity and mouse 
H-2 activity have sumilar chromatographic properties on 
‘Sephadex G-150’ The observation that this enzyme 
releases molecules of similar molecular weight having 
known histocompatibilty determmants (H-2) m the 
mouse and inferred histocompatibuity determmants m 
man indicates that these components may have a similar 
structure m both species These results show that 
soluble human leucocyte isoantigens can be obtamed m 
quantity both for biological studies (immunogenicity, 
mmmune tolerance) and for detailed chemical investiga- 
tions. 
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RADIOBIOLOGY 


Low pH of Irradiated Sucrose in 
Induction of Chromosome Aberrations 


SEVERAL reports have dealt with the deleterious effects 
on biological objects of wradiated sugars, or foods con- 
taming them Some people have even implied possible 
harmful consequences as a result of consummg these 
wradiated products Because current research pro- 
grammes involve the use of radiation as an agent for 
preserving food, some of the reports should be further 
investigated to establish clearly the mcidence, nature and 
conditions ın which deleterious effects are induced We 
are therefore studying damage to chromosomes in the 
root tip of Vicve faba caused by treatment with irradiated 
sucrose solutions, one of the subjects meluded in & report 
by Holsten, Sugu and Steward! 

Moutschen and Matagne? found that the low pH of 
wradiated glucose solutions caused “sticky” bridges and 
chromosome clumpmg, and therefore adjusted such 
solutions to pH 6 before treating root tips for chromosome 
studies In our early experrments, we also noted the 
influence of pH on the extent of chromosome aberration 
Some reports of chromosome aberrations caused by 
irradiated sugars and other products have not provided 
information concernmg the pH of the treatment sub- 
stances, and the reported results may therefore be mas- 
leading For this reason we report here the results of two 
expermments on the influence of pH on the meidence of 
chromosome abnormalities caused by treatment with 
uradiated and non-irradiated sucrose solutions 

Primary roots of seedlings of V. faba cultivar ‘Bell’ 
were used In both experiments, root tips were treated 
with 2 per cent sucrose solutions irradiated with 2 Mrad 
of gamma radiation from cobalt-60 at a rate of 5 5 Krad/ 
min Controls were non-inadiated 2 per cent sucrose 
solutions, which, at their normal pH of 6 0, induced fewer 
abnormal anaphases than did water controls and no more 
than appeared m untreated root taps De-1onized, glass- 
distilled, filter-stemlized water was used for all solutions 
Common buffers were tested for possible use m pH 
adjustment they were harmful to root growth and did 
not counteract the sticky chromosome effect, as reported 
also by Moutschen and Matagne? The pH of all solutions 
was therefore adjusted with either KOH or HCI Root 
taps of the twelve seedlings/treatment were fixed ummedi- 
ately after treatment, and the termimal 1 mm of each was 
subsequently squashed ın propionocarmine For each 
pomt on the curves, several hundred anaphases were 
scored. 

In the first experiment, the period of treatment was 
4h Test solutions were adjusted to form a series of pH 
from 30 to 75, progressively mereasing by 02 units 
between pH 3 0 and 40 and by 0 5 units between pH 4 5 
and 75 Because atmospheric conditions can cause the 
pH of unbuffered solutions to drift, each irradiated 
sucrose solution and ıts control were adjusted consecutively 
to a same pH and seedling roots were immersed immedi- 
ately 

The pH of the solutions changed during treatment, 
evidently a result of root metabolism The root hairs 
seem to be particularly active m the pH changes 
When only the regions below the root hairs were immersed 
im. solutions of low pH, the mcrease ın pH after 4 h was 
considerably less than when the solutions covered the 
root hair zone Similar changes of pH occur m plant 
tissue or organ culture (for example, Gautheret?), the cells 
shifting the pH toward the most smtable value for growth 
Thus in rrradiated solutions adjusted before treatment 
to a pH below 50 the pH mereased during treatment 
The pH of similar solutions adjusted above 5 0 decreased 
The same apphed to control solutions, but the point below 
which increase and above which decrease in pH occurred 
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was pH 6 The difference m reactions of the radiated 
and control solutions presumably resulted from strong 
buffermg action of one or more acid components of 
irradiated sucrose This was confirmed in duplicated 
titrations of the two types of solution. A 2 per cent 
solution of sucrose which had a pH of 3 3 after irradiation 
(2 Mrad) was titrated against a control solution adjusted 
to pH 33 with HC] Five times as much 0 06 N NaOH 
was required to neutralize the irradiated solution 

Because of changes in pH of the solutions during treat- 
ment, the mean of the readmgs taken before and after 
treatment was used in plotting curves The stmple mean 
may not reflect precisely the conditions during treatment, 
but for the purpose of these studies 1b has been found 
adequate Small differences in pH changes in replicate 
treatments together with the greater change m pH of 
the control solutions account for the irregular spacing 
of pomts on the curves in Fig 1, and also for failure of 
most pomts on the irradiated sucrose curve to comede 
in pH with points on the control curve Three complete 
replicate experiments were performed, and for certain 
initial pH values more than three replicates were run m 
order to obtain identical pH means for statistical analysis 
by the ¢ test 

Results of the first expermment show that when the pH 
of the solutions was between 4 6 and 7 2, no more chromo- 
some aberration was caused by irradiated than by control 
solutions (Fig 1) At pH values lower than 4 6, percent- 
ages of abnormal anaphases ın root tips exposed to either 
control or irradiated solutions mereased with decreasing 
pH. The degree of increase of aberrant anaphases was, 
however, higher in irradiated solutions The value of 
pH 4 61s not an absolute, but only the value in the specific 
experimental conditions above which response to irradiated. 
and non-rradiated solutions was the same The maxi- 
mum percentage of abnormal anaphases attributable to 
irradiated sucrose occurred at pH 35 and amounted to 
32 5, as determined by comparison of the curves as plotted. 
on graph paper 

In the second experiment, the pH of all sucrose solutions, 
both irradiated and control, was adjusted to 65 before 
treatment ‘The only variable was duration of treatment, 
that ıs, 0, 4, 8, 12, 18 and 24h Otherwise, the experi- 
mental conditions were the same as before The expen- 
ment was repeated three times The results (Fig 2) 
show that mereased duration of treatment up to 24 h 
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Fig 2. Effect of duration of treatment (0, 4, 8, 12, 18 and 24 h) on the 
percentages of abnormal anaphases when all irradiated and control 
solutions were adjusted to pH 65 before treatment Radiation dose 
and symbols for curves are the same as for Fig 1 Differences between 
Percentages of abnormal anaphases in treated and control root tips at 
12 and 18 h, respectively, were not significant at the 10 per cent level 


when all solutions were adjusted to pH 65 caused no 
differences in response to irradiated. sucrose. 
The same types of chromosome aberrations appeared 
after treatments (24 h) with wradiated and control 
solutions Also, the proportions of specific types of 
aberration (spindle defects, fragments and bridges) were 
almost identical in the two samples of about two hundred 
anaphases each (unpublished data) The evidence from 
these studies thus pomts to low pH alone as the cause of 
mutagenic effects 
The strong buffering m irradiated sucrose solutions may 
account for the higher meidence of abnormal anaphases 
from exposure to irradiated than control solutions The 
mabuility of root tips to raise the pH as much ın irradiated 
as m control solutions of low pH means that root tips in 
uradiated solutions remain longer at pH values near the 
initial adjusted values than do those in control solutions 
The means of initial and final pH values therefore 
adequately express the differences in exposures of root 
tips to irradiated (or control) solutions adjusted to differ- 
ent pH values, but they are madequate for comparmg 
exposures to radiated and control solutions havmg the 
same mean pH values This implies that the curves ım 
Fig 1 should approximate each other more closely than 
they do 
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MICROBIOLOGY 


Degradation of ‘Diazinon’ by 
Synergistic Microbial Action 


Tue mechanisms and pathways mvolved m the degrada- 
tion of pesticides have received more attention as efforts 
to define the extent of environmental contammation by 
these chemicals have increased. Complex interrelation- 
ships have been found between the soil microflora and 
organophosphate insecticides, such as “Diezimon’?-? In 
the case of ‘Diazinon’, utilization of the chemical by an 
Arthrobacter sp. and a Streptomyces sp has been shown to 
alter the existmg microbial population balance by stimu- 
lating a selective enrichment of these species? Labelled 
carbon dioxide was evolved when ‘Diazinon’ labelled on 
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the Cl of the ethyl ester was incubated with a species of 
Arthrobacter for 24h. Similarly, labelled carbon dioxide 
was given off when the same labelled msecticide was 
injected into soul which contained an unidentified microbial 
population We had been concerned with the pyrnmdmyl 
ring of the “Diazinon’ molecule, and the possible differen- 
tiation of the degradative pathways associated with 
microbial metabolism by which the Arthrobacter and the 
Streptomyces that emerged as the predommant successive 
mucrofioral forms in soil treated with ‘Diazmon’ could 
attack the rng moiety of this compound 

Both organisms were cultured in a mmeral salts medium 
in which they could grow with ‘Diazmon’ as the primary 
source of carbon when the ‘Diazinon’ was solubilized in 
ethyl alcohol before bemg mtroduced mto the growth 
medium Ruing-labelled “C-“Diazmon’ (specific actrvity 
40 uCi/mg) was diluted ın ethanol to give a net cpm 
of 200-300 ın final dilution Cultures of the Arthrobacter 
and Streptomyces were collected after 18 and 96 h, respec- 
tively, to give comparable cell weights (40-50 mg wet 
weight) Cells were washed twice in sterile, distilled 
water and a third time in 1/15 M phosphate buffer, pH 6 5 
The reaction mixture consisted of 20 ml of phosphate 
buffer, pH 6 5, 5 ml of washed cells in the same buffer, 
and 01 ml of “C-‘Diazmon’ ın ethanol The reaction 
vessel was closed with a two-hole stopper, one hole an 
air inlet, the other carrymg the carbon dipxide produced 
to a trapping tube contaming 25 ml of 0:1 N Ba(OH), 
The ‘Tygon’ tube leading from the reaction vessel to the 
carbon dioxide trap passed through a peristaltic pump 
which drew the gases from the reaction vessel to the 
trapping tube Incubation with labelled “C-‘Diazmon’ 
was maintaimed for 18 h, after which the precipitated 
carbonate was rinsed out of the trappmg tube with sterile 
distilled water on to a filter disk. Aliquots of supernates 
from the reaction vessels and of the cell pellet were also 
transferred to mdrvidual filter disks. The disks were 
dried, placed on a planchette and the activity was meas- 
ured m a windowless gas-flow counter No labelled 
barrum carbonate was detected as the result of bacterial 
respiration On the basis of these results, 1b was concluded 
that the Arthrobacter sp previously reported to attack the 
side chain of the molecule was unable to completely 
metabolize the rmg portion of the molecule 

Sumilar results demonstrated that the Streptomyces, too, 
could not by itself convert the pyrumdinyl carbon to 
carbon dioxide (Table 1). When, however, both the 
Arthrobacter and the Streptomyces were ismcubated to- 
gether, 15-20 per cent of the carbon-14 appeared as 
labelled BaCO, after 18 h, suggesting a synergistic rela- 
tionship between these two organisms in attacking the 
pyrimidinyl portion of “Diazinon’ 

Confirmation of these results was obtamed when 
cultures of the Arthrobacter and of the Streptomyces were 
grown separately and together ın a mineral salts medium 
in which carbon-14 ring-labelled ‘Diazmon’ served as the 
sole source of carbon. The contents of the flasks were 
collected after 7, 14 and 21 days, respectively. The 
cultures were centrifuged at 9,000 rpm. (g) for 10 mn 
and the supernate was extracted three times with diethyl 
ether Cell pellets were washed and ground m a glass 
mucrohomogenizer and extracted, as were the supernates. 
Assays for degradation products were made by thm- 
layer chromatography, using as a solvent chloroform with 
07 per cent ethyl alcohol and followed by autoradio- 
graphy with Eastman no-sereen X-ray film 


Table 1 SYNERGISTIC METABOLISM OF RING-LABELLED ™C-‘DIAZINON’ BY 
AN Arthrobacter AND Streptomyces SPP 


cpm 
Arthrobacter 
Treatment + Control 
Arthrobacter Streptomyces Streptomyces 
Cells after third wash 269 690 4 105 6 
BaCO; 00 00 441 00 
Uninoculated control 202 6 


All samples were counted to the level of 5 per cent sigmificance above 
background Figures are corrected for background 
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Table 2 INCORPORATION OF SIDE-OHAIN AND RING-LABELLED “C-‘DIAZINON’ 
BY Arthrobacter 


cpm 
Cells after three 


Incubated with 

washings BaCO, 
Side-chain label 282 4 429 
Ring label 325 6 00 


Cells were incubated for 18 h Specific activity of the side-chain labelled 
‘Diazinon’ was 321 uCi/mg, of the ring-labelled ‘Diazinon’ 40 #Ci/mg 
Dilutions were made to give comparable initial activities 


When the Arthrobacter and Streptomyces were meubated 
separately no change was evident in the ‘“Diazmon’ 
molecule Both the ‘Diazinon’ m the supernatant as 
well as the material incorporated m the cell mterior 
remained mtact When, however, the Arthrobacter and 
Streptomyces were mcubated together radical changes 
were evident After 7 days, only 6 per cent of the parent 
‘Diazinon’ molecule remained, whereas 84 per cent was 
converted to one unidentified metabolite and 10 per cent 
to a second unidentified metabolite At 14 days, only 
3 per cent of the parent “Diazmon’ remaimed, whereas 
metabolite I contamed 83 per cent and metabolite IT 
contained 105 per cent The parent compound was no 
longer detected at 21 days, while 86 per cent of the 
activity was m metabolite I and 14 per cent was present in 
metabolite II Although the precise identity of these two 
metabolites remains to be established, thin-layer chromato- 
graphic analysis with palladium chloride, a highly specific 
test for the P=S bond, has shown the presence of this 
group in both metabolites 

Apart from chemical hydrolysis to the pyrrmidinyl and 
phosphorothioate moieties, only carbon dioxide has been 
recovered as a product of the microbial degradation of 
‘Diazinon’, although the test organism imeubated with 
labelled material showed substantial mecorporation of 
the entire molecule Data from a typical experiment 
with Arthrobacter are shown in Table 2 The absence 
from pure culture supernates of predicted mtermediates 
(‘Diazoxon’, tetraethyl dithionopyrophosphate, tetra- 
ethyl monothionopyrophosphate, 2-isopropy]-6-mercapto- 
4-methyl pyrimidine, 6-hydroxy pyrumidine, diethyl- 
thiophosphoric acid) would suggest that a significant 
proportion of the ‘Diazinon’ molecule may be converted 
to stable cell constituents and so retained within the organ- 
ism Cell fractionation studies are currently m progress 
to test this assumption 

Most significant seem to be the mdications provided 
by this study of a synergistic relationship between two 
organisms in the degradation of a pesticide molecule which 
neither can achieve by itself Such an interaction, 
though not to our knowledge previously cited for pesti- 
cides, 18 not uncommon in the soil and elsewhere‘, 
Mutualistic relationships in the decomposition of cellulose 
have been frequently noted; a mixed culture 1s obtamed 
from soil which actively decomposes cellulose whereas the 
individual cultures will not perform the same task” 

-Whatever the model which will be uncovered for the 
synergistic activity here reported, these mvestigations, 
though preliminary ın nature, offer encouragement to 
the view that molecules hitherto considered. recalcitrant 
to the attack of mdividual pure cultures of microbes 
may m fact be biodegradable under the synergistic assault 
of mixed naturally occuring populations 

This work was supported by grants from the National 
Communicable Disease Centex, Atlanta, Georgia, and the 
US Department of Interior Water Resources 
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Filamentous Phages specific for the 
I Sex Factor 


Every transmissible bacterial plasmid hke a colicin (col) 
factor or a drug resistance (R) factor necessarily contams 
a sex factor responsible for its transmission by con- 
jugation’*, The conjugation bridge is hkely to be a sex 
pilus‘ and exammation of some eighty mdependent plas- 
mids of varous kinds isolated from Enterobacteriaceae 
has shown that only two types of sex pili can positively 
be identified and therefore that only two types of sex 
factor are probably presentè? These are typified by F, 
the well known sex factor of Escherichia colt, and by I, 
the sex factor of coll (refs 2 and 3) Phages specific for 
F-hke sex pih have frequently been isolated and are of 
two kinds isometric RNA phages attachmg along the 
length of the sex pilus and filamentous DNA phages 
attaching to the tip of the pilus’ The morphological and 
antigenic characteristics of F-hke and I-hke sex pili are 
distinct?, so ıb seemed very probable, because F phages 
do not attach to I-like pili, that I-specific phages existed 
These have now been isolated?, using as hosts bacteria 
carrying de-repressed (drd) mutants of fi- R factors*, the 
sex factors of which are known to be J-hke? Strains 
carrying these mutant R factors continually form sex pill 
and can therefore be used as mdicators for the corre- 
sponding donor-specific phages 

Platmg of sewage on E col K12 drd Rt did not yield 
I phages, and so the following method of selection was 
devised with successful results F phages are known to 
plate on F+ Salmonella typhvmurvum as well as on Ft 
Escherichia cola Thus if the phage population of sewage 
was enriched by overmght mcubation with drd Rt Salm 
typhvmurvum and then plated on drd Rt Escherichia colr, 
or vice versa, only I phages would be expected to plate, 
because the somatic antigens which provide the receptors 
for many phages differ ın the two species In the event, 
several flagellar phages were unexpectedly isolated 
because these can adsorb to the flagella formed by the 
two hosts? Enrichment consisted of mixing 1 ml of 
untreated sewage, 1 ml of overnight culture of the 
enriching strain (either Salm typhymurveum M385 or 
Escherichia colt K12 carrying the drd fi- R factor, 144 or 
64) and 9 ml of Oxoid Nutrient Broth No 2 After in- 
cubation overnight, the culture was centmfuged in an 
angle rotor at 650g for 15 mim and the supernatant 
sterilized by filtration through a broth-treated asbestos- 
cellulose pad. Phage was titrated by depositing 0 02 ml 
drops from nme ten-fold dilutions on 25 ml overlays of 
0 35 per cent agar previously moculated with the indicator 
and poured on thick plates of Oxoid Blood Agar Base 
These were cubated overnight at 37° C Four indicators 
were used M385 R+ and R-, and K12 Rt and R-. 
Inspection of the mcubated plates usually showed ım- 
mediately whether a given plaque type was present on 
the Rt but not on the R- strain, and on K12 as well as 
on M385 The drop method 1s much to be preferred to 
counts ın overlays poured in the u$ual way, because 
minute plaques stand out far more distinctly against the 
surrounding background 

Ten mdependent samples of sewage were examined, of 
which two, from Billericay, Essex, and from Croydon, 
Surrey, yielded the I phages, Ifl and If2 Both isolates 
were from samples enriched on M385 and plated on K12, 
enrichment on K12 followed by platmg on M385 often 
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Fig 1 Distributions of lengths of individual particles of the I phages, 
Ifl and If2, and of F phages, fd, Ec9 and M13 

failed to give plaques of any kind and was abandoned 
Comparison of the Rt and R- plates of the same host 
showed that about 20 per cent of all sewage phages were 
restricted by the R factor Identification of the phages 
was greatly sumplified by electron microscopy of material 
taken directly from plaques! and often showed ımmedı- 
ately the site of attachment of the phage as well as its 
morphology 

Particles of phages Ifl and If2 occurred in large masses 
like those ilustrated for the filamentous F phage, He9 
(ref 9) The modal length of individual particles was 
about I 3u (Fig 1), which 1s markedly longer than the 
filamentous F phages fd (ref 10), Hc9 (ref 9) and M13 
(ref. 11) There was no indication in the electron miero- 
graphs, such as a centzal line down the particles or the 
appearance of split ends, that each particle consisted of 
a loop twisted on itself as described for phage fd (ref 12) 
Both the I phages contaimed single-stranded DNA, 
judging from stammg with acridine orange!’, with and 
without previous treatment with DNase or RNase’ 
Aqueous suspensions of filamentous # phages are excep- 
tionally resistant to mactivation by heat®15 Phage Ifl 
was also considerably more resistant than a T phage! 
although ıt was slightly less resistant than phage Hc9 
(Fig 2) Nevertheless, ıt ıs evident that heating, for 
example, to 82° C for 20 min, might provide an additional 
means for selecting filamentous phages of all kinds 

The plaques formed by both I phages were usually 
about 05 mm in diameter, even when extremely soft 
overlays of 0 35 per cent agar were used The most dis- 
tinct plaques were obtained on Oxoid Blood Agar Base 
the addition of 0 01 M MgCl, or 0 005 M CaCl, was without 
effect When plaques were exceptionally well defined, 
infected bacteria produced plaques with a central dot of 
phage-resistant bacterial growth, whereas free phage 
formed clear plaques When plaques were less distinct, 
phage mutants forming clearer plaques could be distin- 
guished One-step growth curves of phage Ifl resembled 
those obtained with filamentous F phages m that the 
rise period seemed to be indefinitely prolonged After 
a latent period of 35 min, the titre of free phage increased 
at least 1,000-fold at a constant rate durmg the next 2 h, 
presumably reflectyng the contmuimg secretion of progeny 
particles by the mfected organisms!’ Tho host range of 
the I phages has already been described in detail»? and 
18 principally determined by their ability to adsorb tıp- 
to-tap to the sex pili of the test bacteria Thus J phages 
adsorb to the J-lke pil: determmed by most fi- R factors, 
coll and the I sex factor associated with colEla!®:19, but 
not to the F-lhke pili determmed by F, F,-lac and fit R 
factors?:? 
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Table 1 RELATIVE K VALUES IN OROSS-NEUTRALIZATION TESTS 
Phage 
Serum Ifi If2 M13 Je Ech 
Ifi 1 1 <0 001 <0 001 <0 001 
f2 1 1 <0001 <0 001 <0 001 
M13 <0 001 <0 001 1 0 25 0 25 
fd 01 01 02 1 06 
£9 Ol 01i 04 1 1 


K values estimated from per cent survival after exposure to serial dilutions 
of antiserum for 60 min at 37° C 


Neutralizmg antisera with K values of about 10° were 
readily produced ın rabbits by five mtravenous myjections 
of 101° particles during a fortnight These sera, and also 
antisera to the three filamentous F phages, M13, fd and 
Ec9, were used to determine the degree of antigenic 
telationship between the two groups of phages (Table 1) 
Neutralization tests showed that Ifl and If2 behaved 
identically, as did fd and Ec9 Anti-I sera failed to 
neutralize any of the F phages, although the I phages 
were neutralized by anti-fd o1 anti-Ec9 but not by anti- 
M13 There is thus an anomaly in that the I phages 
evidently shared a common antigen with phages fd and 
Hc9, yet anti-I sera did not neutralize these phages This 
asymmetrical finding might arise either because the homo- 
logous antibody was provoked only by the F phages or 
because the antigen of the F phages could unite with the 
homologous antibody without loss of nfectivity Agglu- 
tination tests were therefore performed dn a microscopie 
seale by leaving a mrxture of 1/40 antiserum and phage 
on the microscope grid for 1 h at room temperature, when 
the drops were then stained with uranyl acetate. Although 
no neutralization occurred, agglutmated phage particles 
were seen coated with globulin molecules which held the 
ahgned particles some distance apart; whereas particles 
aggiegating spontaneously were closely opposed The 
results of these tests, which were necessarily only semi- 
quantitative, showed that anti-I sera contamed globuhn 
reacting to moderate titres with phages fd and Hc9 and 
to a shght extent with M13 At this stage it therefore 
seems that antigenic relationships exist between the I and 
F filamentous phages which are not fully revealed by 
neutralization tests The two I phages are closely related 
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0i 
Fig 2 Thermal inactivation of phages If1 (@, O) and Ech (,M™@ C) 
at 88° © (solid points, continuous curye) and at 82° C (open points, 


dashed curve) The phages were mixed in broth at a concentration of 
10%/ml each, heated, and counted poparately on drd Rt and on F+ 
indicators 
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as are fd and Hc9, whereas M13 seems to diffe: con- 
siderably from both groups 
In general, the filamentous I phages bear a marked 
resemblance to those attackmg F-lıke pili, which suggests 
a common origin No isometric I phages have yet been 
isolated, although they should have been obtained by the 
present method of selection because we have used it to 
isolate isometric F phages One F-related plasmid, Fy-lac, 
18 known to determine J’-like pili which adsorb filamentous 
but not isometric F phages*. It may be that the fi- R 
factors so far used for the isolation of I phages are 
similarly unable to propagate isometric I phages 
We thank Dr R Dettor and Dr H Hoffmann-Berling 
for phages and antisera, and Dr H Willams Smith for 
providing the material from which phage If1 was isolated 
G QG MEYNELL 
A M Lawn 
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GENETICS 


Unusual Distribution of Red Cell 
Acid Phosphatase among Aborigines 
of Australia 


Tue Australan Aborigines are an interesting population 
for the study of human variability due to mbherited 
characteristics The first study of their blood groups was 
published m 1922 (ref 1) and many extensive surveys 
have since been undertaken More recently discovered 
polymorphic characters, including the serum hapto- 
globins, transferrms, gamma globulins and group specific 
types, have also been mvestigated, and the results have 
been reviewed?. There is, however, no published m- 
formation about the distribution of red cell acid phos- 
phatase types among the aborigines and the study 
reported here was undertaken primarily to provide the 
information 

Blood samples were obtaimed from the subjects at 
Darwm and Alce Springs m the Northern Territory and 
at Cairns in Queensland by staff members of the Common- 
wealth Health Laboratories Because of the mterest 
which they have provided, many Australian aborigmes 
have been subjected to venepunctures for research pur- 
poses. There Js now some reluctance to approve the 
collection of blood for surveys of individual gene markers 
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The problem was overcome m this work by using blood 
samples which had been collected fer clinical pathology 
mvestigations Serum for the tests had been removed 
from all samples and the mvestigation described here was 
performed on the residual clots There 1s no reason to 
suggest that this selection was ın any way related to the 
genotypes of the subjects Obviously, this material would 
not be suitable for an extensive survey of both red cell 
and serum gene markers, but 1t proved convemient for the 
test ın this survey The samples were kept m arefrigerator 
after collection, transported to Sydney by air and were 
tested withm 10 days of collection 

The red cell acid phosphatase types were determined 
with minor modifications! by the starch gel electrophoresis 
and staming technique described by Hopkmson, Spencer 
and Harrısë The phenotypes were classified using the 
nomenclature published elsewhere’ Briefly, the enzyme 
types formerly called A, B, AB, and so on, have been 
designated PHs4, PHsB and PHs48, and so on, and the 
allelic genes PHs*, PHs>, and so on, where P stands 
for the gene locus ın Homo saprens (Hs) 

The results are shown m Table 1 Only three pheno- 
types controlled by two alleles, PHs¢ and PHs, were 


RED CELL AOID PHOSPHATASE IN AUSTRALIAN ABORIGINES 
Darwin, Alice Springs 


Table 1 
Cairns 


Phenotype No o No No No 0 
7» observed expected observed expected observed expected 

PHs* 0 02 0 01 0 0 
DH? 8 77 5 48 0 0 
PHs? 84 841 148 148 1 28 26 0 
Total 92 920 153 153 0 26 260 
Gene frequency 
PHS 0 044 0 016 — 
PHs 0 956 0 984 _ 


found The frequency of the PHsb ıs higher than has 
been observed in any other population. This gene 1s the 
commonest m all populations studied so farë, but the 
highest frequency previously recorded was 0805 m a 
group from the Tristan da Cunha Islands® 

The Ingh frequency of PHs among the Austrahan 
aborigines could be the result of selection or of the founder 
principle If selection has operated over the centuries or 
millennia the gene PHs> must have been favoured to 
the extent that the genes, PHs¢ and PHs*, were at 
least partially elummated Alternatively, the Australian. 
continent may have been populated by a group which by 
random chance had a high frequency of PHs>. The 
recently restated trinybrid theory!’ ınvolves three suc- 
cessive migratory waves from different parts of Asia with 
unequal mixing m different geographic areas of Australia. 
If this theory is correct, selection after arrival seems more 
hkely than the possibility that all mgratıng groups had 
the same high gene frequency 

I thank the staff members of the Commonwealth Health 
Laboratories m Darwin, Northern Territory, and in 
Cairns, Queensland, for the blood samples. 

L Y C Lat 

School of Human Geneties, 
University of New South Wales 
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BOOK REVIEWS 


TRIBUTE OF FISH 


Fossil Vertebrates 

Edited by Colin Patterson and P H Greenwood Pp 
v+260 (London Academic Press, Inc (London), Ltd., 
New York Academic Press, Inc, 1967) 70s , $860 


THE presentation of collections of research papers to 
eminent scientists on their retirement is a happy custom 
This volume honours Dr Errol White, until recently 
Keeper of Palaeontology at the British Museum (Natural 
History) and President of the Lmnean Society It contains 
papers, mostly on aspects of palaeo-ichthyology, by 
vertebrate palaeontologists from many countries in both 
Europe and North America, and gives abundant evidence 
of the respect and affection ın which he ıs held 

In 1950 White showed how the changes in then fish 
faunas could be used to classify the Lowe: Devonian 
strata of the Welsh borderland, and later showed that this 
scheme was valid also for Western Europe Obruchev and 
Karatajite-Talimaa now show that ıt 1s similarly valid 
for Eastern Europe, while Dineley demonstrates that it 
can even be used to correlate the Knoydart faunas of 
Nova Scotia 

Several contributions deal with different aspects of 
growth and ossification One present controversy 1s as to 
whether the carapace of the earliest fish consisted of a 
small number of large plates (a pomt of view to which a 
paper by Tarlo gives further support) or of a large number 
of small tesserae In an elegantly argued paper, Westoll 
pomts out the difficulties involved in accepting either of 
these extreme positions, and suggests that the different 
patterns may result from variation in the extent to which 
the larger, deeper plates may be exposed or concealed by 
the development of more superficial tesserae Another 
controversy concerns the methods used to identify and 
homologize the dermal skull bones of fish and tetrapods 
Parrigton argues strongly that these must be based on 
the overall relationships of the bones to one another and 
to underlying structures, accepting that minor variations 
will occur As he points out, belief in complete uniform- 
itarianism leads to surprismg anomahes and the sup- 
porting arguments are, ın some cases, mternally mcon- 
sistent A very useful paper by Schaeffer briefly reviews 
the structure and development of oste:chthyan vertebrae 
He shows that, although the arch components and centra 
are clearly homologous throughout the Osteichthyes and 
tetrapods, the latter differ m the resegmentation of the 
sclerotome and ın the fact that the notochordal sheath 1s 
not mvolved in the formation of the centrum 

Aspects of fish evolution are discussed by Jarvik and 
by Gardmer Jarvik demonstrates that the lower jaw of 
early Dipnoi was already very dissimilar from that of 
other fish and, lıke many other aspects of dipnoan anatomy, 
suggests that the group diverged at a very early date 
Gardimer deseribes the way m which modifications m the 
structure and relataonships of the preopercular bone have 
contributed to the improvements m the mechanism of 
feeding and gill ventilation in the actinopterygians 

These and other contributions together make up a 
volume which any workers concerned with the anatomy, 
palacontology, taxonomy or stratigraphy of fish will find 
both informative and thought provoking The editois 
must be congratulated on an almost error-free text, and 
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the publishers on the very high quality of the plates 
Barry Cox 


ACROSS THE BERING STRAIT 


The Bering Land Bridge 

Edited by David M Hopkins Pp xin+495 (Stanford, 
Cahfornia Stanford University Press, London Oxford 
University Press, 1967) 176s net 


Tus book consists of twenty-two papers with an mtroduc- 
tion and synthesis by the editor The book 1s related to, 
but ıs not a record of, the symposium entitled “Late 
Cenozoic History and Environments of the Bering Land 
Bridge” held at the Seventh Congress of the International 
Association for Quaternary Research (INQUA) Eight 
of the papers included ın the book were not given at the 
symposium and two of the papers read at the symposium 
are not meluded in the book The papers, by Amencan, 
Canadian, English, German, Icelandic and Russian 
specialists, provide data and hypotheses on the geology, 
geomorphology, oceanography, palaeontology, biogeo- 
graphy, archaeology and anthropology of the areas around 
and under the Bering and Chukchi Seas 

Some of the evidence presented m the book has been 
derived from areas very far from the “Bermg Strait 
The arrival of molluses of Pacific boreal ancestry on the 
north shores of Iceland more than three million years 
ago, and the development of Aurignacoid mdustmes m 
Eurasia, are both significant in the interpretation of the 
events that took place ın Bermgia The timing of these 
events also requires a comparison of Quaternary chrono- 
logies developed ın different parts of the world The 
stratigraphy and chronology of the last 70,000 years in 
North America, Europe and Siberia 1s shown to be suffier- 
ently well known to enable useful correlation However. 
the period one milhon to three millon years BP 1s 
less well known The record of ten glaciations, the first 
occurring possibly between 2 4 and 3 0 milhon years ago, 
in northern Iceland 1s stated as probably representing a 
mimmmum estimate of the total number of important 
world-wide Pleistocene glacial cycles, and therefore the 
Bering Land Bridge may have been renewed as many as 
ten times by glacio-eustatically lowered sea level during 
the Pleistocene 

As a collection of research papers this book has the 
disadvantages of a certain amount of repetition of mater- 
ial, duplication of bibliographies and lack of standardiza- 
tion of chronological nomenclature Although most 
of the authors have published most of their material 
elsewhere, the editor 1s to be complimented on brmgng 
together contributions from many disciplines and m 
several languages Most of the authors have also suc- 
ceeded in orientating their papers to highlight the central 
theme, namely, the nature and significance of a land 
connexion between Eurasia and North America The 
editor has had a very difficult task ın writing his synthesis 
and he has accomplished ıt with clarity and confidence 
It may well be that the major contribution of this book 1s 
to Inghhght outstandmg problems and to indicate the 
great value of the mterdiscrplinary approach 

R J Price 


POLYCHAETA IN AFRICA 


A Monograph on the Polychaeta of Southern Africa 
By J H Day Part 1 Errantiaa Pp vim-+1-458 
Part 2 Sedentaria Pp 459-878 (London British 
Museum (Natural History), 1967) 300s the two parts 


Tus umportant and scholarly work has a far wider value 
than its title would suggest There have been relativelv 
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few monographs on the polychaete annelids and none has 
so far dealt with southern Africa. It 1s welcome not only 
m covermg this region for the first time m this way, 
but also for the keys provided, which apply to famulies 
and genera everywhere 

The work ıs divided into two easily handled volumes, 
one dealmg with the Errantia, the other with the Sedent- 
aria ‘This is convenient for the present purpose although 
arbitrary There 1s a useful and concise introduction and 
description of methods for collection and examunation, 
which make these books easily usable by the begmner 
With the beginner also ın mund, there are lustrated 
keys to the families, and these, together with the 
miutial explanations and instructions for using the mono- 
graph with a map of the main localtties, are repeated 
at the begmning of the second volume, so that each can 
be used without reference to the other To avoid con- 
fusion page numbers run on, the second volume starting 
at page 459 Ilke this arrangement, for ıt simplifies the 
mdex The illustrations are throughout clear and helpful 
Some of those of whole worms ın the initial key to families 
(Fig 02, 4-6, 9) are small, and though recognizable, I 
wonder 1f they would really be helpful to a beginner The 
imitial dichotomy of this key 1s not always as easy as a 
novice might think The chronological lst of pimeipal 
references 1s both useful and interesting to the more 
general taxonamist, and the arrangement of authority, 
province collected and depth range relating to each 
species described 1s clear and concise 

The order of families ıs the conventional one There is 
a useful definition of every family, each definition bemg 
followed by a list of records from southern Africa (south 
of 20° § ), biological notes, chief diagnostic characters, 
and a key to genera These keys and the comments on 
the diagnostic characters are what workers elsewhere will 
find useful Genera not found in southern Africa are 
marked with an asterisk, and are not thereafter defined 
To compile such a work 1s a prodigious task and it is 
perhaps mpossible without mmor errors These are few 
and they ın no way detract from the accuracy and useful- 
ness of the work  Tachytrypane ıs defined (page 580) 
although it does not occur in the region, Pseudoscal- 
bregma (page 585) should be asterisked ın the key, and 
Apistobranchidae ıs mus-spelt m the mmal key to 
families I also found the running title ‘“Cirratulidae and 
Heterospionidae” (pages 499-517) confusing ın that the 
latter family has not been recorded from this region and 
hence receives only brief mention There ıs a useful 
glossary at the end of the second volume, and a biblio- 
graphy The work imocludes eighteen new names which 
are noted in bold type in the index 

Professor Day can only be congratulated for achievmg 
both a definitive monograph on the polychaetes of 
southern Africa and at the same time providing a work 
which will be of major value to those collecting m other 
parts of the world In spite of the hıgh price, these 
volumes should find a place on the shelves of lıbrarıes of 
all zoology departments The trustees of the British 
Museum must also be complhmented on its production, 
and their printers, Messrs Eyre and Spottiswoode, of 
Portsmouth, for the very fine job of printing they have 
done R Panrrs Dares 


HUMAN HISTOLOGY 


Human Histology 

Second edition By Bruce Crmeckshank, T C Dodds 
and Dugald L Gardner Pp vu+359 (Edinburgh and 
London E and S Livingstone, Ltd, 1968) 84s net 


PRECLINICAL medical students fall mto three principal 
categories and, because their arms m studymg medicine 
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are different, the books that they choose, or from which 
they will derive most benefit, are naturally rather different 
The vast majority are anxious in their preclinical days to 
equip themselves with a sound enough background know- 
ledge of anatomy, physiology and biochemistry to enable 
them to understand what 1s going on in the various 
pathological cases with which they will come mto contact 
and later have to treat. Second, there are a few who not 
only want to know what 1s known, but to know how 1t 
came to be known, and to be convinced by the evidence 
that the so-called knowledge is genuine Many of these 
are further motivated to enquire more deeply into and to 
question the “facts”? presented to them Third, there are 
also a few who aim to acquire only the mmimmum know- 
ledge of preclinical material necessary to ensure their 
place at a hospital where they will then learn in “the 
practical way” 

This book 1s clearly directed towards the vast majority 
It is a very clear, dogmatic account of the various tissues 
and cells of the body as they are at present understood 
and interpreted It ıs very well Ulustrated with colour 
photographs, electron micrographs, and with black-and- 
white figures m various forms For the non-enqurmg 
mind ıb gives an excellent picture of human histology 
The student with the enquirmg mind will not, however, 
be satisfied with ıt, though he will certainly find ıt very 
useful as a revision book It does nothing to encourage 
the reader to evaluate evidence It does not sufficiently 
mdicate the complexities of tissue interactions or portray 
cells as hvg, functioning and adaptmg entities The 
restriction to human tissues, while ıt may have certain 
practical advantages, artificially isolates man from other 
animals and deprives the student of any sense of evolu- 
tionary continuity or of species differences Both of these 
concepts are of fundamental importance in relation to the 
evaluation of evidence from experiments on animals, and 
indeed to the proper understanding of events in the 
human body 

There are some curious errors, for example, in the 
chapter on the eye, pathological trainmg has clearly been 
more influential on the authors than the study of Latin 
Bacilum (later, bacillus) was a rod long before ıt became 
a bacterrum The macula lutea is yellow because ıt con- 
tams xanthophyll, not because its centre 1s free of blood 
vessels The fovea centralis 1s within the macula lutea— 
not the reverse 

Medicine would get on better if histology were more 
concerned with what cells and tissues do than with what 
they look like 


E N WILLMER 


VOLCANIC PAST 


The Eruption of Hekla in Historical Times 

A Tephrochronological Study By S Thorarinsson 
Pp 183412 plates (Reykjavik. Visindafelag Islendmga, 
1967) np 


TEPHROCHRONOLOGY, or voleanic ash chronology, is a 
method of study of volcanic areas which depends on the 
fact that the ash thrown out by a volcanic explosion 1s 
dispersed over a wide area, and the 1esultimg ash layer 1s 
sensibly of the same age over 1ts whole extent A succes- 
sion of such ash layers represents a time sequence relative 
to which other events, such as the ®utpourmg of lava 
flows, the retreat of glaciers, or the abandonment of 
human habitations, can be dated 

A few tens of volcanic eruptions take place in the world 
each year, but few are studied scientifically and the 
volume of available data ıs still qute small Tephro- 
chronology makes available for study an enormously 
greater number of eruptions than would occur durmg one’s 
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hfe-time, and offers the best hope of rapidly acquiring a 
comprehensive knowledge of voleano behaviour. 

This book is one of the most comprehensive accounts 
yet published on the activity of a voleano over a long 
period of tıme, covering as 1b does a time-span of 1,000 
years and a succession of fourteen substantial eruptions 
Well written (as one has come to expect of the author), 
16 1s a remarkable chronicle which, besides scientifically 
documenting the eruptive products, delves deeply into 
contemporary Icelandic wmitings It 1s illustrated with 
twenty-eight text-figures, twelve plates, and a 1 120,000 
geological map of Hekla and its surroundings (as it was 
before the 1947-48 eruption) A chapter on the petro- 
logy of Hekla’s products, written by Jens Tomasson, 1s 
ineluded 

Isopach maps are compiled for six ash layers, and from 
them the volume of each ash-fall is computed Taken m 
conjunction with the volumes of associated lava flows, 
this gives a figure for the productivity of Hekla, meaning- 
ful because ıt 1s based on the record of a period of time 
long ın relation to the average repose time between erup- 
tions Chemical studies show that most of the eruptions 
started with an explosive phase erupting relatively acid 
pumice, and the composition of the erupted products 
then became more basic, moreover, the longer the repose 
period since the pieceding eruption the greater was the 
acidity of the initially erupted material Studies of this 
kind should have a profound mfluence on petrogenetic 
theory which, at present, tends to neglect the time 
factor 

I would have hked to see some data on the gram- 
size and other textural features of the ash deposits—an 
opportunity has been lost here to make a notable contribu- 
tion m this much neglected field—and some more informa- 
tion on the lavas of Hekla The virtual omission of the 
1947-48 eruption ıs excusable, as ıt 13 well documented 
by othe: publications of which this book 1s one of a 
series 

Thoraiinsson’s book is essential reading for all who 
are interested in volcanology It 1s a basic work on tephro- 
chronology, written by the pioneer of the method, and 1s 
relevant also to the archaeologist and climatologist, or 
whoever 1s concerned with the chronology of the last few 
mulennia, nor should ıt be spurned by the general reader, 
for it gives an insight into the sociological ımpact of 
eruptions from the volcano that was for long believed to 
be the location of hell G P L WALKER 


AROUND OLLERTON 


Geology of the Country around Ollerton 

By W N Edwards With contributions by J Phemuster 
and R K Harmson (Explanation of One-Inch Geo- 
logical Sheet 113, New Seres ) Second edition (Natural 
Environment Research Council—Institute of Geological 
Sciences Memoirs of the Geological Survey of Great 
Bnitain—England and Wales) Pp x+297+10 plates 
(London HM Stationery Office, 1967) 558 net 


Tae prmeipal purpose of this new edition of the Ollerton 
memoir is to revise the account of the underground geology 
made possible through the intense search for coal by the 
National Coal Board and for oil by British Petroleum 
Much of the new mformation has been derived from bore- 
holes, and the main Suthor of this work, Mr W N Edwards, 
has skilfully brought together these data with observations 
made by the Geological Survey’s officers and a wealth 
of rock description provided by the petrology section of 
the Institute of Geological Screncesled by Dr J Phemuster 
and Mr R K Harrison Some of the results obtained 
during the search for oil have mevitably been pubhshed 
elsewhere, but there 1s much new information to be 
obtained from this book 
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The bulk of the volume ıs devoted to a deseription of 
the Upper Carboniferous rocks In addition to the 
descriptive account, ribbon diagrams and other text 
figures graphically display the variations in the sediments 
throughout the area They show the thinning of the 
strata in an easterly direction mainly at the expense of 
the sandstone members The marine “marker” horizons 
used for correlation are more persistent, traced in part by 
fossil evidence and in part by geophysical methods, a 
pomt perhaps not too clearly stated in the text The 
easterly extension of the coalfield ıs well documented 
and extracts from the prmeipal bore-holes are given 
Most of the coal extracted 1s obtamed from only four seams 
by coal mmes winding over one milhon tons annually 
A little information ıs given on the quality of the coal 
and references are made to analyses 

Below the Millstone Grit Series occurs that of the 
Carboniferous Limestone, which imcludes, towards the 
base, rocks of Tournasian (C,) age The fossil evidence in 
older rocks 1s meagre, consisting mainly of horny brachio- 
pods, and no decision on the exact age of these rocks 1s 
given, they are referred to Devoman and Lower Palaeo- 
zole Systems 

Surface rocks of the Permian and Triassic Systems are 
described ın the sixth chapter The deseription adds 
maternally to that of the first edition, particularly the 
petrological data which are entirely new Very httle 
change has been made to geological boundaries and the 
Ollerton map was re-issued with only minor alterations 
Permian and Triassic rocks can be distinguished despite 
lateral and vertical facies changes, and the classic termino- 
logy of Permian, Bunter, Keuper and Rhaetic 13 mam- 
tamed The Muschelkalk ıs referred to m a footnote 
(page 120) 

Other surface rocks are briefly mentioned including a 
half square mule of Liassic rocks (seventh chapter and 
page 152) and the superficial deposits (ninth chapter) 

Geological structures are summarized in the eighth 
chapter These include not only faults and folds but also 
the effects of unconformities, particularly that of the 
Permian rocks on the underlying Coal Measures Sedi- 
mentary structures are also described in this section 

Detailed accounts of the separate divisions of the 
sequence are arranged ın double columns and small type- 
face as distinct from the single column spread and larger 
print of the general accounts This improves the lay-out 
of the text and enables the general reader to avoid 
detail In places, however, the column 1s further reduced 
in width if details of depth are included and only two or 
three words occur on a lme 

The publication of this carefully prepared book on an 
area contaming a number of smali oilfields ıs particularly 
appropriate at this time when the North Sea bore-hole 
data are becoming available to increase our knowledge of 
Carboniferous, Permian and Triassic rocks which occur 
in that region F M TAYLOR 


STUDENT PHYSICAL CHEMISTRY 


Physical Chemistry 

By Frank T Gucker and Ralph L Seifert Pp xx+824 
(London ‘The English Universities Press, Ltd, 1967) 
70s net 


THE prospective purchaser of this textbook should take 
heart from the comment on the dust cover that “‘mathe- 
matics 1s treated as the good servant, but poor master, 
it has always proved to be to physical science” With this 
m mnd, the authors mtroduce ther work with a short 
chapter which 1s only to be regarded as a swift “‘refresher”’ 
survey of selected mathematical areas 

The first section on physical chemistry deals with the 
nuclides, radioactive deeay and nuclear reactions This 
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leads to discussion of nuclear structure and, through the 
mtroduction of spectroscopic observations, atomic struc- 
ture Bonding is discussed in terms of the molecular orbital 
and valence bond approaches leading to hybrid bonds and 
the resonance concept 

A chapter on molecular properties acquaints the reader 
with nuclear magnetic resonance, Mossbauer spectra, 
dielectrie and dipole phenomena and molecular spectro- 
scopy. Study of the behaviour of gases introduces the 
kmetic theory, critical phenomena and equations of state 
A section on thermodynamics and thermochemistry then 
leads to a discussion of the properties of solids and hquids 
coupled with structural considerations 

At this pomt the equilibrium concept 1s brought mm, 
followed by the third law of thermodynamues and statis- 
tical mechanics With this background, solution properties 
of non-electrolytes and electrolytes are reviewed ‘This 
involves treatment of acid-base equilibria and the elec- 
trochemustry of galvanic cells and electrolyte conduc- 
tance 

A chapter on surface chemistry mcludes a descriptive 
approach to the colloid state while that on chemical 
kinetics had both a classical and transition state approach 
Among reactions dealt with are molecular, ionic, chain, 
homogeneous and heterogeneous catalysis 

The book concludes with a short chapter on hetero- 
geneous equilibria 

This textbook 1s very easy to read and well set out, with 
a clear use of tabular matter and diagrams It makes 
refreshing use of short historical mtroductions to new 1deas 
and makes a good attempt to render the mathematics 
digestible. Each chapter 1s provided with a set of problems 
and a, reading hst to take the reader further when appro- 

riate 
r This ıs a useful book, very moderately priced and, I 
beleve, with an approach which will commend ıt to 
undergraduates J C Ross 


DIFFERENTIAL EQUATIONS 


Nonlinear Partial Differential Equations 
A Symposium on Methods of Solution. Edited by W F 


Ames. Pp xv+316 (New York Academic Press, 
Inc, London: Academic Press, Ine (London), Ltd, 
1967) 112s 


Tue history of non-lnear differential equations 1s nearly 
as old as that of differential equations themselves, for 
John Bernoull, studied an equation of Riccati’s type 
as long ago as 1694 Some 200 years elapsed before a 
really mtensıve theory developed, to be followed by a 
remarkable and explosive interest during the past thirty 
years or so For this, two reasons may be suggested in 
1939 problems involving non-Imear equations cropped up 
m the military field, and the advent of high-speed com- 
putmg machines allowed complex and laborious caleula- 
tions to be performed with ease Apart from this, investi- 
gations such as van der Pol’s new method for dealing with 
Rayleigh’s equation had the indirect effect of a shght 
change in emphasis, mathematicians thought less about 
seeking for a solution of a non-hnear equation and more 
about what the equation can tell us about a function 
which satisfies 1t 

Because problems m applied mathematics cannot 
always be adequately treated by assumptions of linearity 
and of simple superposition, there 1s an ımmense field of 
application awaiting further progiess in the study of 
non-linear equations Useful texts are available, but 
perhaps the time 1s not yet ripe for a comprehensive and 
classical treatise So the present report of a seminar 1s of 
considerable value as an mterim survey The reader 
should, of course, have some knowledge of the basic 
theory of the non-hnear ordinary differential equation, 
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such as can be found, for example, in the excellent intro- 
ductory book by Davies and James He can then use this 
volume to bring himself into touch with current research 
work on the non-lmear partial differential equation. 
For instance, Bellman and Kalaba describe briefly some 
methods which have recently been tried out, particularly 
those which are suitable for digital computation, a region 
to which Bellman has made striking and not always con- 
ventional contributions Ames stresses the need of the 
research worker to escape from the traditional background 
of linear operators and the principle of superposition, 
while adapting some of the classical exact techniques of 
the lmear partial differential equation to the non-lmear 
Most of the sixteen papers deal with equations from fluid 
mechanics, elasticity non-lnear wave theory, and other 
physical topics, and the authors are men actively engaged 
in research 

The editor calls the book a small chapter ın a largely 
unwritten history, but believes that ıt can be both a 
source of inspiration and a plea for help Older men can- 
not easily discard the powerful but restrictive machinery 
of linearity, young men, free from such inhibitions, have 
a large domain of theory and application awaiting the 
properly equipped explorer T A A BROADBENT 


LIPID CHEMISTRY 


An Introduction to the Chemistry and Biochemistry of 
Fatty Acids and their Glycerides 

By F D Gunstone Second edition Pp x+209 (London 

Chapman and Hall, Ltd, 1967) 63s net 


In the ten years that have passed since this book was 
first published, the introduction of new techniques such 
as thin-layer and gas-liquid chromatography has resulted 
in a considerable accumulation of accurate analytical and 
structural data of lipids This trend has simplified rather 
than complicated the author’s task, and in the present 
volume a concise and logical account of lipid chemistry 
1s possible where previously only empurical classification 
and description could be applied to much of the subject 
matter It ıs appropriate, in view of the author’s back- 
ground, that the chemical and physical properties of lipids 
should be well described The chapter on fatty acids, 
their derivatives, isolation, properties and structure is 
hkely to be mvaluable to both biologists and chemists 
seeking a better understanding of the physico-chemical 
basis of lipid biochemistry These chapters are concise, 
accurate and readable, and do not confuse the reader with 
excess detail The inclusion of reference lists permits 
ready access to the orginal literature 

In a sense, most lipid chemistry 1s biochemical in that 
lipids are generally naturally occurrmg Nevertheless, it 
is to be expected that biochemistry should contain much 
over and above the chemistry of natural products, and 
the title of this book might lead one to hope that the 
author had effected a multidisciplmary approach to the 
subject However, only a tenth of the content 1s con- 
cerned with the metabolic mterconversions of lipids, and 
this 1s a fairly standard account The functional and 
structural involvement of lıpıds in biological membranes, 
surely the major problem of lipid biochemistry, receives 
two lines of passing mention The same ration 1s allocated 
to interactions between lipids and protems Thus the 
chemist seeking an introduction to tHe problems in lipid 
chemistry set by biological systems 1s unhkely to be 
challenged, stimulated or even adequately mformed by 
the “biochemical” content of this book, and may there- 
fore take ns much-needed talents elsewhere That would 
be regrettable, and ıb 1s to be hoped that a third edition 
appearing ın another decade would be able to relate the 
physico-chemical structure of complex hpids to ther 
biological function P B GARLAND 
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TWO REPRINTS 


The Ninth Bridgwater Treatise 

A Fragment. New impression of the second edition 
By Charles Babbage. (Cass Library of Science Classics, 
No. 6.) Pp 273 (London Frank Cass and Co, Ltd, 
1967. First published 1837) 90s 


Philosophical Experiments and Observations 

By Robert Hooke Edited by W Derham (Cass Library 
of Science Classics, No 8) Pp 391 (London Frank 
Cass and Co, Ltd, 1967 First published 1726) 90s 


THERE 1s now an almost bewildermg variety of facsimile 
reprints of scientific works of historical interest Inevit- 
ably, many duplications occur and the price of these 
books ıs high The Cess Library of Science has published 
several of the less hackneyed works and their price 1s 
relatively modest Most commendably they have supplied 
information often neglected Thus they date ther reprints 
and give brief details of earlier editions, and their general 
editor, Dr Laurens Laudan, has added an mdex or 
analytical table of contents to each volume which makes 
the books more usable than the original editions He 
has also added an explanatory note to the Hooke volume 
The books are sturdy and well reproduced. 

Unfortunately these two volumes are not of much 
importance Phzlosophwal Eapervments and Observations 
represents minor Hooke at best, what was left m his 
papers after Waller had published The Posthumous Works 
Here are miscellaneous notes, Jottings and letters, random, 
disconnected and incomplete, about one-third not by 
Hooke However, many of these notes llummate both 
Hooke’s activities and those of his contemporaries 

Charles Babbage’s Ninth Bridgwater Treatise 13 very 
much a work of its period, the 1830s, when the “argument 
from design” was thought worthy of eight separate 
treatises, paid for by a bequest from the Earl of Bndg- 
water Babbage, perhaps piqued at not bemg asked to 
write an official treatise, wrote this brief and truncated 
discussion ulustrated by probability theory and the 
calculating machine It is a curious but specialized work, 
more interesting to historians than scientists 

Marre Boss HALL 


OBITUARIES 


Dr A T Waterman 


Auan Tower Waterman, who died at the end of last 
year, did much for science in the United States Durmg 
the fifteen years when he served, first as Chief Scientist 
of the Office of Naval Research and later as Director of 
the National Science Foundation, he worked constantly 
in the cause of basic research and education m the sciences. 

He was born at Cornwall-on-Hudson, New York, m 
1892, and did both his undergraduate and graduate work 
at Princeton, receiving the degrees of AB ın 1913, MA m 
1914 and PhD m physics m 1916 hs research included 
mvestigations of the conduction of electricity through 
solids, thermionic, photoelectric emission and related 
effects, and electrical properties of solids After receiving 
his degree, he became an mstructor ın physics at the 
University of Cmemnati During the First World War he 
spent two years with the Science and Research Division 
of the Army Signal Corps, where he was engaged m 
meteorological work At the end of the war he jomed the 
faculty of Yale Unrversity and stayed at the department of 
physics until 1942 

From 1941 to 1945 Waterman was associated with the 
Office of Scientific Research and Development (OSRD), 
and from 1946 to 1951 was Deputy Chief and Chief 
Scientist of the newly estabhshed Office of Naval Research 
(ONR), Department of the Navy He was one of the prm- 
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cipal architects of the policies and programmes of ONR 
in supporting scientific research He interpreted broadly 
the types of research which were important to the navy, 
and provided a means of supporting fundamental research 
that might otherwise not have been supported at a time 
when the Federal Government’s resources were concen- 
trated on applied science, chiefly concerned with defence 
and atomic energy Under Waterman the ONR sought 
advice from scientific organizations, and when necessary 
established advisory committees outside the navy 

The Office of Naval Research became a model for 
government support of basic research, and pointed out 
the need for a national foundation to support this kind 
of research, but on an even broader basis. 

On April 6, 1951, President Truman appomted Water- 
man the first director of the newly formed National 
Science Foundation, for a sıx year term In 1957 President 
E:senhower reappointed him to this post, and although he 
reached the compulsory retirement age before the end of 
his second term Waterman continued ın his post until 
June 1963, at the special request of President Kennedy 

While he was m charge of the National Science Founda- 
tion, Waterman not only stressed the importance of 
supporting, through the universities, pure research which 
was not of immediate significance, but he also encouraged 
the social sciences, and there was a steddy growth m 
support for these subjects 

He always stressed the importance of education and 
traming for scientists, and through a gradually expanding 
programme of fellowships the Foundation has sought to 
make graduate trainmg available to all the best students 
In 1953 the first projects began with summer institutes 
for teachers of high school and college mathematics and 
science, and curricula for schools and colleges have since 
been revised While at the National Science Foundation, 
Waterman was able to inform the public of the importance 
of education and research From Congress he obtained an 
mitial grant of 35 milhon dollars which had mereased 
to 40 million dollars by 1957 

After retiring, Waterman maimtaimed an active interest 
m science and education by serving on numerous boards 
and commuttees mcluding the Board of Trustees of Atoms 
for Peace Awaids, the Advisory Board of Georgetown 
University Center for Strategic Studies and the Liaison 
Committee on Science and Technology of the US Library 
of Congress He was special consultant to the President 
of the National Academy of Science and chairman of the 
Committee on Scholarly Communication with Mamland 
China, consultant to the Administrator of the National 
Aeronautics and Space Agency and a member of its 
Hustorical Advisory Committee 

Waterman was a fellow of the American Association for 
the Advancement of Science, and served as president m 
1963 and chairman of the board in 1964 He also belonged 
to the Amencan Physical Society and the New York 
Academy of Sciences He was a member of the American 
Association of University Professors, the American Institute 
of Electrical Engineers, the American Rocket Society, 
the American Polar Society, the Washington Academy 
of Sciences, the Washington Academy of Medicine, Phi 
Beta Kappa, Sigma X1, the Scientific Research Society 
of America, and the Washington Philosophical Society 
In October 1967, the American Institute of Physics 
awarded him the Karl Taylor Compton gold medal for 
distmguished statesmanship m science 

Waterman was an accomplished musician—he mastered 
the Scottish bagpipes and for many years played the violin, 
cello and viola n a string quartet, first established during 
his undergraduate days at Princeton University and later 
composed of his Washington scientific colleagues He also 
frequently entertained his associates on the piano and 
guitar Another great mterest was his love of the woods. 
He was a licensed guide ın the State of Mame, and he 
continued this activity whenever his official duties per- 
mitted a rare canoe or camping trip 
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University News Edinburgh 


Dr D S FALCONER, at present deputy director of the 
ARC Unit of Animal Genetics, has been appomted to a 
personal chair m genetics Dr Falconer will take up his 
appointment on April 1 when he will also become director 
of the ARC unit m succession to Professor © H Wad- 
dington 


University College of Swansea 


Proressor E T Nevin, professor of economics at the 
University College of Wales, Aberystwyth, has been 
appointed professor of economics and head of the Depart- 
ment of Economics 


Announcements 


Tar Paul Ehrich and Ludwig Darmstaedter prizes have 
been jointly awarded to Professor W Morgan, director of 
the Lister Institute of Preventive Medicine, and Professor 
O Westphal of Freiburg The prizes were awarded for 
contributions in the fields of physiology and medicme 


Erratum In the article “Not Enough Uranium” 
(Nature, 217, 893, 1968) the estimates of available re- 
sources of uranium at a price of less than $10 a lb of 
U,0, should have read 700,000 short tons, with a further 
126,000 short tons available as by-products, not 7,000 
short tons 


Erratum In the report of the symposium of the Experi- 
mental Plant Taxonomy Group of the Linnean Society 
(Nature, 217, 902, 1968), Potentilla anglica was quoted 
wrongly as an alltetraplord which forms trivalents at 
meiosis, it 18, in fact, an allo-octaploid which forms only 
bivalents at meiosis 


Erratum In the article “Haemoglobm Tormo—«43 
(CD1) Phenylalanine—->Valine” by A Beretta, V Prato, 
E Gallo and H Lehmann (Nature, 217, 1016, 1968), ın 
lines 22 and 27 of column two, page 1018, the words 
higher and lower are mterchanged The amount of 
haemoglobin A 1s higher in heterozygotes for haemoglobin 
A and g«-cham abnormal haemoglobins, and lower with 
B-cham abnormal vanants 


CORRESPONDENCE 


The Reference Problem 


Sm,—One of the most irritating features of the work of 
editing, typmg and publishing a scientific paper must 
surely be the problem arising ın connexion with the 
bibliography, or citation of references to other literature 
Yet that problem ought to be readily soluble 

The advantages of standardization m literature refer- 
ences will be obvious to author, typist and editor alike 
in the interests of the author, such standardization would 
allow the choice of journal to be made with convenience 
after the manuscript has been edited, for the typist ıb 
would mean easy, rapid copying from standard filmg 
cards, while the editor would be spared the boring task 
of altermg punctuation, the ordermg of imutials, and so 
on Both the American Standard Association (ASA) and 
the British Standards Institution (BSI) have prepared 
style manuals with sections devoted to bibliography It 
is conceivable that the assessments and recommendations 
of the ASA and the BSI are occasionally mapplicable for 
certain reasons Indeed, ıt 1s admissible that the forms 
of documentation needed in different fields are so multi- 
farious that universal standardization is probably un- 
attamable In gomg from the general to the particular, 
however, it does seem likely that the difficulties involved 
would dimmish, so that ıt ought to be feasible to achieve 
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bibhographic standardization among, for example, those 
journals devoted to biology In 1960, the Committee on 
Form and Style of the Conference of Biological Editors 
prepared a Manual for Biological Journals dealng with 
style in writing, and a second edition of this work was 
published in 1964 Unfortunately, the resolutions passed 
by this committee have not been acted on generally, 
this 1s clearly evident from a perusal of the late issues of 
just a small sample of biological journals, namely, those 
contaming papers on genetics 

To underline the point, here follow some references as 
they appeared in recent numbers of different journals on 
genetics 


Mines, C P & S D_Sreone (1962) Nuclear chromocenters of cultured 
chicken cells Exp Cell Res 27 877-381 (Genetica, 38, 30, 1967) 


COHEN S S & BARNER, H D (1954) Studies on unbalanced growth in 
Escherichta co Proc nain Acad Se USA 40, 885-893 (Genet 
Res , 8, 99, 1966) 


REES H, AND THOMPSON, J B 1956 Genotypic contro] of chromosome 
behaviour in rye III Chasma frequency ın homozygotes and heterovy- 
gotes Heredity, 10, 409-424 (Heredity, 22, 347, 1967) 


WEYERS, W H Expression and stabihty of the marbled allele in maize 
Genetics 46 1061-1067 1961 (J of Heredity, 58, 156, 1967) 


AILES, © P and STOREY, S D 1962 Nuclear chromocenters of cultured 
chicken cells —Exp Cell Res 27 877-381 (Hereditas, 57, 216, 1967) 


Bender, M A,and P © Gooch, 1962 Persistent chromosome aberrations, 
PAS re umaa aaa Radiat Res 16 44-53 (Japan J Genetics, 


OLDS, D AND SEATa, D M (1950) 
dairy cattle J Dary Scr , 88, 721-724 


DARLINGTON, C 
Choriippus and Stauroderus 
22, 191, 1967) 


MIRSRY, A E, and H Ris, 1951 The desoxyribonucleic acid content of 
animal cells and its evolutionary significance J Gen Physiol 34 451-462 
(Genetica, 57, 13, 1967) 


Lerner, I M,and F K Ho 1961 
Tribolium species Amer Natur 95 329-343 
1967) 

Inasmuch as bibliographic standardization on a broad 
basis 1s probably unrealizable, and because in practice 
geneticists, for example, will only rarely come into pro- 
fessional contact with journals devoted to economics or 
theology, 1t may be worthwhile for the geneticists them- 
selves to try to mtroduce some uniformity mto the 
reporting of work in their own field 

The next Congress of Genetics, to be held in Tokyo m 
the summer of 1968, will certainly convene the vast 
majority of editors of journals on genetics At that time 
a meeting could easily be arranged at which all these 
editors could debate the problem mooted here Other 
difficulties might be awed and perhaps solved at the 
same time The matter of illustrations deserves some 
consideration some journals ask for omgimal draw- 
ings with complete lettering, others for drawings without 
lettermg, still others for photographs or photocopies 
of the drawings, and soon The lay-out of the summary 
or abstract, of the acknowledgments and of the footnotes 
could also be discussed 

In the event of some agreement bemg reached, either the 
officers of the congress, the members of the Permanent 
Committee for Genetic Congresses, or the members of 
some other committee yet to be appointed, could easily 
communicate the suggestions resulting from the editors’ 
deliberation to the International Union of Biological 
Sciences (TUBS) In its turn, the IUBS could pass on 
these suggestions to other members of the union and, 
eventually, to the mam body of the scientific community 


Yours faithfully, 


Predictability of breeding efficiency in 
(J of Genetics, 59, 237, 1966) 


D Crossing over and its mechanical relationship im 
J Genet 39, 465-500 (1936) (Chromosoma, 


Genotype and competitive ability in 
(Amer Natur, 101, 274, 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the public) 


Monday, March 25 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
Control Group of the I Mech E , at Savoy Place, London, WC2), at 5 30 P m 
—Duiscussion Meeting on “Fluidics and Integrated Circuits” opened by 
Dr R C Fossand DrK Foster 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, SW1), at 6 p m —Discussion Meeting 
on ‘‘The Impact of Proposed Vehicle Noise Regulations” 


ROYAL SOCIETY or Arts (at John Adam Street, Adelphi, London, WC2), 
at6pm—DrC H G Oldham “China To-day—Science” (second of three 
Cantor Lectures) 


Tuesday, March 26 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, SW1)s 
at530pm—MrJ E ProsserandMrP A St C Grant “The Tyne Tunnel 
—Planning of the Scheme”, MrR H Falkinerand MrS G Tough “The 
Tyne Tunnel—Construction of the Main Tunnel” 


INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 p m —Discussion 
Meeting on “High Density Vehicles” 


Sooinry oF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 14 
Belgrave Square, London, SW1), at 6 p m —Dr W I Bengough “Thermal 
Degradation of PVC in Solution” 


Tuesday, March 26—Thursday, March 28 


SYSTEMATICS ASSOCIATION (at the University of Nottingham School of 
Agriculture, Sutton Bonington}—Symposium on “The Soil Ecosystem 
(Systematic Aspects of the Environment, Organisms and Communities)” 


Wednesday, March 27 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2) 
at 530 pm—Mr G S Buckangham “Elegant Heating—by Electricity” 
(Sixth Annual Lecture of the Power Division) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5 30 pm —Professor G Kino “Waves in Semiconductors—Possibihties 
for New Solid State Devices” 


SOCIETY OF ENVIRONMENTAL ENGINEERS (1n the Mechanical Engineering 
Department, Imperial College, London, SW7), at 5 30 p m —Annual General 
eeting 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, Westmin- 
ster, London, SW1), at 6 pm —Mr D T N Williamson ‘The Pattern of 
Batch Manufacture and Its Influence on Machine Tool Design” (James 
Clayton Lecture) 


ROYAL SOCIETY OF ARTs (at John Adam Street, Adelphi, London, WC2), 
at 6pm —Sır Paul Chambers, KBE ‘Technological Progress 1n Industry” 
(Trueman Wood Lecture) 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUtTRITION PANEL (at 
14 Belgrave Square, London, SW1), at 6 15 p m —Annual General Meeting, 
followed by DrT H Grenby ‘Some Aspects of Food and Dental Caries” 


Wednesday, March 27—-Thursday, March 28 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Ken- 
singten Close Hotel, London, W8)—Conference on “Modern Polymers—New 
Developments and Applications” 


ROYAL Society (at 6 Carlton House Terrace, London, SW1), at 10 30 
da:rly—Discussion Meeting on “Results of the Royal Society Expedition to 
the British Solomon Islands Protectorate, 1965” organized by Professor 
EJ H Corner, FRS 


Wednesday, March 27—Friday, March 29 


ROYAL MicroscoprcaL SOCIETY (at Imperial College, London, SW7)— 
European Symposium on “Cytochemistry in Electron Microscopy” 


Thursday, March 28 


UNIVERSITY OF LIVERPOOL (ın the University Lecture Room Building) at 
930 am—Sympostum on “Mathematical Models in Oceanography and 
Meteorology” 


Gas CHROMATOGRAPHY DISCUSSION GROUP, LIQUID CHROMATOGRAPHY 
Sus-Grovr (at the Institute of Petroleum, 61 New Cavendish Street, London, 
WI), at 3 p m —Scientific Papers 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGICAL GROUP (at Great 
George Street, London, SW1), at 5 30 p m —Informal Discussion on “Inves- 
tigations Following a Catastrophic Flood” introduced by Mr C Clay 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
530 pm—Professor W H G Armytage “The Engineer in Society” 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, AEROSPACE, MARI- 
TIME AND MILITARY SYSTEMS GROUP (at 8-9 Bedford Square, London, WC1), 
at 6p m —Mr T H Kerr “Cost Effectiveness and Systems Analysis in 

efence 


Thursday, March 28—Friday, March 29 


ASSOCIATION OF CLIN@AL BIOCHEMISTS (at Newcastle upon Tyne}— 
Enghth West-European Symposium on Clinical Chemistry—“Immunology in 
Chnical Chemistry" (Organized ın collaboration with the Societies of Chnical 
Chemistry of Belgium, France, Holland, Switzerland and West Germany) 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, SWi)}—Symposium on “Corrosion 
and Its Prevention ın Motor Velucles” 


MINERALOGICAL SOCIETY, CLAY MINERALS GROUP (1n the Geology Depart- 
ment, The University, Southampton)——Meeting on “Clay Mineralogy of 
ediments” 
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SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP and the BIR- 
MINGHAM AND MIDLAND SECTION, 10 association with the University of 
Birmingham (at the University of Birmmgham)—Symposium on “Fluoro- 


Organie Compounds” 
Friday, March 29 


GAS CHROMATOGRAPHY DISOUSSION GROUP (at the Royal Institution, 
Albemarle Street, London, W1)—Informal Symposium on “Gas Chroma- 
tography” 

INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
Control Group of the I Mech E , at Savoy Place, London, WC2), at 2 pm— 
Colloquium on ‘Building Models with Plant Data” 


BRITISH MycoLocicaL Socimty (at the School of Pharmacy, 29-39, 
Brunswick Square, London, WC1), at 10 45 a m —Special General Meeting, 
11a m —General Papers 


Monday, April I 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Colloquium on “Injection Lumimescence” 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORK- 
ING Party (at 1 Birdeage Walk, Westminster, London, SWI), at 
6 p m —Discussion Meeting on ‘Kidney Machimes—Technical, Medical and 
Social Problems” 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), 
at 6 pm —‘Industry and Commerce” (Last of three Cantor Lectures on 
“Modern China”) 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Fiecadilly, London, W1), at 6 p m—Dr R Davies “High Speed Formme of 
etals 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, SW1), at 6 30 pm—Dr N W Pirie, FRS “The Use of Novel 
Proteins in Human Food” 


Monday, April |—Wednesday, April 3 


BRITISH BIOPHYSICAL SOCIETY (at the University of Nottingham)— 
Meeting on “Biological Semiconductors” . 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned 

LECTURER (preferably with special interests in geomorphology and meteor- 
ology) ın GEOGRAPHY—The Director of Academic Studies, Trinitv and All 
Saints’ Colleges, Brownberrie Lane, Horsforth, near Leeds (March 27) 

SENIOR LECTURER or LECTURER, Grade II (qualified to lecture to honours 
degree standard and with active research interests) ın GEOGRAPRY—The 
Secretary, Sir John Cass College, Jewry Street, London, BC3 (March 28) 

SENIOR LECTURER IN SratistTics—The Registrar, University College of 
Wales, Aberystwyth (March 30) 

SENIOR LECTURER (Clinical) in the DEPARTMENT OF PATHOLOGY, University 
d enn neham The Assistant Registrar, Medical School, Birmingham 15 

arc 

LECTURER IN BOTANY ın the DEPARTMENT OF ARTS, SCIENCE AND 
Epucation—The Registrar, University of London Goldsmith's College, New 
Cross, London, SE14 (April 1) 

LECTURER or ASSISTANT LECTURER (preferably ith an interest in teaching 
sociology to students of apphed science) ın SOCIOLOGY—The Registrar and 
Secretary, The University, Leeds, quoting Ref No 68/19/83 (April 1) 

TEMPORARY ASSISTANT LECTURER or TEMPORARY LECTURER (with a 
good honours degree ın physics and successful schoo! teaching experience) in 
the DEPARTMENT OF EDUCATION—The Registrar and Secretary, The Um- 
versity, Leeds, quoting Ref No 68/15/3 (April 1) 

LECTURER IN APPLIED SOCIOLOGY-—The Secretary of the University 
Court, The University, Glasgow (April 3) 

LECTURER (preferably with an interest ın, and experience of, some 
branch of experimental botany other than physiology or biochemistry) 1n 
eer aes Registrar (Room 39, ORB), The University, Reading 

pri 

CHAIR OF ELECTRICAL ENGINEERING, and CHAIR OF MECHANICAL ENGIN- 
EERING at the University of Malaya—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(Malaya and London, Apr] 8) 

LECTURER (experienced graduate teacher of biology and competent to 
contribute to both the practical and academic work of the University Educa- 
tion Department) in EDUCATION—The Secretary, University of Durham, 
Old Shire Hall, Durham (April 10) 

LECTURER (preferably candidate in numerical analysis) 
MATHEMATICS—The Secretary, The University, Aberdeen (April 18) 

RESEARCH ASSISTANT (with a university degree im chemistry or bro- 
chemistry or an equivalent qualification) in BIOLOGICAL CHEMISTRY, for 
work concerned with the biogenesis of membranes, under the direction of 
Dr Sargent—The Secretary, The University, Aberdeen (April 13) 

LECTURER IN PHysics at the University of Cape Town—The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SW1, and The Registrar, Universitv of 
Cape Town, Private Bag, Rondebosch, Cape Town, South Africa (April 15) 

LECTURER (science graduate) ın BIOCHEMISTRY at the University of 
Otago, Dunedin, New Zealand—The Secretary-Genera], Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1 (New Zealand and London, April 15) 

CHAIR OF ELECTRONIC ENGINEERING—The Registrar and Secretary, The 
University, Leeds, quoting Ref No 68/33/1 (April 17) 

RESEARCH ASSISTANT (with a good honours degree or M Se in micro- 
biology, bacteriology, botanv or other appropriate subject) in Som MOCRO- 
BIOLOGY ın the Hartley Botanical Laboratortes—The Registrar, The Uni- 
versity, Liverpool, quoting Ref RV/397/N (April 22) 

CHATR OF AGRONOMY at the University of Svdney, Australia—The Sec- 
retary-General, Association of Commonwealth Universities (Branch Office), 
able House, Pall Mall, London, SW1 (Australia and London, April 

SCIENTIFIC INFORMATION OFFICER (with a degree in agriculture, ability 
to write good English and a flair for languages)—-The Director, Common- 
wealth Bureau of Pastures and Field Crops, Hurley, near Maidenhead, 
Berkshire (May 15) 


in PURE 
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Library Association Scientific Library Services—Report of the Associa- 
tion’s Committee on cara Library Services Pp v+82 ondon 
Library Association, 19 

Ministry of Transport Road Research Laboratory RRL Report LR79 
Cost of Boad Accidents in Great Britam By R F F Dawson Pp 68 
(Crowthorne Road Research Laboratory, 1967 ) Grats [111 

Mammals (Non-marine) Sixth edition (Instructions for Collectors, No 
1) Pp v+655 (London British Museum (Natural History), 1968) 


36 21 
Bulletin of Special Courses in Higher Technology, Management Studies and 
Commerce 1965, Part 2 Spring and Summer Terms p 153 (London 
Regional Advisory Council for Technological Education for London and the 
Home Counties, 1968) 8s 6d (121 
Department of Education and Science The Proposed 300 GeV Accelera- 
tor Pp vi+84 (Cmnd 3503) (London HM Stationery Office, 4009) 
78 9d net 
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(Crowthorne Road Research Laboratory, 1967) Grates {121 
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Safety at School Pp v+105 (London H M Stationery Office, 1967) [151 
Proceedings of the Royal Irish Academy Vo! 65, Section A, No 9 and 
10 Note on a Heavy Current Discharge Tube with a High Temperature 
Capillary By T E Nevin and S O’Connor The Infrared Spectrum of 
CrH and CrD° ByS O'Connor Pp 93-112+2 plates 6s Vol 65, Section A, 
No 11 On the Partial Sums of Power Series By J Clunie and P Erdos 
Pp 113-124 38 6d Vol 65, Section B, No 16 Weevils (Coleoptera, 
Curculionoides) and other Insects Collected ın North West Clare, with 
special reference to the Burren Region By M G Morris Pp 349-372 + plate 
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Pp 373-384 2s Vol 65, Section B, No 18 Lower Ordovician Shelly and 
Groptolitic Faunas from South-Eastern Ireland By P J_Brenchley, J C 
Harperand D Skevington Pp 885-390 1s 6d Vol 65, Section B, No 19 
Pedal Combs of the Larvae of Dragonflies (Odonata) By N MacNeill 
Pp 391-406+plate 14 3s 6d Vol 65, Section B, No 20 A Woodland 
Population of Apodemus sylvalicus (L) at Seaforde, Co Down By J S 
Fairley Pp 407-424 83 6d Vol 65, Section B, No 21 The Effect of 
Environmental Tenperature on Succinic Dehydrogenase Activity ın the 
Ear Skin of the Rabbit By Cecily M Joyce Pp 425-436 2s (Dublin 
Royal Irish Academy, 1967 ) 151 
Bulletin of the British Museum (Natural History) Entomology Vol 21, 
No 3 A Revision of the Holarctic Genus Dihraneura (Homoptera Orea- 
dellidae) By W J Knight Pp 99-201 428 Geology Vol 15, No 4 A 
New Tempskya from Kent By Marjorie E J Chandler Pp 169-179 +12 
plates 30s (London British Museum (Natural History), 1967 ) (151 
Theology’s Central Problem By Professor John Hick (An Inaugural 
Lecture delivered in the University of Birmingham on 31st October, 1967 ) 
Pp 15 (Birmingham The University, 1968) 28 6d 1 
nest for Greatness By Hubert H Humphrey Pp 52 (London United 
States Information Service, American Embassy, 1 } {151 
The Royal Society United Kingdom Report on Research Activities in 
Physical Oceanography 1963-67 Pp 49 (British National Committee for 
Geodesy and Geophysics} (London The Royal Society, 1967 ) (161 
Engineering Research and Undergraduate Teaching By Professor P N 


Rowe (An Inaugural Lecture delivered at University College London, 9 
Tebruary 1967) Pp 15 (London H K Lewis and Co, Ltd, 1967) 
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United States Department of the Intertor Geological Survey Bulletin 
1241-F Geology and Petrology of the Greenville Quadrangle, Piscataquis 
and Somerset Counties, Maine By G H Espenshade and E L Boudette 
Pp v+60+plate 1 Bulletin 1250 Glosgarv of Uranium- and Thorium- 
Bearing Minerals By Judith W Frondel, Michael Fleischer and Robert S 
Jones Fourth edition Pp ui1+69 $030 Water-Supply Paper 1594-E 
Artificial Recharge Through a Well Tapping Basalt Aquifers at The Dalles, 
Oregon By B L Foxworthy and © T Bryant Pp i1v+55+plate 1 
3055 Water-Supply Paper 1662-D Specific Yield—Compulation of Specific 
Yield for Various Materials By A I Johnson Pp v+74 $030 Water- 
Supply Paper 1882 Hydrology of the Valley-Fill and Carbonate-Rock 
Reservoirs, Pahrump Valley, Nevada—California By Glenn T Malmberg 
Pp iv+47+plates 1-5 Professional Paper 524-I Bedrock Geology of the 
Shin Pond and Stacyville Quadrangles, Penobscot County, Maine By 
Robert B Neuman Pp 11+87+plates 1-3 (Washington, DC Govern- 
ment Printing Office, 1967 ) [1t1 
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Siebenundzwanzigstr Jahresbericht der Schweizerischen Gesellschaft fur 
Vererbungsforschung, Societé Suisse de Génétique (S S G ), 1967, mit Unter- 
stiitzung der Juhus Klaus-Stiftung fur Vererbungsforschung, Soztalanthro- 
pologie und Rassenhygiene in Zurich Herausgegeben von Ernst Ochler 
(Separatabdruck aus Archiv der Julius-Stiftung fur Vererbungsforschung, 
Sozialanthropologie und Rassenhygiene, Band XLII, 1967, Heft 8/4) 
Pp 102 (Zurich Art Institut Orel! Fussh AG, 1967 ) 51 

United States Department of the Interior Geological Survey Bulletin 
1241-G Bedrock Geology of the Chepachet Quadrangle, Providence County, 
Rhode Island Pp iv+26+plate 1 Bulletin 1241-I Debris Flow and 
Erosion Control Problems Caused by the Ash Eruptions of Irazu Volcano, 
Costa Rica By Howard H Waldron Pp iv+37+platel $055 (Wash- 
ington DC Government Printing Office, 1967 ) {151 

Brochemreal Genetics Vol 1, No 1, June 1967 Pp 1-71 Published 
quarterly Annual subscription $18, Outside USA and Canada add $1 80 
for postage and handling (New York Plenum Press, 1967 ) [151 

State of Califorma Department of Fish and Game Fish Bulletin 137 
Reproduction, Life History, and Ecology of the Round Stingray, Urolophus 
haller: Cooper By John Stanley Babel Pp 104 (Sacramento Depart- 
ment of Fish and Game, 1967 ) 151 

United States Department of the Interior, Fish and Wildlife Service Tech- 
nical Papers of the Bureau of Sport Fisheries and Wildhfe No 5 Ecology 
of Gila Trout in Main Diamond Creek in New Mexico By Danny M Regan 
Pp 24 No 10 Marking Fish with Dyes and other Chemicals by Dean E 
Ariola Pp 44 (Washington) DC Government Printing Office, 

United States Department of the Interior Geological Survey Water- 
Supply Paper 1829 Swatara Creek Basin of Southeastern Pennsylvania— 
an Evaluation of its Hydrologic System By W T Stuart, Wiliam J 
Schneider and James W Crooks Pp vut+79+plates 1-3 (Washington, 

Government Printing Office, 1967 ) {161 

Commonwealth of Australia Department of National Development 
Bureau of Mineral Resources, Geology and Geophysics 1 250,000 Geological 
Series—Explanatory Notes Winton Qld, Sheet SF/54-12 International 
Index Compiled by D J Casey Pp li+map_ Maneroo, Qld , Sheet 
SF/54-16 International Index Compiled by W Jauncey Pp 11+map 
(Parkes, ACT Bureau of Mineral Resources, Geology and Geophysics, 
1966 and 1967 ) 161 

New South Wales Department of Mines Geological Survey Report No 
48 Cullulla Silver-Lead Prospect By D W Suppel and A G Loudon 
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Affairs Annual Report of the Geological Survey Department for the year 
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Honeywell Computer Journal, Vol 1, No 1, Fall 1967 Pp 51 (Wellesley 
Hills, Mass, and London Honeywell, Inc , 1967 ) 191 
Museum of Comparative Zoology, Harvard University Breviora No 271 
17 November, 1967) Cheloma depressa Garman Re-investigated By 
rnest E Wiliams,G C Grandisonand Archie ¥ Carr,Jr Pp 15 (2 plates) 
No 272 (17 November, 1967) The Ecological Distribution of the Anoline 
Tazards Around Kingston, Jamarca By A Stanley Rand Pp 18 No 272 
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Additional Notes on Lptpompilus Kohl By Howard E Evans Pp 15 No 
274 (17 November, 1967) The Genus Nops (Araneae, çapmudas) in Panama 
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for the re-direction of replies to advertise- 
ments with a box number. 


ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
tnn, Strand, London, W.C.2. Telephone: 
01-405 4743. Telegrams: Textualist, London, 
W.C.2, 


APPOINTMENTS VACANT 


UNIVERSITY OF OXFORD 


LECTURER IN ZOOLOGY AND CURATOR 
OF THE ZOOLOGICAL COLLECTIONS 


The University proposes to appoint a Lecturer 
in Zoology and Curator of the Zoological Collec- 
tions (which do not include insects), The salary 
will be according to age on the scale £1,470 to 
£2,900 (with F.S S.U). 

Applications (six copies, except in the case of 
overseas applicants who need only submit one 
copy), including a statement of age. qualifications 
and experience, and giving the names of two 
referees, should ebe sent to the Secretary of 
Faculties, University Registry, Broad Strect, Ox- 
ford, not later than April 27, 1968, The Lecturer 
and Curator will be expected to take up office as 
soon as possible after October 1, 1968, 

The Lecturer will be responsible to the Linacre 
Professor for the care of the Zoological Collec- 
tions in the University Museum and in the De- 
partment of Zoology. He will be required to 
arrange the supply of material and the prepara- 
tion of displays and other aids for teaching and 
research, to cooperate in the teaching and admini- 
strative work of the Department of Zoology in 
both term and vacation under the direction of the 
Linacre Professor, and to engage in advanced 
study and research, (X1184) 

UNIVERSITY OF IFE 
NIGERIA 

Applications are invited for 

G) Two Senior Lectureships and two Lecture- 
ships in CHEMISTRY. For the Senior Lecture- 
ships candidates should have special interests in 
Physical Chemistry or in Organic Chemistry and 
National Products. For the Lectureships prefer- 
ence will be given to candidates with special 
interests in Physical and Inorganic Chemistry. 

Gi) Professorship and Senior Lectureship in 
ZOOLOGY. Candidates with interests in any 
fields (except parasitology) considered; an in- 


terest in vertebrate biology particularly wel- 
comed. 
Salary: Professor £N3,000 pa., Senior Lec- 


turer £N2.275 to £N2,575 pa., Lecturer £N1,200 
to €N2175 pia. (ENI=£1 3s, 4d. sterling). 
Salary supplementation in range £240 to £600 
pa. (sterling) in appropriate cases under British 
Expatriate Supplementation cheme. Super- 
annuation; family passages; various allowances; 
annual U.K. leave where applicable. 

Betailed applications (six copies), naming 
three referees, by April 23, 1968, to Inter- 
University Council, 33 Bedford Place, London, 
W.C.1, from whom particulars are available, 

(1137) 


HOUGHTON POULTRY RESEARCH 
STATION 


(Financed jointly by the Agricultural Research 
Council and the Animal Health Trust) 


PHYSIOLOGY AND BIOCHEMISTRY 
DEPARTMENT 


ENGINEER required to assist with the de- 
velopment of controlled environment systems for 
experimental work with poultry and to supervise 
the ventilating and heating plant in a new isola- 
uon unit. Candidates should have HUN.C. in 
mechanical or electrical engineering, or an equiva- 
lent qualification, and training in technical draw- 
ing and workshop practice. Experience of air- 
conditioning systems in buildings, ships, or air- 
craft would be an advantage. Appointment in 
the Experimental Officer grade (£1,365 to £1,734 
per annum) according to age, qualifications, and 
experience, 

Further particulars and application forms from 
the Secretary, Houghton Poultry Research Station, 
Houghton, Huntingdon, to whem completed 
application forms should be returned by March 
31, 1968. {1172 
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CSIRO RESEARCH 
AUSTRALIA SCIENTIST 


ARCHITECTURAL ACOUSTICS 
DIVISION OF BUILDING RESEARCH 


GENERAL The Division of Building Research of the Commonwealth Scientific and 
industrial Research Organization, located at Highett, Victoria, is primarily responsible for. 
long-term research on building and associated engineering. Particular attention is given 
to studies of building materials and design, thermal environment, tropical building, 
operational research and architectural acoustics. 

DUTIES The appointee will be required to take part in the Division's study of architectural 
acoustical problems and to initiate such studies especially in noise control and room 
acoustics both in the field and in the laboratory and to give advice to industry. 
QUALIFICATIONS Applicants should have a Ph.D. degree in Physics, Engineering or 
Mathematics, or postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability. 

SALARY Depending upon qualifications and experience, the appointment will be made A 
within the salary range of Senior Research Scientist, $A,6892--$A7,974 p.a., or Principal 
Research Scientist, $A8,242~$A9,490 p.a. Salary rates for women are $4428 p.a, less 
than the corresponding rates for men. Promotion within CSIRO to a higher classification 
is determined by merit. 

CONDITIONS The appointment, which carries with it Commonwealth Superannuation 
Fund or Provident Account privileges, will be conditional upon passing a medical examina- 
tion. An initial probationary period of twelve months may be specified. Fares paid for 
the appointee and his dependent family. Further particulars supplied on application. 
Applications (quoting Appointment No. 390/388) stating full name, place, date and year 
of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach : 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific Liaison 
Office, Africa House, Kingsway, London, W.C.2, by the 19th April, 1968. (1162) 





Headquarters Allied Forces Central Europe 


BRUNSSUM THE NETHERLANDS 


Vacancy for a 
Chief of Operations 
Research Unit 


1. Applications are invited for the past af Chief of Operations Research Unit (NATO- 
A-7), which will be vacant from 1st July, 1968, at the Headquarters Allied Forces 
Central Europe, Brunssum, the Netherlands. 


2. The duties required will be : 


a. to initiate and direct scientific studies of weapons, tactics, equipment and strategy 
designed to furnish a quantitative basis for command of decisions. 


b. to provide the Command with ready and informal access to scientists with specialized 
training in the techniques applicable to the analysis of modern warfare. 


c. to maintain a close liaison with other national and international Operations Research 
and Analysis organizations. 


d. to act as Scientific Adviser to the Commander, AFCE and to keep him and his staff 
informed of scientific and technical developments related to the mission aj the Command. 


3. Candidates for this post must have a university degree of good standing in science, 
preferably in physics, mathematics or a related subject. Candidates must have had 
some years experience of Operations Research, preferably in the field of air warfare 
and should have achieved some official standing of reputation in their own countries 
in this work. Familiarity with the problems of strategic offence, air defence, tactical 
support and especially with guided weapons and electronics as applied to these fields 
would be added qualifications. Fluency in one of the NATO official languages is 
essential; a working knowledge of the other is desirable. nig 
a 
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AGRICULTURE 


General Agriculturests and agricultural specialists of many kinds 
are frequently requered in the effort to match the large demand 
from the developing countries The vacancies advertised below 
are a selection from the many openings which est now While 
they are being filled, other vacancies are arising 


Salares within the ranges quoted are assessed on qualifications and 
experience, and the terms of most appointments include free or 
subsuhzed accommodaton, education grants, family passages, 
good leave on full pay, ete A contributory pension scheme t8 
available in certain circumstances 


Most appointments are hmuted to nationals of the Umted Kingdom 
or the Republic of Ireland who are normally resident ın those 
countries 


BOLIVIA 


Pasture Research Officer 
(British Tropical Agricultural Mission). RC 213/22/03 


Duties To continue a programme of research on intensive grasses in crop 
rotations and to advise and work in collaboration with Bolivian technicians 
on experiments, extensions, seed multiplications, field surveys, etc , with 
natural and cultivated pastures 


Qualifications and Terms An honours degree in botany with post graduate 
experience of range management in the tropics and of work on intensive 
grasses A working knowledge of Spanish 1s desirable Salary £2,500- 
£3,100 a year, depending on qualifications and experience, subject to British 
Income Tax, plus a vartable non-taxable overseas allowance currently 
payable at rates from £540-£1,310 a year depending on marttal stacus 
Contract 2 tours of 18 months 


Head of British Mission for Tropical Agriculture 
RC 213/22/01 


Duties To lead team of Agricultural experts in current important pro- 
gramme and to be Adviser to Bolivian Government tn Tropical Agriculture 


Qualifications and Terms A relevant degree and wide experience of agri- 
cultural administration in Tropics at least at Deputy Director level Salary 
£4,500-£5,000 a year subject to British Income Tax plus a variable non- 
taxable overseas allowance currently payable at rates from £540-£1,310 a 
year depending on marital status plus entertainment allowance of £250 a 
year, Contract 2 tours of {8 months 


MALAWI 


Senior Agricultural Officer (Irrigation) RC 213/134/015 


Duties To work as part of an irrigation team 


Qualifications and Terms A degree in agriculture with at least ten years 
experience, preferably under tropical conditions Salary £2,655 a year plus 
15%~25% terminal gratuity A supplement of £100 ıs also payable direct 


to an Officer’s bank account outside Malaw: and Rhodesia Contract 
2-3 years 

FALKLAND ISLANDS 

Grasslands Officer RC 213/60/01 


Duties To investigate and experiment on development and improvement 
of grasslands and possibly to establish a small experimental station 


Qualifications and Terms A degree in agriculture with experience in hill 


grazing improvement Salary £1,500-£2,000 a year 
Contract 30-36 months 


15% terminal gratuity 





F!Ji 
Soil Conservation Officer RC 213/62/07 


Duties Supervision and maintenance of technical standards in soil con- 
servation work, by liaison with District Agricultural Officers who administer 
all soil conservation extension, machinery and field staff Arrange in-service 
training in soil conservation for field staff Prepare lectures and examina- 
tions for the soil conservation course at the Fiyt School of Agriculture 
Assist in preparation of soil conservation publicity Advise on soil con- 
servation matters through the Director of Agriculture or through the Land 
Conservation Board 

Qualifications and Terms A degree tn Agriculture or Science with exper- 
ence in practical soil conservation Experience tn tropical agriculture ts 
desirable Salary £ Fipan 1,092-2,18! a year (£ Sterling [,045-2,087 a year) 
An inducement allowance at present in the range of £ Sterling 508-829 a 
year is also payable Terminal gratuity 25% of basic salary and inducement 
allowance Contract | tour of 30-36 months 


Soils Scientist RC 213/62/09 


Duties To carry out soil surveys on a detailed regional basis to follow on 
the reconnaissance survey already completed and to be responsible for 
field soil survey work on proposed development areas 

Qualificattons and Terms A Ist or 2nd class Honours degree in Geology 
or Geography and postgraduate experience in soil surveys tn tropical areas 
Salary £ Fyran 1,092-2,181 a year (£ Sterling 1,045-2,087 a year) An 
inducement allowance at present in the range of £ Sterling 508-829 a year 
ts also payable Terminal gratuity 25% of basic salary and inducement 
allowance Contract | tour of 30-36 months 


SABAH 


Agricultural Research Officers (Plant Breeders) 
RC 213/150/03 


Duties To deal with the selection and breeding of oil palm and cocoa 
throughout the State of Sabah 

Qualifications and Terms An Honours degree in Natural Science with 
2 years post-graduate training A good general knowledge of the subject 
ts essential Field experience desirable Salary $9,000--}7,040 a year 
(£ Sterling 1,226-2,321 a year) plus an inducement allowance at present in 
the range of £ Sterling 804-1,303 a year Terminal gratuity approximately 
20% of baste salary and tnducement allowance Contract 2-3 years 


Agronomist RC 213/150/04 


Duties To manage a cocoa or o!) palm research station, to investigate 
cultivation and fertilizer applications and to implement the departmental 
research programms 

Qualifications and Terms A degree in natural science with two years 
postgraduate training Salary $9,000-17,040 a year (£ Sterling 1,226-2,321 
a year) plus an inducement allowance at present tn the range of £ Sterling 
804-1,303 a year Terminal gratuity approximately 20% of basic salary and 
inducement allowance Contract 2-3 years 


TANZANIA 
Agricultural Economist RC 213/267/011 


Duties To lead the Planning and Investigation Unit of the Ministry of 
Land Settlement and Water Development in the examination and valuation 
of settlement and irrigation schemes and to train officers engaged on these 
schemes 

Qualifications and Terms A degree tn economics with agricultural quali- 
fications or an honours degree in agricultural economics plus some previous 
expertence Basıc salary scale EA Shs 33,200-36,000 a year (£ Sterling 
1,936-2,100) hable to Tanzanian income tax In addition an inducement 
allowance, normally tax free, at present in the range of £ Sterling 1,113- 
1,140 a year will be paid by the British Government direct to an officer's 
bank account outside East Africa Terminal gratuity 25% of basic salary 
and inducement allowance Contract 2I-27 months 


ST. HELENA 
Agricultural and Forestry Officer RC 213/151 /0l 


Duties To take charge of the Department which is responsible for forests, 
grazing and arable fand 

Qualifications and Terms 
with overseas experience 
gratuity Contract 2 years 


A degree or diploma in agriculture preferably 
Salary £1,529-£2,117 a year 123% terminal 


For further particulars of these vacancies and an apphcation form 
please write ming your full name, age and brief details of profes- 
Sional qualifications and experience, and quoting appropriate 
reference number, to the Appointments Officer, Room 324/N/15, 
Mamstry of Overseas Development, Eland House, Stag Place, 
London, S W 1. 


MINISTRY OF 
OVERSEAS 
DEVELOPMENT 


(1151) 
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SCIENTISTS 


The Research Department of English Clays Lovering 
Pochin & Co. Ltd., the major operating Company of the 
English China Clays Group and the world’s largest producer 
of China Clay, has a number of vacancies for Scientists and 
Assistants between 18 and 30 years of age. 


CHEMICAL ENGINEERING 


Two young graduates are required in the Chemical Engineering Section, 
in which a wide range of work 1s undertaken Particular emphasis 1s 
laid on research into the processing of fine particles Previous experi- 
ence ıs not essential for either of these posts and the discipline of the 
degree ss less umportant than a genuine enthusiasm for research 


PHYSICISTS 


Two graduate physicists are required, one for work on particle size 
measurement of fine powders to study the principles involved and 
various semi-automatic measuring methods The other would work mn 
the field of mineral studies using electro and X-Ray diffraction and 
various associated techniques 


CHEMISTRY 


A graduate Chemist 1s required, who 1s prepared to develop an interest 
in Polymers, their Synthesis and Absorption on solid surfaces Appl- 
cations are invited from men with a Research background in Organic 
or Physico-Organic Chemistry 


SCIENTIFIC ASSISTANTS 


There are also a number of vacancies for assistants ın the Research 
Department ‘These posts cover a wide range of disciplines including 
Chemistry (both Research and Analytical), Physics and Chemical 
Engineering 


The minimum qualifications required for these positions 1s likely to be 
Ordinary National Certificate or equivalent For one of the posts, 
experience in the Building Industry, with particular reference to 
concrete aggregates, would be useful 


The well established and expanding Research Department 1s concerned 
with all aspects of Research into the nature of Chma Clay and the 
Company’s production processes China Clay production now exceeds 
two million tons per annum and over 75% of this 1s exported The 
principal industries served are Paper and Ceramics, but China Clay 
1s also used ın a wide variety of other manufacturing Industries The 
Research Department is housed in new Laboratories at St Austell, near 
the South Cornish Coast 


Salaries for the above appoimtments will be commensurate with age, 
qualifications and experience 

Pension and Life Assurance Schemes operate through the Group, 
together with a Profit Participation and Long Service Award Scheme 
Assistance 1s given towards furniture removal expenses 


Please apply m wntmg, giving brief details of age, qualtfications, 
experience and present salary to 


The Company Secretary, 


ENGLISH CLAYS LOVERING POCHIN & CO. LTD., 


John Keay House, St Austell, Cornwall 
(1196) 
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NEW ZEALAND 


Marine Department 


Applications are invited for the under- 
mentioned vacancies 


Vacancy B 13/13/17/757 
THREE SCIENTIFIC OFFICERS 


The Fisheries Research Division of the 
Marine Department requires three Scientific 
Officers, two for research on Mollusca and 
Demersal Fish and one Biometrician for 
work in population dynamics 


Qualifications desired Applicants should 
have a degree with 1 or 2A Honours in 
Zoology or Mathematics in the case of the 
Biometrician 


Salary Appointments will be made in 
the range NZ$2 790 for first-class Honours 
NZ$2 900/NZ$3 350 for a newly qualified 
PhD, and up to NZ$5 670 for suitably 
experienced scientists 


Passages Fares for appointee and his 
wife and family, uf married will be paid 

Incidental expenses Up to £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand 


Application forms and general tnforma- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, SW 1, with 
whom applications will close on April 22, 
19 


Please quote reference B 13/13/17/757 
when inquiring (1136) 


NEW ZEALAND 


Marine Department 


Applications are imtvited for the under- 
mentioned vacancy 


Vacancy B 13/13/19/759 
SCIENTIST 


The Research Division of the New 
Zealand Marine Department requires a 
Scientist for their Wellington Research 
Laboratory, the appointee to take up duty 
as soon as possible Work is on fresh- 
water fisheries and allied limnological prob- 
lems, and the qualifications desired are an 
Honours degree or Ph D 

Appointments will be made im the salary 
range NZ$2,790 for first-class Honours and 
up to NZ$3,350 for a newly qualified Ph D 

Passages Fares for appointee and his 
wife and family, if married, will be paid 

Incidental expenses Up to £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand 


Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, SW 1, with 
whom applications will close on Apri 24, 
1968 


Please quote reference B 13/13/19/759 
when inquiring (1135) 


UNIVERSITY COLLEGE OF 


WALES 
ABERYSTWYTH 


DEPARTMENT OF ZOOLOGY 


Applications are invited for the post of 
a RESEARCH ASSOCIATE ELECTRON- 
MICROSCOPIST to jom a Cell Research 
Group engaged in {nvestigating the nature 
of the adhesive mechanism at the cell sur- 
face The research group ts at present sup- 
ported by the Science Research Council 
but it ıs due to be? taken over by the 
College The salary 1s ın the post-doctoral 
range equivalent to an Assistant Lecture- 
ship (£1,105 to £1,340) with FSSU_ pro- 
vision 

Applications, with the names of two 
referees and enquiries for further informa- 
tion should be sent to Professor B M 
Jones, Department of Zoology, University 
College of Wales, Aberystwyth (1193) 
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Scandal in the Schools 


THE compromise which has been reached between the 
Schools Council and the Standing Conference on 
University Entrance (see page 1199) ıs about the only 
device by means of which an agreement on the sixth- 
form curriculum in Britain can be reached within the 
next few years, which 1s something m its favour With 
any luck, the working party which 1s to be set up 
jointly between the two organizations may even be 
more successful and decisive than the sheaf of com- 
mittees which occupy the time of the Schools Council 
and its servants The result could well be that all 
concerned will be persuaded that the tıme has finally 
come for radical change—and that the schools repre- 
sentatives will somehow be persuaded that the univer- 
sities are at least half serious when they declare their 
belief m a broader—not a narrower—pattern of studies 
m the sixth form The danger, of course, 1s that the 
new committee will be used not as a launching pad for 
a new pattern of teenage education but as a device for 
muffling honest disagreement and for stifling honest 
discontent That 1s why 1t 1s important to remember 
that, even though the formation of the new working 
group may seem to some to be a remarkable develop- 
ment, 1t 13 m the last analysis merely a compromise 
between reason and obscuranticism It 1s not m itself 
a reform but a kind of bran tub fiom which, with good 
fortune, reform may yet be snatched- 

In the circumstances, a httle recrimimation 1s not 
entirely out of place The conflict which came to a head 
and a temporary resolution last week has been building 
up for several years To be fair, the formation of the 
Schools Council four years ago has helped to strengthen 
concern among all kinds of educationists for the balance 
between the schools and the universities In the 
schools, perceptive teachers were made painfully 
aware of two quite separate kinds of problems For one 
thing, some academics among the teachers were 
conscious of how the mereasing difficulty of maimtam- 
ing what are called academic standards ın the face of 
the increasing pressure of the examimation syllabuses 
and the competition to enter the universities Others, 
however, were more conscious of the rapidly growing 
population of the traditional sixth-forms, and of the 
growing diversity of the mterests and capabilities of 
their older students 

To meet these quite separate considerations, the 
Schools Council has helped the schools to hammer out 
m quick succession two quite unsuitable and even 
unacceptable compromises First, two years ago, there 
was a scheme for a mixed bag of sixth-form courses, 
with some full-length courses as at present and some 
half-length courses to permit some degree of broadenmg 
m the curriculum To the extent that this device would 
have allowed the two groups of interested parties m 
the schools to go their separate ways, some progress 


seemed to have been made The trouble, of course, was 
that even if the scheme had been workable—and 
nobody ever really spelled out whether a half-course 
was to be regarded as a partial substitute for or a 
complement to a full course—the educational equiva- 
ent of Gresham’s law would have ensured that sixth 
form students would enjoy the worst of both worlds. 
This 1s why it 1s still something of a puzzle that the 
Schools Council was brash enough to substitute for this 
scheme, ın 1ts proposals published m the autumn last 
year, a curious suggestion that the pressure of com- 
petition for umiversity places would somehow be 
diminished 1f most students bent on gomg on to higher 
education were to be examined m only two subjects, 
and not in three as 1s at present usually the case This 
1s the proposal which the universities seem now gently 
but firmly to have rejected and ıt 1s dismgenuous of the 
Schools Council to suggest that the whole fiasco has 
served the useful purpose of persuading hons and lambs 
to he down together The truth ıs that the council has 
seriously damaged its credibility, as the saying goes 
Nobody can now take very seriously a body which can 
so seriously misjudge not merely the temper of the 
universities with which 1t must negotiate, but even the 
interests of education with which it 18 supposed chiefly 
to be concerned 

If therefore the formation of the working party 1s 
a hopeful sign, there 1s also a danger that 1ts work will 
be hampered by the pettifoggery which has marked 
the domgs of the Schools Council m the past few years 
In particular, there 1s a danger that the working party 
will somehow be so impressed with the solemmity of the 
task on which 16 1s embarked that ıt will perpetuate 
the spirit of compromise m which it has begun, when- 
ever possible, substitutimg experiment for decision 
Yet the problems of the transition from secondary to 
higher education, though formidable, are simple 
enough, and enough ıs known about them for the 
general framework for workable solutions to be estab- 
hshed quickly 

Quite simply, British schools should be so orgamzed 
that ıt ıs not necessary for potential academics to 
declare themselves at a tender age In particular, 
there should be no reason why a student at school 
should be compelled to decide several years in advance 
which kinds of courses he will follow at his university 
Briefly, schools should aim to provide a general educa- 
tion, but this is not the same thing as saymg that 
scholarship should be bamshed or even that study m 
depth should be made impossible but merely that 
premature speciahzation should be outlawed This 1s 
the central pomt m the report of Dr F S Dainton’s 
committee on the recruitment of young people into 
science and technology He and his colleagues seem to 
have convinced themselves that the supply of technical 
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people in Britain would be healthier 1f they were not 
invited to don mtellectual straitjackets at too early an 
age More generally, however, the case for a broader 
curriculum must rest on broad educational principles 
The narrow curriculum i the British sixth forms 1s 
just plam wrong, and must be reformed Whether the 
outcome should consist of the study of four or five 
subjects, as Professor J T Allanson and Mr J S 
Morrison have suggested, or whether mstead there 
should be a more rigidly broad pattern (as m France) 
or a general course of studies n which a variety of 
special subjects are embedded (as in the United States) 
18 something to be argued out The plain truth, which 
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no amount of experiment m the schools can conceal, 
is that there must be a radical change m the pattern 

But what will be the consequences of these necessary 
reforms’? It 1s, of course, apparent that no radical 
upheaval m the sixth form would be possible without 
important changes in the pattern of higher education 
All kinds of unfamiliar possibilities are on the cards— 
four year courses, transformed and reformed publ 
examinations, better means for helpmg students pick 
the careers that suit them best But most of what 
seem to be the complications of a broader school 
curriculum are probably necessary in their own night 
m any case 


‘ 


Science after the Cultural Revolution 


Curxa’s target ın science, announced m January 1966, 
was to oatch up, on a wide front, with the techno- 
logically advanced countries durimg the next twenty 
to thirty years The cultural revolution has changed 
these priorities*-the new policy calls for a greater con- 
centration of scientific effort on the problems peculiai 
to the development of Chima, and ‘“‘self-reliance” 
seems to be the order of the day This was the picture 
of science and technology in China after the cultural 
revolution which Dr C H Q Oldham, of Sussex 
University, pieced together, from reports m the 
Chinese press, ın his Cantor lecture delivered last 
Monday to the Royal Society of Arts 

Tt 1s beyond dispute that smce the establishment of 
the People’s Republic m 1949, the Chmese have been 
curiously reticent about pubhewing ther scientific and 
technological achievements and their expenditure on 
science and technology Information has been hard to 
come by and now the cultural revolution has almost 
completed the blackout No Chinese scientific journals 
have been received ın Britam smee October 1966, and 
the last British scientist to visit Chma on the Royal 
Society’s exchange programme returned to Britain 
m November 1966 With announcements m the 
Chinese press as the only source of mformation, any 
assessment of the effect of the cultural revolution on 
science can at best be only fragmentary and highly 
subjective But even so 1t 1s worthwhile, and Dr Old- 
ham has succeeded conspicuously well 

Between 1949 and 1966 China appeared to be makıng 
steady if not spectacular progress m. scientific develop- 
ment over a broad front The Government m Pekn 
clearly accepted that the development of economic and 
military strength depends on science and technology 
The Chimese Academy of Sciences, the Academy of 
Agricultural Science and the Academy of Medical 
Sciences were all expanded, and the explosion of nuclear 
weapons was a proof of capability m nuclear technology 
Great emphasis was given to science and technology 
at all levels of education, and ıt has been estimated 
that, by 1967, China had 13 millon college tramed 
scientists and engmeers British scientists returning 
from China agreed that, on the whole, their Chmese 
colleagues were well-informed about science elsewhere 
and that they had a comprehensive supply of literature 


and an ample supply of domestic and imported equip- 
ment And with a few exceptions, such as the synthesis 
of insulin, the Chinese scientists seemed to be laying 
the vital, but necessamly unspectacular, foundations 
for long-term research programmes m basic and 
applied science No doubt more rapid expansion 
would have been feasible if senior scientists had not 
been so scarce As things have turned out, the only 
real distiction between the Chinese effort and that of 
other countries at a comparable stage m development 
has been the tremendous effort which the Chmese have 
made to teach science to the whole population, not just 
to an elite The Chinese believed this grass roots policy 
might lead to discardmg old superstitions and to 
experiment and innovation at all levels of society No 
doubt there were failures but these were far outweighed 
by the successes 

What has happened since the beginning of the cul- 
tural revolution in the summer of 1966’ According to 
Dr Oldham, the Chmese Academy of Sciences and some 
of 1ts institutes have suffered from the excesses of the 
revolution Fighting broke out m several mstitutes 
between supporters and opponents of the revolution 
The opponents, followers of Mr Liu Shao Chi, had 
gained the ascendancy ım the academy ın 1960-61 In 
Pekm m April 1967 they were accused of promoting 
research aimed at restormg what was ancient and 
worshipping what was foreign, of advocating research 
that was theoretical and divorced from the needs of the 
country, of supporting the award of academic degrees 
and scholastic titles such as “professor”, and of 
asking for high salaries for scientists and special 
awards for those who had made special contributions 
By ımphcatıon the pro-Mao group opposed all these 
policies 

As a result of the revolution, a revolutionary com- 
mittee now runs the academy, and for the first time the 
military 1s represented there But the former president 
and two vice-presidents have kept their positions and 
work has apparently gone on Several achievements m 
basic and apphed science have been announced in the 
press smce 1966 There has been an expedition of one 
hundred scientists to the area of Mt Everest, a large 
radio telescope—begun m 1958 but stopped by the 
pro-Liu group in 1960—has been rushed to completion 
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ready for the period of intense solar activity in 1968, 
an all-Chinese digital computer has been developed and 
a new fossil skull of Pekin man found. It may be that 
the Chinese have also perfected a gas centrifuge tech- 
nique for the production of uranium 235. Obviously, in 
spite of being larded with and attributed to the 
thoughts of Mao Tse Tung, both applied and basic 
science have continued through the upheaval. And 
Dr Oldham made the interesting point that there is 
nothing wrong with Mao Tse Tung’s scientific maxims. 
When they are stripped of their jargon they boil down 
to such truisms as “Do not be overawed by what 
authorities in science say, be willing to challenge their 
beliefs”. No one would quarrel with this. Naturally 
enough the maxims are aimed at the mass of a poorly 
educated population and they may not be a great 
benefit to well educated scientists, but they would not 
do much harm either. 

But although science has not been stopped by the 
cultural revolution there has been a distinct change of 
emphasis. Any country in China’s position trying 
quickly to apply science and technology to its economy 
faces two problems. What technologies are most 
appropriate for its stage of development and where 
should the technologies come from ? The country can 
either try to develop the most advanced technology, 
even though it is expensive and uses little manpower, 
or it can use less sophisticated technology and more 
labour. Equally it can import a technology or try to 
. do its own research and development. As events in 
most developing countries have shown, striking the 
right balance between these alternatives is extremely 
difficult. Before the cultural revolution, China seemed 
prepared to import science and technology. As 
Dr Oldham interprets it, the main conflict of the 
cultural revolution, as far as science and technology is 
coneerned, has been about the extent to which the 
Chinese should become self-reliant. If economic devel- 
opment were the sole criterion, the policies ascribed 
to Liu and his followers, who were prepared to rely 
heavily on imported science and technology, were 
probably right. But if total development—economic, 
social and political—is the aim, the self-reliance policy 
of the revolution makes sense. The new policy is more 
introspective and isolationist, but it is likely to result 
in a greater concentration of scientific and technological 
resources on problems primarily relevant to China’s 
development. That is a loss to world science and to 
individual Chinese seientists who have lost some 
freedom of research and will no longer be competing on 
a world stage. For this reason it is crucial that formal 
contacts, such as between the Royal Society and the 
Chinese Academy of Sciences, be maintained and if 
possible expanded. But Dr Oldham is probably right in 
saying that, for China as a whole, what has happened 
may be a gain. 


Future Foretold 
from our Special Correspondent, Gif-sur-Yvette 


Turovenovut this week an unusual meeting has been 
taking place near Paris. At an elegant chateau which 
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forms part of the French National Centre for Scientific: 
Research (CNRS) at Gif-sur-Yvette, experts from all 
over France—and some from other parts of the world——_ 
have been discussing what the world will be like in the 
year 2020. To keep the discussion within sensible 
limits, it has been set in a geographical context so that 
each day has been spent discussing the way in which. 
different technological developments will affect. the 
way land is used. It is clear that this meeting, known. 
as the Symposium on Urban Planning and Advanced 
Techniques, is intended to be the first of a series which 
could, no doubt, last long enough for the results of this 
meeting to be compared with the reality of 2020. But 
the discussions in the past week have been more 
limited; they have been restricted to developed 
countries and have covered five broad topies—power 
and natural resources, data processing and transmis- 
sion, communications and telecommunications, agri- 
culture and rural space, and urbanization. 

The inspiration for the meeting seems to have 
derived from Mr Jerome Monod, a French government 
official responsible for regional development and plan- 
ning. But the origins are obscure, and it is probable 
that Mr Jacques Bloch-Morhange, a man with a catholic 
range of interests including, it is said, the breeding of 
racehorses, had something to do with it. Mr Bloch- 
Morhange is acting as secretary-general of the confer- 
ence. The organizing committee of five, drawn from 
universities and government service, did most of the 
preparatory work which included commissioning studies 
by experts in the subjects concerned. The immediate 
practical benefit seems to be to help the French Govern- 
ment to formulate the Sixth Plan, but the organizers 
also see it as a way of helping administrators to avoid 
making decisions which are immediately overtaken by 
events, 

The conference has been conducted at a philosophical 
level divorced in the main from immediate considera- 
tions such as those of finance. It was possible, for 
example, for the greater part of a discussion on. the 
benefits of data processing to be completed before 
anybody asked if the financial investment in France 
would be great enough to sustain the hopes which had 
been expressed. But the discussion had not been futur- 
istic—if anything the estimates of power and natural 
resources had erred on the side of conservatism. To be 
told that by 2020 half the electricity consumed would 
be generated by nuclear power, with the other half 
derived from hydrocarbon sources, astonished nobody. 
To this extent, the predictions have been unexception- 
able, even unadventurous; but that they will help 
to formulate policies in the next five or ten years is 
undeniable. Much will depend on those who have to 
write the final report and draw together the results of 
what has been rather diffuse discussion. While it has 
been an interesting exercise, it is not immediately clear 
how the broad policy implications suggested by the 
week’s discussion can be implemented in the face of 
the financial restrictions which normally determine 
events. 





Donnish Productivity 

BRITISH universities, enlivened no doubt by the scrutiny 
to which they are now subjected by the Comptroller 
and Auditor General, have been discussing the effici- ° 
ency of their operations. To judge from the discussion 
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among university delegates to a conference called 
jointly by the Committee of Vice-Chancellors and the 
Association of University Teachers on March 21, the 
cause of university productivity has made some 
worthwhile advances since the Committee of Vice- 
Chancellors first took an official interest in the subject 
two years ago. It is hard, however, to tell precisely 
how the universities reacted to some of the proposals 
now being made, for the universities seem to be as 
jealous of the privacy of their discussions as of any 
other academic freedom. 

The conference on March 21 was opened by Mr C. F. 
Jarter, vice-chancellor of the University of Lancaster 
and the British prophet of university productivity. 
The essence of his case was that teachers, and the way 
in which their work is organized, are more immediate 
limitations of the output of qualified students from 
universities than are buildings and other kinds of 
equipment, so that “increases of productivity are there- 
fore most likely to be achieved by a better organization 
of labour or by harder work”. Both in teaching and in 
research, according to Mr Carter, better productivity 
could be obtained. by having fewer small departments, 
by not using highly trained staff for work that could be 
done by others, by spending more capital on educational 
technology, by organizing staff time more efficiently 
and by working harder. “And why not? American 
academics do. It would help if more payment was 
on piece rates.” Mr Carter would also like to see a 
redefinition of the division between teaching and 
research, and he considers that the more efficient use 
of buildings would make it possible for universities to 
double student numbers “even before using such 
obvious expedients as lengthening the very short 
teaching day”. In Mr Carter's view, the university 
year should be organized on a staggered pattern 
with each student spending two out of three equal 
terms at the university each year. He wants to see 
more sharing of expensive equipment, a reduction of 
committee work and “a drastic reduction in the circula- 
tion of paper”. 

How did all this go down ? Several speakers at the 
conference were more concerned than Mr Carter with 
the philosophical definition of what is meant by 
university productivity. Something of this sort may 
eventually come from the work of Mr K. S. Davies, 
seconded to the Committee of Vice-Chancellors as a 
research officer, who is engaged on a long-term study 
of the factors which affect university productivity. 
Dr M. Blaug, of the University of London Institute of 
Education, took a still longer look at the problem of 
measurement, and was particularly anxious that the 
concepts of productivity and efficiency should not be 
confused. He would like there to be a continuing 
comparison of scores in student attainment tests at the 
beginning and at the end of university courses, studies 
by educational psychologists of the effectiveness 
of different teaching methods, more information 
about the socio-economic character of students and 
about their economic prospects, and some attempt 
to construct objective yardsticks for the evaluation 
of research. 

It seems that only a minority of those present thought 
that studies of this sort were undesirable. One count 
showed that only three out of twenty-four speakers 

"were against, with the rest in favour. This marks a 
great change of opinion in the past five years. It 
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even seems to have been possible for Mr Carter to 
get away with the claim that university teachers in 
the United States work harder than those in Britain. 
Dr D. G. Christopherson, chairman of the Committee 
of Vice-Chancellors, said after the meeting that the 
universities did not feel themselves to be under immedi- 
ate pressure. They were, he said, looking forward to 
the next period of fast expansion in the seventies. 
And the suggestion that the universities fear that if 
they do not begin to measure their own productivity, 
somebody less sympathetic will come along and do it 
for them was indignantly denied. Professor Blaug 
called it “an uncharitable suggestion”. 


Rockefeller Without Bronk 


New York, March 

Tue resignation of Dr Detlev W. Bronk as president 
of the Rockefeller University later this year will 
amount to something like the end of an era in the affairs 
of the university, until 1964 the Rockefeller Institute. 
By common consent, Dr Bronk has been almost 
entirely responsible for the directions which the 
institute’s growth has followed since his accession to 
the presidency in 1953 (after several years as president. 
at Johns Hopkins). He has been consistently expan- 
sionist, with the result that the faculty has grown in 
size and lustre. He has also consistently fought for a 
recognition of the educational responsibilities of the 
people at the Rockefeller Institute, which is how the 
institute has acquired the distinction of being an inde- 
pendent university with- 
out undergraduates. Al- 
though there are few 
among the faculty who are 
unmoved by Dr Bronk’s 
vision of the part his insti- 
tution might play in the 
academic life of the United 
States, there have fre- 
quently been occasions 
when the president and 
the faculty have moved 
ahead at different speeds. 
The creation, within the 
past year, of an academic 
council at the Rockefeller 
University should help to 
ensure that the balance of power between the faculty 
and Dr Bronk’s successor is more even. 

There is no doubt that Dr Bronk’s career is one of 
almost unparalleled distinction. For several years 
he has divided his immense energy between govern- 
ment and universities. His spell as president of the 
United States National Academy of Sciences, between 
1950 and 1962, saw a vigorous growth of the academy’s 
influence in Washington and elsewhere, largely as a 
result of the drive which Dr Bronk imparted to the 
job. In the circumstances, it is not surprising that Dr 
Bronk should plan not to settle back into retirement 
when his present appointment ends. He says that he 
will keep on a laboratory at the Rockefeller University, 
as is the custom for retired professors at the institution. 
At least until the election campaign is further advanced, 
he says that he intends to maintain a “flexible” position, 
which presumably implies that he will be ready to 
accept a call to another Washington job. In any 
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case, Dr Bronk 1s personally deeply engaged in trying 
to bring science and technology to bear on the formid- 
able problems of the e1ty of New York He says that 
a deeper mvolvement in social problems 1s one of his 
wishes for the future of the Rockefeller University 
He would also like to see the mstitution become even 
more successful than at present at mterdisciplinary 
studies 

Of Dr Bronk’s successor at the university, there 1s 
as yet no news Several distinguished names have 
been whispered im this connexion There seems to be 
something m the view that Dr Frederick Seitz, now 
president of the National Academy, has been ap- 
proached It would, of course, be somethmg of a 
feather ın the university’s cap if there were two 
examples to support the generalization that presidents 
of the academy habitually succeed to the presidency of 
the university 


De-specialization 


A somny working party 1s to be set up by the Schools 
Council and the Standmg Conference on University 
Entrance (SCUE) to examme proposals for broadening 
the British sixth form curriculum The position of 
sixth formers not wishing to go on to university 1s to be 
investigated by a second working party which 1s to be 
set up by the Schools Council alone The two parties 
will work side by side, with a possibility of overlap- 
ping membership While welcommg the move towards 
broader curricula m schools, the universities see the 
Schools Council proposals for two A-levels and accom- 
panying “elective courses” (Working Paper 16) as 
an encouragement to further specialization (see Nature, 
216, 1260, 1967) A meetmg of SCUE last week 
collected together the comments of the universities 
and the announcement of the working parties soon 
followed 

As well as reducing specialization, reform of sixth 
form. curricula will, 1t 1s hoped, delay the point at which 
pupils decide what subjects they will study at univer- 
sity The universities see experimental curricula as an 
essential step towards reform, and are prepared to 
adapt their entrance requirements so as not to prejudice 
the chances of those pupils who act as guinea pigs 
Current curriculum revision by the examming boards 
and the Nuffield Science Teaching Project 1s welcomed 
by the universities, but they would like to see further 
mtensive studies of syllabus-makmg and examination 
techniques, with emphasis on the balance between facts, 
Imagination, analysis and presentation The universi- 
ties express a doubt that “there yet exists any adequate 
alternative to externally examined courses as the mam 
basis for sixth form preparation, and selection, of 
entrants”, but at the same time suggest that the 
“mtroduction of an element of mternal assessment mto 
the examming system merits consideration” A 
scheme for four or five equivalent two-year courses 
spanning arts and science subjects 1s suggested as 
worthy of experiment, despite teaching difficulties and 
the resulting lowering of final exammation standards 
Following on from this the question arises whether an 
appropriate first degree standard can be reached m 
three years 

On the basis of this combmed view, the universities 
are joming with the Schools Council to discuss all the 
proposals so far put forward ‘The second working 
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party will be concerned with sixth formers not mtend- 
mg to go to university, with regard for qualifications 
required by mdustry and commerce A successful 
curriculum will obviously have to cater for those 
both above and below the academic salt, so that pupils 
are free to decide on their future durmg their last year 
at school 

Other aspects of the move away from specialization 
were discussed at a meetmg at Queen Ehzabeth 
College last week of some 140 sixth form science 
teachers and a sprinkling of university staff DrJ E 
Spice from Winchester described the workings of the 
Nuffield physical sciences A-level course which 1s now 
on trial m 58 schools throughout the country In 
combing chemistry and physics as one A-level 
subject, the physical science course allows biologists, 
for example, to take mathematics within the three 
A-level pattern The overall comment on the jomt 
course was favourable, from both schools and universi- 
ties, despite strong words from some quarters— 
notably from Dr E R Roberts of Imperial College, a 
chemist who regretted the dearth of chemical facts m 
the course From the physics side at, Imperial College, 
Dr H J Pain retaliated ın favour of students who 
have taken this course, preferring their ability to think 
to a stream of well-learned facts There were murmurs 
from chemistry staff who are begmning to teach the 
physics side of the course to the effect that they them- 
selves can at last understand the physics they learnt 
at school 

The new London BSc system, now 1n 1ts second year, 
allows students to delay their final choice of subject 
until the end of the first year Professor R E Burge of 
Queen Elizabeth College described last week the work- 
ings of the system of equivalent course units and the 
possibilities of mter-college co-operation By giving 
each college more control over its courses, the new 
system ıs more flexible and adaptable to new know- 
ledge With a mmimum of eight of the equivalent 
units to be passed for a degree and a maximum of 
twelve, the new course provides for the wide range of 
ability now found in universities 


Where To Put It 


As everyone had expected, choosing the site for the 
CERN 300 GeV synchrotron 1s proving to be an 
extremely touchy busmess Nine countries have 
offered sites but no decision was reached at the last 
meeting of the council of CERN which discussed 
the recently published final report of the Site Evalua- 
tion Panel The panel, consisting of three neutral 
representatives from countries which had not offered 
sites, has been working on the report smce its appoint- 
ment in 1966, and a separate geological survey 
of the sites has been prepared by Dr L Bjerrum of 
Norway 

Based on the answers to the three questions of 
whether this laboratory can be built at the site (A), 
whether 1t can be operated there (B) and whether people 
will go there (C), the panel concludes that Doberdô m 
Italy 1s the most suitable location ‘Le Luc m France 
1s second best and the other sites all Jess suitable (See 
table ) 

With the future development of CERN likely to 
hang on the choice of site for the new accelerator, the 
panel is understandably cautious in its report It 
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pomts out that none of the sites 1s ideal by all three 
criteria, that several are perfectly acceptable and that 
a different set of criteria might change the order The 
report stresses, however, that the acceptable sites are 
not of equal value 


RATING OF REPLIES TO QUESTIONS A, B AND C 


Overall 
rating 
Site A B Cc 

Gopfrtz—Austria y y y y 
Focant—-Belgıum y B y y 
Drenstemfurt——-Germany B a y y 
Le Lue—France a a B B 
Aspropyrgos—Greece ò ô Y Yy 
Doberdò— Italy y a a a 
El Escoral—-Spam B Y Y y 
Uppsala—Sweden a B y Y 
Mundford—Great Briıtam y B Y Y 


Needless to say, the report has been accompanied by 
what amount to special pleadings from the delegations 
of the disappointed countries The Spanish delegation 
called for a widening and revision, the Greek delegation 
contests the view that Aspropyrgos cannot be con- 
sidered because of the risks of earthquakes, the Austrian 
delegation disagrees with the geological survey of 
Gopfritz and the British delegation holds that the cost 
of construction and operation should be the most 
important criterion 


Back to Chicago 


Tue capability of the National Science Foundation to 
hold sts own ın Washington will be further dimmished, 
m October this year, by the departure of Dr John T, 
Wilson, at present deputy director at the foundation, 
for the post of vice-president at the University of 
Chicago In the past five years, Dr Wilson has become 
known as a powerful source of new thmking about the 
policies of the National Science Foundation, and 
there will now mevitably be speculation that his 
resignation has been prompted as much by the frustra- 
tions of his work m Washington as by the attractions 
of Chicago 

Since the war, Dr Wilson has alternated between 
the foundation and Chicago He was assistant director 
for biological and medical sciences at the foundation 
from the mid-fifties until 1961, when he became a 
professor of psychology at Chicago and special assistant 
to the president of the umversity, Dr George Beadle 
In his new post as vice-president of the university, 
he will be responsible for the academic administration 
If his experience and temperament are any guide, he 
will expect to play an important part m the develop- 
ment of a strategy for the development of the univer- 
sity under its new president-designate, Dr Edward 
Levi 

Dr Wilson’s departure from the foundation may well 
bring mto the open some of the contmuing doubts 
about the management of the foundation which are now 
widely shared among scientists m the United States 
There ıs much to support the view that the direction 
of the foundation has been less than adequate since 
its establishment ım 1950 For the first decade or so, 
under the late Dr Alan T Waterman, the foundation 
was perhaps unduly and unwisely preoccupied with the 
problems of support for fundamental research, and too 
httle concerned with the relations between research 
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and education on one side and government on the other 
More recently the foundations mfiuence seems to 
have been needlessly muffled On one view, the 
continumg ill-health of the present director, Dr L J 
Haworth, 1s a part of the trouble Elsewhere 1t 1s 
held that a more thorough recasting of the herarchy 
at the foundation may now be necessary 


Postgraduate Biologists 


THE report of the biology sub-committee of the commit- 
tee of the Royal Society which is surveyimg postgradu- 
ate traming in science and technology, the third of six, 
has just been published Faced with the problem of 
surveying the multitude of specialized discrplines 
which came under the umbrella of biology, the sub- 
committee, under the chairmanship of Professor J L 
Harley of Sheffield University, decided to collect 
evidence in four ways It read the propsectuses and 
proposals of the universities It sent a questionnaire 
to the heads of departments and research stations 
(167 replied), and some heads of departments were also 
interviewed Thesub-committee sent another question- 
naire to people who had gamed their PhD degrees m 
the past five years from five universities nally, 
the committee obtained descriptions of PhD pro- 
grammes in North American universities from senior 
biologists who also knew the conditions in Britain 
Clearly, compared with the physics sub-committee 
which based its report entirely on the replies of heads 
of departments to a questionnaire, the biology group 
has spread its net wide 

What are the conclusions? The report says that 
“British systems of PhD traming m biology are de- 
signed essentially for the candidate who 1s well prepared. 
by his first degree for research and whose success 
depends principally on his own mutiative and that of 
his supervisor The systems are not so appropriate 
to those candidates who are less well prepared, nor to 
some students from overseas” That sounds hke a 
pohte way of saying that there are no organized 
programmes for traming PhDs but rather an appren- 
ticeship system im which making a shrewd choice of 
supervisor at the outset 1s vitally important This 
is borne out by the two recurrent themes mn the sug- 
gestions for improvements sent to the sub-committee 
They are, first, to improve the system of supervision 
and, second, to merease the number of lectures and 
semmars for postgraduates 

Altogether, 90 per cent of the recent PhDs recog- 
nized that some formal instruction is now necessary, 
but fewer than 10 per cent of the 167 departments in 
the survey run lecture courses specifically designed for 
postgraduates The most favoured proposal, which 
the sub-committee endorses, 1s for unexammed lecture 
courses and surveys spread over the first two years of 
postgraduate study And, because the standard of the 
first degree ıs usually higher ın Britain than m the 
United States, such courses need not be on the scale of 
those ın American PhD programme$ In contrast 
with the views of recent PhDs, the senior staff of 40 
per cent of the departments consulted were against 
formal mstruction They no doubt fear the extra 
teaching load and, as the report pomts out, the chief 
reason for the present situation 1s the small size of 
most departments, the staff of which 1s fully committed 
to undergraduate work This, coupled with the small 
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numbers and diverse interests of postgraduates, often 
makes special postgraduate courses impracticable and 
uneconomic The sub-committee is obviously right in 
saying that closer mterdepartmental collaboration 1s 
the answer to these problems 

The sub-committee has also unearthed figures which 
show the alarmmg, in fact disgraceful, paucity of 
seminars and colloquia m biological departments 
Only 78 per cent of the departments hold seminars 
durmg term—18 per cent weekly, 18 per cent monthly 
and the rest presumably less often That 82 per cent 
of British biological departments only average at best 
a monthly seminar, and that 22 per cent apparently 
have no regular semmars at all, speaks for itself Small 
wonder that the report urges that such meetings, which 
are vital for any thriving department, should be more 
frequent and mter-departmental where possible 

“Good supervision 1s the keynote of a good PhD 
system ” It ıs typical for the postgraduate student 
to see his supervisor several times a week, 1f not daily 

The sub-committee considers that “supervision 
cannot be umproved fundamentally by legislation” 
but nonetheless ıt says 1t would be useful to formulate 
minimum requirements for meetings between students 
and supervisors In its subdued way, it also proposes 
that having committees of three to five supervisors, 
as 1s common in the United States, should be considered 
This system exposes the postgraduate to a wider range 
of factual knowledge and, more rmportant, to a wider 
range of experimental skills and approaches without 
necessarily excluding the personal responsibility of one 
supervisor for one particular student Indeed, where 
there 1s a clash of personalities, the committee system 
would be an enormous improvement As things are, 
1t 1s extremely difficult for a student to change his 
supervisor, no matter how badly they get along with 
each other 

As to the PhD examination itself, although there 1s 
concern, especially among recent PhDs, that the stan- 
dards of the degree and the methods of exammation 
are too variable, the report makes no recommendation 
for change Arguments for and against the supervisor 
bemg an exammer, and whether or not all exammers 
should be external, are equally balanced, and most 
departments were not m favour of classifymg the 
PhD degree except for possibly giving a mark of 
distinction to outstanding theses It seems that 99 
per cent of PhDs m biology are completed in three 
years and only l per cent take longer, so the sub- 
committee, unlike the physics sub-committee, does not 
recommend provisions for fourth year grants Agam 
in contrast to the physics sub-committee, the biologists 
believe that, so long as standards are not diminished, 
changes in the present three year honours degree are 
not necessary ‘The first degree ın biology apparently 
still provides a satisfactory grounding for PhD trammg 


Old Age 


RETIRED people now make up more than 12 per cent 
of the population of Britam Durmg this century the 
four-fold increase of people m this age group has far 
outpaced the increase in lower age groups, although the 
hfe expectancy of a 65 year old has only mcreased by 
2 years, while that for a baby has increased by 24 years 
More than three-quarters of the 300,000 old people 
who hve alone do not have the help at home which 
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they think they need and many thousands are m need 
of medical attention The Office of Health Economica 
(OHE) has been studying the facts, figures and prob- 
lems of old age and makes suggestions as to how the 
lot of old people can be mmproved, m its latest paper 
Old Age (OHE, 2s 6d ) 

The maim priority, the report suggests, 1s to umprove 
the quality of old people’s lives rather than to prolong 
them At present, care of the old costs more than 
£1,650 millon a year m Britam, £400 milhon. of this 
bemg medical care which takes 30 per cent of the 
National Health Service budget Healthier old people 
will not only mean happier old people, but a lighter 
burden on the community If people over 65 become 
generally healthier, the retirmg age could be raised 
Two particular lmes of approach are discussed m the 
report—the provision of better welfare services for 
those who are now old and further attempts to prevent 
Illness that will mcapacitate people when they get old. 
Research 1s required m both directions As well as 
the obvious investigations mto disease and the nature 
of agemg, the sociological effects of old age must be 
studied ın connexion with housmg, health and ignorance 
of how help can be obtamed The @HE recommends 
that a national council could be set up to co-ordinate 
the various aspects of research, as a multidisciplinary 
approach would be most effective 

The OHE, sponsored by the pharmaceutical industry, 
1s an independent organization which undertakes re- 
search on various economic and social aspects of medical 
care Old Age 1s its twenty-sixth publication, earher 
papers having covered such topics as mental health, 
polio, drug addiction and medical manpower The 
director of OHE, Mr G Teelmg-Smith, suggests that 
although the study of old age has less glamour than 
work with children, it can umprove the quality of the 
retirement years that face us all 


Defence Research 


from our Parliamentary Correspondent 


Wits three public sessions gone, and perhaps twice as 
many in private, the Select Committee on Science and 
Technology has learned one thing at least: the civil 
servants responsible for defence research are unanimous 
in their approval of the way ıb 1s done. Mistakes, it 
seems, are a thing of the past, banished by the adoption 
of the Gibbs—Zuckerman procedures, as the techniques 
of assessment are called This may be true, but the 
committee would be domg less than 1ts duty 1f it 
believed ıt without mdependent corroboration Unfor- 
tunately, all those who are famihar with the system 
have an interest ın saying how good ıt ıs What the 
committee needs 18 a company disenchanted with the 
Mumstry of Defence Durmg the most recent session, 
on March 21, a possible candidate emerged—the 
hovercraft mdustry, which seems to have met with 
little encouragement from the ministry 

On March 21, the committee mterviewed five repre- 
sentatives from the mmistry Most of the questions 
were on organizational mmutiae—the operational 
requirement committee, eight strong, meets weekly, 
while the weapons development committee, nineteen 
strong, gets together every fortmght The witnesses 
agreed to supply three case studies showmg how three 
projects came to fruition—the CVRT armoured vehicle, e 
the Nimrod aircraft project, and the Type 42 destroyer. 
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They were confident that good ideas, whatever their 
origin, got a far hearmg, and that bad ideas could be 
weeded out before they had gone too far Some 
members of the committee suggested that the only 
pressure brought to bear on the projects was financial 
pressure ‘The witnesses agreed that financial pressure 
alone was enough to put a heavy constraint on defence 
research, but m addition there was an automatic 
weeding process 

Mr Eric Lubbock suggested that the British hover- 
craft industry had had less than fair treatment from 
the mmmistry Although they had made a number of 
proposals, few had been taken up Mr Stuart Watson, 
for the Navy, agreed that the mdustry had been 
“pestering us with ideas” The result had been to 
agree to the buildmg of BH7 hovercraft for the Army 
and the Navy, although the Army version had now 
been cancelled because of the withdrawal from the 
Far East As for bigger hovercraft, they would have 
to be shown to fulfil a real military requrement Mr 
Lubbock thought this an extraordinary answer 
Would the hovercraft not be suitable as a search vessel 
for submarines, or as a fast armed vessel? The wit- 
nesses reiterated*that all possible had been done to 
help the hovercraft mdustry. 


London’s Water 


Tue bactenology, chemistry and biology of London 
tap water are subjects which most Londoners must 
prefer not to have to think about when they drmk 
their morning cup of tea A great deal of work, how- 
ever, has to be done before the water from the River 
Thames and the River Lee 1s even remotely drinkable 
and stringent standards are operated to make tap water 
as pure as possible Some of the routine and research 
work done by the Water Examination Department of 
the Metropolitan Water Board durmg 1965-66 to 
achieve these standards ıs described in the forty- 
second report of the department just published 
(Metropolitan Water Board, 32s 6d ) 

Contiuous sampling and testing 1s carried out to 
check the quality of supphes In 1966 almost 133,000 
samples were dealt with—the highest number of 
samples ever handled by the department “Ideally all 
waters intended for drmking should show no coliform 
bacteria in 100 ml and ıt should be the aim of every 
water undertaking to provide water of this quahty”’, 
according to Report No 71 of the Ministry of Housing 
and Local Government and the Mimstry of Health 
London water seems to pass the test—out of more than 
11,000 samples of treated water leaving the board’s 
filtration works and well stations in both 1965 and 
1966, 99 98 per cent were 100 per cent bacteriologically 
pure as far as Escherichia colt was concerned Results 
of the coliform test were not quite as good in 1966 asin 
1965, 99 68 per cent of samples were free from coliform 
bacteria compared with a percentage of 99 88 m 1965 
This slight decrease m purity can probably be explained, 
the department says, because a more sensitive test for 
the isolation of coliform bacteria was mtroduced at 
the beginning of 1966 

Detailed descriptions of the work of the various 
sections of the department are given in the report 
The bacteriological section has been contimumg its 

eexamination of water for Salmonella organisms, their 
presence in the water after storage and primary filtra- 
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tion and on the surface of slow sand filters suggests 
remfection of the water by gulls Salmonella organ- 
isms have also been isolated from detergent foam The 
chemistry section has found that there has been a 
reduction of the residual amounts of synthetic deter- 
gent material mn the board’s river sources of supply 
after the complete substitution m packets of washmg 
powder retailed m Britam of anionic detergents which 
are biologically degradable 

An important part of the department’s work 1s 
concerned with public health, such as the examimation 
of waterworks employees for the detection of carriers 
of waterborne diseases It was reported m the 
previous annual report that a case of bilharzia had 
been found among the board’s employees, and this has 
prompted speculation as to whether the disease could 
possibly spread mn Britam It 1s thought unhkely but 
not umpossible, and a note of warnmg 1s given on the 
careless introduction of snails—the intermediate hosts 
for the helminth parasite Schistosoma—from countries 
where the disease 1s endemic 


No More Noise? 


From July this year, British motorists will be subject 
to yet another roadside spot check At present drivers 
have to proceed soberly, ın a safe vehicle and at a 
moderate pace, but by the summer they will have to 
be quiet as well Although the regulations announced 
this week by Mrs Barbara Castle, Mimster of Transport, 
put the maximum allowed decibels at higher levels 
than those recommended by the 1962 Wilson Com- 
mittee on Problems of Noise, the limits are expermental 
and may well be lowered m the future Noise meters 
will be used ın much the same way as the radar speed 
checks, with police stoppmg the vehicles which pass 
the set hmıts—90 db for motor cycles over 50 ce, 87 db 
for passenger cars and 92 db for heavy goods vehicles, 
agricultural vehicles and buses Durmg the initial 
period drivers of lorries with burnt-out silencers and 
car fiends with, ‘“‘organ-pipe exhausts” will be cautioned 
only, but later on, offenders will be hable to fines of up 
to £50 for a first offence 

The noise meters are said by the Ministry of Trans- 
port to be very accurate They will be calibrated by 
approved laboratories and checks will be made from 
time to time against gadgets with standard noise out- 
put A three decibel allowance is made m the noise 
limits for roadside tests to allow for such things as 
sounds reflected from other vehicles From 1970, all 
vehicles will have to be constructed in such a way 
that they do not exceed the noise Jumits when tested at 
full throttle The two year time lag 1s bemg allowed to 
give manufacturers time to adapt their models 


Golden Touch 


Tue Royal Institution launched last year an appeal 
for £225,000 and did it so successfully that £270,000 
has already been received and the moneysis still coming 
ın The donors include some 300 foundations, com- 
panies and individuals The money 1s to be spent on 
building a new lecture theatre and museum, renovating 
the present theatre and laboratories and expandmg 
the mstitution’s educational facilities 

The Royal Institution was founded in 1799 by a 
native of Massachusetts, Count Rumford, for the pro- 
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motion of science and the diffusion and extension of use- 
ful knowledge Among its resident professors have 
been Davy and Faraday, and its present director 1s 
Professor George Porter The current functions of the 
Royal Institution, as Professor Porter explamed last 
week to the clinking of champagne glasses, are to serve 
as a society for the advancement of science, as a national 
archive for the history of science, as a theatre for 
scientific lectures and meetings and as a research 
laboratory The enviable success of the institution’s 
appeal will no doubt help 


Computer Control 


Is the future, British industry will apply computers to 
production and stock control to the same extent as 
they are now used m accountancy ‘This was the 
theme of a symposium organized by the British Com- 
puter Society in London on March 20 More than 
1,000 delegates heard from British and Amencan 
experts how computers can be applied to the schedul- 
ing of production on the shop floor, to the control of 
materials needed in the manufacturmg processes and 
to the efficient stockmg of the fimshed product 

There still seems to be a variety of pitfalls m the 
introduction of computers mto production control— 
not the least the problems associated with people 
One of the speakers pomted out that two of the com- 
monest mistakes made by management are the failure 
to take mto account the limits of comprehension of 
employees and the neglect of those parts of the control 
system which are placed outside the computer This 
means that more attention needs to be paid to gathering 
data for the computer, and to the way in which the 
computer output 1s used by management and personnel 
on the shop floor And, not unnaturally, there 1s always 
the lurking fear that people are bemg replaced by 
machines 

Several delegates to the symposium seemed doubtful 
whether computer production and stock control systems 
had reached the stage of making themselves pay 
There seems to be no clear-cut answer to this—obviously 
1t is difficult to estimate the financial saving made by 
benefits such as less capital tied down m stock and 
work-in-progress, better delivery dates and so on 
which are claimed by advocates of computer systems 
Nevertheless, more and more manufacturers are turn- 
ing to computer systems, especially in the United 
States, which 1s clearly showing the way in this field 

One of the questions which the symposium tried to 
answer was whether the smaller firm should go m for 
production control by computer when big organizations 
are obviously running into difficulties m this field 
Mr B G Roberts, computer development manager for 
Belling and Lee Ltd, defined the smaller firm as one 
with less than £60,000 per annum to spend on data 
processing during the first few years of operating a 
computer He made the pomt that although the 
amount of data to be dealt with 1s less than in a larger 
company, the number of processes through which the 
data has to go may be just as great Because the data 
handhng procedures rather than the bulk of data 
provide many of the problems, and because big 
organizations have the resources to handle large 
amounts of data, 1t seems that small firms are less hkely 
to be successful m mtroducing a computer than large 


ones 
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Nevertheless, the chairman of the symposium, Mr 
W G E Hulse, who 1s manager for production plan- 
ning and material control at Standard Telephones 
and Cables, said m his summmg-up that the emphasis 
in the future will be on the smaller companies Because 
there are common ingredients to the production prob- 
lems of many companies working in the same field, 
there 1s a need for co-operation in setting up computer 
centres This poses problems in the security of busmess 
information but, as Mr Hulse pomted out, companies 
already rely on the confidential nature of bank accounts 
so why not trust computer centres m the same way ° 


New Ideas 


THE emphasis was once again on the small firm at a 
conference with the title “Getting New Ideas off the 
Ground” held m London on March 21 Arranged 
by the Institute of Directors ın association with the 
National Research Development Corporation, its aim 
was to tell senior management about the NRDC and 
the way it can help industry The NRDC was set up 
in 1948 after ıt was realized how much had been lost 
by the failure fully to exploit commercially the dis- 
covery of radar and penicillin as well as many other 
discoveries pioneered in Britam Its aim 1s to provide 
support for technological developments of potential 
commercial importance and to encourage mdustry to 
adopt new methods and products vented in govern- 
ment and university laboratories and elsewhere 

Sir Donald Stokes, chief executive and deputy chair- 
man of British Leyland Motor Corporation, said mm. his 
opening address that no firm, however large or however 
small, need have any hesitation nm putting its problems 
to the NRDC for consideration He admitted that 
management was still far too stuffy about new ideas 
and was reluctant to give revolutionary thoughts a 
trial 

The message of the conference was that small firms 
should not be reticent m using the NRDC Clearly 
large companies are aware of the NRDC and several 
of them are using its facilities, but the organizers felt 
that the functions of the NRDC needed emphasizing 
to the smaller firm 


Data Centre for Oceanographers 


Tae Natural Environment Research Council 1s to set 
up a British Oceanographic Data Service at the 
National Institute of Oceanography, Godalming 
The head of the unit will not be appomted for another 
three months or so, but a steermg committee of mne 
members has been announced and ıt had 1ts first meet- 
ing last week ‘The chairman of the steermg committee 
is Dr G Deacon, director of the National Institute of 
Oceanography As with many other subjects there 1s 
an increasing amount of data which needs handing m 
a systematic way It1s hoped that the centre will use 
modern methods of data storage—punched tape, a 
computer, and so on, and that it will have telex Inks 
with other oceanographic and research mstitutions 
This will not be the first oceanographic data centre 
in the world There ıs one at Copenhagen run by the 
International Council for the Exploration of the Sea, 
and others m Hamburg and Ottawa, for example The 
idea now 18 to have national data banks co-ordimating * 
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with one another instead of world centres There 1s a 
small oceanographic data centre m existence mm Britain 
at the moment, but this 1s for bathythermographic 
data only and it is run by the Ministry of Defence 
(Navy), Hydrographic Department The new national 
centre will cover all oceanographic data from the area 
of the north-east Atlantic and the North Sea down as 
far as the bay of Biscay To start with, the centre will 
collect data on physical oceanography only—tempera- 
ture, and salinity measurements and so on, but eventu- 
ally ıt will store and disseminate formation m the 
whole field of oceanography 


Spina Bifida Appeal 


AN appeal for funds was launched last week by the 
Spma Bifida Trust (112 City Road, London EC1) 
Children born with spma bifida, most of whom have 
hydrocephalus as well, and those with hydrocephalus 
only, are now surviving mm increasmg numbers In 
Britain there are about 8,000 such children under the 
age of 16 and their numbers are bemg added to at the 
rate of about 900 a year 

Spina bifida is a deformity of the spme ın which there 
1s a split in the spmal arch, this causes the nervous 
tissue to he exposed on the surface of the back at birth 
Some of the nerve cells have not developed properly 
and the split spme renders them hable to damage, 
with the result that there ıs often partial or complete 
paralysis below the level of the defect This may 
affect bladder and bowel control as well as muscles of 
the limbs 

The development of a valve system for treating 
hydrocephalus, which occurs m most cases of spma 
bifida, has made treatment of the rest of the disabibty 
worth while Because of their paralysis the affected 
children require special education and trammg Funds 
are needed to supply these facilities and to conduct 
further research mto the causes of the condition and 
its treatment 


Operation Habitat Rescue 


WILDLIFE 1n agricultural areas 1s contmually threatened 
as more hedgerows, copses and banks are removed 
under the pressure of farm mergers, monoculture and 
more mechanization ‘To try to reverse the disappear- 
ance of wildlife ın farming areas in Britam, a Conserva- 
tion Corps Habitat Rescue 1s being organized by the 
Soil Association and the Council for Nature Young 
volunteers will try to help the survival of wildhfe by 
conserving hedgerows and banks, ponds and ditches, 
and planting small copses as refuges The scheme 
has been made possible by the Jack and Mary Pye 
Trust, which 1s supporting the Soil Assoctation’s 
participation It ıs hoped that proper hedge manage- 
ment will not only create and preserve habitats for 
wildhfe but that ıt will be of direct benefit to farmers 
in helping conservation of soul fertility and ultimately 
long-term productivity In many parts of the country 
removal of hedges has led to quite severe soil erosion 
by wind, m addition to drastic reduction of some 
species of animals and plants 

Conservation Corps volunteers will work first on the 
200 acre experimental farm of the Sol Association in 
Suffolk Later, ıt is planned to extend the work to 
selected areas of wasteland ın other parts of Britam 
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Parliament in Britain 


European Technological Collaboration 

Mr A Wxpewoop Benn, Mumuister of Technology, 1e- 
fused to make available a report of the mter-depait- 
mental committee meetings on European Technological 
Collaboration at the request of Mr E Moonman (Billeri- 
cay) Mr Moonman wanted to know how many meetings 
of the committee had taken place and urged Mr Benn to 
make a statement on the future work of the committee. 
Mr Benn agreed that reports of such committees would 
be attractive, but suggested that 1t would make govern- 
ment rmpossible, and that ıb would lead to the 
additional problem of secret meetings of officials ‘to 
avoid the risk of publication (Oral answer, March 
18) 


Pharmaceutical Products 

Mr E J Mume (Blyth) asked Mr K Robinson, the 
Minister of Health, to set up Government-owned 
factories—preferably ın development districts—for the 
manufacture of drugs, pharmaceuticals and other 
commodities required by the National Health Service 
Disappointed by the mmuster’s negative reply, Mi 
Milne stressed the need to look more closely into the 
matter, adding that pharmaceutical costs “will loom 
very large ın our prices policy m the near future” 
Also addressmg the mmister, Mr Maurice Macmillan 
(Farnham) asked him if he would bear in mind the 
record of the pharmaceutical mdustry which has m- 
creased its exports about five times since 1948 and which 
now stands at a net export figure of about £75 million 
(Oral answer, March 19 ) 


Medical Computing 

Mr Davin Croucs (Canterbury) asked the Minister of 
Health what plans he had to implement a national 
plan for medical computmg Mr John Hunt (Bromley) 
was also mterested to know what discussions the 
mmister proposed to have with the computer industry 
regarding the use of computers both m the medical 
field and for improving the general admuistration of 
the National Health Service He tried to find out 
whether the mmister could give any mdication of the 
financial savings from the wider use of computers 
withm the Health Service Mr Robmson rephed that 
discussions were continually bemg held with computer 
manufacturers, but he was unable to give any informa- 
tion on Mr Hunt’s second pomt (Oral answer, March 
19) 


Aldermaston 

As usual, Mr Tam Dalyell (West Lothian) had some- 
thing to say about the type of work done at defence 
establishments He tried to ascertain what steps had 
been taken to declassify work at the Atomic Weapons 
Research Establishment, Aldermaston, and asked if 
research for commercial purposes was being promoted 
there Mr Benn said that it had always been the 
practice at Aldermaston to declassify work as far as 
possible and to publicize the work extensively He 
added that, for the past five years, a large part of the 
site had been an unclassified area Dr Jeremy Bray, 
Jomt Parhamentary Secretary to the Muster of 
Technology, emphasized that the establishment accepts 
many orders on commercial terms from government 
departments and from private customers for research 
and development outside the atomic weapons field 
(Oral answer, March 18 ) 
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_ British Schools to go Metric 
by 
NIGEL HAWKES 


Tue way in which British schools should adopt the 
metric units of the Systeme Internationale was the 
subject of a one day meeting on March 20 at the Royal 
Society. As a number of speakers pointed out, it 
is now no longer a question of whether but of when 
and how the change is made. The British Government 
is committed to a complete changeover of units by 
1975, and it is becoming increasingly urgent for teachers 
to be made aware of the change and at the same time 
given guidance about teaching the new units. As with 
so many educational changes, the common view seems 
to be that the new units, as well as bringing Britain into 
line with most of the world, also offer a splendid educa- 
tional opportunity if teachers had the courage to seize 
on. it. 

Mr Arthur Wynne from the Ministry of Technology 
and Dr D. H. Sharp from the Confederation of British 
Industry outlined the progress so far made in industry. 
It seems that the problems posed by the retail trade 
have yet to be solved, and Dr Sharp confirmed the 
report (Nature, 216, 1157; 1967) that the CBI had recom- 
mended the formation of a metrication board, to co- 
ordinate planning, conduct a massive publicity cam- 
paign and arrange for financial assistance. The recom- 
mendation has been processed by Mr Wynne’s Joint 
Committee on Metrication, and is now filtering through 
the machinery of government. 





Delegates at the meeting, representing education 
authorities, schools, learned institutions, teachers, 
associations, examination boards and the Pub- 
lishers’ Association, agreed that SI units should 
be the only units permitted in Ordinary level 
mathematics and science “As soon as possible, 
and in any case not later than June 1972”. The | 
recommendation is to be passed on to the examina- | 
tion boards. ‘The meeting also agreed that | 
“September 1969 should be the date for a change | 
of emphasis in teaching in the primary schools”. 


A number of speakers at the meeting spoke warmly 
of the educational benefits of the change. Dr E. D. 
Tagg, of the unhappily named Accelerated Teaching of 
Higher Level Mathematics Project at the University of 
Lancaster (and a former teacher at Oundle School) said 
that he thought the saving of teachers’ and children’s 
time would be worth £100 million a year. Mathematics 
was unpopular, he said, because at the moment it 
contained “a maximum of labour and obscurity”. 
Metrication would not be the answer to all Britain’s 
educational ills, but it was a natural and wholly 
desirable step. Mr F. C. Brown, of the Institute of 
Education af the University of London, thought that, 
to be successful, metrication needed a bold touch; it 
was no good running both systems in the schools at 
once. “Dualism could be the ruin of the whole pro- 
cess.” Other speakers contested this view, but there 
.was a considerable measure of agreement with Mr 
Brown’s view that the examination boards held the 
key to success. 
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Representatives from the examining boards took a 


much more cautious line. Their argument was that ae 


the examining boards should follow the schools, rather 
than try to lead. Mr A. E. E. McKenzie, secretary 
of the Oxford and Cambridge Board, said that the 
boards were not authoritarian. The Advanced-level 
examinations would not present a problem, and would 
all be set in metric units in the next two to three years. 
Ordinary-level examinations would be harder to deal 
with, but Mr McKenzie suggested that mathematics 
and science examinations should be set in the metric 
system by 1975. Most of the other delegates thought 
this a depressingly unambitious target, and said so; 
one pleaded with the boards to be more dictatorial, 
another suggested that they should take less notice of 
what the universities said. The upshot was a firm 
request by the schools that the examination boards 
should fix a timetable and stick to it. z 

Mrs E. M. Williams, a former principal of Whitelands 
College of Education, gave a lucid account of how the 
change would affect the primary schools. , She was 
optimistic, she said, principally because of the changes 
in teaching which have transformed primary school 
teaching in the past few years. In particular, the way 
in which children are now taught to understand 
numbers by the use of structural apparatus could 
readily be extended to the teaching of units: © <. 

Various speakers from the Publishers’ Association 
expressed alarm about the supply of textbooks. The 
most urgent need, Mr W. G. Clouter suggested, was for 
a definite timetable which would enable the publishers 
to plan ahead. But he was also concerned about the 
financial aspects of the change of textbooks; would 
the schools be expected to buy the new books out of 
their normal capitation allowance ? This was already 
under strain, he said, and it seemed to him necessary 
for more money to be made available. Other speakers 
from the Publishers’ Association put the same point 
more strongly; one pointed out that there were 30,000 
textbooks in print. If special grants were not made 
available, the new SI. books would mop up too much 
of the capitation grant. Most delegates agreed, however, 
that the revision of textbooks and the writing of new 
ones would provide an opportunity for a much needed 
improvement in standards. 

There was some discussion of the ways in which the 
change could be publicized. Mr R. Sibson from the 
Schools Council said that the council would soon be 
publishing a pamphlet for distribution to schools. 
Professor M. J. Lighthill, who ran the meeting with 
great skill, suggested that the Royal Society itself might 
produce a pamphlet, and there was some discussion of a 
draft pamphlet which the society has already drawn 
up. There was some feeling that two pamphlets, one 
for primary and one for secondary schools, would be 
better, but this, Professor Lighthill said, depended on 
the resources of the society. After agreeing to submit 
recommendations to the examination boards, and 
producing under Professor Lighthill’s guidance a 
suitable form of words, the meeting decided to mee} 
again in September for further discussion. 
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Scanning Electron Microscope Pictures 





Top left: Pseudocellus of Onychiurus scotarius of the order 
Collembola (“springtails”), magnified 6,000 times (Drs 
W. G. Hale and A. L. Smith). 


Bottom left : Expanded polystyrene, coated with a 500 A 
layer of gold/palladium, magnified {80 times. 


SCANNING electron microscopes with useful magnifica- 
tion of up to 50,000 and depth of focus 300 times 
better than that of an optical microscope for similar 
magnification have been commercially available since 
1965. These microscopes, which cost £20,000, have 
evolved from the research work of Professor €. W. 
Oatley and his group at Cambridge. The resolution 


Top right : Fragment of coal with inclusion, possibly metallic, 
magnified 1,500 times. 


Bottom right: Entrance to ventral tube of Onychiurus 
scotarius, magnified 2,300 times (Drs W. G. Hale and 
A. L. Smith). 


e 
of the present version varies with the operating mode 
from 150-300 A to 1000-2000 A. A beam from a 
conventional triode electron gun is focused by three 
pre-aligned electromagnetic condenser lenses to give 
a fine probe which scans the surface of the specimen. 


(Micrographs from the Cam bridge Instrument Co.) 
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British Computer Merger 


AFTER eight years of mergers and takeovers, the 
British computer mdustry ıs now under a single 
management The finalsts, International Computers 
and Tabulators, English Electric and the Plessey 
Organization, announced last week the formation of a 
combined company, International Computers Limited, 
which will be the largest manufacturer of computers 
outside the United States The spur of American 
competition has been the principal factor m this 
process, and no doubt the Mimstry of Technology 
hopes that by domg to computers what has already 
been done to cars and electrical engmeermg, 1t has 
added, another arrow to its Common Market quiver, 
Indeed, Mr Wedgwood Benn seemed to be pomting 
his bow at France’s failure to protect her computer 
industry from the American onslaught when he 
described ın January to the Council of Europe the 
“mereasing dommance of European industry by the 
Americans, this has been so marked in some industries 
that there must be doubt as to whether these indigenous 
European enterprises can survive unless there are 
determmed efforts to brmg the fragmented entities 
together to form contmental-sized undertakings” 

In theory, at least, the unification of the British 
computer industry 1s probably wise, and the Ministry 
of Technology has expressed 1ts confidence in the scheme 
with £17 milion of pubic money, of which £134 
milhon 1s a direct grant for research and development 
In practice the merger 1s also a marriage of necessity, 
not just convenience, and the new company has formid- 
able problems to surmount before the benefits of size 
become apparent The merging of two groups of 
people performmg more or less identical tasks 1s likely 
to be paimful and time-consummg The principal 
ranges of machines produced by the two partners are 
largely mcompatible with each other and much ingenu- 
ity will be necessary to devise a new range of saleable 
computers 

The new company will need to mount a considerable 
research effort, and to be accorded a considerable 
measure of luck, 1f 1t 1s to achieve this am The one 
clear findmg that has emerged from the numerous 
studies of industrial research and invention 3s that there 
1s no royal road to success In spite of the great size 
of the new company, there 1s bound to be some anxiety 
about its capacity to carry out research on the scale 
which circumstances probably now require If ıt 
really intends to keep up with the IBMs of this world, 
International Computers Limited will have to change 
not merely the scale of its research and develop- 
ment but the character as well The strength of the 
great American companies in. computers and communt- 


cations stems from the way m which they straddle the 
whole field of mnovation Not merely are they thus 
well placed to take advantage of whatever new develop- 
ments may fortuitously suggest themselves, but they 
are also able to mpose ther own pattern on the 
development of technology It will be teresting to 
see how long 1t takes the new British company to weld 
together the hotchpotch of research facilities which 
1t has inherited mto a single coherent umt, but this 
may well be the key to its success It 1s understandable 
that the partners in the new merger should for several 
years have been obsessed with the need somehow to sell 
machmery, but ıt would be a great misfortune if a 
quite proper concern for the flow of cash were to 
divert the interests of the new company from the 
needs of the decades and not just the years ahead 
Luckily, the order books of the partners to the merger 
are full though not bursting, so that there should be a 
breathing space in which the new company can plan 
a durable strategy for technological development 

On the cheerful side, there 1s at least one respect 
in which the British company may have an advantage 
over its competitors elsewhere The hnk between the 
British computer companies and the Plessey Com- 
pany, which ıs deeply mvolved in telecommunications 
as well as computing machinery, may prove to be 
particularly apt now that 1t 1s plain that the next few 
years are hkely to see a blurring of the separation 
between communications and computers That, the 
new company may consider, 1s a stroke of luck 


Self-reversing Oceanic Basalts 


from a Geophysics Correspondent 


Tae fact that 1t has proved possible to construct, using 
continenta] igneous rocks, a world-wide geomagnetic 
polarity time scale for the past four milion years 
imphes predominance of field reversal over self-reversal 
m explanation of the majority of the world’s reversely 
magnetized rocks Furthermore, the recent discovery 
that the pattern of lmear magnetic anomahes adjacent 
to mid-oceanie ridges correlates with the pattern of 
normal and reversed periods from the contmental 
scale, not only gives strong support to the ocean floor 
spreading hypothesis, but also mdirectly strengthens 
the evidence in favour of field reversal The predomin- 
ance of field reversal and the use of magnetic anomalies 
as evidence for ocean floor spreading are thus mutually 
consistent 

Despite this consistency, Ozima and Ozima (Earth 
and Planet Scr Letters, 3, 213, 1967) have now ques- 
tioned the assumption that the lmear ocean anomalies e 
arise from repeated reversals of the Earth’s field 


1208 


They report that three out of eight submarine basalts 
obtamed from Pacific Ocean deep sea mounts exhibit 
self-reversal properties under certam conditions Satur- 
ation magnetization measurements show that each 
of the three specimens contains in its virgin state, a 
single magnetic component with a Curie pomt of 
250° C On heating to 400° C, this component 1s par- 
tially converted to a new magnetic phase possessing & 
Curie point of 300°C Heating to even higher tempera- 
tures produces a single phase having a Curie pomt of 
560° C 

What 1s sigmficant, however, 1s that if one of these 
specimens 1s heated to any temperature between 
300° C and 330° C for a few minutes, and then re-cooled 
m the geomagnetic field, the resultmg magnetization 
is antiparallel to the field The reason 1s that the 
unconverted part of the primary magnetic phase, of 
Curie pomt 250° C, mteracts magnetically with the 
newly produced component of higher Curie point to 
produce a net reversed moment Below 300° C there 
is sufficient new material for this to occur, and above 
330° C not enough virgm phase remains, but as long 
as the temperature of the specrmen 1s not maintamed 
at 300° C to 330° © for too long a time, the balance of 
old to new material 1s yust correct for the mteraction 
to occur Nor is this merely a low magnetic field 
phenomenon, for fields of up to 2,600 oersteds are 
insufficient to suppress the self-reversal 

One may argue, of course, that the laboratory pro- 
cesses used by the Ozimas to produce self-reversal over 
a limited temperature range rarely occur in nature 
supported by the fact that virgm specimens stull 
contained only the low Curie pomt magnetic phase), 
and thus that ıt 1s unlikely that self-reversal occurred 
during the production of the natural magnetization 
Moreover, the correlations between the Imear ocean 
anomalies and the continental polarity time scale, and 
between each of these and the reversals patterns m 
deep sea sediments, are too tight to allow the existence 
of widespread self-reversal in oceanic basalts For 
these reasons the work of the Ozimas 1s likely to be of 
greater interest to those concerned with the pheno- 
menon of self-reversal itself 


Carcinogenic Oil Fractions 


In 1948, ıt was reahzed that workers who had been 
exposed for many years to “cutting oils” applied to 
the cutting edge of machine tools tended to develop 
skin cancers In the same year the Medical Research 
Council set up a committee on the carcimogenic action 
of mineral oils under the chairmanship of Professor T 
Ferguson The aim was to carry out an mtensive 
examination of crude oils hke those used ın industry, 
in order to isolate and identify the carcmogenie con- 
stituents It was also hoped that methods might be 
developed for the removal of these carcmogens and 
that specifications for safe oils might be formulated 
Twenty years later the commuittee’s findmgs have been 
published by HMSO m No 306 of the council’s special 
report series, price £2 

The research was carried out at the universities of 
Birmmgham, Exeter, Glasgow and Leeds, and the 
University of Manchester Institute of Science and 
Technology Biological tests were also carried out 
at the Chester Beatty Research Institute, and quantita- 
tive techniques were evolved at the MRC Statistical 
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Research Unit Using three crude oils from fields ın 
Kuwait, Oklahoma and Lagunillas, the research con- 
sisted first of the fractionation of the oils by physical 
and chemical means, and second of the biological 
testing of fractions produced m this way Rabbits, 
which were found to be more sensitive to carcinogens 
m mineral oil than mice, were used im the biological 
tests 

The principal fractionation techniques used were 
vacuum distillation, solvent extraction, adsorption 
chromatography and chemical treatment, and care 
was taken not to produce permanent chemical changes 
in the oil constituents The first exploratory studies 
led to the isolation of some 45 pure compounds, some 
of which had not previously been recognized as con- 
stituents of crude, uncracked mineral oils, and none of 
which ıs known to be markedly carcmogemic Some 
of the more complex hydrocarbons isolated from the 
higher-bouling pomt fractions were shown to be weakly 
carcinogenic, and meluded 4-methyl]-1,2-benzanthra- 
cene and 7-methyl-1,2-benzanthracene Other iso- 
lated substances approach in complexity the known 
polycyche aromatic carcinogens and may contribute 
to the total carcmogenic activity of the oil In the 
biological tests, oil fractions were either painted on 
or injected subcutaneously mto experimental animals 
which were later examined for tumours By dilutmg 
the fractions to be tested with medicinal quid paraffin, 
1t was shown convincingly that the carcmogens reside 
m the aromatic fractions of the oil which can be 
extracted with acetone or other solvents 

Although the general chemical nature of the active 
ingredients has been established, the committee has 
unfortunately failed to develop rapid methods of 
detecting carcmogens in the oils 


Effect of Densely lonizing Radiation 
from a:Correspondent 


MAMMALIAN cells and higher plant cells are more 
susceptible to damage from densely ionizing radiations, 
such as «-particles or fast neutrons, than from hard 
X-rays In more quantitative terms, the relative 
biological efficiency (RBE) of these radiations com- 
pared with hard X-rays 1s greater than one The most 
commonly accepted explanation is that a certain 
minimum amount of energy deposited in agiven length 
of track is necessary for the production of a biological 
effect In this mterpretation the effectiveness of hard 
X-rays 1s due to the densely ionized tails of the tracks 
of recoil electrons, or to chance interaction between 
tracks when large doses are used Using data on the 
RBE of deuterons and helium nuclei of various energies 
on the killing of human kidney cells ın vtro, Barendsen 
(Int J Rad Bol, 8, 453, 1964) estimated that a 
lethal event was produced when more than about 500 
eV (15 “ionizations”’) was deposited ın a target of about 
100 A thick 

The sensitizing effect of oxygen decreases with m- 
creasing “density of ionization”, and ¢his effect has 
been attributed to the same cause Radicals formed 
close together along a densely 1onized track were 
thought to interact and produce permanent damage 
which could not be affected by the presence or absence 
of oxygen 

Recently, however, Neary (Int J Rad. Biol ,9, 
477, 1965, 11, 209, 1966, 12, 317, 1967) has suggested 
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a different mechanism based on observations of chromo- 
some aberrations in Tradescantia microspores radiated 
with very soft X-rays. Neary’s theory 1s that produc- 
tion of a chromosome aberration results from interaction 
between two damaged targets, ın each of which the 
damage 1s produced by a single energy-loss event 
The increased effectiveness of densely ionizing radiation 
is due to the greater chance of mteraction between the 
two damaged targets when they are produced close 
together by a single particle Neary also suggests 
that cellular kiling by radiation 1s due to the same 
mechanism ‘This theory gave results agreemg well 
with the observations when irradiations were made in 
aerobic conditions Under anoxic conditions, however, 
the RBE was found to mse too quickly with imcreasing 
density of ionization. This observation could be 
explamed only by imvokmg a further hypothesis, 
namely, that oxygen was actually produced in the 
tracks of densely ionizing radiation, a hypothesis first 
made expheitly by Shchepotieva, Ardashnikov, Lurje 
and Rahkmanova (Izvestia Akademi Nauk USSR, 
biological series No 4, 642, 1961) and suggested by 
many previous observations that oxygen 1s produced 
when pure water 1s irradiated by «œ particles but not by 
X-rays 

Recently, Alper and her colleagues have been able to 
test this hypothesis experimentally (Brit J Radiol , 
40, 843, 1967, and Radiation Research, 82, 780, 
1967) The rests were based on irradiation of bacteria 
with X-rays and fast neutrons, the latter producing 
recoil protons with fairly dense ionization The sensi- 
tivity of the bacteria was studied as a function of 
oxygen concentration using both types of radiation 
The results fitted the model of oxygen production by 
densely ionizing radiation and the concentration of 
oxygen formed ım the secondary tracks from fast 
neutrons was found to be 083 umole per htre An 
independent test was also made by comparing the 
relative sensitivity m the presence and absence of 
oxygen (OER) of several strains of bacteria irradiated 
with X-rays and fast neutrons A theoretical mterpre- 
tation of the observed relationship between the values 
of OER with X-rays and neutrons led to a value for 
the oxygen produced, in the densely 1onized tracks, 
of 0 76 umole per litre The agreement with the first 
model is remarkable considering the experimental 
uncertainties This confirmation of the mportance of 
oxygen production in the tracks of densely 1omzmg 
particles is a valuable support for Neary’s theory 


Cysteamine as a Radioprotector 
from our Medical Biochemistry Correspondent 


Tr ıs well known that cysteamine (the amie formed 
by decarboxylation of the amimo-acid cysteme) can 
protect cells against the effects of ionizmg radiation, 
but how it does this ıs unknown It has been suggested 
that the thiol group (SH) of cysteamme may form a 
mixed disulphide with the SH groups of tissue protems, 
thus protecting the protem SH groups from attack by 
free radicals which are formed by 1onizing radiation 
One objection to this theory 1s the uncertamty about 
the extent to which protems form mixed disulphides 
with small molecular weight thiols under physiological 
conditions Modig (Biochem Pharmacol ,17,177, 1968) 
has now shown that normal preparations of protems do 
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contain mixed disulphides of protems and small thiols 
He has estumated protein and non-protein sulphydryl 
groups in crystaline bovine serum albumm and m 
preparations of protem from Ehrlich ascites tumour cells 
before and after treatment with sodium borohydride to 
reduce the disulphide bonds In both preparations 
there was an increase m both protem and non-protem 
sulphydryl groups after treatment with sodium 
borohydride Usually, three times as much thiol was 
bound to protem as was bound to other small molecular 
weight thiols The author pots out that this accounts 
for discrepancies m earher estimations of disulphides 
m protems because these have sometimes estimated 
protem disulphides and small disulphides together 
25 per cent of the thiol compounds liberated from the 
proteins was glutathione, but the other compounds 
were not characterized 

The protective effect of cysteamime when irradiation 
18 given at different stages of the cell cycle has been 
studied in tissue cultures of Chmese hamster cells 
growmg synchronously by Sinclair (Sceence, 159, 442, 
1968) Cysteamine reduced the number of cells killed 
by X-irradiation at all times The protective effect was 
greatest, however, in those stages of the cell cycle when 
the cells are normally very sensitive to radiation, such 
as the G, period just after mitosis, and least ın the 
stages of the cell cycle when the cells are normally 
more resistant (the end of the synthetic period S) When 
relatively high concentrations of cysteamine were 
added, however, the number of cells killed did not de- 
pend on the stage of the cell cycle at which irradiation 
took place 

Using the same experimental material—synchron- 
ously dividing Chinese hamster cells m tissue culture— 
Klevecz and Puddle (Sczence, 159, 634, 1968) have 
shown that the activity of lactate dehydrogenase and 
glucose 6-phosphate dehydrogenase creases intermuit- 
tently durmg the cell cycle The increases occur 
durmg G, (three hours after mitosis), m the middle 
of the synthetic period (seven hours after mitosis) and 
in the late stages of the synthetic period (ten hours after 
mitosis) The imcreases correlated with mecreases m 
cell size and total protem, suggestmg that enzyme 
synthesis generally varied m this cyclic manner durmg 
the cell cycle This result suggests that cysteamme 
radioprotection 18 not due to an effect on protem syn- 
thesis, though there may be a difference ın the number 
of proteins with sulphydryl groups synthesized. durmg 
the sensitive G, phase and the resistant S phase 


Cyclic Antibiotics as Cation Carriers 
from a correspondent 


Tue elucidation by Kilbourn et al (J Mol Biol , 30, 
559. 1967) of the molecular structure of a crystalline 
complex formed between potassium ions and nonactin, 
one of the cyclic antibiotics, may account for many of 
the curious properties of this substance and, by 
inference, for other antibiotics of the same type These 
antibioties (the cyche polypeptide valnomycin and 
the gramicidms are more famihar examples) act by 
allowing potass1um ions, protons and other cations 
but generally not sodium ions, to move across cell 
membranes and, in particular, across the mitochondrial 
membrane (Pressman et al, Proc US Nat Acad Sev, 
58, 1949. 1967) 

A significant feature of therr chemical structure 1s the ° 
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preponderance of hydrophobic side chams and the 
absence of free ammo, carboxyl and hydroxyl group- 
ngs, which are associated with a high lipid solubility 
The crystal structure analysis of K*—nonactm reveals 
that the K+ ion 1s in the centre of the molecule, bonded 
to 8 oxygen atoms of keto and furane groups This 
structure 1s surrounded by the hydrophobic side chains, 
with the methyl substituents and the methylene group 
of the furane rings on the outside This structure 1s 
quite the reverse of the structure found for globular 
protems—which have a hydrophobic centre surrounded 
by hydrophilic residues—but ıt ıs emmently favourable 
for a molecule which becomes embedded withm the 
lipid side chains of the cell membrane Furthermore 
the structure of the antibiotics suggests that they act 
by enabhng cations to dissolve in the hydrocarbons and 
hence cross the membrane In other words, they prob- 
ably lull bacteria by makmg them leaky The anti- 
biotic 18 thus a model for the membrane “carriers”, 
which have been proposed many times over the last 
thirty years Pressman et al specifically put forward 
this view and called the antibiotics sonophores The 
discrimination between potassram and sodium ions 
(approaching 10,000 to 1 in certain cases) may depend 
on the size of the hydrated ion but at least m the 
case of nonactin the central site can accommodate 
both K+ and Na+ 

It 18 encouraging for students of cell membranes to 
find maternals of biological origin, yet of simple struc- 
ture, which possess such cation selectivity Interestingly 
as Andreoli et al hav shown (J Gen Physiol, 50, 
2527, 1967), valmomycm can confer cation selectivity 
on artificial lipid bilayers which are non-selective 1n the 
absence of the antibiotic It can also merease markedly 
the potassium permeability of the sheep erythrocyte 
membrane (bid , p 2513) Whats even more exciting, 
Mueller and Rudin (Nature, 217, 713, 1968) have just 
shown that the antibiotic alamethicm mduces action 
potentials ın an artificial bilayer membrane which also 
contams basic protem How likely 1s 1t that transport 
across cell membranes ıs normally mediated by similar 
small molecules ? Pressman et al pomt out that many 
of these antibiotics contam D-amino acids, which are 
rare m most organisms, and replacement of the D- 
residues with the L-isomer severely reduces the anti- 
biotics ability to transport K~ ions Alamethicin, al- 
though devoid of D-ammo acids, contains 8 residues 
of the rare ammo acid methylalanme Will it be 
possible to find, or synthesize, a polypeptide carrier 
from the common ammo acids ? And can such a carrier, 
1f 1t 1s found, complex with and solubilize sugars, the 
other major class of substances for which membrane 
carriers have been proposed ? 


Factors for Protein Synthesis 
from our Cell Biology Correspondent 


THe number of factors required for protem. synthesis 
is mereasmg steadily Two muitiation factors are 
required for the bmdmg of N-formyl-methionme 
tRNA at cham imitiation, at least two supernatant 
factors appear to be mvolved m the GTP dependent 
bmdmg of ammoacyl--RNA to ribosomes during 
cham elongation and now, according to Brown and 
Doty (Biochem Biophys Res Comm , 30, 284, 1968), 
there 1s a specific protem factor—factor 3—which 
stimulates the bmdmg of mRNA to ribosomes 

The first clue to the existence of factor 3 was when 
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Brown and Doty found that the bmding of synthetic 
mRNAs and R17 viral RNA to ribosomes decreased 
after the ribosomes were washed m IM NH, Cl They 
inferred from this that a specific messenger bmding 
factor was being washed off the ribosomes and so they 
set out to purify it Briefly, the purification mvolved 
precipitatmg rmbosome washings at 40-60 per cent 
saturation with ammomum sulphate, followed by 
column chromatography, on TEAE cellulose, of the 
redissolved precipitate The fractions from the column 
were assayed by meubation with mbosomes m the 
presence of Mg** 1ons and ether the synthetic mRNA 
ApUpG(pA),) or R17 RNA As expected, some of the 
fractions stimulated, 2-4 fold, the bmding of mRNA 
to ribosomes Further purification of these fractions 
yielded the purrfied factor, which has an ultra-violet 
spectrum characteristic of protem and not nucleic 
acid and which migrates as a smgle component on 
polyacrylamide gel electrophoresis at pH 8 6 

Is factor 3 the same as either of the initiation factors- 
F, and F,—discovered by Stanley and Wahba et al. 
(1966) ? Factors 3 and F, behave very differently dur- 
ing column chromatography so they are unhkely to be 
thesame To check that factor 3 differs from F,, Brown 
and Doty did an experiment to see 1f factor 3 could sub- 
stitute for F, during the mitiation of translation m a 
cell-free system programmed with the synthetic 
messenger ApUpG(pU),, Factor 3 could neither 
substitute for F, ın the presence of F, nor for F m 
the presence of F, It must therefore be a new and dis- 
tmet factor, although the experments do not show 
whether or not factor 3 1s required for translation of 
mRNA as well as bmding of mRNA to ribosomes 

Factor 3 1s, however, probably identical to part of an 
activity which has apparently been discovered by 
Revel et al (im the press, 1968) and 1s called factor C 
(unfortunately, until all the various factors mvolved 
m protem synthesis have been fully characterized, 
there 1s bound to be confusion of nomenclature and 
equivalence) Apparently factor O, which was isolated 
from ribosome washings, 1s required for the attachment 
of ribosomes to nascent T, mRNA In the absence of 
factor C, ribosomes do not stimulate the rate or amount 
of mRNA synthesized by RNA polymease with DNA 
as template Brown and Doty tested factor 3 for this 
activity and, m the presence of mbosomes, factor 3 
gives about a fivefold stimulation of transcription 

F, and F, and GTP stimulate the binding of F-met- 
tRNA, to the 30S ribosomal sub-unit m the presence of 
the AUG code This results m formation of an mtia- 
tion complex According to Mukundan et al (Nature, 
217, 1013 1968), F-met-tRNAy binds mutially to 
the ammo-acyl bindmg site and not the peptidyl site 
on the 30S sub-unit, this is the same site that 1s used 
for decoding all the other ammo-acids 

The binding of all the other ammo-acyl {RNAs 
durmg chain elongation 1s mediated by GTP and a 
supernatant factor T, which can be separated into two 
components Tu and Ts Lucas, Lenard and Haenni 
(Proc US Nat Acad Scr, 59, 554, 1968) have con- 
firmed that this bmdimg 1s dependent 8n factor T and 
GTP and have shown that 7, GTP and the ammo-acyl 
tRNA form a complex This complex will only bmd 
to 70S ribosomes, so both sub-units are necessary and 
peptide bond formation 1s a consequence of the bmding 
However, yet another factor, G, 1s required for polymer- 
ization to go beyond the depeptide stage Factor G 
presumably promotes the movement of the peptidyl- 
































Homopolymers:* 


Poly A Polyf ’ 

Poly C Poly U 
Copolymers:* : 

Poly AC ‘Poly ACU 

Poly AG Poly Al 

Poly AU Poly Cl 

Poly CU Poly UI 


"S2 » values range from 8,0 to 13.0 


P-L. Biochemicals is a basic producer of poly- 
nucleotides. We make all ofthe polymers 
listed and every nucleoside diphosphate that 
goes into them. We even produce our own 
polynucleotide phosphorylase enzyme All of 
thts gives us more control in the production 
of polynucleotides and assures you of a high 
quality product. But we don’t stop there. Each 
product batch is carefully analyzed and a 
complete report accompafies each shipment 


Polynucleotide Phosphorylase for “do it 
yourselfers.” Our new Research Enzyme 
Group is proud to offer polynucleotide phos- 
phorylase (Cat. No 0302) for basic research 
and for polynucleotide “do't yourselfers”’ It 
is modestly priced at 100-mg /$30.00; 1 gram/ 
$200.00 This ts the same énzyme we use our- 
selves and it is guaranteed suitable for poly- 
nucleotide synthesis We. are also working 
toward a purified primer dependent enzyme 
and invite your inquiries. 3 


Complete information will be found in our 
new Catalog No. 10i—free-on request. 


P-L biochemicals ine. & 


(formerly Pabst Laboratories) 

1037 W McKinley Ave Milwaukee, Wis 53205 
United Kingdom: Charies’Druce Ltd 

94, York Street/London,W I /England 
Tel 0l-262-1600! 
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C oes Energy Data Interest You? 


Nearly every operation in industry and ın research ın- 
volves an energy change How many of the tasks in 
your field have to do with a change in heat? 


A change that may mean you want to measure Heat of 
Solution, Heat of Adsorption, Heat of Reaction, Heat 
of Combustion, Heat of Vaporization, Heat of Dilution, 
Heat of Mixing, Specific Heat of Solutions and so on 
Did you know that you could carry out all these mea- 
surements with ONE instrument You can, with 


The LKB Precision Calorimetry System 
LKB 8700 
The most versatile instrument available for calorimetric 


measurement today Our research team have incorpo- 
ratéd in one system the following calorimeters 





LKB INSTRUMENTS LTD e LKB HOUSE 
232 Addington Road è S Croydon, Surrey CR2 8YD e TEL SANderstead 01-657-0286 


HQ LKB-PRODUKTER AB STOCKHOLM, SWEDEN 
INTERNATIONAL SUBSIDIARIES WASHINGTON, THE HAGUE, COPENHAGEN, VIENNA, STOCKHOLM 


General Purpose and Solution Titration Heat of Vap- 
orization Closed-Bomb Reaction - An adiabatic con- 
trol unit for the study of slow reactions - Rotating Bomb 
for Heat of Combustion ' 
Whatever your interest in chemical and physical re- 
search, Government, University, Industry, Space Re- 
search, National Defence, whatever your end-product, 
chemicals, oil, rubber, telephones or motor cars, phar- 
maceuticals or scientific instruments, somewhere along 
the line you will find you need the LKB Precision Calori- 
metry System to provide you with accurate thermo- 
chemical data 


Write today for full information on this instrument that 
brings you instantly a complete range of calorimeters, 
just plug ın and choose which one will meet the require- 
ments of the energy change you want to measure 
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tRNA from the ammo-acyl site to the peptidyl site 
the 708 ribosome y peptidy! site m 


Yet More Haemoglobin 


from our Molecular Biology Correspondent 


Tux important concept that the sigmoidal oxygen- 
dissociation curve of haemoglobin 1s a consequence of 
sub-unit exchange, and that the symmetrical dimer aß 
18 thus to be regarded as the basic functional entity, 
1s by now well established An mteresting demonstra- 
tion of this mechanism 1s provided by some experi- 
ments of Enoki and Tomita (J Mol. Biol, 32, 121, 
1968), who prepared hybnd molecules of human 
and canine haemoglobins, 94%93 and os8°4®, m which 
either the human or the canine chams were m the 
cyanmet-form, and therefore non-functional There 
are four such species, and all were found to show no 
haem—haem imteractions whatever (Hull constant, n, 
of unity) By contrast, a haemoglobin, such as ais, 
m which half the haem groups have been oxidized to 
the ferric state, still shows well-developed haem—haem 
mteractions (n=19), because functional sub-units 
of both kinds are present These persuasive results 
seem to leave little room for doubt that sigmoidal 
oxygen binding requires two types of functional sub- 
unit In other respects, the imteraction between a 
and £ sub-units persists m the hybnd species, m 
particular the Bohr effect 1s not destroyed, whereas m 
species possessmmg only one type of sub-unit (f% for 
example) the Bohr effect 1s absent 

Another example of the structural mterdependence of 
sub-units m the absence of haem—haem interactions 
occurs m the haemoglobin-M species—human variants, 
m which the 1ron-bound histidme m one or the other 
type of sub-unit 1s replaced by tyrosme Epstem and 
Stryer (bid , 113) have measured the kinetics of bind- 
ing of azide ions by two methaemoglobin-M variants, 
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one with the mutation ın the a-chain, the other in the 
-cham the abnormally Imked haems are incapable 
of binding hgands The a-cham variant reacts much 
more rapidly than normal methaemoglobin, and at the 
same rate as metmyoglobin, whereas the §-chain 
variant reacts at the same rate as the normal species 
Thus the reactivity of a normal f-chain 1s modified by 
association with an aberrant a-chain Also, equivalent 
modifications in the a- and £-chains have non-equivalent 
effects on the partnermg chams It 1s worth pomting 
out that the a-cham haemoglobm-M variant has no 
Bohr effect, and these sub-units are thus defective m 
the way they interact with their partners 

The most important development m haemoglobm 
chemistry ın the recent past has been the discovery 
by the Benesches of a co-factor, diphosphoglycerate, 
which profoundly mfluences the oxygen-binding be- 
haviour and controls the function of haemoglobm 
wn vwo The manner of its mteraction 1s the subject 
of a further study (Proc US Nat Acad Scr, 59, 526, 
1968) The results are remarkably clear-cut, m the 
first place, haemoglobm stripped of the co-factor 
retains its sigmoid oxygen-uptake curve Addition 
of the co-factor then leads to a buge displacement of 
the curve in the direction of lower affimty. The shift 
1s essentially complete when one mole of diphospho- 
glycerate has been added for each mole of haemoglobin 
tetramer Moreover, direct bmding experiments show 
that deoxygenated haemoglobm binds exactly one 
mole of the co-factor per mole of tetramer, whereas 
oxyhaemoglobin binds none at all The change of 
oxygen affimty with concentration of diphospho- 
glycerate 1s then a reflexion of this difference The 
stoichiometry of the mteraction is altogether at odds 
with the requirements postulated m the original 
formulation of the allosteric hypothesis, the hypothesis 
therefore already stands ın need of revision if ıt 18 to 
retain any generality 


Intellectual Style and High School Science 


by Tests on Australian schoolchildren have revealed a relationship 
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science. 


‘Hupson! has shown that Buitish grammar school boys 
specializing in science are usually convergent in intel- 
lectual bias But, despite the existence of what 1s now a 
well established relationship ın the case of British school- 
boys, Cropley has reported that outstanding Australian 
undergraduate scientists were mamly divergers? Thus 
the two sets of findings look to be contradictory We 
report here additzonal Australian data mvolving, not 
undergraduates, but schoolchildren, so that a more direct 
comparison can be made with Hudson’s findmgs The 
main pomt at issue 1s whether intellectual bias and science 
specialization are differently related m Austrahe than m 
Brita, or whether the Hudson finding prevails when 


between intellectual style and specialization in science similar to 
that found tn British schools 
logical reasoning and do well in intelligence tests, show a bias for 
Divergers, who have high IQs but show low scores in tests 
consisting of questions with no one correct answer, tend to avoid 
science in schools 


Convergers, who excel in close 


Australian high school children are studied, and 1s reversed 
only at university level 

A battery of tests cluding a divergent thinking test 
(tin can uses*), and a convergent thmnlung test (the AL-AQ 
tests of intelligence‘) was administered to 218 students m 
the final 2 years of study at two large rural high schools 
m New South Wales The 218 students mcluded 106 
girls, who had a mean age of 16 years 10 months (range 
15 years 8 months to 18 years 2 months), and 112 boys 
for whom the mean age was 17 years 1 month (range 
15 years 8 months to 18 years 7 months) In that the 
group of students studied mecluded girls as well as boys, 
the data reported here differ from the studies previously 


1212 


mentioned The melusion of girls, however, permits 
comparisons between the mtellectual styles of the two 
sexes, and so extends earher work For this reason, the 
data gamed by scormg the gurls’ test protocols were 
meluded ım this report In the New South Wales educa- 
tional system, students at fifth and sixth form level may 
study science at any one of four possible levels, including 
“first level”, “second level (full)’’, “second level (short)’’, 
or “third level” They may also elect not to study sciences 
at all, joming “non-science” groups For the purposes of 
this article, students who had elected ether first level or 
second level (full) were regarded as science specialists, 
while all students selecting other levels or non-science 
were regarded as non-specialists The rationale for treat- 
ing the first two levels as mdicating science specialization 
rests in. the provisions of the so-called “Wyndham scheme” 
(published by the Australan Council for Educational 
Research (ACER), and specifically designed for use with 
above-average groups) of which the organization of science 
teaching m New South Wales 1s a result 

The divergent thinking test was scored for originality 
according to the procedures described by Torrance’, using 
the weights suggested by Cropley’ The convergent tests 
were scored according to the published specifications 
Subsequently, raw scores on both mtellectual tests were 
transformed mto normalized standard scores to elmmate 
problems associated’ with differmg means and standard 
deviations. Finally, a bias score was obtamed for each 
student by subtracting the convergent score from the 
divergent score, according to procedures desciibed before? 
Each student’s rating as either a science specialist or a 
non-specialist was known, and so 1t was possible to look 
at the relationship between science specialization on the 
one hand, and imtellectual bias on the other 

A clear-cut, prelimmary finding was that there was a 
strong relationship between sex and bias Although the 
full group of 218 boys and girls contamed nearly equal 
numbers of divergers and convergers (115 divergers, 103 
convergers), among the 112 boys, no fewer than seventy- 
two were divergently biased, forty convergently The 106 
girls, by contrast, meluded only forty-three divergers, 
while sixty-three were convergently biased This relation- 
ship was highly significant (y2=1075, degrees of free- 
dom=1; P<001), and mdicated a marked tendency for 
boys to be divergers, within the context of a group of both 
sexes This finding ıs consistent with data based on 
Canadian schoolchildren reported elsewhere? In that 
study a group of students rated as “highly origmal” 
consisted mainly of boys, a group rated “unoriginal” 
mainly of girls 
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In view of the large sex differences in bias, the relation- 
ship of course preference to bias was exammed separately 
for boys and for girls The 112 boys mcluded thirty-six 
science specialists, of whom eighteen were divergers, 
eighteen convergers, and seventy-six non-specialists, of 
whom fifty-four were divergers and twenty-two convergers 
This distribution of divergence/convergence among science 
specialists and non-specialists differed significantly from 
what would be expected by chance (y?=4:71, degrees of 
freedom=1, P<005) There was a disproportionately 
large number of convergers among the science specialists 
Among the girls, the distribution of divergers and con- 
vergers was almost exactly what would have been expected. 
by chance (y2=000) Thus the data show that specializa- 
tion in science among the boys was related to the con- 
vergent bias, a findmg supported by a correlation of no 
less than 0485 (P<001, degrees of freedom=110) 
between degree of convergence and level of science achieve- 
ment Even among the girls the figure was 0 347 (P <0 01, 
degiees of freedom = 104) 

In demonstrating the existence of a significant relation- 
ship between specialization m high school science and 
convergent intellectual bias, these data suggest that the 
state of affairs shown to exist among British schoolboy 
science specialists! may well hold for Australian boys too 
Taken m conjunction with Cropley’s earlier report? that, 
at unrversity level, outstanding undergraduate scientists 
were not convergers as 1s the case with schoolboys, but 
divergers, the data contain an mteresting implication 
Apparently, although disproportionately large numbers of 
science specialists entering university are convergers, even 
as early as at senior undergraduate level, the most out- 
standing young men come mamly from among the 
relatively few divergers. This formulation 1s consistent 
with Gibson and Light’s’ failure conclusively to separate 
Cambridge scientists from the general populace, on the 
basis merely of IQ It may well be that outstanding 
scientists are distinguished by the unusual bias of their 
intellects (unusual among science specialists, that 13), 
rather than by unusual levels of ability 
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Discontinuities in the History of 


Sea-floor Spreading 


by 
ERIC D SCHNEIDER 
PETER R. VOGT 
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Washington, DC 


GEOLOGICAL and geophysical data obtamed from the sea 
floor ın the past decade have led to the hypothesis that 
the crest of the mid-ocean ridge 1s a place of mjection of 
new crust mto the ocean floor and that the sea floor 1s 


There seems to have been a lapse ın the crustal spreading of the sea 
floor from the Mid-Atlantic Ridge during the late Tergiary period 


as a result spreading away from the crest'-* These ideas 
have proved fertile for the explanation of the pattern of 
marme magnetic anomales suggested by Vine and 
Matthews! Using this hypothesis workers such as Pitman 
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and Hertzler’ have recently given strong support to the 
idea that the mdge 1s truly spreading away from its crest 
at rates of 1 to 5 em a year 

As new dikes are mmjected at the ridge axis, they acquire 
the magnetization of the geomagnetic field at the time 
they cool through the Curie temperature The Earth’s 
field has been shown to have reversed its polarity approxi- 
mately once every few hundred thousand to a million 
years durmg late Tertiary and Quaternary tıme? The 
oceamc crust has therefore acquired strips of alternately 
polarized crust which give rise to a remarkable system of 
hnear positive and negative magnetic anomalies which 
parallel, and are symmetrical about the ridge crest where 
they were created 
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which a lapse in sea-floor spreading might be recognized, 

By a lapse m spreading we mean the followmg. Let X 
be the distance, measured parallel to the spreading direc- 
tion, of a parcel of crust from the axis of the mid-ocean 
ridge. Then a lapse 1s recorded by two strips of crust, 
X,<X<X,, which were generated at a slower rate when 
compared with spreading rates Sı and S,, before and after 
the lapse These strips of crust may be very narrow if 
spreading stopped and started relatively abruptly. The 
difference ın appearance of the crust X <X, and that of 
the crust X >X, will in general depend on (a) the length 
of the hiatus, (b) the difference ın spreading rates, S-S a 
and (c) the tume that has elapsed since the end of the hiatus. 

On discussion of possible criteria for recognizing & 
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vears after renewal of spreading (3) 


Hypothetical evolution of a ridge profile during steady-state spreading (1), at the end of a 20 million year lapse (2); and 10 million 
The profiles were constructed from a steady-state thermal expansion model’, corrected for isostatic 


compensation It was assumed that subsidence depends only on the time after extrusion 


Ewing and Ewing’ have recently proposed that there 
was a lapse in crustal spreading which lasted from between 
40 or 50 and 10 million years before the present (mybp) 
As evidence they offer smoothed sediment thickness pro- 
files across mid-ocean ridges The records of seismic 
profiles show a relatively abrupt merease in the thickness 
of unconsolidated sediments at a distance X from the axis 
of mid-ocean ridges, where X ıs approximately 100 km 
on the Mid-Atlantic Ridge and 400 km on the East 
Pacific Rise Recent spreading rates seem to have been 
1-2 em/yr anf 3-5 em/yr on the two ndges, respectively®. 
If sedimentation rates have been relatively umform 
throughout the Cenozoic, the abrupt thickening of sedi- 
ment suggests a period of quiescence, or a lapse m crustal 
spreading. 

We shall first examine an idealized steady-state model 
of ridge spreading and then set out ın a generalized 
fashion the various geological or geophysical criteria by 


hiatus, several of these criteria, including new magnetic, 
topographic and seisme profiler data, are then offered as 
additional support for the hypothesis of Ewing and 
Ewing’ that there was probably a middle or late Tertiary 
lull m crustal spreadmg, at least on the Mid-Atlantic 
Ridge. The possibility of other discontinuities in spread- 
ing rate 1s then considered. 


The Steady-state Model 


Before discussmg possible wregularities ın the history 
of crustal spreading, we shall first discuss the possibility 
and problems involved in an ideal steady-state mid-ocean 
ridge. This model requires ın general that mantle deriva- 
tives are mjected at a constant rate at any point on the 
ridge There may be some injection at a distance X from 
the axis, causing an increase of spreading rate away from 
the axis. In a steady-state model, however, any “geor 
physical operator” G; which changes the crust at X does 
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not, on the average, change with time The 1emarkable 
symmetry of magnetic and topographic profiles across 
active ridges (which may not be steady-state) suggests 
that bilateral symmetry ıs a basic property of ridges® 
Thus G; (X) = G;(—X) It seems to be an additional 
characteristic of ndges that, apart from occasional vol- 
canoes, the upper crust (above the region of possible 
phase changes) 1s not appreciably modified after leaving 
the axial region For example, the work of Sykes? has 
shown that epicentres on the Mid-Atlantic Ridge usually 
fall between + 10 km of the axis, suggesting that at present 
most tectonic activity on the ridge takes place at the 
crests. Furthermore, the geomagnetic history, when com- 
pared with the magnetic anomaly signature, suggests 
that the spreading rate does not mcrease appreciably 
away from the axis® Matthews and Bath!’ have shown 
that the departure of observed magnetic profiles across 
the Mid-Atlantic Ridge from the classical Vine~Matthews 
theory 1s best accounted for if 1t 1s assumed that new 
dikes do not necessarily bisect their predecessors but have 
a normal distribution about the axis witho=5 km It 
therefore appears that ın the upper crustal layers G (X)~0 
for XS>5 km except for occasional vuleanism and the 
effects of sedimentation 
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Fig 2 Subsidence against time for a parcel of crust riding down the 

flanks of a steady-state ridge Solid curve, estimated from ref 12, 

represents pure thermal contraction Dashed curve includes additional 

subsidence if increase of water column and thermal contraction of water 
column 1s compensated with material of density 3 2 


One obvious consequence of a steady-state ridge 1s 
that the spreading rate S(X), the subsidence rate f(X) 
and the regional topographic slope 6(X) are related by 
tan 6(X)=f(X)/S(X). A bathymetric-magnetic profile 
may yield the slope and spreadmg rate, allowmg the 
calculation of the subsidence rate Vogt and Ostenso 
have observed that, if the Pacific-Antarctic Ridge (S=4 5 
em/yr) and the Reykjanes Ridge (S = 1 em/yr) are steady- 
state, f 1s about 10 em/1,000 yr for the first 12-15 x 10° yr 
after extrusion at the axis. The same quantity f(X) drops 
to a few cm/1,000 yr on the lower flanks, provided, of 
course, that the spreading rate has been constant in time 
The subsidence rates of guyots and the edge of the eastern 
United States contmental shelf have been of the same 
order of magnitude 

A recent attempt at computing a model steady-state 
mid-ocean ridge!? based on the assumption that ridge 
uplift 1s due entirely to thermal expansion predicts a 
maximum subsidence rate of 2 or 3 em/1,000 yr for the 
first 50 million years, According to this model of Langseth 
et al #2, hot mantle material (1,500° C) 1s wnjected at the 
base of a layer 100 km thick. The material mses to the 
surface and spreads away from the axis at a constant 
rate, losing heat by conduction As the hot material 
epreads away from the axis ıt contracts In the model 
computations, the coefficient of thermal expansion, pre- 
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sumably constant, was not specified The conductivity 
was taken to be constant and equal to 6c gs throughout 
the layer. The heat capacity was 03 calones/g and 
the density 34 gjem? The thermal equation was solved 
by iteration for pomts 10 km apart in the spreading 
layer The temperature evolution was computed for 
every pomt at mntervals of 10° years, beginnmg with the 
equilibrium state in the absence of convection The theo- 
retical mid-ocean mdge models” suggest that as long as 
convection speeds exceed a certain value (0 5 cm/yr), the 
maximum elevation of the mdges, as well as the rate of 
subsidence down thew flanks ıs mdependent of ther 
spreading rate Past variations in the spreading rate may 
then be reflected by variations in regional slope, because 
the sinking rate f depends only on the time after extrusion 
at the axıs 1f S>0 5em/yr If S<0 5 em/yr, mcluding the 
limiting case of total quiescence, Langseth’s calculations 
do not yield an exact estimate of f It 1s, however, clear 
that, for very slow spreading, the upwelling material 
loses heat before reachmg the surface The crustal eleva- 
tion of mdges will therefore decline to zero as S>0 Sub- 
sidence rates on the flanks of such slow spreadmg ridges 
depend on the thermal gradient and therefore also decline 
when S decreases below 05 em/yr. 

There are several significant differences between the 
Langseth steady-state model and actual ridges These 
differences, which may be related, are the following 

A. Drfferences between observed and calculated regional 
topographic slopes—that 1s, subsidence rates. 

B Differences between observed and calculated total 
uphft 

C. Differences between observed and caleulated heat- 
flow anomalies 

A. The previous discussion, followmg from that of 
Langseth et al 12, has assumed that a mid-ocean ridge 1s 
the effect of pure thermal expansion, which ımphes that 
the mass per unit area below the sea floor remains every- 
where constant. But the water column above a parcel of 
crust mereases from 2 or 3 km to more than 5 km as the 
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Fig 3 Sehematic illustration of several types of evidence for recogniz- 
ing a lapse m sea floor spreading Relatively abrupt changes in topo- 
graphy, sediment thickness, heat flow and age of crust mark position 
of lapse Change in magnetic signature could indicate (1) abrupt change 
an spreading rate, (2) abrupt change in geomagnetic polarity reversal 
rate, (3) lapse ın spreading superimposed on a gradually changing 
reversal rate, or (4) a combination of (1) and/or (2) with a lapse 
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parcel moves down the “subsidmg conveyor belt’? from 
the crest of the ridge to abyssal depths This mersases 
the total mass in the crustal column ‘Talwani et al 
and others have shown, however, that free-air gravity 
anomalies are nearly zero over the ridge or are, 1f anything, 
shghtly positive over the crest The creasing load of the 
water column above the thermally contracting crust 1s, 
therefore, bemg compensated isostatically A given 
thermal subsidence Ah will then be changed because the 
density and thickness of the crust and the overburden 
of water ıs changed Consider two adjacent crustal columns 
of identical mass, the one shortened by Ah on account of 
thermal contraction Both columns have their tops below 
sea level and are suspended ın a substratum of density ec 
Let the density of water be 00 Then the difference in 
water depths to the tops of the two columns is {pc/ 
(ee—po)} Ah, by straightforward appheation of Archi- 
medes’ principle If po=1 03 and oc 18 between 28 and 
3 4 g/cc, the total subsidence will be between 1 58 Ah and 
144 Ah In Fig 2, an isostatic subsidence curve has been 
constructed from Langseth’s model, taking pe=3 1 g/cc 
The maximum subsidence rates are about 3 5 em/1,000 yr 
after this isostatic correction has been applied to the 
Langseth model 

The predicted subsidence rates and those “observed” 
on active ridges (provided the ridges are steady-state) 
are of the same magnisude The 10 cm/1,000 yr subsidence 
rate “observed” for the first 12—15 x 10° yr after extru- 
sion 1s, however, several tumes that predicted by the 
Langseth model!?, even after isostatic corrections have 
been applied. Phase changes under the cooling flanks 
of this ridge must also contribute to the “observed” 
subsidence 

B. The Langseth model predicts a maximum elevation 
of about 2 km for ridges This seems approximately 
correct, but may be as much as 50 per cent too small if 
the equilibrium level of the sea floor 1s represented by the 
igneous basement under abyssal plams at large distances 
from the ridge crest44 This discrepancy, if real, might 
be taken to mdicate that the coefficient of expansion 18 
higher, or that phase changes make a significant contribu- 
tion to the total uplift? If 1 km of the maximum elevation 
of mid-ocean ridges above the equilibrium level 1s due to 
the presence of abnormal mantle with a density 3 25 g/cc, 
and if this material 1s bemg steadily converted to normal 
mantle of density 3 40 g/cc, the total thickness of anoma- 
lous mantle would be 20 km under mid-ocean ridges The 
densities are those used by Talwani et al 13 m computed 
crustal models of mid-ocean ridges The expansion due 
to phase changes can be no greater than the total, so that 
the thickness of abnormal mantle converted to normal 
mantle must be less than 60 km These figures are very 
sensitive to the densities of the two phases, which are 
themselves uncertain At this stage one can only guess 
at the phase changes which might be significant m con- 
tributing to the subsidence of the flanks of mid-ocean 
ridges Three such processes, all of which cause an 
inerease in bulk density, are deserpentization’, the trans- 
formation of basalt to eclogite! and the downward freez- 
ing of an interstitial quid basalt fraction in an ultrabasic 
crystal mush The last process requires high temperatures 
and ıs therefore confined to the mantle except m the 
region of axial mtrusion 

C. The predicted heat flow profile across mid-ocean 
ridges ıs broad, high and sharply peaked at the axis, but 
the active ridges are characterized by relatively narrow 
belts of rapid heat flow flanked by regions in which heat 
flow 1s within 20 per cent of the oceanic average’? The 
high values are found within about 300 km of the crest of 
the East Pacific Rise and within 100 km of the crest of 
the Mid-Atlantic Ridge. 

Is there any way to adapt the steady-state model to 
make it fit observational data? The high nearly axial 
subsidence rate could be due primarily to a phase trans- 
formation Thus, 10 cm/1,000 yr 1s equivalent to the 
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annual conversion of a layer of density 325 g/ec and 
23 mm thick to the higher density of 34 g/ce This does 
not account for the discrepancy between observed and 
predicted heat flow 

The narrow belt of observed high heat flow may suggest 
that the zone of put ıs much narrower than assumed in 
the models’? This ference ıs supported by the existence 
of a broad magnetic low over the axis of the Mid-Atlantic 
Ridge Hertzler and LePichon?* aseribed the anomaly 
to a rise in the Curie isotherm, and ther model mmphes 
that the Cure isotherm has roughly the shape of an 
upward pomtmg wedge with a base 160 km wide at a 
depth of 30 km, and with its apex about 11 km below 
sea-level The meltmg curve of basalt must form a still 
narrower wedge, which would then represent the zone of 
input 
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Ing 4 Crustal structures for two hypothetical spreading histories In 
(1) spreading rates were less than about 2 em/yr before and after the 
lapse In (2) the rates exceeded 2 cm/yr except during a period of 
slower spreading, when crust similar to (1) was generated Apparently 
the late Tertiary lapse discussed in the text has been recorded by 
the Mid-Atlantic Ridge (1) and East Pacific Rise (2) in this manner 


The thermal models of Langseth et al #*, on the other 
hand, predict a broader higher warp m the Curie point 
surface The dimensions of this wedge have been inter- 
polated from ther Fig 17, which shows the isotherms 
due to steady-state spreading at 1 em/yr The top of the 
wedge reaches withm about 7 km of the surface and has 
a base more than 1,000 km wide at a depth of 30 km 
Uncertam though the magnetized model calculations may 
be, 1¢ 18 nevertheless interesting that the width of the zone 
of mput may be only a fraction (1/7 m the rough calcula- 
tion) of that assumed in the thermal model 

The Curie isotherm also reaches closer to the surface 
m the thermal models than m the magnetic model This 
1s consistent with the result}* that the actual amplitude 
of the heat flow anomaly 1s less than that predicted by 
the thermal model ° 

The models of Langseth assume constant conductivity 
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Fig 6 Mid-Atlantic Ridge crest and fracture zones, Superimposed are locations of profiles recording bathymetry, sub-bottom and magnetica 


Profiles O, D, E, F, 


It 18, however, conceivable that the materal under the 
axis has a much greater effective conductivity at depth, 
and that the crust has a lower conductivity. The 
qualitative implication of such a model would be a narrow 
band of high heat flow in the axial region superumposed 
on a very flat anomaly extending to the margins of the 
ocean basins. The latter anomaly must be within 20 per 
cent of the oceanic average", The high “effective conduce- 
tavity” in the axial region may simply be a consequence 
of an effective heat transfer mechanism, as would be 
provided by the constant myjection of new dikes and the 
emussion of lavas 

Finally, the possibility must be considered that mdges 
may be steady-state over periods of 10 to 50x 10° yr but 
that voleanic cycles of much shorter periods—say 01 to 
1 x 10° yr—may be superrmposed on them. Crustal spread- 
ing could still be constant while the surface discharge of 
lavas varied Outbursts of vulcanism may discharge large 
quantities of heat over short periods of time If the present 
time 18 characterized by less than average volcanic and/or 
plutonic activity, the discrepancy between the model and 
the observed heat-flow profiles would be understandable 
Because some active volcanoes occur many hundreds of 
kilometres from the axis of active ridges, discharges are 
not confined to the axis Iceland ıs not typical of the 
Mid-Atlantic Ridge, but ıt may be significant that the 
width of even the very young (0 005 x 108 yr) post-glacial 
voleanic belt on Iceland exceeds the width of the crustal 
strip generated ın 1x 10° yr at 1 cm/yr. The Pleistocene 
volcanics occur in @ complex belt that widens from 
190 km im the north to 300 km or more in the south”. 
The actual widening of the crust seems to be 1 cm/yr 


, Land J are exhibited in the following figures 


away from the axis both north and south of Iceland®.1*, 
implymg a widening of only 20 km there during the 
Quaternary. Svalbard (Spitsbergen) affords simlar evı- 
dence of exceptional activity during the Quaternary. At 
distances of 100 to 200 km from the mid-oceanic rift, the 
continental crust of Spitsbergen has been disturbed by 
limited Quaternary vuleanism ‘There ıs no evidence for 
previous vulcanism smee middle Tertiary times’? 

Although it 1s hazardous to suppose that Pleistocene 
voleanics occur over such a broad belt on the typical 
parts of the mdge, the width of the belt of thin sediment 
(200 km) 1s about the same as the Pleistocene volcanic 
zone on Iceland. The possibility cannot be ruled out that 
the zone of thin sediments on the axis of the Mid-Atlantic 
Ridge was created when Pleistocene and later voleanic 
activity obliterated much of the earlier sediments. This 
would mvalidate the mterpretation by Ewmg and Ewing 
of the change ın sediment thickness as a marked age dif- 
ference between adjoming parts of the ridge It should 
be emphasized that such episodic vuleanism is not neces- 
sarily inconsistent with a constant spreading rate, although 
a thickening of the volcanic layer could be expected. 
Magnetic surveys of Iceland itself will decide whether the 
island 1s at all typical with respect to magnetic anomalies 
and sea floor spreading. There seem to havébeen several 
rifts which have been intermittently actrve on Iceland’, 
and this could partly account for the broad Pleistocene 
voleanie belt. 

Although ıt 1s conceivable that steady-state models 
can be found which account for the present observations, 
particularly of vulcanism ıs not confined to the central 
rift or/and 1s episodic in nature over a short period of 
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time, several difficulties m the steady-state model 
disappear if crustal spreading does not always proceed 
at a constant rate. 


Non-steady-state Ridges 


Assuming the possible non-steady-state ridges, we may 
distinguish between past changes m spreading rate and 
discontinuities m tme, or lapses durmg which spreading 
was at a standstill. 

An example of the latter 1s the hypothesis that no crustal 
spreading occurred between 40 or 50 mybp and 10 mybp? 
This accounts for the thinness of the axial sediments It 
also accounts for the narrow band in which heat flow 1s 
high. Indeed, it was the disagreement between observa- 
tion and model that led Langseth et al 1? to suggest that 
the Mid-Atlantic Ridge has become reactivated durmg 
the past few millon years after a lapse which lasted 
through most of the Tertiary. The lapse hypothesis 
accounts for several other characteristics of the ridge 

To begin with, we shall examme the likelihood that 
ridges are not always active There ıs evidence for rifts 
m every stage of fossilzation The Mid-Atlantic rft 
bifurcates mto a number of major and mmor branches 
north of 50° N. yet, on the basis of seismicity, vuleanism 
and magnetic anomalies, present activity is almost exclu- 
sively confined to a single narrow mft zone There are 
perhaps three major rifts at 55° N.: (1) the Labrador 
Sea rift, which 1s essentially inactive, although occasional 
small earthquakes occur; (2) the Reykjanes rift, active 
at present, (3) an older rift between the European shelf 
and the Rockall-Faeroe ridge*! South-western Iceland 
is marked by three ri“ts active durmg post-glacial tumes?’, 
but only one of these 1s now seismically active? Between 
Iceland and Jan Mayen Island there ıs evidence for a 
fossil rift now represented by a belt of seamounts in the 
Norwegian Basin east of Jan Mayen Ridge®? In the Arctic 
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Basin, the active branch 1s the Nansen Cordillera The 
Alpha Ridge appears to be a fossil mdge which became 
mactive durmg the Tertiary®*. It is not yet known 
whether more than one branch was ever active at the 
same time, or uf periods of quiescence preceded cracking 
in a new area The atypical crestal magnetic pattern and 
the aseismic nature of the mdge south and east of southern 
Africa also suggests that ıt is at present a dormant 
nidge*t 

In view of the evidence that many rift segments are 
presently mactive ıb 1s not presumptuous to suppose that 
crustal spreading may be rejuvenated at the axis of a 
temporarily mactive mdge The ridge is then no longer 
steady-state, but will reveal somewhere on its flanks a 
more or less sharp boundary between the old crust and the 
new. If this lapse m sea floor spreading 1s recorded by the 
crust at present between X, and X, from the axis of the 
nidge, the followmg are some of the possible geological 
and geophysical criteria by which ıt might be recognized 
(Figs 3 and 4) 

(1) The topographie profile ıs steepened over a region 
that may be wider than X,—X, because of heat exchange 
between old and new crust Fig. 1 shows how the mdge 
profile might appear after an idealized lapse (quiescent 
penod) which lasted for 20 milhon years and ended 
10mybp This profile was derived by applying an isostatic 
correction to the 1 em/yr model midge profile’* and assum- 
ing that subsidence of a parcel of crust depends m the 
first approximation only on the time after extrusion at 
the axis Fig 1-1 shows the ndge steady-state. Fig 1-2 
shows the same ridge considerably subsided, at the end 
of a 20 million year lapse. The rejuvenated ridge, the crest 
of which has again attained the maximum of about 3 km 
elevation above the equilibrium level, 1s shown m Fig. 1-3 
The mid-ocean ridge in the North Atlantic Ocean may be 
m such a condition 
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roughness, magnetic signature, elevation and sediment thickness Angle between ridge and profiles is about 80° 
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Profiles D and E across the Mid-Atlantic Ridge at 36° N , illustrating crestal province differing from adjacent flanks in basement 


Tick marks at base of profilea 


are 100 km apart 


(2) Sediment thickness increases sharply, if sedimenta- 
tion rates can be assumed to have been constant 

(3) Heat flow values dimmuish sharply The sharpness 
will depend on the age and length of the hiatus as well as 
the conductivity of the crust and upper mantle 

(4) After magnetic profiles have been reduced to a 
constant elevation above the igneous basement, the mag- 
netic pattern may differ on either side of X, and X, This 
implies that the hiatus could have marked a change m 
the frequency of polarity reversals and/or a change in 
spreading rates of the mdge The most powerful tool ın 
estabhishmg the existence and length of a hiatus would be 
a direct application of the Vime-Matthews technique‘, 
which requnes a complete history of field reversals, de- 
termined from palaeomagnetic measurements and isotope 
dating, for a period of time at least long enough generously 
to bracket the hiatus If a certain sequence of reversals 1s 
missing in the oceanic crust at +X, the “magnetic tape 
recorder” must have been “‘turned off” for the correspond- 
ing period of time 

In the absence of such a detailed dated history of 
polarity reversals—the exact reversal sequence has been 
extended only to 4 mybp at present—the existence and 
length of a hiatus could be established by the followmg 
relative technique If a complete sequence of reversals, 
as manifested by anomalies, 1s recorded on one part of the 
ridge system, 1t can be used as a standard of comparison 
for a part of the ridge where there 1s a hiatus, reflecting a 
lapse in spreading The length of the interval for which no 
crust was generated on the non-steady-state ridge is 
estimated by the length of the “‘missmg” sequence of 
anomalies 

(5) Isotope and palaeontological ages of the oldest rocks 
and sediments increase sharply 

(6) The character of the subsedimentary crust seems to 
depend on spreading rate, so that past variations in this 
rate would have been recorded by the crust Menard? 
has observed that for S<2 em/yr, the crust that 1s gen- 
erated 1s characterized by a thick “volcanic” layer, rough 
topography and the absence of an “oceanic” layer Con- 
versely, S>2 cmfyr ıs characterized by a thin volcanic 
layer, a smooth basement and an oceanic layer The tıme 
rate of generation of the volcanie layer seems to be 
relatively independent of spreading rate 

In Fug 4, two possible combmations are shown schemat- 
ically Fig 4-1 suggests a present rate less than 2 em/y1 
and a past rate greater than 2 cm/yr The mterval 
between 1s shown dashed It could be merely a transition 
from one rate to another, or spreading could have been 
slow or zero during the interval It is not known what the 
crustal structure might be for spreadmg rates much less 
éhan 1 cm/yr, or mdeed if such rates are possible. The 
second example shows the crustal structure that would 


be expected ıf spreading dropped below 2 em/y1 for an 
interval of time and then rose above 2 em/yr again 

The followmg additional types of evidence for lapses 
m sea floor spreading are not restricted to the strips 
X,<X<X, 

(7) Volcanic activity might be different in volume and 
petrology before, during and after the quiescent interval 
The islands on the ridge would be expected to be most 
affected, but the possibility that volcanic activity at great 
distances from the ridge axis 1s also coupled to spreading 
rates cannot be discounted, especially if there 1s differen- 
tial movement between the magma sources and the 
overlying crust 

(8) The history of volcanic and tectonie activity along 
island ares should reveal lapses ın sea-floor spreading if 
the arcs constitute the crustal ‘‘simks’’ corresponding to 
the mid-oceanie ‘‘sources”’ 

(9) Orogenic and epeirogenic events on adjacent con- 
tments may correlate with events on the muid-oceanic 
ridge 


Evidence for a Late Tertiary Lapse 


Eleven crossings of the North Atlantic taken between 
10°N and 46°N have collected magnetic, bathymetric 
and sediment thickness data (seismic reflexion) (Fig 5), 
which have been combined with published geological and 
geophysical data from the ridge Analysis of these data 
suggests that many known but unexplained characteristics 
of the ridge can perhaps be explained in the hght of a 
hiatus in sea floor spreading 

Most crossings of the North Atlantic show a distinct 
break m the topography at a distance of 60 to 130 km 
fhom the central rift (Figs 6-10) This break was first 
noted by Heezen et al.®, who subdivided the mdge mto 
crest and flank provinces with a marked steepenmg of 
slope between. The crest province 1s marked by local 
topography (800 m relief) which 1s rough compared with 
that of the flank provinces (400 m relief) 

This steepening of the topographic profile ıs a distinct 
vertical topographic offset in the basement and 18 generally 
symmetric about the ridge axis The magnitude of the 
offset ranges from 0 5to07km Fracture zones complicate 
measuring the offset ın slope at several crossmgs of the 
North Atlantic (Figs 8 and 9), but the raised crestal block 
of the ridge 1s a feature that ıs easily seen ın most exag- 
gerated profiles The marked break in Slope fits the 
model, suggested earher ın this paper, of a hiatus in sea 
floor spreading (criterion 1) During this hiatus the entire 
ridge subsided by thermal and petrochemical contraction 
A resurgence of activity was marked by renewed spreadmg 
and uplift of the crestal portions of the mdge The rate of 
uplift 1s unknown but, for example, the Colorado Plateau, 
which may constitute a reyuvenated segment of the East 


NATURE, VOL. 217, MARCH 30, 1968 


Pacific Rise, has been uplifted at a rate of about 15 em/ 
1,000 yr since the Phocene** 

The variation of sediment thickness with distance from 
the axis of the Mid-Atlantic Ridge is also consistent with 
& late Tertiary lapse m sea-floor spreading (criterion 2) 
Seismic refraction data, cores and bottom photographs 
have all noted the scarcity of sediment on the crest of the 
ndge Early seismic reflexion data showed a marked 
lateral sediment thickness discontinuity on the Mid- 
Atlantic Ridge** Ewmg and Ewing’ have perhaps docu- 
mented that this discontmuity 1s of world-wide extent 
Ther best explanation of the phenomenon 1s a lapse or 
halt m crustal spreading durmg the Tertiary, followed by a 
later resurgence These and earlier workers, noting the 
thinning of sediment toward the ndge crests, suggested a 
younger age of the ridge towards the crest’, but they 
failed to note that this sedimentary thickness boundary 
takes place at the well marked physiographic boundary 
between crest and flank, mdicating a marked age dif- 
ference between these two adjacent provinces 

The lateral discontmuity ım sediment thickness 18 
evident ın the seismic reflexion data despite marked 
differences m absolute thickness along the strike of the 
mdge The crossmg at 12°N (Fig 10) reveals only 
200-400 m of sediment on the ridge flanks, whereas the 
thickness at 46° N. (Fig 6) ranges from 600 to 1,400 m 
Yet m both regions the ratio between sediment thickness 
on the crest and that on the immediately adjacent flanks 
ranges between 1 25 and 1.5 

Sediment thickness on the ocean floor 1s controlled by 
(1) age of the underlying crust, (2) biological productivity 
and (3) proxumity to sediment sources and sediment 
distribution systems 

Aur gun and sparker seismic records across the mdge 
crests show little sediment in this province (less than 
100 m) and no noticeable thickening of sediment occurs 
from the rift to the crest-flank boundary (Figs 6 and 10) 
Records across the flanks also show no noticeable thicken- 
ing away from the crest 

This observation raises a problem, because uniform 
sea-floor spreading would appear to demand a monotonic 
increase of sediment thickness with X, the distance from 
the crest of the mdge 

This dilemma might be resolved by allowance for the 
steadily changmg sedimentation regime “seen” by a 
parcel of crust as 1t rides down the ‘‘subsiding conveyor 
belt”. For example, the lack of apparent sediment thicken- 
ing down the flanks may be due to a change from the 
relatively rapid pelagic rates (1 cm/1,000 yr foram ooze) 
to the slow rates prevailing in the red clay zone below the 
level of carbonate compensation (01 em/1,000 yr) In 
the crest province, the lack of noticeable thickening of 
sediments away from the younger central mft perhaps 
stems from techniques of seismic measurement It 1s 
also known from bottom photographs that, near the crest, 
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currents are filing m small erevices and valleys with 
sediment 

The heat fow data under “steady-state mdges” are 
also consistent with the lapse hypothesis High values 
occur on the high crestal block and are flanked by essen- 
tially average values (criterion 3) Magnetic anomaly 
patterns across the mdge show a change m anomaly 
pattern from crest to flank with longer wavelength and 
lower amphtude anomahes prominent on the flanks! 
(criterion 4) This marked change takes place at the fifth 
major positive anomaly from the crest or at about 10 
mybp (ref 21) (Figs 7 and 8) Such change ın the charac- 
ter of the anomaly pattern at this boundary either marks 
(1) a change m the frequency of polarity reversals or (2) a 
change ın the rate of ridge spreading (Fig 3) 

Avery et al?! have analysed a detailed aeromagnetic 
survey of the Norwegian Sea by comparing the anomaly 
sequence observed there with a “standard sequence” 
established by several workers at the Lamont Geophysical 
Observatory (see ref 5 for example) This sequence 
applies to the mid-oceamie ndge ın the North and South 
Pacific and South Atlantie On the assumption that ridge 
spreading has been continuous on these ridges, Avery etal *? 
while admitting the tentative nature of their conclusions, 
propose the following history for sea floor spreading m 
the Norwegian Sea The first episode of spreading lasted 
from 60 to 49 mybp at a rate of 14 em/yr A second 
period of spreading seems to have lasted fo. 20 mullion 
years (assummg S=1cm/yr) This mnterval may or may 
not have been continuous with the first spreading episode 
and ended considerably before 10 mybp There was a long 
period of quiescence, with renewed spreading begmning 
10 or 15 mybp on Iceland-Jan Mayen and Mohns ridges 
The relative magnetic correlation technique (under 
criterion 4) therefore supports the proposed late Tertiary 
lapse, at least on the northern extension of the Mid- 
Atlantic Ridge 

As yet, the geomagnetic reversal time scale is not 
complete enough to establish the exact length of the 
Inatus The present rates of spreading provided by 
studies of sea-floor magnetic patterns are approximately 
consistent with various geological estumates for the time 
at which rifting began So if we mvoke a stoppage in sea 
floor spreading, 1t must either be short compared with the 
overall time of openmg the basins or we must mvoke 
higher spreading rates in the past 

The distribution of isotope and palaeontological ages 
away from the ridge crest (criterion 5) 18 poorly known", 
but the data at least do not preclude the lapse hypothesis 

Recent work?’ has revealed a strong correlation between 
the petrology of oceanic rocks in the Atlantic and Pacrfic 
and the distance from the mid-ocean mdge axis Basalt 
specimens collected withm the belt of high heat flow 
around the crest are strongly oversaturated with silica, 
whereas undersaturated alkaline rocks appear on the 
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Fig 8 Profiles F and G across Mid-Atlantic Ridge at 34° N Angle between ridge and profiles about 60° 


Fracture zone was crossed on = © 


east flank of F Other designations asin Fig 7 


1220 


EAST, FLANK PROVINCES 


NATURE, VOL 217, MARCH 30, 1968 


| CREST PROVINCES WEST 










DEPTH (KILOMETERS) 


o 30 100 
SCALE (KILOMETERS) 












HIGH HIGH 
FRACTURED FRACTURED! FRACTURE 4! 
PLATEAU : ZONE 


l 
1 
i 
I 
t 
1 
1 
| 
r 


RIFT VALLEY 


DEPTH (KILOMETERS) 
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flanks and in regions far from the crests. Perhaps the 
petrology of rocks mjected since rejuvenation of rifting 
differs systematically from that of rocks antedating the 
lapse (criterion 7) 

Geological evidence from an active island are also 
supports the late Tertiary lapse m crustal spreading 
(criterion 8) Inchis studies of the West Indies, Professor 
T W. Donnelly has concluded that the period between 
about 40 and 10 mybp was marked by little or no volcanic 
activity, and the erosion of older lavas Uplift and a 
renewal of vulcanism began about 10 mybp (personal 
communication from T W Donnelly) Detailed studies 
should be made to attempt to correlate orogeme and 
epeirogenic events on island ares and continents with the 
proposed Tertiary lapse ım spreading (criterion 9) 


Evidence for Other Discontinuities 


There 1s some evidence for several other discontinuities 
which may, however, only mvolve changes in rate of 
spreading Phıllıps?? has found an apparent discontinuity 
in rate which occurred 5 to 6 mybp and mvolved a decrease 
of 18 to 27 per cent This change was observed at 22°N 
and 27° N on the Mid-Atlantic Ridge and resembles a simi- 
lar discontinuity on the Juan de Fuca Ridge Because the 
absolute magnetic reversal time scale has not been estab- 
lished, the discontinuity in. spreading rate may not be real 

Another discontmuity in rate may exist between 300 
and 400 km from the axis of the northern Mid-Atlantic 
Ridge At about 300 km the crustal section 1s still typical 
of “slow” ridges, fo. there 1s 3 km of second layer over- 
lymg low-velocity mantle At 400 km, this abnormal 
mantle 1s replaced by 5 km of oceanic layer overlying a 
normal mantle!* 

The wavelength of this dommant magnetic anomaly 
changes from 32 km to 36 km at X=300 km™ If no 
change ın the average reversal rate occurred, this umplies 
a 12 per cent decrease in spreading rate The time of this 
change cannot be established, for the subsequent spreadmg 
history 1s not known precisely. If the average spreading 
rate has been 1 5 em/yr, the discontmuity occurrred at 20 
mybp (if there has been no Tertiary lapse) or at 50 mybp 
Gf there was a lapse of 30 milhon years as suggested by 
Ewing and Ewing? and by these arguments) An effort 
should be made to find changes in average topographic 
slope and in thickness of the voleanic layer on erther side 
of the 300 km discontmuity The change ın the magnetic 
spectrum mumplies a 12 per cent decrease m both regional 
slope and thickness of the volcanic layer between 300 and 
400 km. The change ın slope follows uf subsidence ıs 
primarily a function of time after extrusion The change 
in thickness of the voleanic layer follows 1f the tame rate 
of discharge of this layer 1s constant ın time*4 

At about 700 km, m the North Atlantic, the regional 
slope decreases from about 3 1000 to 15 1000 or less. 
This break is the outer boundary of the Mid-Atlantic 
Ridge, as defined by Heezen et al *. At the same distance, 
the dominant magnetic wavelength mcreases from 36 km 
to 70 km1*, suggesting a 50 per cent decrease in spreading 


Fig 6 


rate if the frequency of polarity reversals did not change 
at that time The age of this boundary would be 65 mybp 
if the spreading rate has been 1 5 cm/yr except durmg the 
late tertiary lapse This age, which coincides with the 
Laramide orogeny, may mark the tıme when the Atlantic 
rft propagated northward from about 50° N. mto the 
Arctic Ocean®*, The 50 per cent decrease in spreading rate 
should have been marked by a 50 per cent merease in the 
thickness of the volcanic layer, because the tume-discharge 
rate for the volcanic or “second”, layer ıs postulated to be 
constant for mid-ocean ridges*4 Indeed, seismic refraction 
profiles ın the deep basins of the North Atlantic Ocean do 
not reveal first arrival returns from the layer"! Thus if the 
second layer exists under the deep basins, ıt must be 
quite thin 

The spreading rate prior to the 700 km discontinuity 
(about 3 em/yr if magnetic anomaly wavelengths are 
mdicative) may be extrapolated to the east coast of the 
United States, suggesting a Jurassic age for the oldest 
parts of the North Atlantic As a check on this reconstruc- 
tion of spreading, we note that the isotopic ages of dolerite 
dikes thought to have been emplaced durmg the mitial 
stages of North Atlantic rifting fall between 140 and 180 
mybp™ 

By contrast, Hertzler and Hayes* have extrapolated a 
l em/yr rate to the edges of the continents and have 
concluded that the undisturbed magnetic field near the 
continental margms should be assigned to the Permo- 
Triassic, making the North Atlantic up to 250 million 
years or more old In view of the more recent spreading 
rate determinations at these latitudes*® as well as the 
inferences presented here, the North Atlantic ıs no older 
than lower Jurassic Geological evidence suggests that 
the East African stage of rifting (before there was an 
ocean) ıs recorded by the Upper Triassic grabens the sedir- 
mentary fill of which 1s grouped under the Newark series. 

We have suggested a major discontinuity in time and 
possibly spreading rate at about 100 km, and discontinuities 
in rate at about 300 and 700 km The topographic effect 
of the late Tertiary lapse 1s still pronounced. This dis- 
continuity 1s the boundary between the High Fractures 
Plateau and the Upper Step n a physiographic classifica- 
tion of the Mid-Atlantic Ridge* Snmmularly, the 700 km 
discontinuity coincides with the distal boundary of the 
lower step. It 1s tempting to suppose that the boundaries 
Upper/Middle and Middle/Lower also reflect spreading 
rate discontinuities The upper one may be related to the 
300 km discontinuity If marked elevation differences 
separate the steps, time discontmuities (lapses) may also 
be mvolved The absence of marked changes m the thick- 
ness of unconsolidated sediment across “the features 
suggests, however, that the lapses, if any, were short. 

The late Tertiary quiescent mterval recorded by the 
mud ocean nft m the North Atlantic seems to be corre- 
lated with a period of slower spreadmg (but not stoppage) 
on the East Pacrfic Rise Menard? has cited evidence that 
spreading rates were 4 cm/yr before and after this period 
During the period of slower spreading (15 emfyr ?) 
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belts of rough topography about 200 to 500 km wide were 
generated The centres of these belts are now about 500 
to 1,000 km from the axis of the East Pacific Rise Ifthe 
“slow” period corresponds to the North Atlantic hiatus, 
the width of the belts should equal the spreading rate 
(1:5 em/yr) tames the length of the hiatus (30 mullion years), 
or about 450 km This is in good agreement with the 
observed width of the belts A further check on this 
hypothesis 1s the width of the axial belt of smooth topo- 
graphy on the East Pacific Rise If fast spreading (4 em/yr) 
began 10 mybp, the width of the smooth belt should be 
2x4 em/yrx10 my or 800 km, which also agrees with 
observation The activity on the Hast Pacific Rise and the 
Mid-Atlantic Ridge seems to be remarkably synchromzed 
The East Pacific Rise therefore reveals the type of 
discontmuity of spreading shown schematically ın Fig. 4 
Seismic refraction profiles m Menard’s ‘“horstgraben 
provinces” would be of great interest If the second layer 
1s generated at a constant rate m time*, this layer should 
be 3 km thick under these parts of the Hast Pacific Rise 
By analogy with the Mid-Atlantic Ridge, there should 
be no oceanic layer but a low-velocity mantle (Fig 4) 


Concluston 


Seismic reflexion, topography, heat flow and magnetic 
data seem to support the suggestion by Ewmg and Ewing’ 
that there was a late Tertiary lapse ın crustal spreading 
which ended about 10 mybp This lapse has been recorded 
by the crust and 1s now about 100 km from the axis of 
the Mid-Atlantic Ridge The magnetic reversal sequences 
on the East Pacific, Carlsberg, and South Atlantic bran- 
ches of the mid-oceanie ridge exhibit one-for-one correla- 
tions afte: linear differences m spreading rate have been 
1emoved?? Because much of the evidence for the late 
Tertiary lapse apphes to these areas as well, the lapse must 
therefore be assumed to have been a global phenomenon, 
although the history of crustal spreading seems to have 
been more complex on the Mid-Atlantic Ridge north of 
about 50° N 

We are not now prepared to suggest a firm length of the 
period of ridge quiescence or slow-down Sediment thick- 
ness ratios between crest and flank are variable and several 
unknown factors must be considered in calculating the 
rates of subsidence of a cooling mdge flank. Present values 
suggest, however, a period of quiescence of 15 to 30 millon 
years Topographic, seismic refraction and magnetic 
data also suggest that two other discontinuities m the 
spreading rate (decreases) may be recorded by the crust 
in the regions 300 to 500 km and, less certamly, at 700 


km from the axis of the Mid-Atlantic Ridge Careful 
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statistical work on topography, heat flow, dating, sediment 
thickness, magnetics and crustal structure m the transi- 
tional regions 1s required to substantiate these events 
and correlate them with those found on other mdges and 
with orogenic events m general 

The history of spreading 1s still too mcompletely under- 
stood to rule out the possibilty that mftmg may shift 
between one part of the mdge to another on a global scale 
m such a way that sea floor 1s created at a constant rate 
ın time, as measured around a great circle The latter 
would be expected 1f the world ıs presently expandimg at 
a constant rate m tıme??3 If the entre mid-oceanic rift 
shows synchronized periods of activity and quiescence, 
the expansion hypothesis must invoke processes that can 
operate with periods measured ın tens of mullions of years 
If sea floor spreading 1s driven by a global convection cell 
a simultaneous stopping and starting along the entire 
Mid-Atlantic Ridge and East Pacific Rise mmphes that 
different parts of the cell are very closely coupled im 
time, with convection speeds varying slowly and appar- 
ently regularly along the strike of the ndge Some of this 
synchronization could be understood 1f the strength of the 
healed crust can appreciably exceed the tension stresses 
onit As stresses build up there will be an area of weak- 
ness where rifting begins, and the mftimg will propagate, 
if 16 1s analogous to a crack, over, wide regions, passmg 
into weakly stressed and even mto unstressed and com- 
pressional regions The rift will preferentially follow hnes 
of pre-existing weakness? A pre-existing rift will be 
preferred because ıt 1s a “flaw”, but the greater the 
quiescent mterval the greater the probability that a new 
site will be chosen If convection cells are mvolved, a 
change in their position would favour a new locus of 
nfting Interestmg possibihties arise, however, if the 
crust has significant strength The rising limbs of deeper 
convection cells might be considerably displaced fiom the 
ndge axis The ascending cell could be very broad indeed, 
while mantle derivatives are contimuously mjected mto 
a narrow zone of constant weakness The regularity of 
crustal spreadmg may therefore be partly due to the 
locahzation of fracturing along a continuously rejuvenated 
zone of weakness 

If the crust has sigmficant strength, a world-wide 
cessation of mfting 18 more difficult to understand, because 
crustal spreadmg along pre-existing lmes of weakness—. 
along the axis of the mid-oceanie mft—1s so much “‘easier’” 
than a renewal of activity. But granted the tensional 
forces may dechne in time over a large region, possibly 
the whole world, 1b 1s possible to account for a sudden, 
synchronized stoppage. As tension decreases, spreading 
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rates fall. Meanwhile, the thickness of the solid ,crust 
mereases by downward freezmg and by coolmg Ten- 
sional fissurmg will continue throughout the rft until 
the weakest or most highly stressed region can no longer 
sustain crustal spreading by extending the process to 
neighbouring and stronger regions There is then a 
synchronized end to crustal spreadmg, on a large and 
possibly global scale 

The evidence for major discontmunties ın the history 
of crustal spreading 1s still speculative It ıs of great 
mterest to know whether the mid-oceanie mdges can be 
considered steady-state for periods of the order of 10-100 
millon years If they can, the variation of ciustal struc- 
ture with X umphes a rate That 1s, the rates at which 
physical processes occur in the Earth and the conditions 
under which they occur could then be deduced by careful 
study of how a mid-ocean ridge changes away from its 
crest Unlike the study of oceanic or atmospheric circula- 
tion, where the validity of “steady-state” approximations 
can be checked by repeated surveying, the upper mantle 
processes must take millions of years to establish physico- 
chemical equwlibrum The exact history of crustal 
evolution and spreading thus awaits detailed application 
of the Vime-Matthews hypothesis‘ to the whole ridge 
system, and the possibility of discontmuities m the 
spreading history must be carefully considered and 
checked out by all possible means 
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OBSERVATIONS of a new type of rapidly varymg radio 
source have recently been reported! The prmerpal charac- 
teristics of the four sources so far discovered may be 
summarized as follows—-sharp pulses of radiation are 
received, separated by comparatively long intervals which 
themselves are remarkably constant (with variations of 
$1 part m 2x 107 during the past 3 or 4 months) The 

ulse duration is no more than ~0 016 s, while the period 
1s 1 3372795 + 0 0000020 s (ref 1) We understand that 
the other objects show similar sharp pulses at intervals of 
the order of 1 s, which, although not identical, strongly 
suggest that a new type of physical system has been 
discovered Hewish et al propose that the objects may be 
pulsating white dwarfs or neutron stars Although this 
may prove to be correct, there are certain difficulties 
associated with the constancy of the observed period 
We suggest an alternative explanation for the observed 
phenomena, 


Gravitational Lens Hypothesis 


An obvious method of achieving astronomical regularity 
1s that associated with motion m a bmary system We 
therefore suggest that the radiation peaks are caused 
by the nearest member of a binary pair actingas a gravita- 
tional lens on the radiation of 1ts more distant companion 
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The gravitational lens effect associated with a neutron star binary 
gives results which agree well with recent observations of a new 
class of rapidly pulsing radio sources. Further tests of the theory 
are proposed 


The observed interval between emission bursts for objects 
of equal mass would be one-half the orbital period It 
might be thought that such occurrences would necessarily 
have a negligible probability Remarkably, this 13 not 
the case 

We first embark on an approximate illustrative analysis, 
to be followed by more detailed computations Consider 
the motion of two stars of equal mass M~05 Mo and 
with an orbital period of 3 s This corresponds to a 
separation a3 x 108 em and orbital velocities ~10-* ¢ 
Clearly, ıt follows from the small separation that the 
stars must be very compact white dwarfs or neutron 
stars This requirement 1s also necessary for the gravita- 
tional lens mechanism to be effective 

Liebes? has given a theoretical discussion of the gravita- 
tional lens and we shall follow his notation throughout. 
Fig 1 illustrates the configuration O, D and R denote 
the source, deflector and receiver, respectively 20 and 
2ọp denote the undistorted angular diameters of O and 
D, if they could be seen by the receiver The semi-apex 
angle of the “cone of inversion”’ 1s given by 


1/2 





4GMp 
8o e lp 3) 
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4G Mp lo D l 

ct D lp ( ) 
because in our case IpS>lop Mp denotes the mass of 
the deflector As the source moves behind the deflector 
the receiver sees two images J, and J, on either side of the 
cone of mversion These mages merge to produce an 
annulus round the cone of inversion m the unlikely case 
when O, D and R are perfectly aligned Because the 
brightness remains the same along a hght path, the 
amplification. factor A 1s given by the ratio of the total 
sold angle subtended by the deflected images to the 
undistorted solid angle of the source Thus Liebes obtains 


A w 1, a>, 


rw O/a, «<8, (2) 
with a maximum value 
A max 285/05 (3) 


in the case of perfect alignment These results are subject 
to the conditions that all deflexion angles are small and 
that the geometrical cross-section of the deflector 1s too 
small to block much radiation This last condition mmplies 


that 
05 Pe" (oa 
on ates =) ai (4) 





where rp 1s the deflector radius Condition (4) can be 
satisfied only when lop/rn>> 1, because the first term 
m brackets 1s essentially the Schwarzschild parameter 
With the estimated value of lop (=a) given here, this 
unphes that the deflector cannot be a white dwarf and 
must therefore presumably be a neutron star Similarly, 
to obtain substantial amplification, we require that 
205 Moy © (a2) 

A max S Pa 4 Cro To > 1 (5) 
which again demands that the source be a neutron star 
We are led therefore to a bmary system consisting of two 
neutron stars, each acting as a gravitational Jens for the 
other 

In the followmg discussion we wul consider only those 
cases ın which reasonable amplification (A > 2) 1s obtained 
The recerver R will not usually be in the orbital plane of 
the stars and we define y to be the angle of closest approach 
as seen by R The situation 1s llustrated in Fig 2, ın 





Fig, i, Geometric configuration _ typical light paths for gravitational 
ens 
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Fig 2 Path of centre of source (0 — 0) compared with cone of inversion 


which the path of O ıs taken to have neghgible curvature 
within the cone of mversion This ıs a good approxmnation 
provided (4GMp/lone*)!"*<<1, which 1s easily satisfied 
in the present case Clearly the largest amplification Am 
for a grven path 1s 


Am Ore Aman (6) 
The angle 84 (Z DOR) at a given amplification 1s then 


given by 
84= (lp/lop)a=1p05/A (7) 
= (1/4) (4GM p/l opc*)?/* 


The tame interval between pomts of given amplification 
in a single pulse 1s thus given by 


Ta = (84/2)EP (8) 


E = Aefb = (1— A*x7/8,7)*? (9) 
provided, of course, that the required amplification 1s 
reached, and that A<0,/p, If we demand, for example, 
an amplification of A=3 and use the approximate values 
of Mp and lop assumed here, we obtain 8; œ~ 10-* and 
TS (8:/~™) P10- s This time certainly satisfies the 
condition 7'S0 016 s given by Hewish et al and suggests 
that, with entirely reasonable estimates of M, the observed 
characteristics of the signal can be reproduced 

The actual amplification as a function of e 1s Wlustrated 
in Fig 3 for the cases y=0 and y=0,/3 In the former 
case the maximum ıs determined by 9, Clearly the width 
at given amplification 1s directly related to Ta Thus 
by mncreasmg the amplification factor the steepness of 
rise can be increased and the width of the pulse reduced 
The apparent shape of the signal will then depend on the 
residual signal level (RSL) 

If 1t 1s assumed that the whole surface of a neutron 
star acts as the effective source, there 1s clearly an upper 
kmt to the maximum amplification This is because 
there ıs an upper bound Me to the mass of a stable neutron 
star configuration, and a corresponding lower bound re 
to 1ts radius Meltzer and Thorne? give values of M, and 
te for two assumed equations of state, one due to Harrison, 
Wakano and Wheeler (HWW), the other to Skryme, 
Cameron and Saakyan (SCS) Of these the latter give the 
most favourable values of re and M e, from which ıt follows 
that the maximum possible amplification 18 


Ama we 17 Pr (10) 


The HWW values give the coefficient of P1 as ~10 
These limits can be relaxed, however, if the stars have 
significant angular momentum or if a further hard core 
pressure (the C-field4, for instance) exists More :mportaxt, 
if the radiation comes from smaller regions on the stellar 


where 
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Fig 3 Typical individual pulse shapes for angular impact parameters 
7=0,and x= 30g 
surface, from flares for example, the value of A*max can 
be exceeded by large factors. This question will be dis- 
cussed further ın the following section m which we 
attempt a comparison of our proposal with the pulsating 
star hypothesis 


Comparison of Binary and Oscillation Theories 


We now list some of the observational and theoretical 
problems raised by the new radio sources and examine 
them in the hght of the theoretical explanations so far 
proposed 


(1) Random Signal Strengths 


It appears that the signal amplitudes vary considerably 
from pulse to pulse, disappearmg below RSL for a con- 
siderable proportion of the time On the binary star 
theory there is clearly no reason to expect correlations 
between successive pulse mtensities because the “clock 
mechanism” (the gravitational orbit) is completely 
divorced from the energy source Random flares occurring 
on each star or in the region between stars happen to be 
amplified, and thus observed, only at moments of suitable 
alignment We note, however, that if the flare lifetzmes 
were significantly longer than the orbital period one would 
expect to observe their effects over several pulses This 
may be the explanation for the observation that, typically, 
the pulses are only present for about 1 min, which may 
occur quite randomly within the 4 mm mterval per- 
mutted by the reception pattern Indeed any evidence for 
(even temporary) correlations between alternate pulse 
strengths would argue strongly for the bmary theory, since 
this would have a natural explanation ın terms of unusual 
activity on one star only. Hewish! has reported that 
several alternate pulses were very weak for one of the 
objects 

On the other hand, ıb 1s difficult to understand how an 
oscillating star can be tuned so finely that its period 
changes systematically by less than ~1 part m 10" per 
cycle, yet can trigger pulses of completely random m- 
tensity As a general rule, the shorter and more regular 
the period of a vibrating star, the more precisely repetitive 
1s the energy output as a function of phase 


(u) Sharpness of Signal 

In the bmary theory the apparent sharpness of the 
signal peak ıs determmed by three main factors—the 
degree of alignment, the ratio of pulse strength to RSL 
and the angular diameter of the source (see Fig 3). As we 
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have noted, there ıs a maximum possible amplification 
factor A* max (equation (10)) if the emissivity 1s uniform 
over the surface of the source If, as 1s more likely, flares 
occur over smaller regions of size ~rf <7ro, the value of 
Amax 18 enhanced by a factor ro/rr and the energy 
lequirements at the source are reduced by 7;/ro The 
shape or changmg position of the flare on the surface of 
the source could lead to some signal asymmetry, though 
in general we would expect this to be small. The duration 
of the flatter portion at the peak relative to the steepness 
of rise and fall depends on Amex and the residual signal- 
level and could, provided the source were single, be used 
in the determination of these parameters 

We should, however, pomt out that if there were a 
number of flare zones on a star the signal recerved would 
consist of a quick succession of bursts of the type llus- 
trated n Fig 3 The duration T'e of this combmed signal 
would be determined essentially by the time for the 
stellar disk to cross the cone of inversion. Thus 


Te ms (1+ 90/9) Ts (11) 


If m)»>0,, Te could be rather longer than the times com- 
puted ın the previous section In this case, the general 
emission from the star would be unamplified whereas that 
from each flare zone would be amplified by A as given m 
equations (2) and (3) with ro replaced by ry In this 
case, the sum of individual pulse lifetimes must be rather 
less than the time, T'e, over which the pulses are received, 
if the basic source 1s to remaim below the level of detec- 
tion (assumed the same for pulsing and constant sources) 

(In the previous section we excluded the possibility that the 
source is a compact white dwarf If, however, the signals 
come from a small region on such a star, substantial values 
of A could still be obtamed although the general emission 
would remain constant The situation would, however, 
be far more complicated and 1s not covered by the small 
angle analysis ) 

The oscillation theory has to explam both sharp rises 
and falls ın the emission at the source. It 1s possible to 
imagine a situation m which shocks generated by the 
pulsations decay m times <0 016 s, though ıt 1s not clear 
why this should always be the case. Nor is 1t clear why 
an oscillating star, tuned to 1 part in 10" per cycle, should 
produce such shocks for only part of the tame Although 
such mechanisms may mdeed exist, the explanation must 
certainly be much more complicated than that mvolving 
bmary stars 


(m) Probability of Observation 


It ıs obviously necessary in both theories to estimate the 
probability of observing the required configurations We 
take as common ground to both theories that neutron 
stars are the end pomt of evolution of stars of mass 
215Mo We hst below the further assumptions that 
underlie our calculation 

(1) The lummosity function of the galaxy has remained 
essentially constant, 

(u) On the upper main sequence La M?, L bemg the 
lummosity of a star 

(ut) A star of ~1 Mo evolves completely m ~10™ yr, 
the age of the galaxy also bemg of this order 

(v) The lifetimes of radio bright neutron stars are long 

(v) a, A proportion q, of upper mam sequence (UMS) 
stars become binary neutron star systems with periods in 
the region of a few seconds. b, A proportion p, of UMS 
stars become single neutron stars with negligible rotation 

(v1) a, Orbital planes of bmary systems age randomly 
oriented ın space 06, A proportion, Pa, of neutron stars 
have central densities ın the correct range to give pulsation 
periods ın the region of a few seconds 

Assumptions ()-(m11) and (vija are reasonable and 
require no comment We will give the remaming assump- 
tions further attention 

From assumptions (1)-(m), and usmg Allen’s® tables, 
we find that n, the number density of completely evolved 
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massive stars, 18 given by 


nw £x10- pe (12) 


a value common to both theories 
From assumption (v)a the number density of binary 
neutron star pairs is ng, Given (vi) a, the probability 
of the observer lying sufficiently close to the orbital plane 
to see an amplification A 1s given by the appropriate 84 
derived from equation (7). Thus the number density np 
of suitably oriented pairs 1s given by 
nb ~ ng; Ša (13) 
If Aw3, then 8=10-*, and ıt follows that the expected 
number of favourable configurations within ~ 65 pe (the 
upper lmıt to distance given by Hewish et al) 1s ~40q, 
We suggest that qı may be of order unity In support of 
this, we note that the progenitors in general possess con- 
siderable angular momentum, and on contraction are 
hkely to break up mto two orbiting masses, according to 
a well known theory of double star formation®’. Further- 
more, a mam sequence star 1s likely to reach the neutron 
star state via some sort of white dwarf configuration (non- 
static) which should be m a state of extremely rapid rota- 
tion and should break up as soon as any major contraction 
occurs Thus an orbital separation of approximately a 
white dwarf radius (108-10 cm) and a period of order 
æl s is not umplausible Angular momentum require- 
ments are easily met because typically we require only 
~ 1/100 of the angular momentum to be retained by ~ 1/5 
of the mass. Furthermore, we note that because of the 
rapid rotation of UMS stars it 1s entirely plausible that 
multiple fission occurs leading to more than one neutron 
star binary pair®. We emphasize that this 1s extremely 
speculative but note however that among UMS stars the 
number of bmaries, presumably formed during the 
Hayashi contraction phase, is comparable with the 
number of single stars. Thus a value of g, ~ $ seems not 
unlikely It leads to about 20 binary neutron star systems 
within 65 pe having orbits sufficiently aligned for reason- 
able amplification The suggested mechanism cannot 
therefore be excluded on probability grounds, subject, of 
course, to the condition that the bmary system lifetume 
18 long. 
In the oscillation theory the number density of can- 
didates np, corresponding to n» 18 given by 
Np = NPP, (14) 
The angular momentum difficulty suggests pı K 1. The 
calculations of Meltzer and Thorne? indicate that the 
pulsation period of a neutron star 1s extremely sensitive 
to the central densitty Thus unless there 1s some par- 
ticular mechanism which selects periods of 1 s 1t follows 
that p,<1 (For white dwarfs it ıs necessary for the 
oscillation to be m an overtone mode if the observed 
period of ~1 s 1s to be obtained; this again indicates a 
low probability ) It therefore appears that np cannot 
significantly exceed n» and may ın fact be rather smaller 
Neither theory can, however, be excluded, subject to the 
assumption of long lifetimes We now consider this ques- 
tion 


(1v) Constancy of the Period and Energy Requirements 

Hewish et al. have estimated the energy output of the 
first source to be ~ 104 ergs yr provided it 1s at a distance 
of 65 pe. This 1s an extremely tentative figure, even apart 
from the uncertamty ın the distance, because the spectral 
distribution 1s still not known im any detail We will 
assume ım he following discussion, faute de meus, that 
this figure 1s correct We defer discussion of energy 
radiated by gravitational waves until later m the paper. 

It ıs rmportant for theoretical purposes to place restric- 
tions on the permussible amount of systematic change of 
period per cycle. From the present data 1b appears that 
the period ıs constant to at least one part ın 10% per cycle. 

We remark that there 1s no variable red-shift problem 
for the bmary model. The amplification ean occur only 
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when, the motion ıs taansverse We further note that a 
change in mass would alter the periods ın either model 
The estimated changes due to accretion are, however, 
many orders of magnitude too small to have significant 
effects m either case. 

If we assume that the oscillating star contaims the 
maximum possible vibrational energy (~ 10 ergs), the 
estimated radiation rate at 65 pe (~ 104? ergs yr-!) yields 
a decrease in vibrational energy of ~1 part in 10% yr- 
and presumably a similar change m amplitude Although 
m a Imear theory the period ıs mdependent of the ampli- 
tude of pulsations, a residual dependence on terms of 
higher order would be expected, particularly near maxi- 
mum amplitude The observed constancy to 1 part m 
108 yr- appears to show a remarkable and, we think, 
unlikely absence of such non-linear effects. This argument 
can be countered by reducing the distance to the source 
by a factor of at least 10, but only at the expense of a 
further reduction in the expected number of stars to 
np% 4pıpa This is now disturbingly small. 

The figures given here point clearly to a further diffi- 
culty If the estimated emission rate 1s correct, the lıfe- 
time Tp of the pulsations can be at most ~ 10‘ yr. (Indeed, 
Tp 1s probably less than this because, according to Meltzer 
and Thorne*, much of the available energy will be dis- 
sipated rapidly (in ~ 10 yr) by variqus processes including 
neutrmo emission ) On this basis, the probable number of 
vibrating neutron stars of the type observed should be 
reduced by a further factor 7',/T, where T'ẹ 18 the mean 
total evolutionary tıme of neutron star candidates With 
T,~10° yr, this would agam reduce the number of 
possible candidates within 65 pe to unacceptably low 
levels. Similar arguments apply m the case of white 
dwarfs with corrections of order unity for the maximum 
possible energy and the expected number of stars One 
1s therefore m some difficulty to explam the observed 
number of sources of this type on the pulsating star 
hypothesis 

On the other hand, we run mto very sumiar, though 
shghtly less strmgent, difficulties on the bimary star 
hypothesis Again assuming the source to be at 65 pe, 
our total energy requirements are increased by the ratio 
of orbital period to pulse duration and reduced by the 
amplrfication factor and, if the emission 1s coming from ny 
smaller flare zones, by the factor (r;/nrro) (If there were a 
correlation between flare activity and the position of the 
binary companion a further reduction would be possible ) 
Thus our energy requirements are probably of the same 
order of magnitude as those in the pulsating star theory, 
with the possibilty of some reduction from the (r;/nsro) 
factor. The expected number of pairs within 65 pe is 
thus hkewise reduced to unacceptable levels 

The problem of energy supply and reasonable hfe- 
times thus seems msuperable unless the total emussion 
rate at 65 pe turns out to be a considerable over-estunate 
Otherwise only a harder core pressure than that from 
neutron degeneracy seems to offer any hope of resolving 
this difficulty A possibility arises from the work by 
Hoyle and Narlikar‘ on the resistance to compression 
offered by the C-field. In this case the masses (to which 
there ıs no upper bound) are near ther Schwarzschild 
radius. Clearly this topic requires a more detailed exam- 
mation which 1s beyond the scope of this article We 
merely note that to mamta the number density the 
mass cannot exceed ~3 Mo and the energy reserve not 
more than 1055 ergs Thus even at the extreme, the life- 
times are only just comparable with T, and the problem 
of expected probable numbers 1s barely resolved We 
therefore feel that if either of these pictures ıs to prove 
correct the total emission rate at 65 pe must be reduced 
by at least ~T4]Tp~ 10°. 

Whatever the figure for total emission rate turns out 
to be, we would, at this pomt, emphasize one important 
advantage of the bmary star picture over the pulsatmg 
star hypothesis In the latter, any energy taken from 
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mternal reserves causes a change in structure and hence 
in period on the time scale Tp Thus even if the energy 
requirement is reduced so that T,~7, the periods will 
cover a wide range, ensuring a small value for p, and hence 
of the expected number of sources On the binary picture, 
however, these internal reserves and mdeed energy stored 
in the region between the stars (m magnetic fields, for 
instance) could be utilized without altermg the periods, 
provided the rest mass of the stars remains the same 
Even at the estimated emission of ~ 1047 ergs yr- this 
gives a maximum change m orbital period of 1 part m 
10? yr-*—still within the observational mits We have, 
however, omitted any consideration of gravitational radia- 
tion throughout the analysis We now examine this 
question ın more detail 


Gravitational Radiation 


There is still some controversy as to the precise situa- 
tions in which gravitational waves are emitted We 
follow the standard analysis of Landau and Infshitz®, who 
obtam for the characteristic time tz for changes m the 
binary orbit the expression 
z l cê lop? 
™ 128 GM, M, (Mı +M) 

l cë (M, + M,)3*8 @78 13 

128 G58 M, M: 
Usmg the approximate values M, =M, =05Mọo and 
lon~3x 108 cm as before, we obtain tgaœ108s By redu- 
emg one of the masses somewhat tg could be increased to 
at most ~10°s This clearly implies a relative change of 
period far in excess of the observational limits and seems 
to exclude the binary star theory quite conclusively 
Before proceeding, however, we would pomt out that the 
pulsating neutron star hypothesis also suffers ın such an 
analysis 

For a pulsating star the characteristic decay tıme due 
to gravitational radiation is given®? by 

5o cê 
GMae? wt 
where e 1s the ellipticity As the loss rate ıs dominated 
by the highest harmonics present (16) could be an over- 
estimate For a neutron star with a period of ~l s we 
obtain?’ M~02 Mo, a~2x107 cm, and thus tp~2x 
10°/e? s Should neutron stars retam only ~l per cent 
of the angular momentum of typical UMS stars, they 
would have marked ellipticity, e ~ 01, resulting in a 
decay time tp of at most ~104 years (Similarly a white 
dwarf with solar angular momentum would have 
tp~10® years) Such time scales are already mcom- 
patible with the observational data There is, how- 
ever, a suggestion due to Tsuruta and Cameron! that a 
strong magnetic field could remove sufficient angular 
momentum to reduce e to a negligible value From their 
analysis, however, the required magnetic field would itself 
produce a substantial quadrupole moment Thus, unless a 
fine balance exists m which first angular momentum and 
then magnetic fields are dissipated rapidly, the pulsating 
neutron star would lose its energy on an extremely 
short time-scale The number of stars on the upper main 
sequence with low (effectively zero) angular momentum 
could produce the required type of neutron star but only 
with immensely reduced probability of observation We 
feel that if the theory used here ıs corect the pulsating 
neutron star hypothesis can be excluded Pulsating 
white dwarfs would seem to have the least difficulty 
concerning gravitational radiation, the associated time- 
scales always beng >ts Even in this case, however, one 
would expect changes ın period on a time-scale of ~ 103? s 
(because most of these stars should be in rapid rotation 
even if on the mam sequence they possessed only the solar 
angular momentum) This should also have been detected 
with the present observational data 

oth the bmary star and the pulsating star models 


TR 





(15) 


Tp = 


(16) 


NATURE, VOL 217. MARCH 30, 1968 


seem to succumb under the problem of gravitational 
radiation On the other hand, our model appears to 
satisfy a number of other observational requirements m 
a rather natural way If observations continue to support 
the binary star picture, and if general relativity 1s funda- 
mentally correct, there seem to be two possible ways to 
resolve the gravitational radiation difficulty 

First, ıt may be that freely fallmg particles (binary 
stars, for example) do not radiate gravitational energy 
according to general relativity. This possibility has been 
urged by Bond:!?, who found that tme dependent systems 
without “news” (that 1s, radiation of energy) can exist 
The physical mterpretation of his solutions remains con- 
troversial but, in view of the recent observations of rapidly 
pulsing radio sources and their otherwise plausible inter- 
pretation as binary stars, 16 1s umportant that Bondi’s 
suggestion be investigated m detail We note, however, 
that this would not resolve the gravitational radiation 
problem ın the case of pulsating neutron stars because the 
mass ın these bodies 1s not ın free fall 

The second possibihty 1s that quantization effects be- 
come important in fairly high fields The gravitational 
radiation difficulty is sumilar to that which faced spectro- 
scopy before the Bohr theory While physicists have long 
recognized the desirability of quantizing general relativity, 
no generally acceptable scheme has been proposed To 
some extent, this failure may be due to lack of experi- 
mental or observational guidance for strong field situa- 
tions. Jf our mterpretation of these radio sources 1s 
correct, the remarkable constancy of the orbital period 
leads one to suspect some sort of quantization mechanism, 
that 1s, radiation free orbits, possibly arısıng as ergen- 
solutions in the strong field (non-lmear) equations It 
may be significant that v/esw1/100~a where « 1s the 
electromagnetic fine structure constant Could the obser- 
vations be hintmg that the usual strong field quantization 
condition QM fre] 18 unrealistic and that GM/re'mwa 
1s more relevant? We cannot pursue the matter further 
here. but ıb seems possible that once again astronomy 
may be able to provide a laboratory for testing con- 
sequences of the general theory of relativity, but this 
time m strong fields 


Predictions of the Binary Theory 


The detailed consequences of our suggestion are now 
bemg evaluated At the present stage, we are able to 
make some general predictions (applicable to neutron star 
pairs) which may act as further tests of the proposal 

(a) For a single pulse arising from a homogeneous source 
region. (1) The times of onset and disappearance should 
be the same at each frequency for measurements between 
given amplification levels (un) The duration of a pulse 
s$2x10 T, where T ıs the time interval between re- 
peated pulses (that is, ~1 3 s in the present case) (m) 
The amplification should be the same at all frequencies 
It should be noted that m applying (i)-(im) due allowance 
must be made for the residual signal level, which at some 
frequencies may swamp the amplified signal and cause 
spurious variations in the predicted temporal comeidences 

(b) For multiple pulses In general, the original, un- 
amphfied signal may have two different components 
coming from (1) the whole surface and (u) flare activity 
in concentrated regions Both could be time varying 
They should produce an observed signal as follows (1) A 
general rise ın the entire signal by a modest amount $17 
(cf section 3) lasting at the lowest amplification levels for 
~2x10°7's (u) Sharply peaked signals with maximum 
amplification factors which may be >17 and*with widths 
correspondingly narrower 

(c) The integrated unamplified signal received m time 
T should be comparable to the energy received m each 
pulse thus the basic source should be detectable How- 
ever, we understand, that this test 1s quite difficult be- 
cause of confusion with other, non-pulsmg, sources m 
the area One would expect to have similar difficulties 
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im detecting the remaming ~4x 10° pairs within 65 pe 
which have algnments unsuitable for amplification 

(d) If a source can be identified. optically, then its hght 
variations should either show sharp bursts similar to 
those observed at radio frequencies, or no amphfication 
at all It should not show smooth hght variations as one 
might expect from a pulsating star 

(e) If the radio signals are short compared with the 
interval between them, as m the present case, an optical 
spectrum should not show classical white dwarf features 
Although neutron star spectra are at present unknown 
one might expect them to exhibit fairly featureless optical 
continua Should this be found, ıt might prove worth- 
while to remvestigate the nature of objects with such 
spectra, hitherto supposed to be a sub-set of the white 
dwarfs 

We thank Professor F Hoyle, Dr D W Sciama, Profes- 
sor Martin Ryle and Dr A Hewish for helpful discussions 
One of us (W © S) carned out this work during tenure 
of an NSF Pre-doctoral Fellowship and a Jesus College, 
Cambridge, research fellowship Two authors (J F 
and P A §) were m receipt of Wilham Stone research 
fellowships at Peterhouse, Cambridge 

Note added ın proof Since this article was prepared, 
further observations have been reported by Ryle and 
Bailey and Davies, Horton, Lyne, Rickett and Smith™ 
Ryle and Bauley’s provisional identification of the source 
with a blue star-hke mage of ~18™ clearly offers the 
possibility of testing predictions (d) and (e) above The 
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results of Davies et al, m particular the simultaneous 
onset of emission at all observed frequencies, and the 
appearance of multiple-pulsmg with three or more single 
pulses per complete pulse, strongly support the bmary 
view put forward m this paper Further observations of 
individual pulse shapes at several frequencies could 
distinguish between a pulsating theory m which plasma 
oscillations (Ryle and Bailey) produce radio bursts and 
the binary theory Frequency dependent collisional 
damping with a time constant av-* could produce sub- 
stantially different pulse widths at different frequencies 
A v width-dependence would not be so easily explained 
on the bmary hypothesis 

Recerved March 11, 1968 
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Possible Model for a Rapidly Pulsating Radio Source 


by The pulsating radio signals may come from active regions on rapidly 


JEREMIAH OSTRIKER 


Princeton University Observatory, 
Princeton, New Jersey 


Recenrity, the Cambridge radio astronomy group has 
described observations of a rapidly pulsatmg radio source! 
Their observations can be summarized as follows (a) The 
signal observed at 815 MHz has a period of 1 337 s, the 
phase being constant to one part ın 107” The amplitude, 
however, vanies irregularly, the signal appearing and dis- 
appearing for periods of a few minutes Each pulse has a 
length of ~0 3s (b) From the absence of proper motion 
and a consideration of the dispersive effects of transmission 
through the interstellar plasma the distance to the source 
1s limited to the range 10° au<d<65 pe (c) Variations 
of phase can be accounted for by the Earth’s orbital 
motion without the need for additional correction for the 
motion of the source (d) No visible object brighter than 
twelfth magnitude 1s apparent in the radio error rectangle 
(e) From the signal width and rate of sweep the source 
size must be smaller than 4 8 x 108 cm 

The authors: tentatively suggested that the radio 
signals come from a pulsating neutron star or white 
dwarf The calculations of Meltzer and Thorne’, however, 
show that stable (as opposed to unstable or metastable) 
neutron stars have central densities in the range 2 7 x 10" 
<p-<6 0x 10! and fundamental modes of radial oscilla- 
tion with periods in the range 5x 10-2> T'>8 x10- Over- 
tones of the fundamental modes have shorter periods still, 
so pulsating neutron stars seem to be an unlikely ongin 
for the radio signals On the other hand, white dwarf 
radal oscillations always have periods? exceeding 8 s 
The equilibrrum models, however, assume that the nuclear 
matter of the white dwarfs has been catalysed to the end 
pomt of thermonuclear evolution A more realistic equa- 
tion of state derrved by Salpeter? produces equilibrium 
models of higher densıty* and consequently shorter pe1iod 


rotating white dwarf stars 
periodicity of the signals which are difficult to explain if the sources 
are pulsating stars. 


This accounts for some aspects of the 


In any case, observations (a) are very difficult to under- 
stand if the source 1s a pulsating star With the large 
energy that would be stored in a stellar pulsation 1t 1s not 
easy to see how the amplitude could be so variable. If 
surface pulsations are adopted ıt ıs easier to understand 
how the signal could appear and disappear at irregular 
intervals but very difficult to understand why the phase 
should be constant over successive reappearances Because 
1t has been suggested that the radio source may be asso- 
ciated with a planet, 1t 1s perhaps worth noting that from 
(b) and (d) the associated star must be famt (fainter than 
eighth magnitude) but 1s likely to be further from the 
planet than 1 av (c) 

We require an intrinsically famt (b, d), small (e) star 
having a natural period of ~1s (a) For the reasons men- 
tioned it seems unlikely that the periodic behaviour 18 
associated with a pulsation period Periodic behaviour 
1s also found astronomucally ın two other cases, orbital 
motion and rotation, both of which can cause periodic 
variations in apparent magnitude 

We can estimate the shortest possible period for orbiting 
ordinary stars ıf we consider a congruent pair of white 
dwarfs which are assumed to be undistorted by tidal or 
rotational forces and which are in a grazing circular orbit 
about one another For stars of mass M and radius R the 
period P must satisfy the mequality 


gil? 
P> an (G) > I7s 


The numerical result ıs obtamed by using the mass and 
radius (1 396 Mo, 0 216 x 10-2 Ro) derived* for a carkon 
white dwarf on the verge of implosion due to inverse B 
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Table 1 MODEL OF A RAPIDLY ROTATING WHITE DWARF 
M 226 MO ~ 
J 3 46 x 10° g cm? st 
Ri 1 85 x 10° cm 
Rı 444x10? cm 
Be 890x10% gem= 
RefRp 214 
—1 21x 10" ergs 
Po 1258 
Py 1618 
P 650s 


decay. For a pair of neutron stars the desired orbital 
period can be obtamed, but gravitational radiation caused. 
by the varymg quadrupole moment® would produce a 
continuous rate of frequency shift equal to 


Ao 96 € (GM)5/8 8/3 3 
(=) ~ 5 (1 + £) cë See 


Stars having masses M and sM and circular orbits about 
ther mutual centre of mass have been assumed For 
stable neutron stars, M >018 Mo, 40>e>0 25, so that 
the expected change ın frequency would be 


a > 7x 10-5 day 
ra) 


a possibility which can be ruled out by the observations 

Fimally, we consider rotation The angular velocity at 
the equator of a rapidly rotatmg, condensed, star can be 
estimated by the Keplerian relation 


E 1/2 


which, if the period (P=2r]Q) 1s to be the order of 1 s, 
gives a “density” (3M/4nR*) of the order of 10* g/em~* 
This density 1s characteristic of the matter ın the more 
massive white dwarf stars Recently®? various sequences 
of models of rapidly, differentially rotatmg white dwarfs 
have been constructed with masses both above and below 
the mass lmt! (1 44 Mo) for non-rotating white dwarfs 
The models with rotation periods as short as 1 s have 
masses ın the range 1-3 Mo. In Table 1 we summarize 
the properties of a 2 26 Mo model with angular momen- 
tum J=8 46x 105 g cm? s~! (characteristic of the mam- 
sequence star having the same mass) and the same angular 
momentum distribution as m a uniformly rotating uniform 
sphere 

In Table 1, R is the radius, P the period of rotation, 


Nuclear Uptake of Exogenous 
in Culture 


by 
A. B. ROBINS 
D. M. TAYLOR 


Department of Biophysics, 
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Belmont, Sutton, Surrey 


Ir is well established that mammahan cells, both en vivo 
and m iro, can take up DNA m a macromolecular form, 
and this phenomenon has been critically reviewed by 
Ledoux who has emphasized 1ts generality and mportance!. 
Tt has been assumed by many workers, however, without 
any experimental evidence to support their assumptions, 
that the exogenous DNA which 1s taken up m this way 
becomes mecorporated mto the chromosomes The 
possibilty that exogenous DNA can be exchanged with 
chromosomal DNA m a manner analogous to that which 
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pe the central density and E the bmdmg energy. The 
subscripts “0”, “$” or “1” refer to quantities measured on 
a cylinder contaming that fraction of the mass, subscripts 
“e” and “p” refer to the equator and the pole. We note, 
m connexion with observation (e), that the star is smaller 
than 5x 10% cm. This very rapidly rotating star (v ~ 5,000 
km s-1) might be expected to be ın danger of fission caused 
by an mstability to a nonaxisymmetric mode The lowest 
(m=1, 2) modes have been checked by Tassoul and myself 
and the star 1s found to be stable in the absence of viscosity 
but unstable, with an e-folding tame of ~10' yr, when 
viscous forces are mcluded, that is, the model 1s stable 
We can magme an active region on such a star emitting 
radiation sumlar to type I or TIT solar bursts, each burst 
lasting the order of a few mmutes Durmg this time radio 
energy 1s emitted m the direction of the Earth as a set of 
pulses, one per period, the period bemg characteristic of 
the latitude of the active region For the time of emission 
to be as short as mferred from the observations (0 016 s) 
it 18 necessary that the radiation be emitted m a cone of 
width ~1°. A subsequent burst from the same active 
region would appear on the observer's record as a new set 
of pulses with amphtude unrelated to the first set but 
exactly m phase with them If active regions appear at 
other poimts at the same latitude, sudden phase shifts 
would be observed caused by differential rotation; a 
shift to active regions at other latitudes would lead to 
changes m both phase and period. 
The details of the model presented here are clearly very 
tentative The major pomt to be made 1s that rotation 
provides perhaps the best explanation for the periodicity 
of the new radio sources, and that rapidly rotating white 
dwarfs have rotation periods in the experimentally ob- 
served range 
This work was supported m part by grants from the 
Aur Force Office of Scientific Research and the US National 
Science Foundation 
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DNA by Mammalian Cells 


The uptake of exogenous DNA by mammalian cells in culture may 
amount to 5 per cent of the host cell complement. This material ıs 
found within the nucleus, but most of it ts not incorporated into the 
chromosomes. 


occurs in bacterial transformation 1s obviously important 
from a number of viewpomts. For example, 1t has been 
clarmed that exogenous DNA 1s effective in She repair of 
damaged material in the cell?-5, that ıt can mduce tumours*® 
or lead to tumour regression’, and these effects have some- 
times been ascribed to such an exchange A hypothesis of 
carcinogenesis mvolving freely circulating DNA has 
already been proposed’ Furthermore, the specificity 
of 9H-thymudine as a label for cells ın DNA synthesis would 
need to be re-examined for experiments m which measure- 
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Fig. 1. Incorporation of *C-DNA by cells in exponential growth as a 
function of time expressed as Bi, whole DNA, @, adenine , A, guanine, 
x, thymine Solid curve expresses the function incorporation =0 21 


ments of the cell labellmg index were to be made at inter- 
vals greater than a few hours after the admunistration of 
the tracor 

In this article, a distinction will be made between the 
uptake of DNA by a cell, and its true, chromosomal, 
meorporation The experiments were designed to examme 
the possibilty of a true incorporation, using cultures of 
lymphoma cells, and exogenous DNA labelled with carbon- 
14, isolated from the same strain of cells The amount 
of DNA which had entered the nucleus was measured and 
then an estimate was made of the maximum amount of 
this material which could be regarded as having been 
meorporated It has been found that this amount 1s very 
small, and may be insignificant 

Mure lymphoma cells (L5178Y) were labelled durmg 
exponential growth with 025 pCi of “C-formate/ml of 
medium at 37° C for 65 h, the final cell population being 
5 x 10" cells/ml The medium used throughout these experi- 
ments was the full medium developed by Fischer? The 
cells were washed free of active medrum with isotonic 
saline, and shaken m 2 M NaCl for 10 mın One-tenth 
the volume of 10 per cent dodecyl sulphate was added, 
and the whole shaken overmght After centrifugation 
at 3,000 rpm the DNA was precipitated from the clear 
solution by gently stirrmg in two volumes of ethanol It 
was redissolved ummediately m a minimal amount of 
10- M NaCl and subjected to mbonuclease digestion 
(20 ug of ribonuclease/ml for 4h), after which the solution 
was made 1 M m NaCl and the DNA again precipitated 
with ethanol The resultant DNA contamed less than 
5 per cent protem, and had a viscosity-average molecular 
weight of 2x107 An aliquot of the nucleic acid was 
hydrolysed with 90 per cent forrme acid for 45 min at 
165° C, and electrophoresed on Whatman 3MM paper 
for 9 h at 7 V/cm in pyridine-acetate buffer, pH 35 
Bases were located under ultraviolet hght, eluted with 
01 N HCl, and measured spectrophotometnically The 
carbon-14 activity was determined in a liquid scintillation 
counter (‘Tracerlab LSC-30’), with an efficiency of 90 
per cent In later experments ın which larger volumes of 
aqueous phase had to be employed because of their low 
radioactivity, an emulsion scmtilator was used This 
consisted of 70 per cent Nuclear Enterprises NE 214 and 
30 per cent ‘Triton X-100’, the efficiency in this case was 
75-80 per cent In the conditions which have been 
deseribed, the garbon-14 activity of the isolated DNA was 
between 2 1 and 2 3 uCi/ug of DNA 

To study the imcorporation of homologous DNA by 
cells, two experimental procedures were followed (a) 
prolonged meorporation at a low DNA concentration 
durmg exponential growth of the cells, and (6) a 30 mm 
“pulse” mcorporation at much higher DNA concentra- 
tions’? With procedure (a), a concentration of approxi- 
mately 1 ug 4C-DNA, prepared as outlined, was present 
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in each ml of culture for varymg lengths of time up 
to 70 h Under procedure (b), concentrations of DNA 
were varied from 1 to 400 ug/ml of suspension, the cell 
concentration in this case bemg standardized at 2x 10’ 
cells/ml at 37° C Followmg both types of incorporation, 
collected cells were washed four times with 0 08 M iodo- 
acetate, 0 14 M NaCl, pH 7, to remove much of the adher- 
ing DNA! Nuclei were isolated at 4° C by suspending 
m Creasey-Stocken medium?! and performing 70-80 
hand reeiprocations in a Teflon-glass homogenizer size A. 
After a centrifugation at 1,000 rpm, the nucle: were 
pelleted by centmfugation at 40,000g m 22 M sucrose 
The DNA was extracted and analysed in an identical 
manner to that described for the original “donor” DNA 

The uptake of “C-DNA in condition (a) 18 shown in 
Fig 1 as a function of the time allowed for uptake 
Although the results are expressed in ug of DNA/107 
cells, these have been calculated from the separate values 
for the three bases guanine, adenine and thymme The 
agreement between these values suggests that macro- 
molecular uptake 1s more hkely than a breakdown to, and 
re-incorporation of, precursors Further support for this 
was found in the fact that the uptake of a nucleotide 
mixture (produced by enzymatic hydrolysis of “C-DNA) 
was 3 ug of DNA per 10? cells for adenylate and guanylate, 
and 20 ug of DNA for thymidylate after 65 h—that 13, a 
factor of 15 to 100 times greater than the values in Fig 1 
The curve drawn in Fig 1 was calculated by assuming that 
cells which are synthesizing DNA before division derive a 
constant fraction of this material from “C-DNA im the 
medium The incorporation per cell ıs grven by I=k 
(1-2-t'4), where the doubling time, d, 13 15 h and ż 1s the 
time of exposure of cells to DNA within the medium 
A value of t= 70 h was used to approximate to the condi- 
tion ¢= œ and to calculate k The data of Fig 1 fit this 
relation, although this does not, of course, prove the 
original premise on which the curve was based 

The uptake of 4C-DNA under condition (b) 1s shown in 
Fig 2 as a function of the DNA concentration Again the 
uptake ıs expressed as ug of DNA/10’ cells, the points 
representing values for the individual bases The specific 
activity ratios for (guanine adenine) and (thymine - ade- 
nine) for the donor DNA were 0994006 (S D) and 
0 55+0 10, respectively, for fourteen preparations The 
corresponding values for the same ratios in seventeen 
preparations of host DNA (after uptake) were 1 07+0 21, 
and 0 56 + 0 10, respectively Such constancy of the ratios 
before and after incorporation suggests that the DNA has 
retained 1ts macromolecular form!* The incorporation 
of a nucleotide mixture such as that used under condition 
(a) was also investigated under “pulse” conditions, and 
here the uptake was between five and ten-fold lower for the 
nucleotide mixture than for mtact DNA under the same 
conditions This suggests that the incorporation of mtact 
DNA follows a different pattern from that of the con- 


Uptake (ug DN.A/10,calls) 





6 
DNA concentration (ug/ml ) 
Fig 2 Uptake of “C-DNA by cells ın 30 min at 37° C, as a function of © 


DNA concentration, expressed as O, adenine, 


A, guanine, x, 
thymine A 
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Percentage of activity remaiming 
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Fig 3 Percentage orginal total carbon-14 activity within nuclei which 
remained after £ min of treatment with DNase, as afunction of tÈ Con- 


centration DNase 35 ug ml- Uppermost lines the regression line for 


four experiments en nuclei labelled with “C-formate AA, Two experi- 
ments with nuclei labelled with “C-DNA during 30 min “pulse” 


stituent nucleotides, a result which has also been repo: ted 
by Ledoux?” 

The three regression hnes in Fig 2 express results from 
experments m which the cell population contamed dif- 
ferent proportions of “dead” cells, that 1s, cells which under 
the phase-contrast microscope were opaque The enhanced 
uptake which seems to occur when non-viable cells are 
present would suggest that some, at least, of the uptake 
does not depend on the metabohsm of the cell When 
similar experiments to those of Fig 2 were carried out in 
the presence of mhibitors, only a slight effect upon uptake 
was seen For example, 100 ug of barbiturate/ml. of cell 
suspension contaming 30 ug of DNA/ml reduced the 
uptake from 50+03 to 41401 yg of DNA/10? cells 
The corresponding effect m the presence of 100 ug of 
ohgomycm/m] was an increase to 68+03 ug of DNA/ 
10’ cells In the absence of imhibitors but at 2° C mstead 
of 37° C the uptake was decreased to 3 0+0 5 ug DNA/107 
cells. Evidently the uptake of DNA 1s not greatly affected 
by the mhibition of oxidative phosphorylation and active 
transport processes 1n the first two cases 

There are reports of DNA moorporation similar to that 
described here ın other biological systems, and ıt has been 
demonstrated that the DNA probably retains its 
macromolecular form!?-14 In all such instances, the chief 
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difficulty 1s to show whether or not the material 1s truly 
incorporated mto the chromosome! In order to resolve 
this uncertamty, two lines of approach can be followed 
Enther the exogenous DNA can be separated from the 
host cell DNA after the incorporation, or traces of “donor” 
DNA can be made iecognizable within the host cell 
complement It 1s experimentally very difficult to realize 
the first objective, but one mdirect method was attempted 
After the extraction of nucle: from cells which had taken 
up *C-DNA, these were subjected to the action of deoxy- 
ribonuclease I in a manner identical to that described 
elsewhere!® ‘The result of such treatment is shown m 
Fig 3, and ıb 1s apparent that there ıs a sharp initial fall 
in the activity relative to the control value, after which a 
more gradual loss ın activity follows This slower rate of 
activity loss is roughly parallel to that which occurs when 
control nuclei, labelled chromosomally with ™“C-formate 
durmg exponential growth, are similarly treated with 
enzymes. Possibly there are two different modes of 
retention of the DNA, namely a temporary and a more 
permanent fixation}* 

The alternative approach, namely that of recognition 
of donor DNA, was followed by the use of the density 
marker 5-bromouracil Cells were grown m the presence 
of 4C-formate to yield 4C-DNA, but during the last 24 h 
of exponential growth, 5-bromodeoxyuridine was added 
to a concentration of 6x10 M After extraction the 
DNA was hydrolysed m the usual manner, and the bases 
separated by two-dimensional thin-layer chromatography 
on. cellulose!” The specific activity of the bases was found 
to be identical to that observed previously, and the 
replacement of thymidine by 5-bromouraci was between 
45 and 50 per cent Incorporation experiments in ‘‘pulse” 
condition (b) showed that the BU-DNA was taken up by 
cells to the same extent as unsubstituted DNA Samples 
of donor BU-DNA, and of host cell DNA after mcorpora- 
tion were subjected to density-gradient centrifugation in 
caesium chloride, and m three experiments out of a total 
of five a physical mixture of BU-DNA and unlabelled, 
unsubstituted DNA was also employed for comparison 

In each experiment between 100 and 150 ug of DNA in 
03 ml of water were added to 3 ml of caesium chloride 
solution (60 per cent w/w British Drug Houses, Ltd.) m a 
5 ml polypropylene tube and covered with 1 ml. liquid 
parafín Centrifugation was carried out for 65 h at 29,000 
rpm and ambient temperature in the swinging bucket 
1otor of an MSE ‘Superspeed 40’ centrifuge Tubes were 
pierced subsequently and the gradient fractionated mto 
75-80, five-drop samples which were diluted by the addı- 
tion of 07 ml of water Optical densities were measured 1n 
thick-walled 1 em cells ın a spectrophotometer (Cary 15) 





o2 o4 


O6 o8 


fractional distance along centrifuge tube 
Fig 4 Optical denmty, and activity profiles of carbon-14 after caesium chloride centrifugation of (a) donor BU-"C-DNA, (6) donor DNA + 


unsubstituted, unlabelled DNA, (c) host cell DNA after incorporation (Table 1, run 5) 


(@) optical density, (x) carbon-14 activity 


NATURE, VOL 217. MARCH 30 1968 


SPECIFIC ACTIVITIES AND AMOUNT OF BU-DNA TAKEN UP BY 
LYMPHOMA CELLS 

Specific activity under “light” peak Uptake BU-DNA Bound BU-DNA 

Hostcell DNA Hostecell DNA 


Table 1 


un (cpm jag DI 

Calculated Observed Difference % % 
1 147410 212425 65414 52 0314007 
2 2664386 328435 62425 52 0 294012 
3 Approx 65100417 35 43 01l 
4 93407 744+17-19+09 43 —010+0 04 
5 50445 19 11 006 


and aliquots counted for carbon-14 activity The results 
of one run in which “donor”, “incorporated” and “mix - 
ture” DNA samples were centrifuged are shown in Fig 4 
The BU-DNA peaks are well separated from each other 
and from the “hght’? DNA, although m different exper- 
ments the proportion of the DNA m the peaks was found 
to vary For example, in two experiments, 60 to 65 per 
cent of the donor DNA was found to be labelled ın both 
strands whereas, in the other samples, 60 per cent was 
found to be labelled in one strand This was probably a 
reflexion of the age of the culture medium and other factors 
which affect the growth rate of the cells 

In Fig 4, a third small peak can be seen in the donor 
BU-substituted DNA which corresponds to a proportion 
of the DNA which had escaped BU substitution In the 
experiment of Fig 4, the proportion of this peak was 7 5 
per cent but the proportion varied for different prepara- 
tions Ths unsubstituted material leads to contamma- 
tion of the host cell DNA with carbon-14 activity which, 
although origmating m the donor material, will run with 
the host material, and allowance must be made for this 
In practice, the average specific actrvities of the host cell 
DNA ın the neighbourhood of the optical density peak 
were compared with an “estimated specific activity” 
calculated from that of the donor DNA, the amount of 
meorporation and the proportion of non-BU-substituted 
DNA (Table 1) In four cases, the exper:mental values are 
greater, and ın one case less, than the calculated values 
The difference between observed and calculated values 
may be taken as the specific activity withm the host cell 
which has onginated from the donor DNA and which 1s 
sufficiently tightly bound, or incorporated, to move with 


t 
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it on centrifugation In the last column of Table 1, this 
différence 1s expressed in terms of the total donor DNA 
which 1t represents, as a percentage of the host cell 
material. The values are in all cases less than 0 3 per cent 
and therefore ıt ıs very doubtful ıf any chromosomal 
meorporation has occurred ın these conditions 

To summarize, ıt has been demonstrated that although 
the uptake of exogenous DNA by cells may amount to as 
much as 5 per cent of the host cell complement, and that 
this material 1s found within the nucleus, most of 1t 1s not 
chromosomally incorporated. This fact must also exclude 
the possibility of breakdown of the DNA to precursors 
and re-utilzation of these. Two unsettled questions which 
remain are whether the large amount of DNA taken up 
mto the nucleus performs any function, and whether even 
the extremely small amount of true meorporation—if 
real—could have genetic consequences Some preliminary 
experments have been performed to investigate this 
latter possibihty, but so far without any positrve proof 

We thank Miss P § Bond for expert assistance with 
the experimental work and Professor L F Lamerton for 
helpful guidance throughout 
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Effect of Dehydration on Bacterial Recombination 


by 
S J WEBB 


Department of Bacteriology, 
University of Saskatchewan, 
Saskatoon, Saskatchewan, Canada 


Two principal factors seem to be mvolved in the mech- 
anisms by which bacterial cells lose ther viability when 
they are held ın aerosols at various levels of humidity 
(RH): first, the removal and reortentation of water 
molecules which are bound to cell macromolecules, 
resultmg in the loss of the structural ıntegrıty of the 
latter’; and second, the oxidation by oxygen of cell 
components leading to the possible destruction of flavin- 
linked enzymes?* The former type of damage occurs 
when bacterial cells are held at RH levels ranging from 
80—40 per cent and the latter type when cells are held at 
RH values below 40 per cent?.?, 

Experments designed to determine the type of macro- 
molecules which are affected or destroyed by the complete 
or partial loss of their bound water have shown that the 
loss of water leads to (a) the mability of cells to manu- 
facture new protein':+5, (b) the destruction of free and 


When water is removed from DNA by semi-dehydration there is 
a pronounced effect on its in vivo activity, and the effect may be 
more severe in some regions of the chromosome than others. 
effects of dehydration on the ability of cells to take part in recom- 
bination have been studied in three non-lysogenic strains of 
Escherichia coli K12 


The 


intracellular DNA bacteriophages®®.7; (c) the production 
of mutant cells™?, and (d) the mduction of prophages 
within lysogenic bacterial cells?%11 The inability of some 
cells to manufacture new protein after periods of dehydra- 
tion has led some investigators to suggest that the 
activity of cellular RNA ıs impaired as a result of struc- 
tural alterations in RNA molecules when these lose their 
bound water Evidence of this has been presented by 
DeJong**, who has shown that certain RNA viruses lose 
their infectivity as a result of partial dehydration Other 
researchers consider that a failure m sRNA synthesis 
leads to lack of manufacture of protem and cell death?, 
The mutagenic action of partial dehydration and the 
destruction of free and mtracellular DNA phages, however, 
mdicate that the biological activity of cell DNA ıs 
affected by the loss of 1ts bound water Because the 
structure of isolated DNA is known to rely on the presence 
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of correctly placed wate: molecules’14, the failure of 
sRNA synthesis 1s therefore reasoned to be the result of 
DNA damage 

Because all attempts to demonstrate damage to enzymes 
existing m cells before they are dehydrated have failed, 
the induction of lambda prophages by desiccation seems 
to be the result of a direct effect of dehydration on DNA 
The removal of bound water has therefore been suggested 
to separate prophage DNA from host DNA ın accordance 
with a mechanism of prophage induction suggested by 
some workers The destruction of a protem normally 
able to repress the maturation of the prophage 1s, however, 
currently the popular concept of mduction, and if this 
zepressor protein is susceptible to damage by very small 
doses of radiation, then rt 1s conceivable that 16 1s also 
susceptible to damage by dehydration 

In many respects recombination following the transfer 
of DNA from one cell to another durmg conjugation 
resembles the corporation of viral DNA mto the genome 
of a susceptible host cell Hayes! has hkened the transfer 
of the fertility factor F to lysogenation and moreover has 
shown that the irradiation of donor cells with small doses 
of radiation vastly mereases the number of recombinants 
obtamed Becayse at present there seems to be no 
function for repressor protem in recombination phenomena, 
1b seemed pertinent to undertake an investigation into 
the offects of partial dehydration on the ability of cells 
to take part ın recombmation 

The three non-lysogenic strains of Escherichia cols K12 


Number of cells/m! of sample fluid 


Number of recombinants/10* cells 


30 60 
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used ın the studies were (1) NCIB 9481 F+(Met-), (2) 
NCIB 9482 F-(L-T-B,-Lac-) and HfrH (Met-), kindly 
supphed by Dr Ashwood-Smith and modified to non-lyso- 
geny The cells were grown at 37° C for 24h in brain—heart 
infusion bioth, collected by centrifugation, resuspended 
to form a cell concentration of approximately 65 x 108 
cells/ml in fresh media and remcubated for 4h After 
this mcubation the cells were washed in distilled water, 
and resuspended to give a cell concentration of approx- 
imately 1 x 102° cells/ml m distilled water or 5 per cent 
w/v myo-inositol The cells m these suspensions were 
atomized into a rotating stainless steel aerosol drum m 
which the relative humidity had been pre-set to a desired 
level Immediately after and at subsequent mtervals of 
tıme, samples of the airborne cells were collected m liquid 
impingers operating at 12 1 /min and containing 8 ml of 
1 per cent glucose m 0 85 per cent NaCl (saline) Hayes 
has shown that m order to obtain an merease ın the 
number of recombinant cells when the donor strain 1s 
radiated with small doses of ultraviolet light, the cells 
should be meubated in nutrient broth for 60 min before 
they are mixed with the recipient stram To each of the 
samples collected from the aerosol 3 ml of double strength 
nutrient broth (NB) was therefore added and the cells 
were incubated at 37° C for 60 mn Following this, two 
l ml ahquots of the cells were removed, mcubated for 
45 min at 37° C, washed twice in distilled water and one 
was plated on minimal salt medium to check for reverse 
mutation The other was serially diluted in NB and 


Oa 


Number of recombinants/10* cells 








30 60 


Dehvdration tıme (min) 


Fig 1 The effect of partial dehydration on the viability and recombining ability of three strains of Escherichia col K12 The inf 
relative humidity (RH) and dehydration time on the loss of cell viability (b) The influence of RH on the ability of the P? nis atten i donos 
in THE recombinations after various periods of dehydration Sold lines, F+ cells dehydrated from water, dotted line, F+ cells dehydrated 


at 40 per cent RH in the presence of 5 per cent w/v myo-inositol 
in T+Lt recombinations 


(c) The influence of RH on the ability of dehydrated Hfr cells to act 
{d) The influence of RH on the ability- oF on drated F- cells to act as recipients in ran mO T cea d with 
non-drie 


Hy cells 
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Percentage of Lact recombinants 


30 60 
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30 60 


Deh dration time (min) 


Fig 2 The effect of partial dehydration on the percentage of TL+ recombinants possessing the Lact character (a) The influence of relative 

humidity (RH) on the percentage of TL+ recombinants possessing the Lact character after crosses between semi-dried F+ cells and non-dried 

#F-rectpients Solid lines, F+ cells not exposed to lactose prior to drying , dotted line, F+ cells exposed to lactose before dwying (b) The influence 

of RH on the percentage of TL+ recombinants possessing the Lact a after crosses between semi-dried Hfr cells and non-dried F- 
recipient cells 


02 ml of each dilution was plated onto nutrient agar 
for viable counts The cells in the remaimung portion of 
the sample were concentrated by centrifugation and 
recipient o1 donor cells from a 6 h culture ın NB were 
added so that the proportion of donor recipient cells 
was approximately 1-2 x 107/ml , respectively The mixed 
cells were cubated at 37° C for 45 mim, washed twice in 
distilled water, resuspended m 5 ml of water, serially 
diluted and 0 5 ml of each dilution plated onto a miminal 
medium (MM) consisting of the followmg/! NH,Cl, 5 g, 
Na,SO,, 1 g, K,HPO, 3 g, KH,PO,, 1 g, MgSO, 
100 mg, glucose, 5g asparagine, 15g, thiamine, 2 mg 
The nutrient agar plates used for viability counts were 
icubated at 37° C for 24 h, after which time the colonies 
were scored and the MM plates were cubated for 48 h 
at 37° C before recombmant colonies were counted To 
test for Z+L+ Lact recombinants the T+L+ recombinant 
colomes were picked off and plated on MM contaming 
lactose instead of glucose and EMB agar. 

In initial expemments with crosses of non-aerosolized 
cells, the F+x F- cross produced from three-six T'+L+ 
recombinants/10° donor cells, of which approxumately 
20 per cent received the Lact marker In the Afrx F- 
cross, 16-17 per cent of the donor cells produced recom- 
binants, of which from 40-43 per cent possessed the three 
markers studied Back mutation to prototrophy of the 
recipient cell was not observed and approximately one 
prototroph/10? donor cells occurred ın both Hfr and F+ 
strams With Hfr and F+ cells held ın aerosols of 40 or 
55 per cent relative humidity, the number of prototrophic 
colonies produced by reverse mutation increased to values 
between 20 and 30/10’ cells recovered In view of the 
large number of recombmants obtamed with aerosolized 
Hfr and F+ cells, however, this reverse mutation was 
ignored in the interpretation of the experimental results 
described here 

The recovery of cells after various periods of time of 
storage in air at the three relative humidities selected 1s 
shown in F¥. la for the three strains of organisms used 
The Hfr strain was more susceptible to partial dehydra- 
tion at the three relative humidity levels than either of 
the other two strams No significant changes m the 
number of T+L+ recombmants were observed when the 
F+ donor cells were held im aerosols at 70 per cent relative 
humidity When they were held at 55 or 40 per cent 
relatave humidity, however, an mcrease m the number of 


T+L+ prototrophs occurred even with cells collected 
immediately after their aerosohzation It takes 5 min to 
generate the aerosol, so this mcrease ın recombmants 
seems to be caused by processes occurring ın the cells 
during the first 5 mm of partial dehydration at 55 01 
40 per cent relative humidity When the cells were held at 
55 per cent relative humidity the number of T+L*+ recom- 
binants obtamed steadily mereased as the time of storage 
m the aerosol increased, until their numbers reached 
approximately 01 per cent at the end of the 60 mm 
period studied If the cells were stored at 40 per cent 
relative humidity, the number of 1ecombinants obtamed 
mereased by more than a hundred-fold and reached a 
maximum number after 15 mm of storage Holding the 
cells for longer periods resulted ın a drop m the number 
of recombmants obtained (Fig 1b). The fact that the 
number of viable cells decreased posed a problem as to 
whether the results should be presented in terms of the 
number of recombinants/10® viable cells present ın the 
initial samples collected from the aerosols, or the number 
of viable cells obtained in the samples collected at the 
various intervals of time 

For the sake of clarity ıt was decided to present them 
in both ways, and in Fig 1 and Table l the former and 
latter methods have been used, respectively If the two 
sets of data are compared, ıt can be seen that when the 
F+ cell was held at 55 per cent RH, the number of recom- 
binants obtained represented approximately 0 12 per cent 
of the viable cells present ın the mitial samples collected, 
or approximately 0 44 per cent of the viable cell number 
present ın the 60 mm sample When the cells were held 
at 40 per cent relative humidity the percentage of viable 
cells donating DNA present ın the sample at the tıme of 
collection mereased during the first 45 min of storage, 
reaching a maximum value of 0 35 per cent, and decreased 
thereafter These results suggest therefore that erther a 
large: proportion of the surviving cells donate DNA to 
the recipient cells as the time of storage increases, or else 
some cells unable to form colonies are able to donate 
active DNA 

Based on the number of viable cells present m the 
initial sample, no increase in the number of recombmants 
was observed when the Hfr stram was subjected to 
periods of partial dehydration at 70 per cent RH, but 
when these cells were held at 40 and 55 per cent relatwe 
humidity the number of recombinants obtained decreased 


1234 


Table 1 EFFECT OF SEMI-DEHYDRATION ON BACTERIAL RECOMBINATIONS 
Time of drying tn air 
Cross RH 0 16 30 45 60 
FD) x F- 40 0 08* 013 027 035 031 
55 0 002 0 031 0 085 0 23 044 
70 0 000: — _ — 6 0005 
Hfr(D) x F- 40 72 78 91 103 84 
55 96 213 184 23 6 165 
70 113 186 174 212 243 
Hfr x F-D) 40 83 21 15 12 098 
55 91 53 37 36 32 
70 112 96 123 121 84 


Cells of Escherichia cols K12 were held at various levels of relative humidity 
for set periods of tıme and then mixed with suitable donor or recipient cells 

D, Semi-dried cell RH, Relative humidity 

* Resi lts expressed as percentage of viable semi-dried cells taking part in 
recombination 


rapidly with time (Fig le) When based on the number 
of viable cells present at the tıme of sampling and recom- 
binants obtained, however, the percentage of cells trans- 
ferring DNA seemed to remain fairly constant These 
results indicated that the ability of the Hfr cell to donate 
active DNA to the F- cell decreased at approximately the 
same rate as its viability or ability to form colonies 
Exposing the F- cell to periods of partial dehydration 
resulted in a rapid decrease m the number of recombinants 
obtamed when these cells were mated with non-dried 
Hfr cells The rate at which the percentage of recom- 
binants decreased seenfed to be more rapid than the loss 
of F- cell viability, particularly when the recipient cell 
was held at 40 per cent relative humidity (Fig 1d, Table 1) 

If the Hfr, F+ or F- cells were aerosohzed from 5 per 
cent myo-inositol, none of the effects of partial dehydra- 
tion were observed These results are represented by the 
dotted Ime in Fig 1 It seemed therefore that the 
presence of myo-mositol prevented both the mereased 
ability of F+ cell to donate its DNA and the decreased 
effectrveness of the F- to receive ıt because of their 
partial dehydration m aerosols 

The percentage of 7+L+ recombmants possessing the 
Lact character 13 shown in Fig 2 When Hfr or F+ cells 
were held at 70 per cent relative humidity, the percentage 
of Lact recombinants increased very shghtly during the 
first 15-30 min and then remained constant With the 
former strain of cell, between 42 and 48 per cent, and 
with the latter stram, between 24 and 27 per cent, of the 
recombinants were Lact, regardless of the holding time 
in the aerosol The holding of the cells in aerosols of 
55 per cent relative humidity, however, resulted ın a 
substantial increase in the percentage of recombinant 
cells possessing the Lact character With the Hfr and F+ 
cells, respectively, the percentage increased to 79 per cent 
and 53 per cent after a 30 min period of storage and then 
gradually decreased When these cells were held at 40 per 
cent relative humidity, a difference ın the behaviour of 
the two types of cell became evident With the Hfr 
stram, 84 per cent of the recombimants obtained using the 
cells in the mutial aerosol samples proved to be Lact ones, 
but continued holding resulted in a rapid decrease in their 
numbers until, after 60 min, they represented less than 
6 pe: cent of the TtL*+ recombinants obtamed As a 
result of holding the F+ cell at 40 per cent relative 
humidity, the percentage of Lact recombmants mereased 
from 55 per cent to 80 per cent during the first 15 mm, 
remaining relatively constant durmg the next 15 mm, and 
then fell during the remammg 30 min These findings 
seemed to explain the permanent or temporary failure of 
many cells surviving semi-dehydration at 55-35 per cent: 
RH to manufacture enzymes concerned in the metea- 
bolism of lactose 

From the results presented in Fig 2, the Lact locus 
seemed to be more susceptible to damage than the T+L+ 
loci In the knowledge that cells exposed to lactose 
before they are dehydrated do not readily lose their 
ability to manufacture enzymes that metabolize lactose, 
the validity of the foregomg hypothesis was tested by 
examining the behaviour of F+ cells grown in nutrient 
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broth supplemented wıth 2 per cent lactose When these 
cells were subjected to pemods of semı-dryness ın the 
aerosol, the percentage of Lact recombmants subsequently 
obtained mereased to about 80 per cent and then remamed 
constant. The decrease observed with cells not exposed 
to lactose did not occur This is shown by the dotted lme 
in Fig 2a Thus it would seem that contact between the 
cell and lactose before the cell was dehydrated stabilizes 
the Lact portion of the DNA agaist the destruction by 
dehydration 

The genetic implications of the results presented are 
not understood and will require much more experimenta- 
tion for a reasonable explanation to be offered From the 
standpoint of dehydration damage, however, the merease 
im the number of recombinants obtained when F+ cells 
are dehydrated at 40 or 55 per cent RH and the prevention 
of this phenomenon by myo-mositol are remarkably 
similar to the effects of dehydration and mositol on the 
mduction of lambda prophages If prophage induction by 
dehydration results from the separation of phage DNA 
from host DNA, then the increase in recombinants seems 
to occur as a result of a more efficient transfer of F+ dono: 
DNA to the recipient cells as a result of some kind of 
DNA fragmentation The mvolvement of permeability 
changes in this phenomenon seems to be ruled out because 
(a) dehydration and mositol both merease cell perme- 
ability, yet inositol will prevent the mcrease in recom- 
binants; and (b) the efficiency of the recipient cell to 
receive DNA 1s decreased, not mereased, by dehydration 
The latter phenomenon may reflect an effect of dehydra- 
tion or DNA synthesis which prevents recombination 
The occurrence of more T+L+ recombinants possessing the 
Lac* character than would normally be expected m both 
F+ x F- and Hfr x F- crosses after a short period of donor 
cell dehydration and the decrease ın their number afte: 
prolonged dehydration suggest that erther the T+L+ Lact 
umt 1s transferred more easily after cell dehydration and 
the Lact DNA 1s more easily inactivated than the T'+L* 
DNA, or that the characters are transferred independently 
as a result of separation of the T+L* and Lact DNA by 
chromosome breakage Even m the latter case, however, 
the Lact DNA would seem to be inactivated more quickly 
than the T+L+ DNA Clearly, the removal of water from 
DNA by semi-dehydration has a pronounced effeet on 
its wm vwo activity and the effect may be more severe m 
some regions of the chromosome than others 

The use of recombmation phenomena ın studies of 
dehydration damage to microbial cells should therefore 
prove useful in determining the reasons for the various 
known effects and may assist ın understanding the 
mechanisms of recombination Detailed studies using 
selected and unselected markers and blender separations 
of conjugants after given times of incubation are under 
way and will be reported ın the near future 

I thank MrI A Webb for valuable technical assistance 
This work was supported by the National Research 
Council of Canada. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Interpretation of Cosmic Microwave 
Background 


THE discovery of microwave backgiound radiation by 
Penzias and Wilson? 1s one of the most interesting events 
m observational astronomy in recent years On the basis 
of the first observations at a single wavelength, the 
1adiation was interpreted? as bemg of the black-body type, 
and it was concluded that this was the remnant of the 
primordial radiation of a big-bang universe Later results 
by different observers have strengthened this mterpret- 
ation Indeed ıb 18 now claimed** that the black-body 
curve apples for a wavelength range of 1 90, and 
corresponds to a temperature T= 268° K The observers 
go as far as to state that the exact black-body intensity 
curve 


Livy x BIN (1) 


fits the observations better than the “grey-body” approxi- 
mation at long wavelengths—namely 


Iva v? (2) 


The purpose of this communication 1s to examime this 
interpretation mn the light of available information about 
the universe We begin by noting that if the observations 
are taken at thew face value, one of the two possible 
conclusions can be drawn 


(I) The entire observed cosme background 1s ın fact the 
1emnant of the primordial black-body radiation 


(I) If there are other processes operative ın the universe 
capable of producing a microwave background of the 
observed magnitude, the present observations disprove (I) 


It must be emphasized that for (II) to hold, ıt 1s not 
necessary that the microwave radiation produced by the 
other processes should follow the law (1) or (2) Itis only 
necessary that the contribution be comparable with that 
observed ın the relevant frequency range 

A few months ago one such process was indeed sug- 
gested®” The process consists of the absorption of optical 
and ultraviolet radiation from stars and its re-radiation 
at longer wavelengths by impurity oscillators m the 
interstellar dust grams of galaxies This process could 
operate ın all galaxies provided interstellar dust is present 
It was also shown that in the steady state universe, 
because of the red-shift effect, radiation along a line with 
fiequeney v= v, 18 smeared out in the form of a spectrum 


v? y SY 
Joada oe (3) 
The actual spectrum observed would be a superposition 
of several such spectra, arising from different vo 

Although this calculation refers to the steady state 
universe, the process ın question could equally well operate 
in a big-bang universe, but there are two points of differ- 
ence The re@-shifts permitted ın the steady state universe 
can be infinite, ın the big-bang universe, there 1s an upper 
lmit set by the epoch of galaxy formation At present 
we have no definite theory of galaxy formation avaiable 
to fix this epoch, but red-shifts up to z~100 may still 
be permitted Such a factor 1s sufficient to bring the faz 
infrared frequeneies mto the microwave range? The 
second point of difference arises ın that the evolutionary 
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cosmologies permit the use of arbitrary epoch-dependent 
functions—a freedom demed to the steady state theory 
Such functions have been extensively used®:* to make the 
predictions of big-bang universes agree with observations 

On the assumption that there 1s no epoch-dependence, 
however, the function _§ (v) corresponding to a single 
line v=v, may be computed ın a relativistic cosmological 
mode] The calculation is particularly simple 1f we assume 
that only the matter density makes a significant contri- 
bution to Tık in the Eimstem equation—an assumption 
which seems to be justified from our present knowledge 
of the universe The result can be expressed in terms of 
q, the deceleration parameter!® We have 


r ysl? 
— — fors <v<v 
Ivas Vim g 1 (4) 
0 other wise 


Here v, 1s the lower limit set by the epoch of galaxy 
formation (This form of _$(v) can be altered almost at will 


by the use of arbitrary epoch-dependent functions, so 
that we attach no special significance to ıt) For the 
E:stein-de Sitter universe, g=4 and Jivaye For 
the empty hyperbolic universe g=1 and SIvyay 

It remains to discuss the order Of magnitude of this 
radiation Shakeshaft and Webster‘ have argued that the 
black-body radiation density ıs about 400 times greater 
than the energy density of star-hght from all galaxies, 
and quote this result from a review by Davidson and 
Narhkar!® We wish to pomt out that the factor arose 
on the hypothesis that the radiation was of the black-body 
type The radiation density corresponding to a black-body 
radiation temperature 1s 


~3 8x 10-8 erg cm 3 (5) 


This energy density corresponds, however, to radiation 
over all frequencies We are here concerned only with a 
lumited wavelength range over which radiation has actually 
been observed, namely, from 36 6 GHz to 408 MHz, the 
factor of 1 90 quoted by Shakeshaft and Webster! (In 
fact the process considered by us does not operate over all 
frequencies, as 1s clear from (3) and (4).) The radiation 
density over the observed range 1s less than 


~6x 10-8 erg em- (6) 


a figure comparable with the optical radiation density 
(Davidson and Narlikar, op cit page 553) Furthermore, 
we had allowed ourselves a factor 10-100 over and above 
the optical radiation density m young galaxies (not the 
local galaxy as quoted by Shakeshaft and Webster) We 
conclude therefore that there 1s no energy difficulty 
associated with this process 

Shakeshaft and Webster? have raised objections to the 
mechanism of themalizing starhght We fail to see the 
relevance of therr arguments While it 1s true that there 
are essential and vital differences between the electrical 
properties of graphite and those of alkah halides, these 
differences are clearly not significant for the process we 
consider A weakly bound mpurity atom or ion m any 
crystal lattice would be expected to have a localized low 
frequency oscillation mode, the frequency of which 18 
determined almost entirely by the ratio of 1ts mass to that 
of the host crystal atom and by the force constants of its 
attachment to the lattice We cannot also follow then 
arguments against the possibility that all the umpurities 
may be lodged m the outer dielectric mantles of the grams 
On the basis of grain models which agree with extinction 
and polarization data we require the outer dielectric 
mantle to be about 100 tumes more massive than the 
graphite core It would mdeed seem hkely that most 
of the :mpurities are lodged in the dielectric mantles, and 
about 104 such impurity atoms® suffice to re-radiate the 
absorbed starhght in the far infrared 
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We therefore feel that such a process could very well 
operate in galaxies with interstellar dust and make a 
substantial contribution to the microwave background 
We do not suggest that this 1s the only source of microwave 
background It ıs of mterest m this connexion that 
Partridge and Wilkinson!" have recently reported a slight 
merease in the background radiation at the 3 2 cm wave- 
length from a region of the sky which is close to the 
galactic plane Kumichik and Koki! have also detected 
a microwave flux at 8 cm wavelength from two individual 
quasi-stellar objects BSO 1 and Ton 730 Very recent 
mfrared surveys (Low!) have actually revealed the 
remarkable fact that several galaxies emit ~100 times 
more radiation in the far infrared than m the visible 
spectral region It 1s entirely conceivable that later and 
more systematic surveys of discrete sources at long wave- 
lengths would produce further evidence of a contribution 
to the microwave background from such sources 

We now turn to the cosmological aspects of the problem 
If the aforementioned process takes place m a big-bang 
universe, we fail to see how the combined curve of this 
process plus the primordial black-body radiation could lead 
to the purely black-body curve (1) Our own view 1s that 
the “black body,” explanation has been overstated and that 


the actual form of Sv) may not be so sumple For this 


reason, 1b 1s also premature to conclude from the present 
observations that the steady state theory of the universe 
is untenable 
We thank Professor F Hoyle for valuable comments 

J V NABLIKAR 
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Interstellar Extinction by 
Quartz Grains 


Kyxacke! has pomted out that quartz particles possess 
strong absorption bands at A~10u Although these 
features occur in the spectral region 3-10u, where Johnson? 
has found humps in interstellar extinction curves, by 
itself this cannot be taken as indicating a silica component 
ın the interstellar grains It has already been pointed out? 
that impurities ın any solid with a Debye frequency close 
to that of graphite would give optically active lattice 
bands at A~10u% Further evidence would be necessary 
before quartz could be considered as a serious alternative 
to interstellar graphite grains 

From an approximate calculation, Knacke' has claimed 
that silica grains of radu~0 24 would fit the observed 
interstellar extinction curve in the wavelength range 
0 3-1 5u to within about 15 per cent, but the extension 
of the observed extinction curve into the far ultraviolet 
region’ * has greatly enhanced the sensitivity of this test® 
It 1s therefore of terest to compute accurate extinction 
cross-sections for quartz particles and particles with a 
quartz core and ice mantle for the entire wavelength range 


®* The phonon spectrum of reactor grade graphite shows the strongest pile 
up of phonon states at ~ 7 (ref 9) 
. 
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of the observations We have performed such calculations 
for single-sized quartz particles, quartz particles with an 
Oort-van de Hulst? distribution of radu and for quartz 
particles covered with 1ce mantles 

Calculations of the cioss-sections for homogeneous 
quartz particles were done using the Mie theory and those 
for the composite particles using the Guttler theory (see, 
for example, ref 8) ‘The results of our calculations 
are shown in Figs. 1-8 We have adopted a normahzed 
extmetion F; defined by 


0 5 Q(>) — Q(0 5556y)] 





Fy = 


QUO 4464p) — Q(0 5556p) 











72 64 56 48 40 82 24 16 08 0 
1/4 (a) 


Fig 1 Comparison of the theoretical extinction cu ve for single homo- 

geneous quartz grains with observations ‘he solid line denotes the 

smoothed curve drawn through the observations ©, r=0102, 
A, r=0 154, x, 7r=0 20u 








72 64 56 48 40 32 24 
1/4 (g>) 


lig 2 Comparison of the theoretical extinction curve (for quarts 


16 08 @ 


particles integrated over Oort-van de Hulst size distribution) with 
observations The solid line denotes the smoothed curve drawn through 
the observations @,7,;=010u, x, yı=0 084, A, y, =0 08u 
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72 6456 48 40 822416 01 0 
1/2 (p) 


Fig 8 Comparison of the theoretical extinction curve (for quartz 


1¢é particles) with observations The solid line denotes the smoothed 

curve drawn through the observations (æ) Core radu=004n ©, 

outerradius=0 14g, x, outer radius =0 19u, A, outer radius =0 24x 

(b) Core rad =0 052 @,outerradius=015u, x,outer radius =0 20x, 
A, outer radius = 0 254 


where Q(A) is the integiated extinction cross-section The 
solid curves represent the observed extinction’ normalized 
m the same way 

In all the cases we have considered, no agieement is 
possible over the entire wavelength range of the observed 
interstellar extinction curve 

Although pure quartz is a pure dielectric, uf quartz 
particles exist in the interstellar medium they may be 
expected to contain an appreciable quantity of umpurities 
which contribute an mmagmary component to ther 
refractive index Accordingly we repeated our calculations 
taking the complex refractive index to be m{A) = n(A) — 
0 12, where 2(2) 1s the refractive index appropriate to pure 
quartz The results for the ımpure quartz are not sig- 
nificantly different from those plotted in Figs 1-3 for 
pure quartz 

Thus ıt seems most unlikely that quartz particles can 
form any appreciable component of the interstellar grains 
We have also recently examined ın some detail the condi- 
tions required for the formation of silica grains in M stars 
(our unpublished results) We performed chemical 
equhbrium calculations mcludmg about 60 molecular 
species and concluded that the condensation of sihea 
requires temperatures ~ 1,000° K—less than the boundary 
temperature of these stars 
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Is Interstellar Hydrogen capable of 
Maser Action at 21 Centimetres? 


TEREE sets of observations suggest that the density of 
interstellar neutral hydrogen may be less than the value 
usually inferred from 21 em emission line measurements 
This possible discrepancy is found in observations of 
(a) the mcoming high velocity neutral hydrogen clouds 
which, according to Oort!, deposit material on to the 
galactic disk at an alarmingly large rate, (b) the ultra- 
violet spectra of stars ın Orion which show an unexpectedly 
weak interstellar Lyman-a absorption line®*, and (c) the 
X-ray background at ~50 A which suggests that the 
opacity of the Galaxy is less than would be estimated 
from the observed column density of neutral hydrogen* 

Shklovskn’, following Varshalovich®, has attempted to 
resolve (a) by invokmg maser action in the 21 em hne of 
interstellar hydrogen, made possible by a population 
inversion of the hyperfine levels of the ground state arising 
from Lyman-« pumping This mechanism would operate 
selectively on the incoming clouds and would lead to an 
overestimate of their mass Fischel and Stecher” have 
made a similar suggestion to explain (b) One might also 
consider this process ın connexion with (c) (ref 8) We 
wish to pomt out that a detailed consideration of the 
Lyman-« pumpmg mechanism shows that ıt 1s unlikely 
to be of importance in resolving these problems 

Tn his theoretical analysis, Varshalovich has shown that 
population inversion of the hyperfine levels of the ground 
state of neutral hydrogen can occur in a region of high 
Lyman-« density, where the excitation conditions are 
determined by Lyman-« absorption and not by spm- 
exchange collisions The criterion for inversion m such 
a legion 1s 


dn(v) 

dy 

where n(v) dv is the number density of photons of fre- 
quency between v and v+dv m the Lyman- radiation 


field When inversion occurs, the spin temperature in 
degrees absolute 1s given by 





> 2x 10-*? photons Hz-* em-% (1) 


n(v) 
dy 
where vy = 142x 10° Hz, and the gam at the centre of 


the 21 cm line for a region of length L cm 1s given by 
the expression 


T, = —6 81x 10-2 (2) 


PERE PEO (3) 
© 82x Avo Vo? ae 
where A,,.=2 85x 10-15 s-1, Av, 1s the Doppler width of 
the 21 cm line, typically ~5 x 104 Hz, Ny is the density 
of neutral hydrogen m atoms cm and the degree of 
imversion f is given by 
—6 81x 10-2 


GN 

= Se E 4 
f GN 5 Ts (9) 
The subscript 1 refers to the F=1 triplet state of the 
18, level of neutral hydrogen and the subscript 0 to the 

F=0 singlet state 
At the edge of a typical HIT region, the Lyman-« 
radiation density ~ 4 x 10-? Lyman- photons em~ (ref 8) 
If the Lyman-« profile ın the region of half maximum ın 
the red wing of the lne has a Doppler shape of width 
Avp~8x 10% Hz, corresponding to a temperature of 
104 °K in the HIT region, then in this part of the hne 

profile 





dn(v) 





> 10-** photons Hz~* em-3 


and 
n(y) (Ayp)? 
y, any) ~ Oy, Av (5) 
oT e 
dv 
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F=1 
si 
4 Fg 





Fig 1 The 18 and 2P energy levels of neutral hydrogen, showing the 
allowed transitions excited by fa Acar ~ — —, Complementary 
transitions 


where Av ıs the displacement from the cential maximum 
For Av=2Avp 
n(v) 
dn(v) 
-y 


Thus if blue-shifted Lyman-« radiation from an HII 
region. 1s incident on neutral hydrogen, population inver- 
sion. in the 1S, state will occur, with T, ~ —1° K from (2) 
and f~0 07 from (4) 

Fischel and Stecher consider a model of the Orion 
Nebula in which the neutral hydrogen ıs moving with a 
velocity ~ -+10 km/s with respect to the central HIT 
region They assume that, m these conditions, a maser 
region ~5 pe thick will be formed, with a gain 1)~08 
(from equation (3) with f~0 07 and Ny~1lcm-*) Thuis, 
however, neglects the very rapid thermalization of the 
Lyman-« spectrum as the radiation enters the neutral 
hydrogen region With an absorption coefficient m the 
line centre, ko=5 4x 10-4 em’, 5 pe of neutral hydrogen 
of density 1 em~? has an opacity for Lyman-« of 7g= 
8x10® The transfer problem for Lyman-« in neutral 
hydrogen has not been accurately solved, but the results 
of Unno?? and Field!! show that complete thermahzation 
of the profile would occur well within a region of optical 
depth tg=10? Thus appreciable mversion can only occur 
m a zone of thickness ~6x 10-5 pe at the edge of the 
neutral hydrogen region 

To ensure that, within this zone, the total rate of 
Lyman-« absorption is greater than the spin exchange 
colhsion rate for a gas of density ~l em-* (which 1s 
required for inversion to occur at all) 1t 1s necessary for 
Av to be less than 4 Avp If this inequality holds then 

n(v) 
dn(v) 
Ko dv 
(from (5)), giving a maximum possible degree of inversion 
f~0 14 with 7,~ —0 5° K (for negative spin temperature 
a smaller value of|%.| gives a larger degree of inversion) 

Thus the very large opacity of neutral hydrogen for 
Lyman-« reduces the gam of the maser zone ım the 
Fischel and Stecher model of Orion from +,~08 to a 
maximum of t).~2x10— Accordingly no significant 
amplification of the background radiation will oceur 
The same conclusion has also been reached independently 
by Van Bueren and Oort!? 

Shklovsku has considered the possibilty of Lyman-« 
pumping ın neutral hydrogen clouds of density Ny ~ 
10-3 cm~ and diameter ~100 pe m the galactic corona 
He attempts to overcome the problem of the rapid 
thermalization of the Lyman-« profile by assummg that, 
if the modent Lyman-« spectrum is growmg exponen- 
tially, most of the absorption will occur in the far violet 
wing of the absorption profile of the neutral hydrogen 
In the far wing the absorption cross-section k~ 10-18 em? 
and the clouds will be optically thm However, if most 
of the absorption does occur ın the violet wing, the 
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theoretical analysis of Varshalovich cannot be used to 
calculate the degree of inversion produced by the Lyman-« 
radiation field 

Consider the energy level diagram of the 1S and 2P 
states of neutral hydrogen (see Fig 1) Of the six allowed 
hyperfine transitions 1S-+2P excited by Lyman-«, four 
produce mixing of the ground state populations (The 
two complementary transitions 1S—>2P;, 181—2P, can- 
not mıx the populations and will not be considered ın the 
followmg discussion ) Each of these four transitions has 
an absorption profile centred on its transition frequency, 
as shown schematically in Fig 2 The width of each lne 
y~108 Hz (the natural width of the 2P state) and the 
separation of the limes v,—v,~10° Hz At frequencies 
close to the absorption peaks there is very little 
overlapping of the separate absorption profiles (since 
Y<v.—v,) Appreciable overlapping does occur, how- 
ever, m the wimgs (see Fig 2), where the absorption 
coefficient for the vn hyperfine transition has the form 


Kno 


For v—v,~ 10" Hz, y~ 108 Hz the absorption coefficients 
for the separate hyperfine transitions differ by at most 
3 per cent This difference decreases as v—yn increases 

In his analysis, Varshalovich assumes that the Lyman-¢ 
absorption in the wings 18 negligible If absorption occurs 
near the line centre, where there 1s little overlap of the 
individual absorption coefficients, the relative popula- 
tions of the ground state hyperfine levels will be de- 
termmed by the gradient of the Lyman-a spectrum near 
the line centre and equations (1) and (2) can be used to 
calculate the resultant population inversion If, however. 
most of the absorption takes place m the wings where 
the separate absorption lines overlap, any preferential 
absorption into a particula: hyperfine state will be caused 
not by the :apidly growmg Lyman-« spectrum but by the 
small difference between the overlapping absorption 
coefficients Because such differences are so small and 
decrease as (v—v,) increases, the resultant degree of 
mversion will be less than that obtained by Shklovsku 
using the results of Varshalovich An approximate cal- 
culation shows that ıt 1s not possible to get a degree of 
inversion f> x 10-4 by means of this shght preferential 
absorption m the violet wing No significant over- 
estimation of the mass of the coronal clouds would result 
from this small degree of masing and no significant 
selection of incoming clouds would occur 

We conclude that the very large opacity of neutral 
hydrogen for Lyman-« makes it exceedingly difficult to 
form an extended region of appreciable population mver- 
sion of the hydrogen ground state by means of Lyman-¢ 
pumping The very small masing zone formed at the sm- 
face of an HI region moving telative to an HTI region can- 


Ka(v) = 





Incident Lyman oc 


Spectrum 
Viotet wings 
Se ee 
ade" Ye : 
—- 
10 Hz 


Fig 2 Schematic diagram to show the absorption profiles of the fou 

hyperfine transitions givenin Fig 1_ O marks the position in the wings 

where the absorption coefficients differ by ~3 percent (This difference 
hag been greatly exaggerated in the diagram ) 
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not produce significant amplification of the background 
radiation Accordingly, the problems raised by the 
observations (a), (b) and (c) described at the beginning of 
this communication probably have to be resolved without 
invoking a maser mechanism in interstellar hydrogen 
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Cosmogonic Fragmentation 


Cosmoaony probes the evolution of a cosmic system by 
entertaining a variety of hypotheses about its origin It 1s 
valuable to distinguish these, as far as possible, from any 
specific mechanisms they may assume Thus many 
hypotheses call for some, but not necessarily a particular, 
mechanism for fragmenting cosmic masses!-* This 
communication concerns one possible fragmentation 
mechanism—gravitational instability in anisotropic expan- 
sion—which can operate effectively under diverse hypo- 
theses 

In this communication, I argue that this 1s a feasible 
mechanism for cosmogonic fragmentation ın that (1) 
linear instability can be strong, and (2) nonlmearities need 
not bar permanent fragmentation, but (3) they can control 
excessive subfragmentation I then indicate some of the 
hypotheses yielding anisotropic expansion, with special 
reference to star formation In that case, the value of 
distmguishing mechanisms from hypotheses will be par- 
ticularly m evidence, ın that (4) under a generally accepted 
hypothesis, suitably elaborated, the proposed mechanism 
can yield acceptable protostar masses 

Gravitational stability theory shows that anisotropic 
expansions can permit exponential growth of density 
fluctuations (p/e), ın contrast to the weak algebraic 
instabilities of a spherical expansion The essential physical 
1eason for this ıs that the density, and therefore the 
fluctuations of self-gravity (X 8p), can decrease with 
tıme sufficiently slowly in anisotropic expansion To see 
this mathematically, I shall confine attention to the hmit 
of long waves in uniform media, for which (sum convention) 


d? Šp ðu, Ov; d õp av, 
E mapis Jo da,” dt p On; 


where u; are cartesian components of unperturbed flow 
and v, their nea: perturbations This extends Jeans’ 
static case, u; = 0, p = constant, with instability p/p a 
exp V4nG@p t, and may be generalized further (Layzer, 
private comgnunication) Clearly, expansion tends to be 
less unstable because p decreases with £ In fact, for a 


(1) 





1 
uniform spherical expansion wù, = — 3 (p/e) v1, equation 


(1) yields the known! maximum instability 


òp 1 
Swim n=- + 
p 6 


V/1/36+4xGot? = 


wis 


(2) 
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because p~ 1/6nG#? at best (zero energy) For an expansion 
such‘that p~#? with e> 0, however, equation (1) shows 
that the dommant behaviour as t—>oc remams exponential 


Be o exp | virte dt = exp k t (3) 
[o] 


(k= constant) provided the velocity term ın (1) 1s asymp- 
totically weak compared with 4xG@8p for at least some 
mode This ıs possible for some anisotropic expansions 

As an extreme example, for a one-dimensional explosion 


(or ‘ high energy jet”, see ref 7) for which uw = — (e/e) 
u vı and v; = Su Vy equation (1) gives 
== l 
L p exp | V4nGp dt ~ 7 exp k th (4) 
P 


because p~ k?/l6nGt with k? = 167G poTo where Pos To 
are density and explosion tıme at t=0 For a more general 
spheroidal expansion, analysis—to be given in detail else- 
where—gives, for axial modes and zero energy, 


čp es 1 t 1/3 
= pt exp | V4nGp dt ~ pis XP k e (5) 
(n equation (1), v= Šis Va, UIL = — $ (p/P) Sta, and 


p ~ k?[367Gtt" (log ¢)2/8) Other expansions present similar 
possibilities, provided p>1/é, although detailed examina- 
tion 1s required to see if effective instability 1s realized at 
finite wavelengths, for non-uniform p, and so on More- 
over, linear analysis breaks down as òp—>p Second order 
effects may, however, be expected to assist any instability 
because the total density p+8p of a condensation, and 
its self-gravity then decrease still less rapidly than p 

The virtues of an expansion become apparent in the 
nonlinear regime First, meipient fragmentation 18 not 
menaced by nonlinear interactions, as 1b would be in a 
contraction’ Thus Layzer has argued cogently that in a 
contracting system the nonlmear interaction between such 
fragments as might form would make them ephemeral, 
merpient fragmentation would degenerate into turbulence 
In an expansion, however, the interfragment forces are 
dimmishmg and might be expected to attenuate to 
impotenecy® Second, once fragments begin to condense 
out of the expanding milieu, these same nonlinearities 
within a fragment can curb subfragmentation This neatly 
avoids another difficulty of fragmentation durmg @ 
contraction—the problem of stopping the mechanism 
once started 1f excessive fragmentation 1s to be avoided 
(see ref 1, p 360) 

Fragmentation need not, of course, occur in all expan- 
sions, any more than in all contractions (and for a 
cosmological expansion, Layzer! proposed the antithesis 
“elustering”), but the possibility does arise ın aniso- 
tropic expansions 

Hypotheses (and observations) which involve expansion 
arenot uncommon Pre-emment among these is the univer- 
sal expansion, which, however, at present seems closely 
isotropic In any case, these considerations do not apply 
to cosmological problems proper except to the extent that 
appropriately anisotropic Newtonian cosmology would be 
an adequate approximation On a smaller scale, 16 has 
recently been suggested that asymmetiic gravitational 
collapse may rebound to an expansion which 1s approxl- 
mately Newtoman!® On a galactic level, many observa- 
tions suggest explosive events! Ejections from galactic 
nuclei were an early hypothesis, and the associated concept 
that quasars are relics m delayed development from a 
superdense past also involves expansion’? Futhermore, 
in star formation theory, whereas the familiar hypothesis 
(A) ‘“anterstellar cloud—>star cluster” usually assumes a 
mechanism of fragmentation during contraction, Ambart- 
sumian? long ago proposed an alternative hypothesis (B) 
“‘superdense body—stars( + gas)” which callsforfragmenta- 
tion during expansion In fact it ıs mteresting that the 
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hypothesis (A) which is perhaps more plausible, leads to a 
similar result if the assumption of fragmentation during 
contraction ıs not made, it is not an indispensable 
assumption and there ıs reason not to adopt ıt Thus to 
explain stellar association phenomena it was suggested? 
that contraction en masse may lead to (nuclear) explosion 
In other words, (A) 1s elaborated to the form (A’‘) “mter- 
stellar cloud—>massive condensation— stellar association”, 
and detailed calculations have lent this support‘ Explo- 
sions, perhaps of a related nature, are suggested by many 
other phenomena®-4:5,7.14,15 

Anisotropy of any of the hypothesized expansions— 
except the cosmological—is probable It can arise 
from appropriate mitial conditions or from constrammg 
forces For example, the massive condensation in (A’) 
evolves to a dense, hot, rotating disk which, by an un- 
conventional pulsation mstabilty, is hable to explode 
This would produce mitial motion predommantly along 
the axis, so that the spheroid would expand from oblate 
to prolate form Resistance from a surrounding medium 
could constrain the motion essentially to one dimension, 
at least for a time Magnetic constramt 1s another possi- 
bility 

For the star formation theory based on (A’), detailed 
analysis of a self-gravitating, rotatmg, spheroidal expan- 
sion (see equation (5)) shows that modes with axial wave- 
length greater thane transverse wavelength can grow 
exponentially at such a rate as to produce fragmentation 
when the disk has expanded to a cigar shape of length 
some tens times its radius, provided the (total) energy 1s 
not as large as self-gravity at that time From a general- 
wed Jeans criterion of mstability, 1t can be deduced that 
the fragments would have mmimum mass typically 


~ ea to a Mo, and so may evolve to acceptable stars 


Without gomg into detail, we may note that in other 
respects, however, the fragments can differ remarkably 
from the conventional picture of “protostars’”’ This could, 
for example, explain the apparent anomaly of T Tauri 
stars below the main sequence (see page 64 in ref 12), 
although such phenomena may also be understood, for 
not too small masses, as a natural outcome of the evolution 
of rotating protostars of the conventional sort?® 

I thank Professor David Layzer for suggesting the 
presentation through equation (1), and other valuable 
comments This work {was supported by the Bureau of 
Naval Weapons, US Department of the Navy. 
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Discussion of the ‘‘Forbidden’’ 
Intercombination Transition of C, 
in Comets 


THE only comet emissions known to aise from the C, 
radical are the Swan bands of the triplet electronic system 
(A *IIg—>X’ Ha) (ref 1) The absence of definitive evidence 
for singlet system emissions has led to speculation that 
C, must be formed directly in the triplet state ether by a 
primary photochemical process or by direct sublimation 
from the icy nucleus? These speculations have been 
supported by the widely accepted view that the smglet 
and triplet states of C, cannot be exchanged by either a 
radiative or a colhsional process Because the radiative 
mtercombination transition for Ca X’*IIyesv1bj, 1s 
“forbidden’’, ıt has been assumed not to oceur More 
specifically, Balık and Ramsay‘, state that a lifetime of 
several days would not be unlikely for this transition 
Because the gas density m the coma ıs very low, collisional 
processes have also been assumed not to occur The 
exclusive observation of triplet C, 1s particularly disturbing 
because the 2!Xig state has been shown to be the ground 
state and the observed triplet system originates from the 
X’ Ily state which 1s 610 cm~ above the ground state* 
This emission 1s ın contrast to all other emissions which 
are observed in fluorescence from the ground state 
The purpose of this note is to demonstrate that the 
“forbidden”’ radiative process ıs likely to occur durmg 
the tiavel time of the radical in the coma, and to pomt 
out some of the consequences of this process Escape 
velocities of radicals ın a comet coma aie of the order of 
thermal velocities (1 km s-1) and the rads of the coma 
may exceed 3x 105 km (ref 2) This results in a 1adical 
travel time of approximately 3 or 4 days Although 
colhsions probably do occur in the nner coma‘, any effect. 
they might have on the singlet-triplet interchange will be 
neglected and only the radiative process will be discussed 
here 
The relationships determining the radiative lifetime of 
an excited state can be written simply as follows Toa 
first approximation, the spontaneous transition probability 
1s 
Ay y= KR (To'o) qo’ v" (1) 
where Awy” 18 the Emsteim coefficient, K 1s a constant 
mvolving units and geometry, v ıs the frequency of the 
transition, Re 1s the electronic transition moment, (74° »*) 
1s the r centroid of the transition and qy’ y” 13 the Franck— 
Condon factor The Franck-Condon factor, gy», associ- 
ated with the (v,v”) band 1s defined by the square of the 
vibrational overlap integral 
do'o” = bo pardr]? (2) 
The lifetime of the v’ level for transition to v” 1s simply the 
reciprocal of the Einstem coefficient 


1 


aa E ene 


MS Aio (3) 


This ıs the time required for decay of all but exp(—1) of 
the molecules in state v The mean hfetime of all the 
levels of v for transition to all possible lower levels, v”, 1s 


ois i >> ráver |= 


ty” 
Lov 


(4) 


where Qy 18 the fractional number of molecules in the v’ 
level Using these relationships and with the assumption 
that the ratio of the spontaneous transition probabilities 
for the transitions are proportional to the ratio of the 
factors v°g,°," for the respective transitions, the lifetime 
of the mtercombmation transrtions for C, can be estimated 


e 
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by compazison with a known lifetime for a system of sumilai 
foibiddenness The lifetime derived using this scheme 
depends on the validity of drawing an analogy between 
the electronic transition moments for different electronic 
transitions, and therefore ıs only approximate It can 
be used, however, to generate estimated lifetimes m leu 
of experimental knowledge of the transition probabilities 
Potential curves for the lower electronic states of mterest 
are readily available and will not be included here*:? 

A transition sımılar to the mtercombination transition 
of Ca 18 the C ? Ilye>X 145 transition of N, Both transitions 
violate only the weak selection rule AS =0 and in both 
cases the excited triplet states have singlet states of the 
same symmetry nearby (C+, b!Iy and N,, b12), which 
can mix with the corresponding triplet states giving the 
latte: some singlet character and making the transitions 
more probable The lifetime of the v’=0 level of the 
CI, state of N, with respect to tiansition to the v”=0 
level of the X1% state 1s approximately 25x10- s 
This lifetime has been derived from the data of Wilkinson 
and Mulliken! using the recently determimed Franck- 
Condon factor for the transition® The mean lifetime of 
the C, transition will be estrmated below using this value 

The absence of vibrational-rotational transitions of C, 
in the coma results ın a vibrational population correspond- 
ing to an approximate Boltzmann temperature of 6,000° K 
(ref 10) In order to determine the mean lifetime of the 
upper electionic state ıt 1s therefore umportant to con- 
sider decay from the upper vibrational levels because some 
of them will be appreciably populated at this temperature 
The levels up to and cluding v= 4 have been considered 
here because they comprise approxumately 90 per cent 
of the total population of the Ca, X’ 3 Iy state at 6,000° K 
Table 1 lsts the normalized Franck-Condon factors and 
the band origins ın cm-!, wyg”, for the transitions between 
the vibrational levels of the electrome states, calculated 
from the constants tabulated by Ballık and Ramsay‘ 
The Franck—Condon factors have been evaluated graphic- 
ally usmg the eigenfunction for the harmonic oscillator 
Although the use of this wave function can lead to serious 
errors, the fact that the values reported here satisfy the 
sum rule, Zig, y= 1, mdicates that they are adequate for 


v 
our purpose The C, radiative lifetimes for these levels 
ty'y", calculated by comparison with the (0,0) band of 
the C*IIy~ X 1X; transition of N,, are also listed in this 
table Using these values, the mean lifetime of the X’? Iy 
state calculated from equation (4) 1s 3 mın Because of 
the similar energies of the two electronic states, radiative 
transitions can also occur from the “lower” 11Zg state 
to the “upper” X’?II, state The mean lifetime for the 
2 Xz state, assuming a 6,000° K vibrational temperature, is 
4min The calculated lifetimes for the X’?IIy and the 
w Dz states of C, are more than three orders of magnitude 
smaller than the radical travel time This result therefore 
strongly suggests that the mtercombmation transition 
does occur in the coma 


Table 1 WAVENUMBER OF THE BAND ORIGINS (oy’,y", OM"), FRANCK-CONDON 
FACTORS (go'e) AND LIFETIMES (T, S) FOR SOME OF THE MOST PROBABLE 
TRANSITIONS FOR THE LOWER LEVELS OF Ca, X’ es 15g 


vO 1 2 8 4 
0 8100 2,228 3,828 5,394 6,942 —o 
047 0 0 0 00 0 01—¢ 
9,364 245 178 — — = 
1 1,218 4000 1,995 3,566 5,114 
0 33 004 0 28 022 021 
1,717 — 468 105 38 
2 3.019 1,401 1933 1,765 8,818 
@ 011 0 001 0 025 
355 1,907 — 2,784 112 
3 4,794 3,176 1,581 101 1,538 
005 0 20 0 08 0 09 005 
182 158 3,029 — 5,72 
4 6,541 4,924 3,329 1,758 209 9 
001 0 10 0 20 0 02 015 
— 83 137 936 — 


In all cases except (0,0), the life-times are for transition from the higher 
numbered to the lower numbered vibrational level 


e 
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The consequences of this radiative transition m the 
coma must be considered ın 1elation to a possible mechan- 
ism suggested by Ballık and Ramsay for the production 
of a triplet from the singlet C, radical‘ The mechanism 
involves optically pumping the vibrational—1otational 
levels of C,, x! by absorption and emission m' the 
Philips system, b 1 Ty—>« 1X5, followed by a perturbational 
crossing from the 212, state to the A’ 2z with subsequent 
radiation ‘to the X’?JI, state The production of the 
2%1Lg from the X’? Ilu by the reverse radiationless process 
is less hkely because of the negligibly small concentration 
of A’*X, with respect to v!&g The possibility of this 
mechanism for radiationless pioduction of the triplet 
state from the singlet state concurrent with the possibility 
of the radiational interchange of the singlet and triplet 
states suggested here would result ın a steady state con- 
centration of the #1 and the X‘?IIy states in the coma 
which would be independent of the state of production of 
C, The probability of observing Phillips emission near 
the comet nucleus depends on the state of production of 
C, but observation further out m the coma depends on 
the steady state concentration of the singlet and triplet 
which would be controlled by the 1ates of the competing 
processes If the steady state favoured the triplet con- 
centration, the Philips emission would be weak even if 
C, was formed entuely in the smglet state Failure to 
observe singlet system emussion therefore cannot be used 
as evidence for the production of C, in the triplet state 

Relatively few experimental observations of cometary 
spectra in the Philips region have been reported Also, 
the measurements ın this wavelength region are usually 
less sensitive than those in the visible because of the lower 
sensitivity of photoelectiic and photographic techniques 
and because of the lower solar mtensity Some reported 
photoelectric data suggest that the (3,0) and (4,1) bands 
of the Philips system have been observed m comet 
Candy (1960n) (ref 11) The hmted number of observa- 
tions as well as the lower sensitivity of the measurements 
might account for the lack of more defimtive evidence 
Highei resolution studies and observations at different 
distances from the comet nucleus would be helpful m 
resolving the C, question 

I thank Di P G Whilkinson for stimulating discussions 
and Dr B Donn for interest’ This work was supported by 
NASA 
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Observations of Atmospheric 
Absorption in the Wavelength Range 
2 mm to 300 um 


WE present here the results of experiments started in 1957, 
to which have been added some observations made m 
December 1967 using a new telescope at Hochalpe 
Forschungssation Jungfiaujoch (altitude 3,580 m) 
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In 1957 we used a coelostat with 12m diameter mirrors 
to luminate a lamellar grating interferometer to obtain 
submullimetre solar spectra but ın 1967 we had the benefit 
of a 30 m telescope recently mstalled by Grubb Parsons 
This had an NPL modular Michelson mterferometer 
fitted at the coudé focus, and the combmation gave us 
approximately ten times the lhght grasp of the earher 
equpment For the recent observations, however, the 
total water vapour content was not as low as m 1957 
because the length of the slant path was greater by at least 
a factor of two 

A limited account of the 1957 results for wavelengths 
shorter than 1 mm was published shortly after the observa- 
tions were made! and since then we have accounted for 
the chief features which were not explained m 1957 by 
assigning them to lines im the magnetic dipole pure 
rotation spectrum of molecular oxygen? The new 
observations completely support the 1957 results ın this 
wavelength region with the oxygen features showing 
even stronger (Fig 1), m accordance with the mcreased 
air mass 

The principal interest of the new observations, however, 
1s at wavelengths longer than 1 mm (Fig 2) Between 
6 cm~! and 12 cm-t there are two strong ground state 
rotational lines of H,O' at 6 12 cm- and 10 85 cm- but 
ın the spectra recorded ın 1957 there were ın addition 
well marked features ‘in the region of 7-9 cm-! These 
show up even more clearly ın the 1967 spectra 

The strength of this feature seems to be correlated with 
the total amount of water vapour m the absorbing path 
and so we tentatively assign ıt to absorption by a complex 
molecule contaming H,01*, of which the most hkely 1s 
the dimer (H,0'), We have now started laboratory 
observations of the absorption of water vapour in the 
region below 10 cm! using long absorption paths First 
results grve some support to the solar observations, and 
we intend to investigate the temperature and pressure 
dependence of these features 





K=3-5 J=4-5 
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Fig 1_ Molecular ox. gen m wgnetic dipole line K 3—>5 J 45 observed 
(@) tn March 1957 with 15 yi masses and (6) in December 1987 with 
air masses 
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Fig 2 Observed spectrum at 0 5 cm~ resolution of the Sun through the 
atmosphere (a)in March 1957 with 1 5 air masses and 2 mm precipitable 
water, air temperature +2°C, (b)1n December 1967 with 3 4 air masses 
and 3 mm precipitable water, air temperature — 26° C, (c) with 36 air 
masses and 5 mm precipitable water, aur temperature — 24° © 


The existence of water dimers in atmospheric conditions 
was predicted by Viktorova and Zhevakin’, who invoked 
their presence to explain why higher absorption 1s observed 
between the monomer water lines than the strength and 
shape of the latter would imply These authors also made 
a numerical prediction, based on a spectroscopic model 
of the dimer, that there would be an isolated feature at 
707 cm This might at first sight seem gratifying but 
the numerical values for their molecular constants were 
derived from the assignment to dimeric water of absorp- 
tion, at 495 cm-!—a feature which was reported by 
Yaroslavsky and Stanevicht We cannot accept that 
the existence of this line 1s established, for our own labora- 
tory observations, as well as some recent aircraft observa- 
tions, show no sign of 1b at anything like the strength 
reported in ref 4 We believe that the 49 5 cm- feature 
may be an artefact arising from deficiencies of far infrared 
grating spectrometers The determination of values of 
molecular constants for dimeric water must therefore 
await further observation, and assignment 

We thank Professor Von Muralt for making available 
to us the new telescope facility at Jungfraujoch, and 
Professor M Migeotte, Dr G Roland and Dr L Delbouille 
for their help 
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PLANETARY SCIENCE 
Measurement of dT/dA 


Tars communication describes a method of estimating 
directly the derivative of the travel time curve of seismic 
body waves, d7/d A, as a function of epicentral distance 
A, by combiming data from several seismometer arrays 
To test the method the dZ'/dA curve for P waves for the 
range 67°-82° has been estimated The results provide 
further evidence for rather rapid changes m the velocity 
gradient in the Earth’s deep mantle 

The equation of condition for determming the azimuth 
a, and phase velocity V, of a plane wave crossing an array 
of n seismometers 1s 


_ R: cos (8,—«) - 


C 7 =% (1) 


where (R,, 6,) are the polar co-ordinates of sesmometer 2 
(relatıve to some arbitrary origin), & 1s the arrival tıme at 
seismometer + relative to some arbitrary baseline and C 
is a constant The artival tıme ¢, will usually be ım error, 
V, « and C can be estimated in the presence of this error 
by least squares provided n ıs greater than three The 
derivative of the travel time curve 1s then D/V, where D 
is the number of km per degree of A By choosing events 
at different distances from the array a dT/dA curve can 
be constructed Chinnery and Toksoz! and Toksoz et al # 
have presented dT/dA curves derived in this way using the 
Large Aperture Seismic Array, Montana, USA 

This method of measuring d7/dA has the disadvantage 
that each event must be treated separately so that at each 
cistance there 1s a scatter of pomts through which some 
mean curve must be drawn The method also takes no 
account of possible effects of structure beneath the array 
although Chinnery and Toksoz! have attempted to minim- 
ize this by confining their study to events that lie within 
a restricted range of azimuth from the array If, however, 
dTjdA 1s determined for a number of events simultane- 
ously the effects of the array structure can be estimated 
and removed—at least m part—and if the constraint that 
d7/dA 1s constant for all events that fall m the same 
mterval of epicentral distance 1s applied, the best (least 
squares) estimate of dZ7'/dA in each distance mterval can 
be directly obtained The confidence hmits on the estim- 
ates are also readily obtained 

Equation (1) is now rewritten for event 7 that falls in the 
kth distance range as follows 


R, cos (81— «,) 


8. + C; ie Vi 


= ti (2) 


where S, 1s a correction to the arrival time at seismo- 
meter 2, and results from the structure at the array site 
In equation (2), Sı and O} are linearly dependent so the 
further assumption that 2,)S;=0 has to be made By 
choosing events from a wide variety of azimuths 1t should 
be possible to estimate all Si, Cj, Vz and æ; Because a, 
will, however, usually be known fairly accurately from the 
position of the event epicentre relative to the aray site, 
a; can be restrained to this known value 

Unfortunately, this method 1s difficult to apply because 
events are usually poorly distributed in azimuth and 
distance around any one array To overcome this, data 
fiom all four UKAEA designed arrays has been combined 
The equation of condition now becomes for array h 
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Rn, cos (Or: — 
Sn + Oni — 7 sie a 


= th 3 
i hij (3) 
and ESrn=0 for all h 

Methods of estımatıng dT/dA based on equations (2) 
and (3) have a further advantage By including the 
equation of condition 
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where D; 1s the mnterval m km over which the phase 
velocity 1s Vz, the area under the dT/dA curve can be 
constraimed, 1f necessary, to what ıt should be, that 1s, to 
Tm the travel time across the range D, to Dm For the 
results described later, however, apphcation of this 
constraint has not been necessary 


Table 1 dZ/d4 RESULTS AND 95 PER CENT CONFIDENCE LOOTS KOR THE 


RANGE 67°-82° 


Distance dT/d4 (with 95 per cent 


(degrees) confidence limits) 
as 6 57+0 10 
89 8 294012 
70 607+011 
71 86 06 +0 17 
7a 6054011 
73 5974017 
74 5 85+0 09 
75 586 +027 
76 5 68 +0 09 
77 5 6740 22 
78 561+010 
79 538+012 
80 5274+013 
81 56174010 
82 50040 14° 


Using data from the arrays at Eskdalemwr (Scotland), 
Yellowkmife (Canada), Gauribidanur (India) and Warra- 
munga (Australa), the d7/dA curve fo: P waves for the 
ranges 67°-82° has been estimated by least squares using 
equation (3) Eventually this curve will be extended to 
cover the range 30°-105° but work has been concentrated 
m the range 67°-82° because of the incieasing evidence 
of rapid changes ın the velocity gradient m the deep mantle 
as revealed by observations in the range 70°-80° Thus 
Carpenter et al? using explosion amplitude data show a 
sharp perturbation in the P wave amplitude-distance 
curve at around 75° suggesting a possible low velocity 
layer, and Chmnery and Toksoz! and Toksoz et al * from 
d7/dA measurements ın the vicinity of 75° conclude that 
at depths of around 2,000 km the P wave velocity mereases 
much more slowly with depth than normal 67°-82° 1s 
therefore an mterestmg range in which to test the method 
of measurmg dT'/dA described here 

| 
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Fig 1 Estimated d7/d4 curve for the range 67°-82° 


, 95 per cent confidence limits s 
*d7T/d4 estimates for individual events using corrected arnval tames 
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Slowness (s/deg) 





62 50 72 50 82 50 
* Distance (deg) 
Fig 2 dTjdd estimates for each individual event using uncorrected 


arrival times 


Table 1 and Fig 1 show the dZ'/dA results and 95 per 
cent confidence limits for the range 67°-82°, using a total 
of eighty-four shallow events The dZ/dA values estim- 
ated for each event individually usmg the corrected 
arrival time try—Sat—Cng are also shown ‘The arrival 
times, tnh, were measured by a method proposed by 
Cleary in a private communication one of the seismo- 
meter outputs 1s taken as standard, the first few seconds 
of the P phase are traced and the traced curve 1s matched 
by eye to each of the other outputs ın turn The dis- 
placement of the traced curve relative to the standard 
output is then the arrival time 

Fig 2 also shows the d7'/dA estimates for each event 
individually but without applymg any corrections for 
anay structure, that 1s, using equation (1) From a 
comparison of Figs 1 and 2 it ıs clear that 
combining data so that the effects of array 
structure can be estimated and removed 
greatly reduces the scatter of the data 

The dT/dA curve shown in Fig 1 shows 
the same inflexion as suggested by Toksoz 
and Chinnery and is further evidence for 
anomalous velocity gradients m the deep 
mantle Detailed comparison of the dT/dA 
curve and the amplitude—distance curve of 
Carpenter et al ? has not yet been made but 
the perturbation in the amplitude-distance 
curve is consistent qualitatively at least 
with an inflexion of the dZ/dA curve 
Comparison of tiavel times and the area 
unde: the dZ'/dA curve shows good agree- 
ment The Jeffreys~Bullen time, for exam- 
ple, 1s 86 40 s and the mtegral of the dT/dA 
curve ıs 8651 s, a difference of less than 
02s This is without any travel time con- 
stiaints bemg placed on the dT/dA data 
These iesults of the test of the method are 
thus very encouraging 

Inversion of the dZ'/dA curve to produce 
a velocity depth structure for the Earth is 
the ultimate aim of this work The chief 
purpose of this communication ıs to desc1ibe 
a pethod of measurmg dT/dA which com- 
bines data from a number of arrays and to 
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demonstrate some of the advantages of this method over 
those that treat each event mdividually 

A Doveras 

D J CORBISHLEY 
UK Atomic Energy Authority, 
Blacknest, Near Reading, Berkshue 


Received February 23, 1968 


1 Chinnery, M A ‚and Tohsoz,M N , Bull Sers Soc Amer , 54,2271 (1966) 

2 Toksoz, M N , Chinnery, M A , and Anderson, D L , Geophys J R Astr 
Soe ,10, 127 (1967) 

3 Carpenter, E W , Marshall, P D , and Douglas, A , Geophys J Roy Astio 
Soe , 18, 61 (1967) 


Two-component Electromagnetic 
Ship’s Log 
NavicaTion on the deep ocean, away from accurate 
shore-based radio aids, 1s an important problem for the 
oceanographer ‘The use of the US satellite navigation 
system allows accurate position fixes to be obtamed at 
mtervals depending on how many satellites are opera- 
tional, but there remains a need for a system to interpolate 
between these, pai ticularly when complex manoeuvres are 
bemg carried out To fill this need this institute 1s 
developing an improved dead-reckoning system, in which 
the ship’s track is calculated from its velocity through the 
water based on measurement of fore-and-aft speed, side- 
ways speed, or “leeway”, and ship’s heading An electro- 
magnetic log 1s available commercially which measures 
the fore-and-aft speed to an accuracy of about 01 knot, 
but to obtam leeway as well we have developed a new 
type of electromagnetic log The prototype has been 
tried successfully at sea, and though full calibration has 
not yet been possible, there ıs every indication that an 
accuracy of 0 1 knot will be obtainable The chief problem 
in calibration ıs that account has to be taken of the 
valying pattern of flow around the hull of the ship for 
different combinations of fore-and-aft speed and leeway 

Apart from 1ts application to finding the ship’s position, 
the new log has been found useful when handling equip- 
ment ove: the side of the ship at low speeds 

The principle of operation of the logisshownin Fig 1 A 
flat coil with a vertical axis and m a streamlmed housing 
1s fixed to a spar projecting through the hull of the ship 


MAGNETIC FIELD H 


WATER VELOCITY V 





IELA ELECTRODE 
INE 
ORALA 






INDUCED POTENTIAL GRADIENT 


E MF BETWEEN ELECTRODES 
oc HY SIN @ 


DIFFERENTIAL AMPLIFIER 








INDICATOR 


Fig 1 Principle of operation of electromagnetic log i 
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This coil produces a vertical magnetic field, and the water 
flowing through this field generates a potential gradient 
perpendicular to both the field and to the direction of 
flow Two pairs of electiodes (for simplicity, only one 
pau is shown in Fig 1) pick up em fs proportional to the 
fore-and-aft and athwartships components of the potential 
gradient, and these em fs are therefore proportional to 
the athwartships and fore-and-aft components, respec- 
tively, of the water velocity past the measuring head 
With a direct current through the coil, the emf 
between the electrodes consists of a component caused 
by the water flowing through the magnetic field, together 
with components from othe: sources such as electro- 
chemical effects between the electrodes If the magnetic 
field 1s reversed, the former component ıs also reversed 
but the others are unaffected The electronic circuit 
therefore measures the change of emf between the 
electrodes when the magnetic field 1s reversed To reverse 
the magnetic field 1t 1s convenient to use a centre-tapped 
field col and to switch the current from one half of the 
coil to the other 
The reversal of the magnetic field mduces transient 
voltages in the electrode circuit, and the sampling of the 
emf between the electrodes is therefore delayed until 
these have died away Referring to Fig 1, and considermg 
the sequence starting with the current switched to coil A, 
an interval ıs allowed for the transients to die away and 
the delayed-pulse generator A then connects the amplifier 
output to capacitor Ca, which charges to a voltage pro- 
portional to thee m f between the electrodes The amplifier 
output is then disconnected and the coil current switched 
to col B After the correct mterval, the delayed-pulse 
generator B connects the amplifier output to capacitor Cz 
Both capacitors remain at constant potential when dis- 
connected from the amplifier, so that the difference m 
their potentials ıs proportional to the component m the 
electrode voltage caused by the water flow This difference 
in potential 1s amplified and can, for example, be dis- 
played on a meter calibrated ın terms of water velocity 
The switching 1s carried out at a iate of about 8 Hz 
Previous electromagnetic flowmeters have used sinu- 
sodal ac for energizing the coil, but then ıt 1s difficult to 
prevent spurious em fs from bemg induced electro- 
magnetically and electrostatically ito the electrode 
circuit, causing a zero offset which has to be balanced out 
and which can be a source of zero drift In our device 
the shape of the measuring head has to be such that the 
wanted em fs produced (approxunately 75 uV knot) 
compared with the voltage (10 V) and current (1 A) ın 
the energizing coil are considerably smaller than in single 
component logs, so that the directly induced em fs 
would have presented a serious problem if, say, 50 Hz ac 
had been used Our measuring system overcomes this 
effect, and if the zeros of the amplifiers are set with the 
coil de-energized, the shift ın zero when the power 1s 
switched on to the coil is too small to detect 
M J TUCKER 
N D Smm 
E P Corts 
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PHYSICS 


Surface Energy and Evaporation Rate 
of Spherical Particles of Radii 
less than 500 A 


THE vapour pressure of both liquid and solid particles 1s 
expected, on thermodynamic grounds, to differ from that 
of the bulk material Investigations of the increased 
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vapour pressure for spherical paiticles have been mainly 
lumited to liquid droplets of a radn greater than 500 A 
(see, for example, refs 1 and 2) The only mvestigation 
of sohds involving very small particles seems to be that 
by Puz? (paiticle diameters 500 A), who used a radioactive 
weighing technique to determine the mass loss at 840° K 
He obtained a value for the mean surface energy of silver 
of 6,000 ergs em-* which 1s about six times the value found 
by Udin‘ from the creep of silver at high temperatures 
Simple kinetic theory shows that the vapour pressure 
of a spherical particle 1s related to the rate of change of 
drop radius 7 with time t by the following equation 


dr 
63) = const p,/T: (1) 


where T 1s the temperature of the diop and p, the vapour 
pressure of a drop of radiusr This relation 1s substituted 
into the Kelvin equation 


26M 
Pr=Pow exp E= (2) 


where p ıs the density, M the molecula: weight, R the 
gas constant pe: mole, and T the, absolute temperature 
For liquids, o will be the surface tension, for solids with 
a spherical surface o will be the surface energy per unit 


area It then follows from (1) and (2) that 
d? d? 25M 
3, = se SXR Ea (3) 


This equation can be integrated to give the following 
relation between the radus and the time 


2oM 2o M 2o M | 
a= ax [es (Sa) 88 a) O 
eRT 2) à 
di7 % 
where 
exp(— u) 2 
£ (rv) = [ee 
and 


Ela) = [aR ee 


Expeuments have shown that the vanation of drop 
radius with time is consistent with equation (2), and this 
variation can therefore be used to determine surface 
energies The substances examined were liquid lead, 
liquid bismuth and solid silver 

The specimens were produced m suwu m an electron 
miucroscope by depositing material on to a carbon sub- 
strate maintained at a temperature which gave a conveni- 
ent evaporation rate Selected particles were then photo- 
graphed at regular intervals until they vanished In 
order to use the theory ıt was necessary to ensure that the 
particles were spherical Preliminary experiments showed 
that in suitable experimental conditions there was no 
difficulty ın obtaimimg spherical hqud drops In the 
ease of silver spherical particles were produced at a 
temperature in the region above 1,040° K in agreement 
with the work of Sundquist! Electron diffraction 
patterns taken n sutu confirmed that these spherical 
particles consisted of crystallme silver 

Results for typical experiments are shown m Figs la 
andb In both cases the continuous curve 1s that obtained 
from equation (4) The value ofo for lead ıs that for mas- 
sive liquid at this temperature For bismuth, very similar 
curves were obtained at T=677° K with o=374 dynes 
em- (which ıs the value for the massive liquid) 

For silver, good agreement 1s obtained with theoty 
with o=] 130 ergs cm~? at 1,045° K ‘This value is the 
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Fiz 1 a, The evaporation of lead droplets as a function of time, 

a= 434 dynes cm, 7=726° K b, The evaporation of spherical silyer 

particles as a function of time, o=1,130 ergs cm, T =1,045° K 

The origin of the time axis 18 chosen so as to coincide with the time of 
disappearance of the particles 


same as that found by Udin‘ at roughly the same partial 
pressure of oxygen, but at a higher temperature, 1,200° K 
While the variation ino caused by this temperature differ- 
ence 1s not expected to be large, 1t should be noted that 
grain boundary effects are significant ın the experiments 
of Udin, whereas the work presented here refers to single 
erystals possessing a spherical surface 
An examination of the errors associated with the 
expermment show that the values quoted above are subject 
to an error of about +10 per cent Further experiments 
are being carried out with the aim of reducing the error 
and also to study particles of smaller diameter 
One of us (L M §) thanks the Electricity Council for 
an Electricity Supply scholarship 
M BLACKMAN 
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Nucleation of Freezing in Supercooled 
Water by Cavitation 


NUCLEATION of freezing in supercooled liquids by cavita- 
tion has been ascribed to a momentary large increase in 
the degree of supercooling, induced by the high transient 
pressures generated by a collapsmg cavity ‘This is a 
plausible mechanism for substances which contract on 
freezing, for substances such as water, which expand 
on freezing, ıt seems less satisfactory! Hickling*, 
however, has proposed that the pressures associated with 
ca%itation m water are sufficient to stabilize one of the 
high-pressure modifications of ice Nuclei of these high- 
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pressure forms presumably transform to ordmary ice as 
the pressure decays, and nucleate freezing of the bulk 
liquid occurs 

Hickimg assumed that compression durmg cavitation 
1s a reversible adıabatıc process Hunt and Jackson’ have 
questioned this assumption on the grounds that the 
process should be ureversible, more nearly resembling a 
shock wave compression They have calculated an incie- 
mental temperature increase caused by this irreversibility, 
and conclude that the liquid phase 1s stable in all states 
accessible by a shock compression of water from an mitial 
state at 0° C and 1 atm , thereby implying the impossibility 
of Hickhing’s proposed mechanism for nucleation 

Hickling? has defended his assumption of reversibility 
The purpose of this communication 1s to show, however, 
that this assumption is not critical, and that Hunt and 
Jackson’s objection 1s probably not valid Their calcula- 
tion of the temperature mse m water during shock wave 
compression does not agree with the results of othe: 
studies of this problem, and there ıs deed experimental 
evidence for a phase transition m water as a result of 
shock wave compiession 

There 1s still some uncertaimty concerning the relation- 
ships between pressure, volume, and temperature for 
water at high pressures Several calculations of the 
temperature rise along the Hugoniot curve (the locus of all 
states accessible by shock wave compression from a given 
initial state) give somewhat different results Fo: example, 
Kirkwood and Montroll®* in an early theoretical study 
predicted that the Hugoniot curve for water centred at an 
mutial state at 20° C and 1 atm would cross the equilibrium 
curve between liquid water and “Ice VII” at about 25 kbar 
The solid phase was predicted to be stable at all higher 
pressures Ther calculation was based on data from static 
high-pressure investigations of the water-ice system <A 
more recent study by Rice and Walsh’ agrees with 
Karkwood and Montroll’s work at lower pressures, but 
predicts somewhat higher temperatures at higher pressures 
The piimary data m Rice and Walsh’s calculations were 
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P-V data from shock wave compression experiments, 
temperatures were derived by making simplifying assump- 
tions concerning the specific heat of water at high pressures 
In view of these differences, the Hugoniot curves of Rice 
and Walsh and of Kirkwood and Montroll are super- 
imposed on a P-T plot of the liquid-solid equilibrium line 
of water in Fig 1, along with Hunt and Jackson’s results 
It 1s obvious that a displacement of ether Karkwood and 
Montroll’s or Rice and Walsh’s Hugomot curves to an 
mutial temperature of 0° C or below would predict stability 
of the sohd phase from 20-25 kbar to much higher pres- 
sures Hunt and Jackson’s curve deviates strongly from 
the others as pressure increases In the absence of more 
detailed information concerning their calculation, ıb 1s 
difficult to ascertain the reasons for this lack of agreement 

Experimentally, Walsh and Rice® found no evidence 
for a phase transition durmg shock compression of water 
to pressures up to 100 kbar Altshuler, Bakanova, and 
Trunin®, however, have reported both optical and hydro- 
dynamic evidence for a phase transition at 115 kbar 
Unfortunately, they did not specify their initial tempera- 
ture. Because the positions of both the liquid-solid 
equilibrium curve and the Hugoniot curve are not known 
at these pressures, one cannot estimate the degree of 
transient supercooling in their experiments Nevertheless, 
1t 18 clear that the Hugoniot curve does cross the phase 
equilibrium line, and that transient high pressures can 
induce nucleation 

Hickling and Plesset'*, using a numerical model, have 
estimated the peak pressures to be expected from cavity 
collapse m water Their values range from several tens 
to several hundred kbar, depending on the amount and 
thermal behaviour of the gas ın the cavity The inclusion 
of real gas effects at hgh temperatures usually gave rise 
to the higher peak pressures It therefore seems that 
Hickimg’s proposed mechanism for nucleation of freezing 
ım supercooled water by cavitation cannot be dismissed 
on the grounds cited by Hunt and Jackson 
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New Mounting for Concave 
Grating Spectrometers 


A merHop has been devised for designing an X-ray 
spectrometer which requires no movement of the grating 
or the electronic counter Spectrometers widely used 
in the past have contained a fixed light source and a 
movable counter The development of sensitive elec- 
tronic counters with delicate and complex cooling systems 
makes movement of the counter undesirable Our 
mounting fnakes ıt possible to use a fixed counter, and 
spectra can be obtamed using a multiple-channel-scalar 
or displayed on a Braun tube directly 

In Fig 1, X-rays radiating from a point source F( 09,9) 
are diffracted by a grating G of radius R and focused at 
a pomt S(r,8) We have d(cos p—cos 6)=7), where d, X 
and n are the grating constant, the wavelength and the 
spectral order, respectively 

° 
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. 
Fig 1 Principle of the Sawada mounting for a concave grating spectro- 
meter C, Centre of Sawada circle, G, grating, F, X-ray tube provided 
with a cathode-ray deflector, S, slit gf an electrome counter 


We can determme the direction of the diffracted beams 
by the grating equation, and the magmtudes of the 
vectors'* of the ineident and diffracted beams can be 
determined by the following two conjugate equations 





sme snge 1 
p — R ~ D 
sin? 6 sin @ 1 
r R D 


where D ıs a parameter When D ıs infinite, the two 
equations reduce to a single self-conjugate circle—the 
Rowland circle If D has any other value, the (r,0) 
curve becomes an oval, and its conjugate (p,p) curve 
becomes W-lhke or omega-lke, having two asymp- 
totes and two inflexion pomts The shortest distance 
from the mid-point of the grating G to a pomt on the 
(p.p?) curve hes in the direction given by sin p=2R/D, 
where D>2R It also hes on the circumference of a arcle 
e=2R sin 9, the centre of which ıs at C, and which has a 
radius that of the grating itself We will tentatively 
refer to this circle as the Sawada circle If we put an 
X-ray source F'( 99,99) on the Sawada circle and scan this 
source back and forth along a straight line which 38 a 
tangent at F to the curve (1-1’), described by 


p =È sın? 9/[sin 9 — ($) sim po] 


so that the scannmg direction lies on the straight lne 
perpendicular to the vector GF, then the diffracted spectra 
are always at the slt S(7,,6,) of the counter, the co-ordin- 
ates of which are : 


ro =R sin? 0,/[sin 05+ (4) sin Go] 


This point hes on the curve (2~2’) in Fig 1 

A comparison of the astigmatic and spherical aberra- 
tions*> between the Sawada and the Rowland cases gives 
i? sin? — sin? 6 


SEast — PEas = > 


4R smèOsme 


and 

(w? + 1?) 2 
8R? 

where w and l are the width and length, respectively, of 

the rulings measured from the centre of the grating 


These expressions show that ın the positive spectral orders 
the astigmatic and spherical abberations are small for 


sin? g — sin? § 





SH — RE = 
spher spher sm? ô sin ọ 
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the Sawada mountmg compared with the Rowland 
mounting Another merit of the Sawada mountmg 1s 
that the total optical path lengths are practically constant 
compared with the Rowland mounting, so that cumber- 
some intensity corrections can be avoided 
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Measurement of Normal Stress 
Differences in Solutions of 
Macromolecules 


THE measurement of normal stress differences generated 
m the steady laminar shearmg motion of solutions of 
macromolecules has attracted a great deal of attention! 
The expermental work has been performed almost 
exclusively at low shear rates using three well known 
flow geometries the concentric cylinder, parallel plate 
and the cone and plate geometiy The use of these three 
curvuimear geometries has been described ım detail else- 
where and the current position 1s that determmation of 
the three normal stress differences (usually labelled 
pll—p22, p22-p33, p33-pl1) involves the use of more 
than one shearmg geometry? 

Recently I mtroduced the rmg and plate geometry?, 
which 1eadily enables the medium range of shear rates to 
be vestigated An outline of the arrangement, modified 


‘to melude the central capillary tube to allow normal 


stress measurements to be obtaimed, 1s shown in Fig 1 

In the original work the rmg width (r,-7,) was adjusted 
so that with a mean ring radius of about l in the variation 
of shea: rate over the ring surface was 10 per cent With 
a gap between ring and plate of 0001 m mean shear 
rates of 40,000 s-! were attamed without much difficulty 
using the geometry m the Wessenberg rheogoniometer 
This shear rate ıs well within the range of mdustnial 
significance 

The mtroduction of a capillary tube in the upper platen 
as shown m Fig 1 allows the pressure of the flud within 
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the 1egion 0<7<r, to be sensed The corresponding 
normal force between the rmg and plate over this same 
interval 3s 


F,= pgri, Ah (1) 


where ¢ is the density of the flud m the capillary tube 
and Af ıs the merement ın the meniscus height from the 
undisturbed state at zero shear rate There will also be 
a contribution caused by centrifugal effects but we 
assume for the moment that these are small enough to 
be neglected, although the effect can easily be incor- 
porated 

If F is the total normal force between the img and 
plate, then the force on the ung alone 1s 


P, = F-P, (2) 
and this ıs experimentally determinable (For example, 
by usmg the Weissenberg rheogoniometer) 


At r=r, the radial stress in the material in the sheared 
annulus 1s 


— (7), = pg Ah (3) 


Neglecting centrifugal effects again, the radial equation 
of equilibrium within the annulus 1s 


fy aR eo (4) 


where 66 ıs the normal stress m the cncumferential direc- 
tion at the radius considered 

The shear rate withm the annulus 1s given by 
Qr 
w 


pE (5) 


where Q ıs the (steady) relative 1ate of rotation of the 
plates 
Equation (4) can be integrated 


420m 


“m= {Ae 0 


fı 





The radial stress at r=r, 1s (nearly) the ambient 
pressure, here taken as datum 

Differentiating equation (6) with respect to the lower 
hmt yields 


Or); 


Diag) = Ë- Fh (7) 


where the suffix 1 denotes quantities evaluated at r=r, 
Equation (7) represents a normal stress difference—it may 
be written as 


= -I infr) (8) 


—F,= x | @d (e) r (9) 


r; Differentiating equation (9) with respect to the lower 
imuit 


= 1 oF 
(22), = = 3 mi 





(10) 
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Hence, combining equations (1), (2), (3) and (10) 


1/0F 1 a( Ah 
(FP), — (22), = — og AR — > Fr _ Pid Ti 7 D) (11) 

Experunents are required with rings of constant outer 
radius r, and various inner radii r,. 

Equations (8) and (11) are the equations required. A 
third normal stress difference can, of course, be derived 
trom these two. It seems that this curvilinear flow 
geometry is unique at the moment because it is capable 
of yielding all three normal stress differences. Further- 
more, by using sufficiently narrow gaps between ring and 
plate it should be possible to extend greatly the shear 
rate range beyond those currently attainable with curvi- 
linear flows. The subject of self-alignment of the platens 
will be dealt with elsewhere. 

Tn experimental arrangements with narrow meniscii at 
the platen perimeters there is the possibility of aniso- 
tropic surface tensions developing. It is already known 
that polymer surface films can exhibit elasticity and it 
is reasonable to suppose, in accordance with bulk be- 
haviour, that normal surface tensions may develop in 
simple surface shearing. Accordingly, results which take 
no account of this possibility should be viewed with some 
reserve at the moment. In the experimental arrangement 
in Fig. 1 surface velocity gradients will undoubtedly be 
very small in comparison with the gradients between the 
ring and plate and hence surface effects will be minimized. 
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Dimensional Problem of the 
Power Law in Rheology 


I nave discussed points raised in my recent communica- 
tion! with Scott Blair and we think that it may not have 
been made quite clear that the treatment applied only to 
certain conservative systems with flow properties which 
vary with time. It has been applied to two such systems, 
starch solution? and rennetted milk’. It is not, of course, 
possible to isolate three independent parameters from the 
monotonie flow curve obtained with many systems. 
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THE SOLID STATE 


Grain Boundary Diffusion Effects in 
Films of Gold on Chromium 


Some intef®sting and important effects haye been 
observed when gold films are annealed. The films 
were prepared on borosilicate glass substrates. They 
were about 4000 A thick and had underlayers of chromium 
100 A thick. Examination of the film surfaces has shown 
that certain diffusion effects occur predominantly at 
grain boundaries. Two distinct phenomena have been 
observed-—the gradual emergence of ridges of materials 
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Fig. 1. Effect of annealing at 300° C: (a) as deposited; (b) after 3 h? P 
(ec) after 5 h; (d) after 11 h. (x 16,500). 
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decorating the grain boundaries and a more catastrophic 
change of surface in which the crystallites stand out as 
islands. 

A controlled technique was applied to produce a 
smooth surface, gold-on-chromium film. The film 
was then annealed and examined by stages. It was 
annealed at 300° C, first for 3 h then for a further 2 h 
and then for a further 6 h. At each stage a collodion 
carbon replica of a selected area of the surface was pre- 
pared and examined in an electron microscope. Fig. 1 
shows the micrographs obtained. Fig, la shows the smooth 
surface of the original film. After the first annealing, 
ridges appeared in the surface indicating the positions 
of grain boundaries (Fig. 1b). After successive periods of 
annealing these became more strongly emphasized. 

This film was typical of other gold-on-chromium films 
produced. Some films were annealed for short periods 





a 





Fig. 2. Dependence of grain boundary 

diffusion on annealing temperature: 

(a) as deposited; (b) annealed at 100° 

C; (e) annealed at 200° C; (d) annealed 

at 300° C; (e) chromium underlayer 

after removal of the gold deposit. 
( x 16,560.) 


of time and others for up to 20 h at various temperatures. 
The crystallites had an average diameter of a few microns 
which remained constant throughout the annealing treat- 
ment. It is thought that the crystallites had grown to 
this size on deposition: in one case the positions of grain 
boundaries could be seen in the film as deposited. A film 
of gold with no underlayer exhibited erystal grains of a 
similar size when heated to 300° C for 2 h. The grain 
boundaries showed up as lines on the surface, but were not 
emphasized by ridges because there was no underlying 
material present to decorate the boundaries. The series of 
micrographs in Fig. 2 clearly shows how grain boundary 
decoration develops as annealing proceeds by 100° C 
increments. Fig. 2e shows the form of the chromium 
underlayer after the gold film had ultimately been etched 
away. The material remaining has migrated into lumps 
and ridges distinctly outlining flat areas of a similar size 





b 
Fig. 3. Violent change of structure: (a) as deposited; (b) after annealing. (x 16,500.) 


« 
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tothe gold crystallites. This is further 
evidence that the underlayer material has 
diffused along the chromium/gold interface 
and through the gold film between crystal 
grains. oo 

A more violent effect which oceurred with 
some of the films is illustrated in Fig. 3. 
The structure of this film including its many 
seratches had not changed on heating to 
100° C for 2h. But when heated to 200° C, 
all previous surface features disappeared and 
were replaced by large crystalline islands. 
The crystallites were completely free of 
background texture and stood up about 
500 A from the irregular, original surface 
level of the film. This effect has occurred 
in a number of films, but always those which 
have not exhibited obvious grain boundary 
diffusion. It is thought that the change 
may have been initiated by thermal shock 
because some of the films were seen to turn 
milky in removal from a hot oven. It has 
been observed that films deposited fast 
(30 Ajs) exhibited grain boundary diffusion 
whereas those deposited more slowly (3 Ajs) 
underwent a catastrophic change in structure 
or none at all. This violent change usually 
followed a succession of severe annealing 
and replication processes. Another variation 
in procedure which was found to affect the behaviour 
of these films on annealing was pre-heating of the 
substrate. Some substrates were heated under vacuum 
to 100° © for } h and then cooled by means of a water 
cooled copper block with which they were in contact. 
Films deposited onto these substrates were very similar 
in texture to others produced on normal substrates, but 
on heating the grain boundary structure did not appear. 
Surprisingly, neither vapour phase mixing of the chromium 
and gold deposits, nor partial oxidation of the chromium 
underlayer had any significant effect on the behaviour 
of the films on annealing. 

“ertain other underlayer materials have been con- 
sidered. Iron exhibited an effect very similar to chromium. 
Reactively sputtered bismuth oxide did not diffuse in the 
same way although annealing caused a gross surface 
structure to emerge. Nickel-chromium alloy did not 
diffuse through overlying gold films but a lumpy surface 
resulted from the annealing treatment. 

This work was supported by the Ministry of Technology. 
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Production of Epitaxial Films of 
Antimony on Disordered Substrates 


Tere has been widespread interest in thin films of metals 
and metalloids during the past decade because of their 
varied technological and fundamental scientific signi- 
fieance’-*.. The mechanism of their formation is intimately 
associated e@vith nucleation theory! and epitaxy’ (the 
growth of a substance into a single crystal or well oriented 
polycrystalline form on a different substance as substrate): 
and their properties are relevant to the study of electrical, 
magneto-optical and catalytic phenomena'®.*, On the 
physical side, much effort has been expended in assessing 
the influence of such factors as the symmetry, lattice 
spacing and temperature of the substrate in the growth 


z Transmission electron micrograph of evaporated antimony film Giverage thick: 
ness 1000 Å) showing extinction contours and, in particalar, extended. dislocation 
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networks in the region marked XYZ. 


of epitaxial films, On the chemical side, it has recently 
been recognized that, although evaporated films ha 
greatly stimulated the study of heterogeneous. catal, 

the crystallographic heterogeneity of misoriented poly 
crystalline or amorphous films complicates interpreta- 
tion of adsorption phenomena, and makes ‘comparison 
invidious with field ion and other studies which. utilize 
single crystals. 

This communication describes the preparation. of well 
oriented evaporated films of antimony im unusual, but 
readily realizable, conditions, in which the substrate 
possesses little or no crystallographic symmetry and Tong- 
range order, and the substrate temperature is surprisingly 
low?. Some recent speculations®~* ag to. the importance 
of source material in determining the microstructure. of 
antimony films are. tested, together with general state- 
ments!!! regarding the ease of producing ordered struc- 
tures on disordered substrates. The results suggest. 
convenient method of generating single-crystal films of 
relatively large area suitable for adsorptive. studies using 
low energy electron diffraction’, work function and 
related® measurements. Together with the work of Yu? 
on the microstructure of films of ionic solids, the results 
may contribute to the elucidation of certain biochemical 
processes, especially some aspects of the phenomena 
recently discussed by Lonsdale™. i 

High purity (99-999 per cent) antimony was evaporated 
from a tungsten spiral in a vacuum of 3x 10-' to 5x 107 
torr (varied systematically) at an average rate of 30 As 
up to a thickness of about 1000 A. The films were floated 
off the substrates and examined in transmission using an 
electron microscope. The temperature of the source was 
in the range 500°-700° C, and that of the substrate surface, 
which was 5-6 em away, never exceeded 30° C during 
deposition. Three kinds of substrate were used: (1) out- 
gassed ‘Pyrex’ glass (microscope) slides; (2) ‘Pyrex’ slides 
onto which a thin layer of detergent was added, by 
“rubbing in” a concentrated solution of ‘“Teepol’ and 
allowing the water to evaporate in vacuo, which leaves a 
waxy film of soap on the glass; (3) collodion mounted on 
a copper, grid for electron microscopy. 

Substrates (1) and (2) gave identical results. The films 
are continuous though of variable thickness, as revealed 
by the extinction contours (Fig. 1); and the qecurrence 
of an extended dislocation network demonstrates that. a 
remarkable degree of crystalline perfection exists over 


. 


areas of about: 2-ym. Significantly, selected-area diffrac- 
tions taken from most “ofsthe regions shown in Fig. I 
yielded a spot pattern indicative of a single crystal, rather 
than a well oriented crystalline film, the orientation being 
such that the {111} planes are parallel to the substrate 
surface. In a few regions both {100} and {111} orientation 
occur about equally. Small-angle boundaries, with regions 
of misorientation up to about 20°, are also present. 
With substrate (3) there is again pronounced epitaxy, 
but there are no signs of dislocation networks, the film 
readily fragments on floating, and from the diffraction 
pattern (Fig. 2) it is concluded that a well oriented poly- 
crystalline, rather than a single crystal, film is formed. 
When a gold--antimony alloy (atomic ratio Au:Sb = 
40:60) is used, from which, on heating, monatomic and 
diatomic as well as the usual tetra-atomic species are 
vaporized, essentially the same results are obtained with 
substrates (1) and (2) but not with (3), which yields an 
unoriented polyerystalline film (Fig. 3). 








Fig. 2. Selected area diffraction pattern from an area of 15 pm? of a 
film deposited on collodion. 





„Tóg. 3. 


Diffraction pattern of film deposited from Au-Sb source on a 
collodion substrate, 


Thus the chief 
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differences reported between antimony films produced 
from the element and from an antimony alloy are not 
fully repeated here. Aluminium, which has a melting 
point (660° C) close to that of antimony (631° C) yields 
a discontinuous polycrystalline film when evaporated to 
the same thickness on all three kinds of substrate, show- 
ing that the ease of oriented growth is not a simple 
function of melting point. 

It is impossible to decide, as yet, which of the three 
principal factors—nucleation orientation, growth orienta- 
tion or recrystallization—known to facilitate the produc- 
tion of epitaxial films dominates here. It is clear, how- 
ever, that condensed aggregates of antimony formed 
from gaseous species of varied atomicity are capable of 
migrating over large distances on non-crystalline surfaces. 
The highly specific nature of surface migration of metal 
erystallites on non-metallic, but crystalline, substrates 
has previously been noted and partly explained’ jn 
terms of Brownian motion. 

Preliminary parallel experiments with bismuth indicate 
that films of this metalloid also show some tendency to 
be oriented when formed on disordered substrates at very 
low temperatures. 

We thank Professor S. Peat for his interest and the 
Science Research Council for financial assistance. 
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CHEMISTRY 


Heterogeneous Oxidation of Methane 
over Palladium Catalysts 


A BRIEF investigation has been made of the effect of 
different forms of palladium catalysts on the hetero- 
geneous oxidation of methane. The experiments are 
based on the idea that, if erystals of metal are formed by 
thermal decomposition of a metal salt which is deposited 
within the pore structure of a zeolite, the magimmm size 
to which the metal erystallite can grow is equal to the 


size of the pore or cavity of the zeolite within which 
decomposition occurs. 





Because the dimensions of these 
cavities and pores are in the range of 0-4-4 nm for most 
zeolites, it is possible to study catalytic reactions on 
crystallites of these dimensions without interference from 
the much larger crystallites present in most supported 
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metal catalysts. These catalysts could be prepared by 
thermal decomposition of a complex metal salt in which 
the catalytic metal is in an anionic form so that ion 
exchange with the zeolite metal ions does not occur. 
In this study we have compared three catalysts: massive 
palladium metal (catalyst 1), palladium crystallites within 
a zeolite structure (catalyst 2) and a zeolite catalyst con- 
taining separated metal atoms (catalyst 3) produced in 
the normal way by ion exchange’. 

Catalyst 1 was prepared by thermal decomposition of an 
aqueous ammonium ehloropalladite solution. The result- 
ing mixture of palladium and palladium oxide was reduced 
in a 12 per cent methane-air mixture? at 900° ©. Catalyst 
2 was prepared by immersing Linde 13x molecular sieve 
in an aqueous solution of ammonium chloropalladite. 
The sieve was drained, washed with water and dried at 
400° C in air. Catalyst 3 was prepared by immersing 
Linde 13x molecular sieve in an aqueous solution of 
tetramminopalladium chloride, prepared by treating 
aramonium chloropalladite with excess ammonia, draining, 
washing with water and drying in air at 400° C. Catalysts 
2 and 3 contained 3-55 and 0:55 per cent by weight of 
palladium respectively, Reduction of these two catalysts 
with hydrogen at 300° C produced a slight increase in 
activity in catalyst 2 but had no effect on the kinetic 
results. Poisoning experiments with hexamethyl disi- 
loxane® confirmed that in both catalysts 2 and 3 in the 
prepared and reduced states no metallic palladium was 
present on the external surface of the zeolite, X-ray 
diffraction measurements on these catalysts confirmed 
that catalyst 1 was metallic palladium but failed to detect 
the presence of palladium in catalysts 2 and 3, indicating 
that the crystallite size of any metallic palladium in these 
catalysts was less than about 5 nm. 

Methane oxidation over each catalyst was studied by the 
microcalorimetric method*, A large excess of oxygen for 
complete oxidation to carbon dioxide and water was used 
in each experiment. The methane pressure range was 
0-2 kNm-* and the oxygen pressure range 8-80 kNm-?. 
Nitrogen was used as a diluent gas to bring the pressure 
up to 10-1 kNm. The zeolite containing no palladium 
did not oxidize methane in the temperature range studied 
here. In each case only carbon dioxide and water were 
detected as reaction products. The relevant kinetic data 
are given in Table 1. 


Table 1, REACTION PARAMETERS FOR METHANE OXIDATION 
Reaction Reaction Apparent Tempera- 
Cata- Form of order order activation ture 
lyst catalyst in in energy kd range 
methane oxygen mole-* °C 
1 Palladium metal 1 0 50 300-450 
2 Palladium in 13 x 
zeolite, Prepared 
from ammonium 
chloropalladite 1 030-4 50 300-400 
3 Palladium in 13 x 
zeolite. Prepared 
from paladin 
ammine 1 0-05 88 300-400 


The apparent activation energies were the same on 
catalysts 1 and 2 but different on catalyst 3, indicating 
that palladium is present as a metallic phase in catalyst 2 
and showing that the presence of the zeolite support in 
this catalyst does not markedly effect the reaction. The 
reaction orders indicate that on each catalyst methane is 
weakly adsorbed and oxyten is strongly absorbed. No 
negative efigcet over the ten-fold range in oxygen concentra- 
tion was observed on any catalyst, which is strong evid- 
ence that methane and oxygen are not competing for the 
same. sites on the catalyst. Oxygen. however, is not 
strongly chemisorbed by zeolites themselves and, because 
in catalyst 3 the only catalytic sites are the separated 
palladium ions. such ions are capable of simultaneous 
adsorption of both oxygen and methane. Moreover, 
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‘because the complete oxidation of methane requires two 


oxygen molecules for each methane molecule, the separate 
palladium: ions are able to absorb partially oxygenated 
methane intermediates as well as oxygen atoms. 

The apparent activation energies for the reaction on 
catalysts 1 and 2 indicate that a similar reaction sequence 
is occurring on each catalyst and that the bond strengths 
of the adsorbed intermediates are similar. The decrease in 
crystallite size in catalyst 2 increases the reaction order in 
oxygen, however. Such an effect will be produced if the 
ratio of adsorbed methane to adsorbed oxygen is greater 
on catalyst 2 than on catalyst 1. This would result in an 
increase in the rate of creation of vacant adsorption sites 
by the increased rate of reaction of adsorbed oxygen with 
adsorbed methane. It is unlikely that this could be caused 
by cracking of methane by the zeolite itself before adsorp- 
tion on to the palladium; cracking of methane would 
result in some oxidation before adsorption, which is 
contrary to the low order in oxygen on catalyst 3 and the 
lack of activity for methane oxidation displayed by the 
zeolites themselves. Palladium metal has a face-centred 
cubie structure and as the crystallite size decreases the 
ratio of atoms in the edges of the crystal to those in the 
faces increases. If methane is adsorbed on the edges of 
the crystal faces and reacts with oxygen which is strongly 
adsorbed on the crystal faces and edges, then below. a cer- 
tain crystallite size an increase in the order in oxygen will 
result. It therefore seems likely that on palladium metal 
methane adsorption in oxidation reactions occurs at sur- 
face imperfections such as steps. Such mechanisms have 
been proposed for other heterogeneous catalytic reactions‘. 

We thank Mr N. J. Cutts for the X-ray diffraction 
measurements and Mr C. Casswell for helpful discussions. 
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Stereochemistry of the Allyl Ligand | 
in some Allyl—Palladium Complexes __ 


SEVERAL X-ray analyses of the structures of allyl com- 
plexes of transition metal ions have been completed’. | 
Apart from the symmetrical bonding found in lyl 
palladium chloride? and. mally) palladium acetatet, the 
results also indicate considerable. changes. of the stereo- 
chemistry of the allyl group on co-ordination. For 
example, in both bis-x-methallylnickel® and. tripheny!- 
phosphine-2-methallylpalladium chloride’, the’: methyl 
group is bent out of the plane containing the three carbon 
atoms of the ally] ligand while in «-C,H,.CH,PPh,PdCl* 
and bis-x-allyl rhodium chloride? the metal-carbon ally! 
bond lengths are non-equivalent. The very close relation. 
between the bond lengths in these last. two. molecules 
rules out the suggestion? that the asymmetric. allyl to 
metal bonds are due to “adventitious packing distor- 
tions”. The non-planarity of the methyl groups in (x- 
C;,H,.CH,),.Ni and 7x-C,H,.CH,.PPh,.PdCl may indicate 
o-z electron mixing in the ligand’ and othes methyl- 
substituted allyl complexes have now been studied to 
provide further information on this point. i 
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n-2-Methallyl palladium chloride crystallizes in the tri- 
clinie system, being the dimeric molecule required to 
be centrosymmetric in the space group PI; its geometry 
is shown in Fig. 1. The methyl groups are displaced 
0-3 A towards the metal from the plane of the allyl-carbon 
atoms, so that the result noted earlier’ is not a con- 
sequence of asymmetry in the metal-allyl bond. The 
dihedral angle which the two crystallographically equiva- 
lent allyl groups make with the plane containing the 
palladium and chlorine atoms is 112°. The average 
estimated standard deviations in the bond lengths are 
Pd-Cl 0-005 A, Pd-C 0-018 A and C-C 0-026 A (R= 0-078 
- for 1,123 independent reflexions). 
n-1,1,3,3-Tetramethallylpalladium chloride is also di- 
meric in the space group PT, The molecular geometry 





Fig. 1, 
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picturing the allyl stereochemistry is that the average 
deviation of C(1,3) from the plane containing C2, C(5,6) 
and C(4,7) is 0-2 A; if Cl and C3 were trigonal, this 
deviation would be zero, whereas if. they were tetra- 
hedral it would be approximately 0-5 A. _ 

x-1,1,3,3-Tetramethallyltriphenylphosphine - palladium 
chloride has also been investigated to determine whether 
the deviation of Cl and C3 from trigonal stereochemistry 
depends on the symmetry or otherwise of the metal- 
ligand bond. The refinement is not yet complete (the 
present diserepaney index is 0-097) but it can be stated 
that the methyl groups are again displaced from the ally] 
plane to give a conformationally eclipsed structure, the 
average deviations of the two pairs of methyl carbon 
atoms being —1-2A and +04 A. 





(+ 0-41) 


The molecular geometries of the 2-2-methallyl palladium chloride and the 2-1 -1,3,3-tetramethally! palladium chloride dimers. Numbers 


in parentheses refer to deviations (A) of carbon atoms from the Pd,Cl, planes. 


(Fig. 1) results from a refinement of 1,040 independent. 
reflexions (R= 0-087). As in the 7-2-methally] complex, 
the Pd.Cl, bridge system is required to be planar and the 
dihedral angle of the allyl carbon plane with respect to 
this plane is 121°, Estimated standard. deviations of the 
bond lengths average 0-007 A (Pd-Ch, 0-026 A (Pd-C) 


and 0-039 Å (C-C). 


In. both of these molecules the palladium-—carbon and 
carbon-carbon bond lengths in the allyl ligand are identical 
within experimental error. This result, together with the 
_ observed planarity of the Pd,Cl, rings in both structures, 

“makes the reported geometry of the m-1,3-dimethallyl- 
palladium chloride dimer’ extremely difficult to under- 
stand. In the 7-1,1,3,3-tetramethallylpalladium chloride 
dimer, each pair of methyl groups is distorted from the 
plane of the allyl carbon atoms to produce a conforma- 


tionally eclipsed arrangement; atoms C4 and C7 are 


digplaced 0-4 A towards the metal, atoms C5 and C6. being 
pushed 0-8 A away from the metal. A simple way of 


s 
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Influence of Carbon Dioxide in the 
Calcite-Sodium Oleate Flotation 
System 


Farry acids are usually employed in the flotation of 
carbonate minerals as collectors; among them oleic acid 
in the form of sodium oleate is important. Mortenson 
and Ljokjell! reported that flotation of calcite using 
sodium oleate as the collector is improved by conditioning 
the pulp with carbon dioxide. Biswas* pointed out that 
the improvement due to the use of carbon dioxide is not 
related solely to the lowering of pH but is largely attribut- 
able to the surface chemical reaction in the system. We 
report further studies on this system. 

To study the caleite-carbon dioxide-water system 
transparent calcite crystals were wet ground and sieved. 
About 20 g of moist samples of — 120+ 140 ASTM mesh 
size range were treated with 150 ml. of distilled and 
deionized water in a 500 ml. reagent bottle and then 
carbon dioxide was bubbled through the system for 
various times at a constant rate of 3 l/min. The bottle 
was shaken for 30 min and kept in a thermostat (operating 
at 30+0-1° C) for 1 h. For each set, the slurry was 
filtered and the Ca++, CO} and HCO; concentrations in 
the filtrate estimated. 

Calcium estimation was done by the ammonium purpur- 
ate method described by Williams and Moser?. The pH 
was maintained at 11:3 and percentage absorbance was 
measured at 505 mu. It was established that neither 
carbon dioxide nor sodium oleate interferes with the 
estimation of calcium by this method. Carbonate and 
bicarbonate were estimated by titration’; the results are 
presented in Table I. 


Table 1. CALCITE-CARBON DIOXIDE-WATER SYSTEM 
‘Lime of bubb- pH at the 
ling of carbon Bicar- end of 
dioxide at the Carbonate bonate Calcium [Ca++] [COs] the 
specified rate (moles/l.)  (moles/l.) — (moles/l.) experi- 
(min) ment 
oO 2-87 x 10% Gaan 019x10 54-5x10* 7-26 
5 010x107 126x103 156x10 156x10* =- 
10 018x10 117x10 230x107 414% 10-* — 
20 020x10 0:16 10" 335x10" 67-0« 10° 556 
30 013x 10> O12«K10" 348x10% 452x10 5-80 


Yo study the calcite-carbon dioxide-sodium oleate- 
water system a similar set of experiments was performed 
with moist calcite immersed in 100 ml. of sodium oleate 
solution of known concentration and the procedure 
already described was followed. 

In this set of experiments, estimations of sodium oleate 
and calcium ion were made at different stages. A method 
of colorimetric estimation of sodium oleate using Nile 
blue as the complexing reagent was developed on the 
basis of earlier findings by Goiffin and Conchand*. It was 
necessary to buffer the solution at pH 11-2. Colorimetrie 
estimation at a wavelength of 620 my was found to be 
unaffected by the presence of carbon dioxide. Presence 
of carbon dioxide was found not to interfere with the 
estimation of sodium oleate. The data obtained are 
given in Table 2. These results suggest the following. 

(a) As more carbon dioxide is bubbled through the cal- 
cite suspension, the concentrations of Ca++ and HCO7in the 
solution increase, presumably as a result of a surface chemi- 
cal reaction. The equilibrium constant values for the vari- 
ous dissociative reactions in this system were worked out 
by Garrels and Christ*. According to them, if a calcite 
suspension is equilibrated with pure water without any 
gas such as carbon dioxide, the ionic concentration values 
should be®0-126x 10-3, 0-398x 10-4 and 0-891 x 10-* 
moles/l. for Cat+, CO} and HCO}, respectively. It should 
be pointed out that, according to Mellor’, the solubility 
of CaCO, is 0-0014 g/100 ml. of water at 25° C and thus 
the concentration of Ca++ at equilibrium should be 0-14 x 
10-3 moles/l. Our data reported in Table 1 (0-19 x 107 
moles/I.) is slightly higher. Garrels and Christ* further 
postulated on the basis of equilibrium constants that 
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Table 2. CALCITE-CARBON DIOXIDE-SODIUM OLEATE-WATER SYSTEM 
Initial concentration of sodium oleate solution: 9-85 x 10 moles/l. 
Time of bubbling of 
carbon dioxide at 
the specified rate 
(min) 0 5 10 20 30 


Concentration of 
calcium (moles/I.) 0-32 x 10? 0-66 x 107 1-02 x 10 L-71 «10% 2-49 «10% 
Initial concentration of sodium oleate solution: 2-35 x 10-‘ moles/i. 
Time of bubbling of Final concentration Amount of oleate 


carton dioxide (min) of oleate (moles/l.) adsorbed (moles/z) 
0 1-61 x 10-4 41x 10% 
5 0-54 x 10+ 1-04 x 10°* 
10 1-74 104 0-39 x 10% 
Initial concentration of sodium oleate solution: 4:70 10-' moles/!. 
0 t13 x104 2-20 x 10-4 
5 0-52 x 16+ B72 x 10°* 
10 0-89 x 10+ 2-30 x 10°" 
Initial concentration of sodium oleate solution: 9-40 x 10 moles, 
0 1-02 x 10+ 5-35 x 10°" 
5 3-03 x 10-4 3-94 x 10° 


equilibration with atmospheric air containing carbon 
dioxide (partial pressure 10-35) would raise the concentra- 
tions of Cat* and HCO; to 0-398 x 10-3 and 10-3 moles/I., 
respectively, and lower the carbonate concentration to 
0-126 x 10-1 moles/l. These trends are reflected and 
established in data presented in Table ]. The value for 
the ionic concentration product [Ca++] [COF], however, 
was not constant in the experimerital conditions, and 
differs widely from the theoreti@al value: 0-2 10-*. 
This inconstancy and discrepancy reflect, non-attainment 
of equilibrium conditions. 

(b) Even in the presence of sodium oleate, this surface 
chemical reaction mentioned is evident. The concentra- 
tion of calcium in the solution increases as more 
carbon dioxide passes (Table 2). The slower increase in 
calcium concentration could be caused by an adsorbed. 
layer of oleate hindering the diffusion of carbon dioxide ` 
or by the parallel precipitation reaction which results. in 
the formation of calcium oleate. í 

(c) Adsorption of sodium oleate on calcite increases 
with a greater initial concentration of sodium oleate 
and with the use of a limited amount of carbon. dioxide. 
With more carbon dioxide, however, a process of desorp- 
tion is initiated. 

The difference in the adsorption of oleate on calcite 
in the carbonated and uncarbonated pulp is pronounced 
for low concentrations of sodium oleate, for example, 
2-35 x 10-4 moles/l. For a high concentration such as 
9-4 10-4 moles/I., adsorption actually decreases with the 
use of carbon dioxide. 

(d) Thus it seems plausible that bubbling a limited 
amount of carbon dioxide increases the concentration of 
the calcium in the solution through. surface chemical 
reaction, which in turn induces heightened adsorption of 
collector (oleate) and increases flotability. The beneficial 
effect of carbon dioxide (in terms of collector adsorption 
and flotation) is discernible only at low collector concen- 
tration®. 
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Recognition of DNA Base Sequence 
Differences among Vertebrates 


Unuike the wide variation of DNA base composition 
found in bacteria, higher organisms tend to have a 
restricted average base composition (vertebrates ~ 42 
moles per cent guanine + cytosine). Thus physical 
methods such as thermal denaturation or equilibrium 
density gradient sedimentation, which are useful in dis- 
tinguishing bacterial DNAs*, do not discriminate to any 
extent among vertebrate DNAs, excluding the question 
of satellite bands, Phylogenetic relationships among 
bacteria, based on other criteria, are largely borne out by 
DNA-DNA hybridization*. While the latter technique 
can discriminate among distantly related higher organ- 
isms‘ it can be applied with only limited confidence to 
more closely related vertebrates. 

Another approach is to fractionate single strands of 
DNA according to base sequence and to compare the 
resulting fractions. One method presently available for 
fractionation of DNA strands is countercurrent. distribu- 
tion’ in solvent systems different from those used for 
sequence-dependent fractionation and purification of 
transfer RNA species’, Countercurrent distribution of 
single-stranded DNA Shows a base composition gradient, 
with guanine-rich fractions more soluble in the aqueous 
(lower) phase and adenine-rich fractions more soluble in 
the organic (upper) phase®. The relation between second- 
ary structure and the behaviour of double-stranded DNA 
in the same solvent systems?-* indicates that partition 
of DNA in these systems is dependent on the availability 
of free amino groups. This observation, the varying ratios 
of guanine: cytosine and adenine: thymine in single 
stranded DNA fractions and the faet that DNA from a 
given source gives a reproducible fractionation profile, 
indicate that, as with molecular species of transfer RNA, 
countercurrent distribution of single stranded DNA 
molecules in this solvent system is at least partly de- 
pendent on base sequence as well as net base composition. 
We have further examined the specificity of fractionation 
profile by comparing DNAs from several vertebrates. 
This study was initially designed to obtain information 
about relatedness among Australian marsupials but clear] y 
it is of more general application. 

DNA was isolated by one of three phenol methods*-" 
from liver, spleen or kidney. Contamination by protein! 
was greatly dependent on the source and on the extraction 
method (Table 1) (compare ref. 13). For countercurrent 


Fable I. ISOLATION METHOD AND PROTEIN CONTENT OF DNA PREPARATIONS 
Method 
Tissue PAS* PAS- SDC-PPP* Protein 
TIPNS* (per cent 

Rat liver x <1 

Rat liver x <1 

Rat kidney x <1 

Rat spleen x <1 
Mouse liver x 7 
Ringtail possum liver x 20 
Bingtail possum liver x <i 
eee possum kidney x 1 

Koala liver x No DNA 
Koala liver x No DNA 
Koala kidney x 3-5 
Wombat liver x 42 
Wombat liver x <1 
‘Wombat liver x 18 
Wombat kidney x 1-2 
Echidna liver. x <4 
Echidna Kidney x 17 
Echidna kidney x 3 

Fowl liver x 3 
Bluetongue lizard liver X 2 
Shingleback lizard liver x 1 
Toad liver x go 


Toad liver x <i 


* Abbreviations and method references: PAS, sodium 4-aminosalicylate, 
Sper cent (ref. 9); PAS-TIPNS, PAS, 6 per cent-sodium tri-iso-propy!- 
Baphthalenssalphonate, 1 per cent (ref. 10); SDC-PPP, sodium dithio- 
carbamate, 63 M-sodium phenolphthalein diphosphate, .0-015 M (ref. 11). 
The phenol mixture used was p enol—m-—cresol-water-8-hydroxyquinoline 
(808.170: 55 0-5, ref. 14), 
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Table 2, NUCLEOTIDE BASE: COMPOSITIONS CALCULATED. FROM Pm 
Percentage 
DNA Tm Gt 
Rat liver 86-7 r4 
Mouse liver 86-3 41-2 
Wombat liver 86-0 40-7 
Koala kidney 86-0 40-7 
Ringtail possum liver 86-5 41-9 
Echidna liver 86-6 42-2 
Fowl liver 86-5 41-3 
Lizard liver 87-5 44-5 
Toad liver 87-3 43-9 


distribution, DNA was isolated from a given source by 
the procedure giving consistently low protein contamina- 
tion. Nucleotide base compositions of DNA preparations 
were calculated from the melting temperature (Tm) in 
0-15 M sodium chloride—0-015 M sodium citrate? (Table 2) 
and were found to conform to the generally restricted 
range observed for other vertebrates? 

Before fractionation, DNA preparations were dialysed 
against 0-0013 M trilithium citrate, denatured by heating 
100° C for 10 min and cooled rapidly on ice (in contrast 
to earlier studies*, the strands were not further frag- 
mented). Countercurrent distribution was then carried 
out in an all-glass automatic apparatus, 3 ml. each phase, 
in an alkoxyethanol-trilithium citrate system‘, using 
4 mg of denatured DNA. The fractionation profile was 
reproducible with respect to major peaks for different 
DNA preparations from a given species (Fig. 1). Similar 
reproducibility was obtained for DNA preparations from 
different tissues of the same species. This profile. is 
critically dependent on ionic strength’ and can thus be 
altered by varying the lithium ion concentration in the 
solvent system but reproducibility is good in a standard 
set of conditions, 

Comparison of a number of vertebrate species (Fig. 2) 
demonstrates remarkable differences in countercurrent 
distribution of single stranded DNA. With the possible 
exception of fowl and lizard there was little identity 
of pattern between any two species examined, even in 
the case of the rodents (Wistar rat, Swiss mouse). Dif- 
ferences among the marsupials (ringtail possum, koala, 
wombat) were particularly striking. 

Studies with bacteria and bacteriophage have produced 
evidence interpreted variously as favouring the occur- 
rence of specific’® or non-specific’: strand breaks during 
isolation and subsequent handling of DNA. There is as 
yet little knowledge of the nature or nucleotide base 
sequence specificity of such DNA breaks in higher organ- 
isms. The reproducibility of the fractionation profiles and 
their apparent species specificity suggest that these breaks 
are not entirely random, so that countercurrent distribu- 
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Fig. 1. Reproducibility of countercurrent fractionation profile for 

single stranded DNA from different individuals of a single species. 

Connterearrent. distribution carried Fr as in ref. 5: jionie strength, 
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Fig. 2. Species specificity of countercurrent fractionation profile of 
single stranded DNA. Experimental conditions as for Fig. 1, 


tion of single stranded DNA could perhaps serve a useful 
purpose as a crude fingerprint for a given species. Clearly, 
by this method alone, it is not possible to ascertain the 
extent of sequence homologies, but the data do suggest 
the existence of marked variations in base sequences in 
DNA of related vertebrate species. 

Countercurrent distribution permits the comparison of 
non-radioactive DNAs, an important practical feature 
because phylogenetic studies of higher organisms cannot 
always utilize tissue culture. Countercurrent distribution 
of radioactively labelled DNA strands may also find 
useful application in combination with hybridization‘ in 
the more detailed examination of base sequence homo- 
logies, 
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“Morphogenetic Properties of 


Follicle-stimulating Hormone: Evidence 
from Effects of Anti-gonadotropin Sera 
on Developing Chick Embryos 


FOLLICLE-STIMULATING hormone (FSH) is able to induce 
the formation of neural tissue and, in some instances, 
support differentiation of notochord-like and somitic 
tissues in chick embryonic systems. Recent experiments 
have suggested that the primary mesoderm is the target 
tissue for FSH!-*. The latter observation may be of 
some interest in view of the part played by the mesoderm 
in the establishment of the embryonic axis. The antigen- 
antibody reaction is a sensitive and specific reaction. We 
have attempted, using specific antisera, to obtain some 
information about the possible importance of FSH or 
FSH-like glycoproteins in embryonic development. 

Antiserum from rabbits against human FSH (anti- 
FSH-R) and antisera from turkeys against human FSH, 
HCG and LH (anti-FSH-T, anti-HCG-T and anti-LH-T, 
respectively) were used. Chick embryos at the definitive 
primitive-streak stage (stage 4) were explanted in vitro 
according to New’s technique’, and 0-005 ml. of antiserum 
in 0-2 ml. of Pannett-Compton (PC) salme was added on 
the embryos which were cultured for 18 h. Controls 
were maintained using normal rabbit serum or turkey 
serum obtained before immunization. The results are 
summarized in Table 1. 

Embryos which were cultivated in the presence of 
normal rabbit serum developed normally (86-4 per cent). 
About 9 per cent showed general malformation. When 
treated with anti-FSH-R about 32 per cent of the embryos 
developed normally while 46 per cent showed malforma- 
tion of brain and somites often accompanied by degenera- 
tion of these tissues (Fig. 1). Development, appeared. to 
be arrested at stage 4-5 in 16-3 per cent of the embryos. 

Nearly all of the forty-three embryos treated with 
anti-FSH-T stopped development at stage 4-5. Only 
about 2 per cent showed malformation. Arrest of develop- 
ment produced by anti-HCG-T was, however, consider- 
ably less. But a greater proportion of the embryos treated 
by the latter produced malformation. Control turkey 
serum produced very low developmental arrest or mal- 





Fig. 1 


Fig. 2 

Fig, 1. Chick embryo treated at stage 4 with antl-FSH-R, Mal- 

formation of the brain and degeneration of neural tube anfi somites 

to be noted. e 
. 


Fig. 2. A control chick embryo. 
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formation. Chicken gamma ‘globulin produced about 7 
per cent developmental arrest but a much higher incitlence 
of malformation. It can be reasonably concluded therefore 
that the developmental arrest was produced by the anti- 
bodies themselves and not by indifferent proteins present 
in the serum. 

At a concentration of 0-4 mg (equivalent to 0-005 ml. 
of antiserum) anti-LH-T produced developmental arrest 
in 22-4 per cent of treated embryos. When the con- 
centration was doubled arrest occurred in 35-3 per cent 
and another 53 per eent showed general abnormality. 
This slight enhancing effect may be due to azide which 
worked out to a concentration of 0-0008 M. But the lack 
of any significant rise in developmental arrest with the 
doubling of anti-LH-T concentration would seem to 
indicate that arrest produced even at the lower anti-LH 
concentration may only be a consequence of the presence 
of small amounts of anti-FSH as an impurity. 

The embryos which had undergone developmental 
arrest were examined histologically. In embryos arrested 
by anti-FSH-T and anti-HCG-T there was an extensive 
degeneration of the mesoderm (Fig. 3). In these embryos 
the epiblast and the hypoblast were apparently not 
affected by the antisera. Degeneration of the mesoderm 
in embryos arrested by anti-LH was neither as extensive 
nor encountered as ffequently as in those embryos arrested 
by anti-FSH-T or anfi-HCG. 

Differences between the effects produced by the various 
antigonadotropin sera are obvious. Anti-FSH-R caused 
predominantly abnormal development but developmental 
arrest in only a few embryos. Anti-FSH-T and anti- 
HCG-T, on the other hand, produced chiefly arrested 
development. Anti-HCG-T also caused malformation to 
some extent. These differences could be attributed to the 
fact that the antisera were derived from widely divergent 
species like rabbits and turkeys. It is to be expected that 
antisera from turkeys (homologous antibodies) will be 
more effective than those from rabbits. Anti-HCG-T is 
able to eross react with FSH (ref. 8). This may explain 
why the effects of anti-HCG-T are somewhat similar to 
those of anti-FSH-T. Anti-HCG-T is not as effective as 
anti-FSH-T in arresting embryonic development. 

Gastrulation is a significant event in embryonic develop- 
ment and is accompanied by a sudden rise in the transcrip. 
tion of the genetic information®. It is very sensitive to 
the action of structural analogues of purines and pyrimid- 
ines, histones, poly-l-lysine and actinomycin’. Complete 
arrest of development at this critical stage by anti- 
FSH-T and anti-HCG-T sera may indicate the import- 
ance of molecules similar to FSH for normal development. 

The selective degeneration of mesodermal layer and 
also eytolysis of the neural tissue and the somites might 
be caused by immune lysis which is a characteristic 
feature of the antibody-antigen—complement reaction. 
‘The selective effect on the mesodermal layer observed in 
the.arrested embryos seems to confirm our earlier observa- 
tion that mesoderm is probably the target tissue of FSH. 
It also suggests a number of other possibilities. It seems 
plausible that during or subsequent to the invagination 
of the epiblast through the primitive-streak the cells may 





« Fig. 3. 


Section through an embryo arrested by anti-FSH-T showing 
extensive degeneration of the mesoderm (m). e, Epiblast; h, hypoblast. 
. 
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Table 1, EFFECTS OF ANTIGONADOTROPIN SERA ON THE DEVELOPMENT 


OF CHICK EMBRYOS in vitro 


Delayed 
No.of Normal develop- Arrest at Abnormal 
Treatment embryos (per cent) ment stage 4-5 (per cent) 
treated (per cent) (per cent) 
PC saline 35 79-9 14:3 2-9 29 
Azide 0-0006 M* vi 76-8 58 58 11-6 
Rabbit serum plus 19 79-2 10-4 5-2 62 
azide 0-00035 M 
Rabbit serum in PC 22 86-4 46 ae 90 
Anti-FSH-R 53 82-1 56 16-3 46-0 
Control turkey serum 51 51-0 41-2 3-9 3-9 
Chick gamma-globulin 14 64-3 -= FA 28-6 
Anti-FSH-T 43 — pa O7-7t 23 
Anti-HCG-T 37 2-7 32-4 48-75 16-2 
Anti-LH-T 58 57-0 3 71 17-2 


* Anti-FSH-R contained 0-00035 M sodium azide as preservative. Some 
embryos were therefore treated with 0-00035 M or 0:0008 M azide and their 
development compared with untreated ones. 

+ Mesodermal degeneration in 90 per cent of these developmental arrests. 

t Mesodermal degeneration in 77 per cent of these arrested embryos. 


be synthesizing or elaborating molecules similar to FSH, 
or changes might take place in the conformation of glyco- 
protein molecules present on the cell surface as a result of 
the processes of invagination. Invagination through the 
primitive-groove involves a breakdown of the epithelial 
structure preparatory to differentiation of mesoderm. This 
process itself might render the mesoderm vulnerable to 
immune lysis, because organized tissues have not been 
shown to be as much susceptible to immune lysis as are 
unorganized or isolated cells!?. 
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Effects of Tannic Acid on 
Erythrocyte Enzymes 


Many properties of the red cell have been studied with 
the aid of tannie acid since the original observations by 
Roberts'. Treatment with this acid causes reduction in 
anion permeability?, agglutination’, alterations in osmotic 
resistance’ and renders erythrocytes capable of adsorbing 
proteins from solution’, The latter charactesistic serves 
as a basis for the widely used procedures of passive 
haemagglutination. We have shown that the exposure 
of human erythrocytes to tannic acid, in conditions 
commonly employed in passive haemagglutination tech- 
niques, results in irreversible inactivation of acetyl- 
cholinesterase (AChE)*. The effect on this membrane 
enzyme’ was dependent on concentration, pH, time and 
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temperature. Although the mechanism by which tannic 
acid exerts its action on the red cell has not been elucidated, 
it has been suggested that in low concentrations this agent 
traverses the erythrocyte membrane‘. To test this hypo- 
thesis we have investigated the effect of tannic acid on 
two intracellularly located enzymes, glucose-6-phosphate 
dehydrogenase (G6PD)* and acid phosphatase’. 

Blood obtained from normal adult individuals was 
centrifuged and the plasma and buffy coat were removed 
by suction. The erythrocytes were washed thrice with 
twenty volumes of ice-cold 0-15 M NaCl. A 50 per cent 
cell suspension was prepared after the last centrifugation 
and used immediately. A 0-1 per cent stock solution of 
tannic acid, Fisher Certified Reagent, was prepared in 
0-1 M sodium~—potassium phosphate buffer adjusted to 
the required pH. Red cells were treated with tannic acid 
as indicated in Table 1. The activity of AChE was 
measured at 412 my in 0-1 M phosphate buffer, pH 8-0, 
with acetylthiochohne as substrate and 5 : 5’-dithiobis- 
(2-nitrobenzoic acid) as colour reagent”. The activity 
of G6PD was determined spectrophotometrically at 
340 my and acid phosphatase was assayed colorimetrically 
at pH 5-0 using 0-1 M acetate buffer and p-nitrophenyl! 
phosphate as substrate. Enzyme activity was related to 
the haemoglobin concentration, which was determined at 
540 my as cyanmethaemoglobin. 


Table 1. EFFECT OF TANNIC ACID ON ERYTHROCYTE ENZYMES 
A G6PD* Acid phosphatase t AChE} 
pH Tannie Control Tannie Control Tannie Control 
acid acid acid 
6-0 5-9 41 O15 O15 H 141 
65 Th 54 0-15 0-14 17 134 
7-0 8-0 6-2 0-14 O15 25 142 


Solutions of tannic acid containing 0-1 mg/ml. were prepared in 0-1 M 
phosphate buffer adjusted to the pH indicated. Samples of these solutions 
(4 ml.) were added to replicate 0-5 ml. samples of a 50 per cent suspension of 
three times washed red cells. Buffer was added to controls, After 30 min 
of incubation at 37° C., erythrocytes were washed three times with twenty 
volumes of chilled 0-15 M NaCl, A 50 per cent suspension was prepared 
ga ant centrifugation. Enzyme activity was determined as indicated 

1(, Sbecttic activity expressed as umoles of TPN reduced/min/g of haemo- 
3 % Specife activity expressed as «moles p-nitrophenol liberated in 30 min, 
at 37° C/mg of haemoglobin, 

t Specific activity expressed as 40.D./min/mg of haemoglobin. 

Table 1 shows the results obtained when G6PD and 
acid phosphatase activity was measured after intact 
erythrocytes had been incubated for 30 min with 0-1 
mg/ml. of tannic acid at 37° C and at three different 
hydrogen ion concentrations. For comparison the activity 
of AChE is also given. From these results it is evident 
that tannic acid had no effect on the activity of the two 
cytoplasmic enzymes and that only the membrane- 
located AChE was inactivated by this agent. Similarly, 
incubation of red cells with tannic acid in a range of 
concentrations of 0-02 to 0-2 mg/ml., while causing AChE 
inactivation, did not produce a reduction in the activity 
of G6PD or acid phosphatase. Exposure to higher con- 
centrations of tannic acid resulted in marked haemolysis. 
The enzymes of erythrocytes from Negro individuals 
with genetically determined G6PD deficiency behaved 
like those from normal subjects. 

To make certain that the absence of an inactivating 
effect on G6PD and acid phosphatase was not a result 
of a general indifference of these red cells enzymes to 
tannic acid, the action of this agent on cell-free assay 
systems was investigated. For this purpose, increasing 
amounts of the acid were mixed with haemolysates before 
the addition of substrates and coenzyme. Tannic acid 
was omitted from the controls. As can be seen in Table 2, 
both enzymes were inhibited by tannic acid: but whereas 
0-02 mg/ml. caused a 72 per cent reduction in G6PD 
activity, inhibition of acid phosphatase was apparent 
only at a concentration of 1 mg/ml. The observations are 
reminiscent of the effects of proteases on erythrocyte 
enzymes’; that is, intracellularly located enzymes are 
affected: in cell-free haemolysates*, but only AChE 
activity is destroyed when whole red cells are exposed 








1259 


Table 2. EFFECT OF TANNICG ACID ON REACTIONS OF CYTOPLASMIC ENZYMES: 


Tannie acid G6PD Acid phosphatase 0- 
(mg/mil.) 40,D.j/340 my Percentage 40.D./410 me Percentage: 
activity activity. 
1-0 0-136 47 
82 0-260 96. 
O41 0-600 0 0-270 98 
0-02 0-051 28 0-284 09 
6-01 0-113 7 0-298 104 
08-002 0-145 92 0-294 102 
0-001 0-153 97 0-280 98 
None 0-158 100 0-287 100 


A stroma-free 1:20 aqueous lysate? was prepared from a 50 per cent 
suspension of three times washed erythrocytes, For G6PD, 1-2 ml. of tannic 
acid was added to replicate cuvettes containing 1-0 ml. of 0-19 M tris buffer, 
pH 8-0; 0-1 ml. of 0:3 M MgCl; 0-1 ml. of 0-02 M glucose-6-phosphate and 
0-4 mi. of lysate. Reaction was started immediately by adding 0-2 ml. of 
6-002 M TPN and changes in absorbance at 25° C were recorded at 1 min 
intervals. 4O.D. indicated corresponds to 5 min. For acid phosphatase, 
1-0 ml. of tannic acid in 0-1 M acetate buffer, pH 5-0, was added to replicate 
0-5 mi. of lysate, followed by 1-0 ml. of 0-016 M p-nitrophenyl phosphate. 
After incubation at 37° C for 30 min, the reaction was stopped with 10 per 
cent trichloroacetic acid and absorbance was determined at 410 ma in 
supernatants alkalinized with 0-25 M NaOH. 


to small amounts of trypsin, chymotrypsin, papain or 
bromelin’?. The finding that cytoplasmic enzymes were 
not affected when intact erythrocytes were exposed to 
tannic acid, in conditions which caused irreversible 
inactivation of AChE’, does not support the contention 
that tannic acid is able to traverse the red cell membrane", 
but indicates that this agent only interacts with specific 
segments of the outer surface of the human erythrocyte 
membrane’. ° 

This work was supported by a research grant from the 
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Chemical Transfer of Learned Fear 


Resvtrs reported earlier: have suggested that acquired 
information can be transmitted to naive animals by giving: 
them material extracted from the brain of trained sub- 
jects. In most of these experiments, as in others*-"', 
transfer of information was suggested by varying degrees 
of statistical probability and it was challenged by negative: 
results obtained in other laboratories!. nat 
The experiments reported here are easily and rapidly 
reproducible and yield unequivocal results which. clearly 
demonstrate the possibility of a purely chemical transfer 
of some types of acquired information. The design of 
these experiments is based on the well known preference 
shown by rats and mice for dark rather than lighted 
enclosures. The preference is reversed if the animals, 
when they take refuge in the dark, are submitted to: a 
painful stimulus, such as electric shock. This learned fear 
or passive avoidance, often used for learning studies, was- 
first investigated for the possibility of transfer by Gay 
and Raphelson™, who found that naive recipients injected _ 
with extracts of brain taken from trained donors avoided 
the dark. ; ne as 
In our experiments, donor animals (male Sprague~ 
Dawley rats weighing 200-250 g) were trained in two 
boxes (the starting box, S, made of translucent plastic” 
with a transparent lid, 30 x 20 x 15 cm, and the dark bex. 
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D, of black plastic on five sides and an electrified grid 
floor, 25x 10 x 15 em) connected by a passage 5 cm long 
with a cross-section of 8x 8 cm with a gate. The rat was 
placed in S and, usually, after a few seconds ran into D. 
The gate was then closed and the animal received electric 
shocks (2 mA) for 5 s through the grid floor. When the 
gate was lifted, the animals ran back into the starting 
box or were returned to it. The operation was repeated 
five times: each shock period of 5 s was separated by 
an interval of 10 to 15 s. One such session was given 
to the donors daily for 6 or 8 days, unless otherwise stated. 

Between 1 and 2 h after the last training session the 
rats were decapitated, their brains were rapidly removed, 
frozen in dry ice and stored at — 20° C until use. Brains 
from groups of animals similarly trained were pooled, 
weighed and homogenized with water in a glass tube with 
a motor driven ‘Teflon’ pestle. In the first experiment, 
the homogenate was stirred for 5-6 h in an ice bath, 
kept in the refrigerator for 14-16 h and centrifuged at 
80,000g for 1 h. The volume of the supernatant was 
adjusted so that 1 ml. was equivalent to 2 g of brain. In 
the most recent experiments, the homogenate was poured 
into ‘Cellophane’ bags and dialysed against 20 volumes 
of distilled water for 20-24 h. The dialysate was lyophil- 
ized and the residue was redissolved in distilled water. 
Other ‘extraction procedures will be described later 
together with the chemical properties of the transfer 
factor.. The extracts were kept frozen at — 20° C until use. 

The recipients were male Swiss mice weighing 20-25 g. 
The same boxes were used as for the training of donors. 
but a third compartment was attached to the starting 
box. This white box (W), made of the same material as 
S, was connected to it by a passage identical with the 
one linking § to D. 

Before injection, mice were screened so as to eliminate 
those that did not show a definite dark preference; 
animals that did not spend in the dark at least 90 out 
of a total of 180 s were eliminated. In 348 mice, the mean 
time in the dark box was 138 + 19 (S.D.) s. 

After screening, the mice were injected intraperitoneally 
with the brain extracts and tested at varying intervals. 
Testing, like sereening, consisted of placing the animal in 
S with both gates open. By means of stop watches or. 
in more recent experiments, with a photoelectric system, 
the time spent in all three compartments was recorded 
for 180 s. The observers had no knowledge of the treat- 
ment received by the animals. The results are shown in 
Table 1 in terms of the mean number of seconds spent in 
D: (TDB) 1, 2 and 3 days after injection. 

In the first experiment, thirty mice were divided into 
two groups: eighteen of group 1 mice received the super- 
natant. of the homogenate of brain taken from donors 
trained for 8 days—amounts equivalent to 1 g of rat 
brain were injected into each mouse: in group 2, twelve 
mice were injected with the same dose of similarly pre- 


Table 1. INFLUENCE OF DONOR TRAINING AND DOSE OF BRAIN INJECTED 
ON AVOIDANCE IN RECIPIENTS 


Amount of 


Training brain TDB (s) + S.D. 
of donors injected recipients Units/g + S.D. 
(days) (a) 
s w & 
4 0-3 28 27 
0-8 67 25 2-73 0-67 
1-0 24 28 
6 04 72 29 
O6 63 22 3-38 0-56 
O8 27-5 9 
8 03 86 15 
0-6 56 17 O46 0-30 
oo 16 6 
I to 54 22 2-01 0-62 
15 Lo 82 25 1-22 O71 
cB CEJA 10 33 17 2 0-45 
oo BOF 1O* rO 76. 22 1:37 0-64 


oe AU’ donors were subjected to five periods of 5 s-shock (total 25 s) daily, 
Groups of six mice were used. 


+ Numbers between parentheses indicate number of days between last 
tefning day and removal of the brain. : : r 


. 
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Fig. 1. Action of brain extracts on dark-light preference in naive 

mice, Abscissa, interval between injection of extracts and test; ordinate, 

time spent in dark box out of a total of 180 s. White columns, mice 

injected with untrained brain (12); hatched columns, mice given extract 

of brain from rats which had acquired fear of dark (18), Vertical lines 
indicate standard deviations, 


pared extract of untrained rat brain. The results, shown 
in Fig. l. indicate that the extract from untrained animals 
had no significant effect on the behaviour of the recipients, 
but the trained extract considerably shortened TDB. 
The significance between the means, computed by the ¢ 
test, indicates P < 0-001 until the fourth day when most 
of the animals reverted to the preinjection pattern of 
behaviour. 

In the next series of experiments, the effect of varying 
amounts of brain was studied. As shown in Table 1, the 
effcet increased with the dose of brain material injected. 
Another significant factor was the length of training 
given to the donors and Table 1 shows that the transfer 
cffect increased with the length of training up to 8 days. 
For longer periods of training, the effect declined sharply. 
The deeline was less marked with donors trained for 8 days 
and given 5 or 10 days rest before removal of the brain. 

Given the quantitative relationship between dose and 
effect, it was possible to establish a unit of activity 
defined as the amount of material reducing TDB to 
90 s. The content of the brain in transfer factor could 
be expressed in these units (last column of Table 1). 

In all these experiments, the donors were given five 
periods of 5 s of shock every day. In other experiments, 
varying amounts of shock were given daily. It is seen 
in Table 2 that one 5 s period per day for 6 days (total 
of 30 s) did not give satisfactory results. When shock 
was given for 50 s daily, the results resembled those of 
11 days training with 25 s/day. It therefore seemed likely 
that the total exposure to shock may bear some relation 


Table 2. EFFECT OF TOTAL DURATION OF SHOCK GIVEN TO THE DONORS 
AND THE INTERVAL BETWEEN TRAINING AND BRAIN REMOVAL ON AVOIDANCE 
IN RECIPIENTS 


Interval 
Days Total between last 
in duration* session and 


TDB (8) + S.D. 
training ef oe brain removal 
s 


Unita/g + S.D. 


) { 
6 30 2 91 31 0-07 0-89 
6 300 2 51-5 29 2-08 0-53 
1 150 Oo 135 19 0 o 
1 150 2 107 38 0-52 0-34 
i 150 . 8 66 81 1-68 0-88 
1 150 12 38 25 246 0-69 
1 150 18 51 38 210 1-07 
l 150 24 43-5 34 231 0-06 
1 150 88 70 41 1:56 115 
1 150 48 85 43 1-14 1-21 
Groups of six mice were used, 
* Given in periods of 5 s separated by intervals of 10 to 15 s, 
e 
e 
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Table 3. CHEMICAL PROPERTIES OF THE TRANSFER FACTOR 
Extract TDB + S.D, 
Supernatant 27 15 
Dialysate 30-5 28 
Eetentate 136-5 12 
Phenol phase 40 20 
Aqueous phase 143 13 
Trypsin treated 134 23 
Chymotrypsin treated 32-5 25 
Ribonuclease treated 26 21 
Incubated control* 23 16 


In all experiments groups of six mice were used. The injected amount was 
1 g/mouse, 


* Tneubated without enzyme at pH 8 and room temperature for i h to 
serve as control to the trypsin treated sample, 


to the amount of transfer factor present in the brain. 
Experiments were set up to see whether massing thirty 
periods of 5 s in 1 day would give results similar to five 
periods of training for 6 days. In these experiments. 
however (Table 2), the result depended also on the interval 
between the last trial and the removal of the brain. It 
seems that although the training and the electric shocks 
trigger the formation of the transfer factor, it requires 
several hours for the synthesis of sufficient amounts of 
this factor. In these experiments, the best results were 
obtained after 12 to 24h. The decreasing effect of extracts 
obtained after longer intervals suggests a rapid destruc- 
tion of the transfer factor. 

The chemical properties of the transfer factor have 
been investigated. Table 3 shows that the substance 
responsible for the factor is dialysable. When the 
dialysate was submitted to phenol partition the activity 
was found in the phenol phase. When the dialysate was 
incubated for 1 h with trypsin, chymotrypsin or pan- 
creatic ribonuclease at the optimum pH of these enzymes. 
trypsin destroyed the activity while the other enzymes 
had no effect. The transfer factor has been purified by 
precipitation with acetone, passage on ‘Sephadex @-25'. 
‘Dowex 50’ and ‘Dowex 1°. At the present state of 
purity, one unit of activity corresponds to approximately 
5 ug of partially purified extract. 

The experiments just described have shown that fear 
of the dark, acquired by training, can be transferred to 
naive animals by material extracted from the brain of 
trained donors. The degree of transfer depends on at 
least three factors: the amount of brain administered, 
the length of training of the donors and the interval 
between training and removal of the brain. The transfer 
factor is probably a basic peptide with between six and 
ten amino-acid residues. According to the hypothesis 
proposed by one of us to explain the molecular storage 
of acquired information", peptides of this size would have 
adequate information content to secure the new neural 
connexions required for most types of learned behaviour. 

This work was supported by a grant from the US 
Public Health Service. 
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Simplified Procedure for Immunodiffu- 
sion Techniques on Cellulose Acetate 


METHODS using cellulose acetate membrane (CAM)* for 
immunodiffusion were introduced 8 yr ago’, but were 
slow in gaining recognition, possibly because the immuno- 
diffusion had to be carried out under oil to prevent 
evaporation from the thin. microporous membrane, 
Diffusion in simple moist chambers is not entirely reliable 
except perhaps when gelatinized CAM (‘Cellogel’) is used’. 
A simple device is described here which ensures constant 
saturation of the CAM during diffusion by resting this on 
an electrolyte solution soaked filter paper support. 
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Fig. 1. a, Filter paper support cut out and prepared for bidinensional 
immunodiffusion. Dimensions: 5 mm thick, 55x 56 em. with 3 em 
diameter hole eut out. One CAM square with samples applied in position 
on pad, 8, Filter paper support for immunoelectrophoresis with CAM 
strip placed in position. Dimensions: 5 mm thick, 55x12 em. with 
3-5 x10 cm rectangle cut out (for strips 7-10 5 em), Antisernm stripe 

applied to the CAM. 


For bidimensional immunodiffusion, round holes (about 
3 cm in diameter) are cut out from square filter paper 
pads, 4-6 mm thick (for example, a few layers of What- 
man No, 3 MM), Fig. la. This forms a support. which is 
placed on filter paper in a suitable flat container (about 
2-3 em high) with a well fitting lid and soaked with an 
appropriate electrolyte solution—the excess fluid being 
drained off; it should not be too wet. The CAM cut either 
in squares or disks, for example, 4x 4 em and of dem in: 
diameter, is marked with the required application pattern 
in indelible ink or pencil. It is then impregnated with 
electrolyte solution, blotted and placed on the pad in 
such a way that the diffusion area spans the gap and the 
periphery is in contact with the support, overlapping: it 
by about 5-10 mm. The samples containing antigen 
and antibody are applied to the surface of the CAM as 
discrete drops by means of a micropipette or capillary, 
taking care to avoid ‘blow out” bubbles: The distance 
between the application sites will vary, usually it is about 
5-10 mm; 0-5-2 ul. would be the usual volume for the 
peripheral applications and about twice as much, for the 
central one. After the samples have been applied the lid 
can be closed. The diffusion time depends on the nature 
and concentration of the antigen and antibody, the 
distance of application sites and the temperature... With 
1 em distance, diffusion for 16-24 h at room temperature 
is usually adequate. After diffusion the CAM is removed 
and placed in an eluting fluid, such as 0-2 per cent ‘Haemo- 
Sol’ (Meinecke and Co., Ine., USA; Alfred Cox (Surgical), 


* All brands appear to be suitable for the purpose: Sartorius CAM wasted 
in this study. 
* 


. 


are washed off under the tap. 
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Ltd., UK) buffer or saline for about. 10-20 min, preferably 
with agitation. After elution the CAM is stained, washed, 
dried and cleared as recommended for CAM electro- 
phoresis. For weak precipitates 0-002 per cent Nigrosin 
in 2 per cent acetic acid is a most usefal stain. 

For immunoelectrophoresis, electrophoretic separation 
is carried out following the procedure recommended for 
CAM. For the most commonly used semi-micro technique, 
strips about 7-10 cm long, 3-5 em wide and a bridge gap 
of 6-8 em are used. One or two samples (about 0-5-2 ul.), 
applied as a drop or short streak, can be run, depending 
on the width. Bromophenol blue, added to the serum 
sample, will mark the size and shape and monitor the 
exact position of the albumin fraction, which should 
travel within about 15 mm from the bridge end. Good 
results have also been obtained with a separation pattern 
only 3 em long. After electrophoretic separation the CAM 
strip is removed and placed on an impregnated rect- 
angular filter paper support in a suitable container 
(Fig. 1b) in such a manner that only the sides of the strip 
are in contact with the support, overlapping it by about 
5mm. The size and shape of the support depend on the 
particular requirements; for example, for serum immuno- 
electrophoresis, 6 x 12 cm with a cut out central rectangle 
about 4.x 8 om (Fig. 15). Filter paper strips (about 1-2 mm 
wide) impregnated with antiserum are now applied to the 
electrophoretic strip in the desired pattern and distance, 





Fig, 2, 
uncleared strip, direct enlargement, negative print. 
serum applied, lateral antiserum strips—anti human serum, central 
antiserum atrip—antitmmunoglobulin serum. Run fer 1 h, 24 h diffusion 


a, Immunovlectrophoretic pattern. 


period. b, Immunoelectrophoretie pattern. 
cleared strip, direct enlargement. 
serum, run for 1 h, 24 h diffusion period. 

parallel to the separated fractions, about 3-4 mm as 
measured from the margin of the coloured albumin spot. 
The antiserum strips should be somewhat longer than 
the separation pattern and should not be applied closer 
than.5-6 mm from the edge of the support. Usually. more 
antiserum will have to be added to the strip in position 
{carefully with a micropipette), for the ratio of serum to 
antiserum should be about 1: 20-40 depending on the 
titre, the optimal ratio being established for each system. 
After the correct volume of antiserum has been applied, 
the container can be closed. Alternatively a ruling pen 
or a thin brush, guided along the edge of a ruler, proved 
to be quite a convenient and for some perhaps an easier 
way of applying the antiserum. Diffusion time for serum 
immunoelectrophoresis is usually 16-24 h; the optimal 
time is determined by experience. After diffusion, the 
strip is lifted from the support and the antiserum atrips 
The rest of the procedure is 
as. described here for the bidimensional technique. 
Example of patterns obtained are shown in Fig. 2a and b. 
- The most common errors of the techniques described 
here are: untidy application of samples; faulty electro- 


Stained with Ponceau S, 
Two samples of 


Ponceau S-stained un- 
Human serum against anti human 
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phoretie technique; fingerprints; letting the CAM dry 
out at any stage before staining; imperfect adherence 
of CAM to support (if necessary a thin piece of impreg- 
nated filter paper, similar in shape and size to the support, 
placed on top of the CAM will ensure perfect contact); 
over saturated support pad; incorrect application and 
insufficient volume of antiserum; overcrowding, antigen 
and antiserum too close. 

J. Koun 
Queen Mary’s Hospital, 
Roehampton, London, SW15. 
Received December 8, 1967; revised January 8, 1968, 
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MICROBIOLOGY 


Preservation of Coccidial 
Sporozoites by Freezing 


MAINTENANCE of cultures of coccidia for experimental 
purposes is laborious and expensive. To overcome these 
difficulties, we attempted to freeze and store sporozoites 
of Eimeria meleagrimitis Tyzzer, 1929, and E. tenellu 
(Railliet and Lucet, 1891) Fantham, 1909, in 
liquid nitrogen vapour. Sporozoites, liberated 
in the usual manner}, were suspended in media 
containing 7 per cent dimethyl sulphoxide and 
frozen to ~ 80° C at the controlled rate of 1°/ 
min; they were then stored in a cylindrical 
tank about 3 in. above liquid nitrogen. 

After being stored for 1 month, sporozoites 
of each species were quickly thawed in water at 
43° C and inoculated into cell cultures (bovine 
embryonic kidney; cell line, twentieth passage) 
and into the caeca or duodenum of chicks and 
turkey poults, respectively. Control cultures 
and birds were inoculated with unfrozen 
sporozoites. In cell culture, both species 
developed to mature schizonts in a manner 
previously described?-t, There seemed to be 
no significant difference between frozen and 
non-frozen sporozoites in their patterns of 
development. Frozen sporozoites inoculated 
into birds produced oocysts and lesions similar 
to those produced in birds inoculated with 
freshly exeysted sporozoites. 

Sporocysts containing sporozoites, released 
from oocysts by grinding!, were also frozen. 
Oocysts were produced when the sporocysts 
were thawed and fed to birds. The intensity of the 
infection, however, was less than in birds fed freshly 
released sporocysts. 

We have an abundant stock of frozen sporozoites and 
sporocysts of both species and intend to compare them 
with freshly released sporocysts or excysted sporozoites 
at regular intervals. Preservation of coccidia by freezing 
will make the maintenance of stock cultures Jess time 
consuming and make it possible to work with “parent 
strains” for an extended time. 
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Isolation of Vibrio parahaemolyticus 
from the Northwest Pacific 


In Japan, Vibrio parahaemolyticus has been reported to be 
the major cause of gastroenteritis associated with the 
consumption of sea foods'. V. parahaemolyticus has been 
- shown to occur in large numbers in coastal waters and 
marine sediments around Japan in summer months, but 
not in the winter?. This seasonal pattern is also apparent 
in food poisoning outbreaks due to V. parahaemolyticus*. 
The first reported isolation of V. parahaemolyticus-like 
organisms in the United States was from Puget Sound 
and Washington Coast sediments‘. Approximately 
10 per cent of the vibrios isolated from these sources 
showed characteristics similar to those described for 
V. parahaemolyticus. In this communication, work 
confirming the occurrence of V. parahaemolyticus in 
seawater, sediments and shellfish in the Puget Sound 
region and a procedure for the isolation and identification 
of this organism are reported. 
Significant reductions in counts were obtained when 
Japanese strains of V. parahaemolyticus were quantita- 
tively plated on media described by the Japanese 
workers!:?.5.8 for the isolation of the organism from water, 
sediment and sea food materials. A satisfactory, semi- 
selective, solid medium was formulated on the basis of 
the invariant ability of V. parahaemolyticus to utilize 
starch. The components were: 0-3 per cent Bacto peptone; 
0-1 per cent Bacto yeast extract; 0-5 per cent soluble 
potato starch; 15 per cent agar; 5 per cent sodium 
chloride; and distilled water to 100 per cent, adjusted to 
pH 17-5. Surface-inoculated plates of the medium were 
incubated in an anaerobic jar at 37° C for 36-48 h. Inter- 
fering organisms other than Bacillus types were suppressed 
and halophilic vibrios grew readily and could be recovered 
quantitatively. Where samples were known to contain 
large numbers of Bacillus types, such as marine sediments, 
the incorporation of 2 u/ml. of penicillin in the medium 
was found to be effective in greatly reducing contamina- 
tion. Non-spreading, smooth, translucent colonies that 
showed starch hydrolysis were sub-cultured on human 
blood agar. Isolates that haemolysed blood at 37° C 
were considered presumptive positive. These isolates 
were then confirmed by testing in accordance with the 
method of Shewen’ for Gram-negative bacteria and of 
Sakazaki’ for halophilic vibrios. The testing procedure 
of Sakazaki is a scheme for the differentiation of V. 
parahaemolyticus from V. alginolyticus and V. anguillarum 
(Table 1). Sakazaki* reported that V. alginolyticus and 
V. anguillarum are the most commonly encountered 
vibrios from marine sources. The differentiation is based 
principally on the salt tolerance of these vibrios. 


‘Table 1. DIFFERENTIATION OF V. parahaemolyticus FROMF. alginolyticus 
AND V. anguillarum 
Vibrio para- Vibrio Fibrio 


Characteristics haemolyticus alginolyticus anguillarum 


4srowth in 1% trypticase broth 
With 3% NaCl 
With 7% NaCl 
With 10% NaCl 
Voges~Proskauer reaction 
‘Sucrose fermentation 
Cellobiose fermentation within 24 h ea . 
€‘olony. morphology on starch agar Smooth Swarming 
The differentiation scheme is based on Sakazaki data”, 


+ or - 
+ 
Smooth 


Pp pte 
b+pet+ 


V. parahaemolyticus was found in relatively large 
numbers during the summer from all Puget Sound water, 
sediment and oyster samples. Numbers of this vibrio 
ranged from, 30 to 350/ml. in the water samples, from 
100 to 2.00g in the sediment samples, and from 65 to 
4,000/g in the oyster samples. In samples collected 
during the early spring and early fall, however, the counts 
of V. parahaemolyticus were very low; this situation 
paralleled that deseribed by Japanese investigators’. 
‘two hundred isolates from all the samples tested were 
‘studied extensively by standard taxonomic procedures. 
Simultaneously, 40 strains of V. parahaemolyticus ob- 

e 
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tained .from Japan were tested. The more important 
characteristics of these organisms are shown in Table 2. 
Except for their ability to ferment sucrose, the Puget 
Sound isolates were physiologically identical. Sakazaki®® 
reported that V. parahaemolyticus does not ferment 
sucrose; nevertheless, seven of the forty strains obtained 
from Japan fermented this sugar. The slow fermentation 
of cellobiose by V. parahaemolyticus, a differentiating 
property used by the Japanese investigators*, was not 
found to be a useful taxonomic criterion. The forty 
Japanese strains tested showed various degrees of cello- 
biose fermentation, ranging from slow to very rapid. The 
same variability existed among the Puget Sound strains. 
On the basis of these data, it is concluded that the isolates 
from Puget Sound were physiologically indistinguishable 
from the Japanese strains. It is also apparent that the 
related biotypes V. alginolyticus and V, anguillarum 
(Table 1) were not encountered in the samples taken from 
Puget Sound. 


Table 2. BIOCHEMICAL CHARACTBRISTICS OF JAPANESE AND PUGET SOUND 
ISOLATES OF F. parahaemolyticus 
Organisms tested 
Japanese strains Puget Sound 
Reaction YV. parahaemolyticus* (40); isolates (200) 
Total positives Total positives 
(1) Growth in 1% trypticase broth * 
With 0% NaCl Oe 0 
With 3% NaCi 40 200 
With 7% NaCl 40 200 
With 10% Naci 0 3 
(2) Glucose (acid) 40 200 
(3) Lactose (acid) 0 0 
(4) Sucrose (acid) 7 162 
(5) Celiobiose (acid) 40 200 
6) Maltose (acid) 40 200 
(7) Mannitol (acid) 40 200 
(8) Stareh (hydrolysis) 40 200 
(9) Chitin digestion 33 194 
10) NO, reduction 40 200 
411) Gelatin liquefaction 40 200: 
(12) Hugh-Liefson (anaerobic) acid $ 
only 40 200: 
(18) Oxidase (positive) 40 200 
(14) Haemolysis of blood 40 200 
(15) Penicillin sensitivity (2-5 0) 0 0 
(16) Single-polar flagella 40 200 
(17) Gram stain (negative) 40 200 


All media, unless designated, were made up with sea water or 3 per cent 
NaCl, All biochemical tests were run at 87° C, 


* Cultures received from Japan. 
+ Number in parentheses indicates the number of cultures tested, 


Serological identification of V. parahaemolyticus is not 
reliable‘, and so we tried to isolate bacteriophages specific 
for V. parahaemolyticus by enrichment of water, sediment 
and homogenized oyster preparations with the organism. 
It was hoped that such a procedure would provide 
definitive identification of the organism. Enrichment of 
thirty-five samples yielded two bacteriophages specific 
for V. parahaemolyticus, both from Pacific oyster homo- 
genates. The two phages showed specificity to ten of 
forty Japanese strains and one Puget Sound strain of V. 
parahaemolyticus. The related biotypes, V. alginolyticus 
and V. anguillarum, were not lysed by these phages. Tt is 
expected that many of the Puget Sound strains are lyso- 
genic, for there has been evidence of cross lysis between 
different strains. The isolation of specific bacteriophages 
supports the evidence that V. parahaemolyticus is not an 
exclusive inhabitant of Japanese waters and may be 
ubiquitous in coastal areas throughout the world. Further- 
more, the association of specific vibrio phages with the 
Pacific oyster strongly implicates this animal as a potential 
carrier of V. parahaemolyticus. 

The isolation of V. parahaemolyticus from inshore waters 
and its apparent association with oysters is of considerable 
significance, particularly in view of the outbreaks of food 
poisoning in Japan caused by this organism. The fact 
that many of the cases of food poisoning in the United 
States and other countries were due to agents of unknown 
aetiology® should justify the inclusion of specific tests 
for the detection of V. parahaemolyticus from syspected 
sources. 

This research was supported in part by the US Offiée: 
of Naval Research and the US Public Health Service, 
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Japanese strains of V. parahaemolyticus were giyen by 
R. R. Colwell, and V. alginolyticus, V: anguillarum, and 
additional strains of V. parahaemolyticus were given by 
R. Sakazaki. 
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Identification -of Rhinovirus Strain D.C. 


Is 1953, Andrewes é al. reported the propagation of a 
virus in cultures of primary human embryonic lung from 
nasal washings of a patient (D. C.) with a common cold. 


Although no cytopathic effects were noted, culture fluids 


from the fourth to the tenth passage produced colds in 
volunteers whereas control fluids did not. At that time, 
attempts to repeat these experiments were unsuccessful. 
Using nasal washings from individuals inoculated with 
D. C. material, Tyrrell et al.? attempted to propagate the 
D.C. virus in primary human embryo kidney cultures in 
conditions favourable for recovery of rhinoviruses. 
Although these tests were also unsuccessful, these workers 
were able to propagate a virus, with production of eyto- 
pathic effects, in human diploid fibroblast cultures. This 
development led to the recognition of the agent as a 
rhinovirus. It is probable but not certain that this virus 
is the same as that which was in the original D. C. nasal 
washings. 

Recently, a collaborative effort by several laboratories 
led to the internationally accepted numbering system for 
rhinoviruses. The initial report? by this group described 
a numbering system for fifty-five distinct (rhinovirus) 
serotypes and one subtype. Although D.C. virus was not 
included in this programme, it was of sufficient historical 


"interest to warrant an attempt to identify it with antisera 
prepared against. the fifty-six numbered rhinoviruses. 
“Serum neutralization tests were carried out with D.C. 


virus and fifty-six rhinovirus antisera. Antiserum for 
rhinovirus type 9 (strain 211) neutralized D.C. virus. No 
reactions occurred with the remaining antisera. Sub- 
sequently, a complete cross neutralization test was per- 
formed with D.C. and type 9 viruses and antisera. Similar 
tests were made in the Salisbury laboratory using different 
antisera prepared against these viruses. The results of 
the tests are shown in Table 1. Tt is clear that D.C. 
yirus is a strain of rhinovirus type 9 for whieh the proto- 
type virus is strain 211, first described in 1961 (ref. 4). 
~ At the time, the early experiments could only be 
interpreted. as meaning that. a virus which caused the 
common cold had been grown in cell culture. It is now 
evident that the virus was a typical rhinovirus, a member 


Table 1. CROSS NEUTRALIZATION TESTS WITH D.C. AND 211 STRAINS oF 
RHINOVIRUS TYPE 9 


United States results United Kingdom results 
Virus Antiserum Antiserum 
Strain D.O, (Guinea-pig}- -211 (Goat) D.C, (Rabbit) 211 (Goat) 
Do * 5120/30 2560/30 80/10 400/10 
$ 211 3840/36 5120/30 80/30 800/30 
* Serum titre/TCD,,. 
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of the group of organisms found most commonly in this 
type of illness. 
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Primary Exo-erythrocytic Forms 
of Plasmodium vinckei 


THE first strain of Plasmodium vinckei Rodhain, 1952, 
was isolated by Vincke from Anopheles dureni caught by 
the River Kinga near Albertville (Katanga—Democratic 
Republic of the Congo). Unfortunately, at that time only 
the erythrocytic forms were described : cyclical trans- 
mission was not achieved in the laboratory. 

P. chabaudi was found in 1965 by Landau’ near Bangui 
(Central African Republic). The blood forms seemed to 
be very similar to P. vinckei. 

In 1967, the isolation of a new strain of P. vinckei from 
A. dureni was reported!. The first observations on mos- 
quito transmission! soon showed that the sporogony of this 
plasmodium is not as easy to perform as that of P. berghei. 
It not only requires a suitable temperature and humidity, 
an adapted invertebrate host, and a vertebrate host 
which would be not only susceptible to sporozoites but 
would also be a producer of gametocytes able to infect 
mosquitoes. In spite of the presence of gametocytes in 
laboratory white mice, only low infection rates were 
recorded in mosquitoes fed on these animals; only 
splenectomized mice were able to infect about 50 per cent 
of the mosquitoes. Hairless mice, however, produced a 
large number of viable gametocytes resulting in good 
infections in A. stephensi without splenectomy. 

Out of five species of Anopheles (A. stephensi, A. quadri- 
maculatus, A. gambiae, A. albimanus, A. atroparvus) and 
Aedes aegypti only the first showed oocyst development 
and sporozoites in their salivary glands after an infective 
blood meal. In A. quadrimaculatus a high percentage 
of infections was obtained in the midgut. The oocysts 
grew normally to maturity and gave a great number of 
sporozoites, but not a single parasite could be found in 
the salivary glands. 

Sporozoites were found in the salivary glands of A. 
stephensi after 14 days incubation at 20° C and after 11 
days at 25°C. The size of mature oocysts varied between 
40 and 70u. The mean length of the sporozoites, measured 
in vivo, was l5u (ranges 11-20u). Incubation tempera. 
tures of 16° C and 27° C have been successfully used for 
the sporogony of P. vinckei. 

Liver biopsies and autopsies were performged on seven 
mice and four rats (Thamnomys surdaster). inoculated 
with sporozoites of P. vinckei so as to find the exo-erythro- 
eytic schizonts. The shortest maturation time of the 
tissue schizonts was determined by subinoculation of 
blood from these animals. The livers were fixed in 
Carnoy’s fluid for 3 h, and the biopsies for 2 h. Sections 
(4) were stained by the Giemsa-colophonium method?. 
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In one experiment, mosquitoes (A. stephensi) were fed 
on two hairless mice, on the fifth and sixth days after 
the mice had received an intraperitoneal inoculation of 
blood from a strain kept for 125 days in dry ice. The 
mosquitoes were incubated at 21° C. The infection rate 
of the salivary glands was 60 per cent. Two suspensions 
of sporozoites (from twenty-five and thirty-one mos- 
quitoes) were prepared by a method used for standard 
inoculations of sporozoites of P. berghei? and were injected 
intravenously into two mice. The sporozoite count in a 
haemocytometer (Neubauer) showed fifty-six and seventy 
sporozoites/mm? (21,000 and 28,000 sporozoites were 
injected, respectively). 

In another experiment, a young Thamnomys surdaster, 
probably the natural host of P. vinckei in Katanga, was 
inoculated with 45,000 sporozoites (0-9 ml. of a suspension 
of fifty sporozocites/mm’). This suspension was made 
by crushing twenty-one mosquitoes infected after feeding 
on two hairless mice. 

Sub-inoculation of blood from this Thamnomys after a 
single inoculation of sporozoites showed that the primary 
exo-erythrocytic schizonts of P, vincket mature in 53 h. 
Schizonts were present in biopsies and autopsies of seven 
mice and four Thamnomys after single intravenous 
inoculation of sporozoites from various batches of mos- 
quitoes. 

At 48 h (mouse) the schizonts were immature, round, 
oval or irregular in shape and surrounded by a thin 
membrane. The nuclei are obscured by blue cytoplasmic 
aggregations, The mean measurement was about 24u 
(19-274) (Fig. 1). 

At 53 h (Thamnomys) mature and even ruptured 
schizonts were found. About twenty schizonts were 
found in each section. The mean measurements of the 
largest schizonts (twenty-one in number) were 33-42p 
(range, 21-50) (Fig. 2). 

At 54 h (mouse), 55 h (two mice and a tree rat), and 56 h 
(one mouse) most schizonts became mature. The nuclei 
are small, very numerous and regularly distributed and 
each is surrounded by a small blue cytoplasmic area. 
Some schizonts show rosette patterns or nuclei arranged 
in zones separated by areas of light blue cytoplasma. 
Other. forms, although mature, have heavy blue cyto- 
plasmic aggregations. Mean measurements were 23-30u 
(range, 18-34y.). The schizonts found in the liver of tree 
rats are larger than those found in mice; mean measure- 
ments were 29-424 (range, 23-5lu). Scanty mature 
forms were found in livers taken after 60-61 h from two 
mice and a rat. 

It must be emphasized that many similarities can be 
found between P. vinckei, Rodhain, and P. chabaudi 
described by Landau and Killick-Kendrick‘ and studied 
by Wery®. For both these parasites healthy sporogony 
is possible at 21° C, 25° C and 27° C; sporozoites can be 





Fig. 1. 
ing immature exo-erythrocytic schizont of P. vincke?. 
ageregations of cytoplasma. 


Photomicrograph of section of liver (mouse) after 48 h show- 
Note basophilic 





Fig. 2. 


Photomicrograph of section after 53 h of liver (Thamnomys) 
showing mature exo-erythrocytic schizont of P. vincke:. 


found in the salivary glands after 14 days at 21° C, and 
after 11 days at 25° C. Fully mature oocysts show a wide 
range of sizes from 40 to 70u; the pigment of the oocysts 
is heavy and arranged rather in clumps than in lines. 

The mean length of the sporozoites ig 15u. The earliest 
mature primary exo-erythrocytie schizonts are found at 
52-53 h in P. chabaudi and at 53 h in P. vinekei. The 
nuclei are small and numerous, sometimes arranged in 
rosettes. Some schizonts have a sponge-like aspect, and 
blue cytoplasmic aggregations. The mean size at 53-54h 
is about 30x 40u with a very wide range up to Sip. 
It should also be remembered that both parasites ‘are 
hardly distinguishable in the erythrocytic stages. More- 
over, white rats and hamsters are refractory to both 
parasites. The course of infection in mice is more benign 
than P. b. berghei. Cross immunity between P. chabaudi 
and P. vinckei has been reported*-*. 

It seems that P. chabaudi is morphologically and sero- 
logically very similar to P. vinckei, so P. chabaudi Landau, 
1965, should be considered as a subspecies of P: vineket 
Rhodhain, 1952. The taxonomic status. of this species 
becomes P. vincket chabaudi (Landau, 1965, nov. taxon). 

I thank Professor I. H. Vincke and Professor P. G. 
Janssens for their help and encouragement. 
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Corrosion of iron and Formation of 
Iron Phosphide by Desulfovibrio 
desulfuricans 


Tue classical theory of anaerobic bacterial corrosion, 
postulated by von Wolzogen Kihr and van der Vlugt', 
states that certain organisms, primarily those of the 
bacterial genus Desulfovibrio, remove hydrogen (electrons) 
that accumulate on the surface of iron (cathodic depolar- 
ization) by means of a hydrogenase, and reduee SO,-- 
to S--. As a result of electron removal, iron dissolves w, 
Fe** jons at the anode. 
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It was recently demonstrated that a strain of Desul- 
fovibrio desulfuricans would cathodically depolarize mild 
steel in a nitrogen atmosphere if the electron acceptor 
was the redox dye benzyl viologen (BV) (ref. 2). When a 
1010 steel coupon was placed on a (2 per cent) agar (con- 
taining BV and tris buffer [tries(hydroxymethy])amino- 
methane], pH 7-0 + 0-1) surface so that half of the coupon 
(cathode) rested on a mass of cells (D. desulfuricans, mid- 
continent strain A), the BV was reduced by the cells. 
The iron dissolved as Fe*+ ions at the half of the coupon 
(anode) that was not in contact with the cells. In sum- 
mary, the reaction at the anode is: Fe--Fe*+ +2e and at 
the cathode 


2e + 2H*—»2H->H, + 2BV-—-2BV, + 2H 


If a coupon was placed on 2 per cent yeast extract 
(YE) agar (pH 7-0+0-1) plus BV (0-01 per cent) with 
cells of the same strain under one-half of the coupon, the 
results seemed to be the same. A depolarization current 
of 2 pA/em? was obtained by the technique reported 
earlier? When the experiment was repeated without 
BV in the YE agar, blackening occurred in the agar 
under the half of the coupon in contact with the cells. 
The black area became blue-green when developed with 
aqueous potassium ferricyanide solution (10 per cent 
w/v), indicating the presence of Fett ions. No Fot+ ions 
were found in the agar under the half of the coupon not in 
contact with the cells (Fig. 1). The black area, which 
extended several mm into the agar, seemed to consist of 
particles <lu in diameter. Black particles were also 
found in the cells. On treating the cells with the potas- 
sium ferricyanide solution, blue-green areas were found 
in the cells indicating local concentrations of Fe**. 

When MgSO,-7H,O (0-2 per cent) was substituted in 
place of BV as an electron acceptor in YE agar, the 
results seemed to be the same as with YE agar alone. 
The cells and agar under the coupon again became black. 
The substitution of MgSO,-7H,O (0-01 per cent) for BV 
in tris buffer agar produced no cathodic depolarization 
effect; that is, no increase in iron concentration at the 
anode as compared with a control system (no cells). In 
both of these systems, no sustained cathodie depolariza- 
tion current was obtained, and the polarity of the system 
was unstable in that polarity continually reversed. These 
results seemed to indicate that the cells were reducing 
some material other than sulphate in the YE agar and a 





a b e d 


Fig. 1. Areas in agar under coupon indicating location of iron and 
reduced benzyl viologen (BY). a, Yeast extract (VE) agar plus BV 
surface immediately after removal of steel coupon. Dark ares (cathode) 
caused by reduction of BV by Desulfovibrio cells, b, Same plate, 15 min 
after addition of aqueous potassium ferricyanide (10 per cent w/v) 
indicatigg a concentration of Fet+ ions at the anode {no cells). e, YE 
agar minus BV immediately after removal of steel coupon showing dark 

earen under cells. d, Same plate 15 min after addition of aqueous potas- 
K sium ferricyanide showing concentration of Fe*+ ions. 
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Fig. 2. Two corrosion probes (1010 steel) in yeast extract (2 per cent) 
(pH 7-0 + 1) sealed with vaspar (equal portions of vaseline and paraffin). 


Tube at left, inoculated with culture of Desulfovibrio desulfuricans (mid- 


continent A strain), Tube at right, uninoculated control. After 2 daye 
incubation at 26°+1° C. 


“short circuit” was occurring in the system (both anodic 
and cathodic reactions were occurring at the same area 
of the steel coupon that was in contact with the cells). 

Sterile YE broth (2 per cent) pH 7-0+ 0-1, containing a 
steel coupon, when inoculated with a pure culture and 
incubated in a hydrogen atmosphere, often became black 
within 24h, depending on the effectiveness of oxygen 
removal. A clump of cells on the surface of the steel coupon 
often became black within 1 h or less. In a nitrogen 
atmosphere, the time for blackening was often delayed by a 
day or two. The same results were observed with three 
other cultures of Desulfovibrio, one of which was isolated 
from a tubercle in a water pipe, and a species of Clostridium 
isolated from tap water. The surface of the steel coupon 
usually remained just as bright as when it was placed 
in the YE broth; that is, except for where it came in 
direct contact with the black sediment at the bottom 
of the tube. 

An attempt was made to measure this corrosion in 
tubes of inoculated YE (2 per cent) broth (10 ml./tube) 
using a corrosion probe (model S001, S4) of 1010 steel 
(Magna Corporation, Santa Fe Springs, California) with a 
Corrosometer (model CK, Crest Instrument Co., Santa 
Fe Springs). After several weeks’ incubation at 26° + 1° 
C, no detectable difference in resistance in the probe 
specimen could be seen between three probes in inoculated 
YE broth (0:14 mg 8O,--, precipitated as the barium salt/ 
ml.) and three probes in sterile YE broth. One of the 
inoculated tubes with probe and a sterile control are shown 
in Fig. 2. Because the corrosion rate was less than 2-6 mg/ 
dm?/day (limit of sensitivity of metre for a 3-day interval), 
it may have been equal to or less than the corrosion rate 
established for the cathodic depolarization of 1010 steel 
using BV as the electron acceptor (2:5 mg/dm*/day?). 
Corrosion of probes could not be detected within 4 weoks 
in inoculated YE plus MgSO,-7H,O (0-2 per cent), and 
YE plus sodium lactate (4 ml/l.) and » MgSO,-7H,O 
(0-2 per cent). 

Tt was suspected from some observations made during 
the isolation of Desulfovibrio from tubercles in a water 
main that the blackening of the YE broth might be 
produced by a cell-free enzyme liberated in the medium. 
Seitz filtrates (cell-free) of 3-day-old YE broth cultures 
of the four strains of Desulfovibrio and the Clostridium sp. 
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containing a steel coupon were subsequently found, using 
the: Thunberg technique, to reduce methyl viologen 
{Eo = —411 mV), and benzyl viologen (Eo= — 315 mV) in 
a hydrogen atmosphere. No reduction was observed in a 
nitrogen atmosphere. A sterile 1010 steel coupon in the 
Seitz filtrate of these strains in a hydrogen atmosphere 
produced blackening of the filtrate, usually within 24 h, 
if oxygen removal was nearly completed. In the same 
system under a nitrogen atmosphere, a flocculent black 
precipitate was first formed on the surface of the metal. 
Complete blackening of the filtrate was delayed for about 
24-48 h compared with the time of blackening in a hydro- 
gen atmosphere. It seemed that the small amounts of 
hydrogen on the steel surface were evidently initially 
limiting the reaction. 

A sterile Seitz filtrate of 3 day old blackened YE broth 
culture of the mid-continent strain in contact with 1010 
steel coupons under H, was again allowed to react with 
sterile 1010 coupons, After 3 days under an H, atmosphere 
a black precipitate was obtained. X-ray diffraction 
analysis of this non-magnetic material (dried in vacuum) 
was negative for elemental iron or any compound of iron. 
When the black material was heated to 2,250° F in 
vacuum for 15 min and slowly allowed to cool to room 
temperature for about 20 h, it was magnetic. X-ray 
diffraction analysis of this material indicated that it was 
iron phosphide (Fe,P). Méssbauer studies indicated that 
the material before heating was also iron phosphide, 
but colloidal in nature. 

Further investigation of this reaction is in progress. 
It is suspected that phosphate in the yeast extract is 
reduced in the presence of hydrogen by the hydrogenase 
of Desulfovibrio to phosphine, which then reacts with the 
ferrous ions to produce iron phosphidet. If this assump- 
tion is validated, it would also indicate that the phosphate 
may be selectively reduced in preference to the sulphate, 
in the presence of iron, because both compounds are 
present in the yeast extract. 

Because the black precipitate of iron phosphide seems 
to be similar to the black precipitate of iron sulphide, 
and because blackening of the media in which sulphate 
reducers are growing is usually assumed to be iron sulphide, 
further analysis of this material would seem warranted. 

I thank C. J. Bechtoldt and Dr J. J. Spijkerman, US 
National Bureau of Standards, for the X-ray diffraction 
analysis and Méssbauer studies, respectively. 
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IMMUNOLOGY 


Synthesis of some Serum Proteins in 
Lymphocytes stimulated by 
Phytohmemagglutinin 

Smart lymphocytes are stimulated by phytohaemag- 
glutinin (PHA) to increase the synthesis of RNA and 
DNA and to undergo transformation into blast-like cells. 
It has. been shown by immunofluorescent and electro- 


phoretic techniques, as well as by incorporation of amino- 
acids labelled with carbon-14, that stimulation with PHA 
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results in the production of globulins'-*, some 10 per cent or 
moré of which can be precipitated by specific antiy- 
globulin’. In an investigation using radioimmunóėlectro: 
phoresis, Sell ef al.? found no immunoglobulins, but did find 
a and 6-globulins which were not clearly identified. The 
problem of in vitro synthesis of immunoglobulins in 
several lymphocytes is therefore still a matter of contro- 
versy. 

We investigated the incorporation of lysine labelled with 
carbon-14 into the proteins of lymphocytes of healthy 
individuals stimulated with PHA and in patients with 
IgG and IgA plasmacytomas. 

Lymphocyte suspensions of volume 2 ml. (4-5 x 108 
lymphocytes) were prepared in the usual way® using 8 ml. 
of medium 199 (Difco) with and without PHA. Twenty- 
four hours after the preparation of the cultures, lysine 
labelled with carbon-14 (Radiochemical Centre, Amersham; 
specific activity 41-0 »Ci/mg) was added in a concentra- 
tion of 0°5 4Ci/10 ml. of culture. Lymphocytes of normal 
individuals were collected according to the method of 
Rabinowitz! and examined in the same conditions. 

After 3 days, the cells were centrifuged and washed 
twice with Hanks solution. The cell sediments of several 
cultures were then combined, frozen and thawed four 
times. After centrifugation at 35,0009 the precipitate—- 
which consisted mostly of broken*cells—was discarded 
and the supernatant diluted 1: lewith autologous serum 
as a carrier medium. Ouchterlony double diffusion tests 
and immmunoelectrophoresis were performed in duplicate. 

In the autoradiographic experiments, ‘Currix’ X-ray 
film (Gevaert, clear base) and G150 developer (Gevaert) 
were used. Autoradiography was carried out. simul- 
taneously on the immunoelectrophoreses of PHA-stimu- 
lated and non-stimulated lymphocyte preparations. The 
films were exposed for 1, 2, 4and 6 months. The following 
antisera were used: two different polyvalent h 
anti-human séra (Institute Pasteur, Paris), two 
rabbit anti-human sera (Behring-Werke AG, Marburg), 
specific antisera against IgG, IgA, IgM, K-Bence-Jones, 
L-Bence-Jones, F(ab), F(e), Bias Bie. «1-lipoprotein, 
al-antitrypsin, al-orosomucoid, and Ge-globulin (this 
antiserum was not strictly monospecific, but, precipitated 
two other a-globulins: besides Ge-globulin).. s 

Proteins labelled with carbon-14 could be dete 
all cultures to which PHA had been added. Their mobility 
toward the anode was similar to the «l, «2 and f- -globu- 
lins of serum. The concentration of the proteins whieh 
moved towards the cathode was lower; usually two 
fairly well defined zones could be seen (Fig. 1). The 
findings in the lymphocyte lysates of both normal indi- 
viduals and myeloma patients were identical. : There was 
no increase in paraprotein concentration. In the non- 
stimulated lymphocytes no proteins directed towards the 
anode could be detected after exposure for 1 tbs, 
but traces of such proteins were, however, for : 
exposure for 6 months (Fig. 1b). 

Using polyvalent anti-human antiserum two precipitates 
differing in concentration were recognized in the «l- 
globulin region: one precipitate in the «2-globulin region 
and a short weak precipitate in the yG-globulin region 
(Figs. la, 2). Using specific antisera. the precipitate 
located in the «2-globulin region was identified as a2- 
macroglobulin. 

The strong line of precipitate in the «1-globulin region 
corresponded with a protein precipitable by anti-Ge-globu. 
lin serum. Because this antiserum was not strictly mono- 
specific against Ge-globulin, it remains to be. seen 
whether this precipitate is indeed Ge-globulin (Hirschfeld’s 
“group specific component’’). After exposing the immuno- 
electrophoresis for 6 months this protein could also be 
shown in the non-stimulated cell lysates. 

Furthermore, after stimulation with PHA and exposure 
of the films for 4-6 months an IgG-like precipitate could 
be detected. It was always very weak in concentration 
and therefore present only in a short zone within the IgG 
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precipitate of the carrier serum, located close to the well 
towards the cathode. k 
These findings suggest that three to five proteins are 
synthesized in lymphocytes stimulated by PHA. On the 
basis of immunoelectrophoretic criteria and Ouchterlony 
techniques it was shown that these proteins are identical 
with serum proteins. An adsorption of material labelled 
with carbon-14 by the precipitates of the carrier serum 
seems unlikely, because the ability to bind such material 
has been attributed to lipoproteins and albumin but not to 
the proteins described here. Although protein synthesis 
in non-stimulated lymphocytes is significantly lower, 
an al-globulin (perhaps Ge-globulin) can also be demon- 
strated. In comparison with the results of Sell et al.? it was 
noted that their «-globulin-precipitate was probably 
identical with the protein we have identified as Ge- 
globulin (?). In their experiments, a relatively short 
exposure time was chosen which could explain why other 
serum proteins and IgG could not be identified. The 
concentration of IgG—which was not increased in myeloma 
~-was extraordinarily low and was certainly not too high 
as was suggested by others!5, On the basis of the sensi- 
tivity of the antisera and the extraordinaril y long exposure 
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Fig, 1. Autoradioimmunoelectrophoretic analysis of carbon-14-labelled 

proteins in PHA-stimulated (a) and in normal lymphocytes (b); control 

tmmunoelectrophoresis of carrier serum (e). Antisera against normal 
human serum. Anode to the left; exposure. 6 months. 
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tame the concentration of IgG can be estimated to be 
about 1/100 to 1/1,000-of the total protein synthesis after 
PHA stimulation. 

I thank Miss T. Ludwig for technical assistance. This 
work was supported by the Deutsche Forschungs- 
Gemeinschaft. 
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Induction of Immunological Paralysis 
to Heterologous Tumours 


TRANSPLANTATION studies have proved that the relative 
ease of tolerance induction in newborn animals is inversely 
proportional to the strength of the antigens to which 
tolerance is to be induced—that is to the strength of 
immunity they can induce in adults, The rate and pattern 
of heterograft rejection, as well as the difficulty of inducing 
acquired tolerance to heterografts, has demonstrated the 
high strength of the interspecific histocompatibility 
barrier®3, 

The failure of xenogeneic lymphoid cells to induce 
tolerance to heterografts when administered to the new- 
born may reveal some peculiarity of the host immuno- 
logical apparatus, such as (a) a precocious maturation of the 
reactivity to heterologous antigens during ontogenesis*’’, 
or (b) a genetically predetermined ability of a large part 
of the immunological system to react against some 
“obligatory” strong antigens®:’. 

A large part of the cell population reacting against 
xenogeneic antigens can be conceived not only on the 
grounds of an a priori immunological potency, but also as 
a consequence of a cumulative mechanism of action of the 
different non-self determinants present in the antigenic 
complext®9, The more genetically dissimilar the antigen 

donor and recipient the larger are the doses of 

antigen needed’, Induction of heterograft toler- 

ance would presumably depend on the administra- 

tion of very large doses of donor antigens to 
I inhibit the reactive population of Immunocompe- 
tent cells. 

It seems, however, that the most important 
condition for tolerance is the persistence of anti- 
gen. If this is so, lack of the tolerogenic effect 
of the xenogeneic lymphoid cells might be the 
consequence, not of a violent host reaction but of 
an inability of the xenogeneic lymphoid cells to 
multiply? and thus cause persistence of antigens 
in the presence of an excess of the host’s very 
strong antigens. Theoretically, fulfilment of this 
requirement for tolerance demands that antigen 
sould be repeatedly introduced. This principle is 
well illustrated by immunological paralysis to 
Ii defined antigens, when, more often than not, 
unresponsiveness which is not actively reaintained 
by continuous administration of the antigen, is 
eventually replaced by immunity”, 


i 





I To investigate which of these critical factors is 
essential to the induction of heterospecific toler- 
Fig, a *Autoradioimmunoelectrophoresis of earbon-14-labelled proteins ance, we have attempted to define the conditions 

in f -Stimulated Inmphoertes. (a) yG-myeloma, (b) and {e) normal $3 ire: ‘or. t i i 
. © person, I, Horse antiserum against human serum. TT, Rabbit anti- of amo and dosage required for the induction 
sernm against a, macroglobulins and, IH, Ge-globulin, Anode to the left. of tolerance to mouse tumours by administering 
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xenogeneic spleen cells to rats. This communication is 
eoncerned with the onset and duration of unresponsive- 
ness and with the kinetics of tolerance, as determined with 
tumour grafts. Tolerance was considered to be complete 
when actively growing tumours resulted after challenge. 
Animals which appeared tolerant at first but developed 
immunity later (rejecting the tumours) were considered 
to be partially tolerant. 

For the paralysis treatment, spleen cells from CBA mice 
prepared by the method of Billingham, were inoculated 
intraperitoneally into newborn inbred Lewis rats, which 
were between 24 and 48 h old when the treatment began. 
The same amount of spleen. cells (that is 250 to 450 x 10°) 
per recipient was administered, either in single doses or 
in fractionated doses, given as five or ten injections at 
daily intervals. 

The rats were challenged when 30 days old, by intra- 
muscular inoculation of trypsinized cell suspensions 
containing 30x 10° viable tumour cells. All except one 
group were challenged with tumour cells derived 
from a mammary carcinoma (Ca/CBA) that had appeared 
spontaneously in a CBA mouse. This tumour was in 
transplant generation 1-3 (performed by subcutaneous 
grafting of tumour fragments in CBA mice) when it was 
used in these experiments. In order to verify previous 
observations the non-specificity of heterologous tolerance 
to the isoantigens of the donors, we tested one group of 
rats with a sarcoma induced by methyleholanthrene in a 
C87BlU/ScSn mouse (MC/B1, sarcoma). 


Table 1. INDUCTION OF TOLERANCE IN NEWBORN RATS TREATED WITH MICE 


SPLEEN CELLS 


Induction of Challenge No, of rats No. of rats with 
tolerance (30 day old rats) which developing 

Injec- Total Days Tumours developed tumours/ 

tion CBA from (30 x 10° tumours/ No. of 
period spleen treatment celis) No. of rats with 

(days o cell until used for rats regressing 

life) dose/rat challenge chalenge tested tumours 

1 250 29 Ca/CBA 0/10 

1 350 20 Ca/CBA 0/10 

1 450 29 CafCBA 0/12 

1-6 250 25 Ca/CBA 0/8 

l-6 350 25 CajCBA 0/19 

1-6 450 25 Ca/CBA 0/12 

2-6 250 24 Ca/CBA 0/12 

2-6 350 24 Caf/CBA 0/8 

2-6 450 24 Ca/CBA 0/10 

1-10 250 20 Ca/CBA 7/12 2/5 

1-10 350 20 Ca/CBA 10/12 4/6 

1-10 450 20 Ca/CBA 16/16 16/0 
2-11 250 19 CaiCBA 5/10 0/5 

2-11 350 19 CajCBA 8/10 2/6 

2-11 450 19 Ca/CBA 10/12 8/2 

1-10 450 20 MCB} 20/20 20/0 


The results in Table 1 show that tolerance to the 
Ca/CBA tumour was not induced in rats by one or five 
injections of CBA spleen cells, irrespective of the dose 
used. In groups receiving ten injections of spleen cells, 
beginning in the first 24 or 48 h of life, tumours appeared 
after challenge, and their incidence seems to be directly 
related to the total number of spleen cells inoculated. 
The degree of tolerance also seems to depend on the dose 
of spleen cells inoculated. In groups treated with 450 x 10° 
cells, most animals developed lethal tumours when tested 
with Ca/CBA tumeurs and MC/Bl, sarcomas, and died 
at between 7 and 8 weeks of age; tumours also appeared 
in groups treated with smaller doses, but were rejected 
after 2 weeks in most rats. 

Recovery from paralysis seems to be caused by the 
production of new immunocompetent cells by escape from 
suppression əf previously tolerant cells, depleted of an 
internal store of antigen'®.1®, We conclude that in partially 
tolerant animals the conditions of tolerance and immunity 
may potentially coexist, the degree and duration of 
unresponsiveness being dependent on the ratio-17 of the 
number of blocked cells to the number of sensitized cells. 
On the assumption that-one state can be converted into 

-the other, depending on the concentration of antigen per 
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cell and/or per population, we tried to reduce tolerance 
by further supply of spleen cells in animals which had 
rejected the heterologous tumours. 

Rats given, during the first 10 days of life, a total of 
250-350 x 10° CBA spleen cells in ten injections, were 
challenged at 30 days with 30 x 10° Ca/CBA tumour cells. 
Animals which rejected the tumours were reinoculated 
between the fortieth and fiftieth days of life with 115-125 
x 10’ spleen cells given in ten injections. A control group 
of normal rats was treated at the same age with 150 x 10" 
CBA spleen cells. When 60 days old, they were inoculated 
intraperitoneally with 30x 10° Ca/CBA tumour. cells. 
Table 2 shows that although the total dose of spleen cells 
was the same for all groups (that is 150x107 cells), 
tolerance resulted only in rats treated during the neo-natal 
period. The incidence and degree of tolerance again 
seemed to be related to the dose administered within this 
period. This result suggests that the probability of success 
in tolerance reinduction depends on the degree of the 
host’s unresponsiveness when the antigen is reintroduced. 


Table 2. 


REINDUCTION OF HETEROGRAFT TOLERANCE IN POST-TOLERANT 
e 
Results obtained after — 
No. of CBA challenge of 60 day old rats 
spleen cells No. of Ca/CBA "No, ofrats: No. of rats with 
_ (« 108) Total tumour cells (x 10 which devel- developing 
inoculated spleen inoculated: days oped tumours/ turmours/No, 
1-10 40-50 celldose of age: No. of rats of rate with 
days days  perrat tested regressing 
ofage ofage {x 10*) 30 60 tumours 
250 1,250 1,500 30 30 6/18 3/3 
350 1,150 4,500 30 30 10/17 713 
= 1,500 1,500 —_ 30 0/20 ~~ 


We investigated mouse lymphoid cell chimaerism in 
tolerant rats. Chromosome patterns were studied in the 
thymus, femoral bone marrow and spleen of rats bearing 
tumours of lethal size. Neither rats challenged at 30 days 
nor those challenged at 60 days showed mouse metaphases 
in their lymphoid organs. These animals showed no 
symptoms of runt disease. 

Histological examination (using. haematoxylin and 
eosin) of tumours developed in heterologous hosts, 
revealed no modification of the. original mouse tumour. 
Caj/CBA tumours invaded the rat thigh muscle and the 
peritoneal cavity (Figs. 1-2). If fragments of these tumours 
were back transplanted in CBA mice, typical: Ca/CBA 
tumours developed. The mouse tumours growing in rats 
were not transplantable to untreated adult Lewis rats. 

The fact that tolerance to heterologous. tumours was 
inducible in 48 h old rats invalidates the assumption** 
that the host’s immunological immaturity at the time. of 
treatment with antigen is a necessary and short-lived 
condition for the induction of tolerance... On the other 
hand, the alternative hypothesis that tolerance is ex- 
clusively related to the establishment of an optimum 
relationship between the amount of antigen and the 
number of immunocompetent cells'® does not fully account 
for our finding that. whereas xenogeneic cells given in a 
single injection are inefficient, the same quantity of cells 
administered repeatedly is likely to induce. tolerance. 
These results and earlier ones*4-17-18 show that the most: 
important element in heterologous. tolerance induction 
is the administration of antigen over a prolonged period. 
Heterologous spleen cells seem unable to achieve lymphoid 
chimaerism, and so it might seem that repeated inocula- 
tions are necessary to maintain the critical concentration 
of antigen. But because tolerance was reversed even after 
the onset of immunological. rejection, it may be that 
heterospecific tolerance can be achieved gradually through 
the action of antigen in blocking the sensitized and hyper- 
sensitized cells if these are exposed continuously to large 
concentrations of antigen. The experiment now described 
was an attempt to determine whether paralysis can te. 
induced in immunologically mature animals where a high 
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INDUCTION OF HETEROGRAFT TOLBRANCE IN IMMUNOLQGICALLY 
MATURE RATS 
Results 


No, of rats which 
Age (in days) developed lethal 


Table 3. 


Paralysis treatment 


Tumour cells Route of ofrats when tumours/No. of 
injected inoculation injected rats treated 
385 x 10° MC/Bl, Intraperitoneal + 
sarcoma cells/rat intramuscular 
alternately 17-87 10/10 
385 x 16° MC/Bl, Intraperitoneal+ 
sarcoma cells/rat intramuscular 
alternately 27-97 10/10 


degree of immunity is the rule’, by injection of such strong 
antigens as heterologous cells. 

The paralysis treatment consisted of a long course of 
tumour cell injections. The mouse sarcoma MC/BL in 
transplant generations 1-6, was used throughout this 
experiment. The tumour was maintained in the C57Bl/ 
SeSn strain by intramuscular transfer of 5x 10° cells at 





Fig. 1. An 85 day old rat, in which tolerance was reinduced by spleen 

cell treatment. The organs of its peritoneal cavity are invaded by a 

Ca/CBA tumour heterotrangplant. Inoculation of tumour cells given on 
the 60th day of life. 





Fig. 2. Ca/CBA tumour growing in rat. (Haematoxylin and eosin. 
se 


x e. 70.) 
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Fig, 3, Intraperitoneal invasion of the AZC/Bl, mouse sarcoma in a 128 
day old rat, treated with tumour cells between the twenty-seventh and 
ninety-seventh day of life. 





Fig. 4. MOJBL sarcoma growing in a 3 month old rat, showing tumowr 
invasion of the liver. (Haematoxylin and eosin. x c. 70.) 


2-3 week intervals. Two groups of Lewis rats were 
treated simultaneously (Table 3): the first received 
385 x 10° viable MC/BI, cells for 10 weeks, starting at 
17 days of age; the second group received the same 
treatment, starting at 27 days of age. Injections were 
given daily, alternately intraperitoneal and intramuseular, 
during the first month; every other day during the 
second month, and once a week during the last 2 weeks. 
Tumours became palpable approximately ]0 days after 
the last injection. In the next 18-20 days, all animals 
developed large tumours which had invaded the peritoneal 
cavity and lungs (Figs. 3-5). Transplantation of rat 
tumours back into C57Bl/ScSn mice confirmed their 
similarity to the original mouse tumours. These experi- 
ments seem to confirm our hypothesis that a process of 
gradual paralysis may be involved in the induction of 


heterospecific tolerance. 
+ 
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Fig. 5. The heterotransplanted MC/BL sarcoma invading the lung of a 
3 month old rat, 


Our findings show that: (a) immunological tolerance to 
heterografts can be induced through long-term paralysing 
treatment, not only in newborn animals but in adults as 
well; (b) tolerance can be maintained or reinduced by an 
adequate supply of antigen at the time when recovery 
from paralysis occurs; and (c) xenogeneic spleen cells have 
a tolerogenic effect without producing a graft versus host 
reaction. 

Heterograft tolerance is specific to the donor’s species 
but displays no specificity to the donor’s isoantigen so it 
might be possible to supply antigens and transplants from 
heterogeneous donor populations. 

I thank Professor Theodor Burghele for his generous 
support and encouragement, and Miss Elena Cristea and 
Miss Ana Bartok for their expert technical assistance. 


NicoLte Sucru-Foca 
Department of Immunology and Kidney Transplantation, 
Medicine and Pharmacy Institute, 
“Panduri” Clinical Hospital, 
Bucharest. 


Received February 6, 1968. 


1 Lengerova, A., and Matoušek, V., Folia Biol., 12, 319 (1966). 

* Woodruff, M, F. A., The Transplantation of Tissues and Organs (Thomas, 
Springfield, 1960). 

* Perper, R. J., and Najarian, J. S., Transplantation, 4, 700 (1966). 

+ Billingham, R. E., Brent, L., and Medawar, P. B., Nature,172, 603 (1953). 

t Billingham, R. E., Brent, L., and Medawar, P. B., Phil. Trans. Roy. Soc., 
B, 289, 357 (1956). 

“McBride, R. A., and Simonsen, M., Transplantation, 3, 140 (1965). 

* McBride, R. A., Nisbet, N. W., and Skowron-Cendrzak, A., Transplantation, 
5, 569 (1967). 

* Graff, R. J., Silvers, W. K.. Billingham, R. E., Hiidemann, W, H., and 
Snell, G, D., Transplantation, 4, 605 (1966). 

d merai, E. J., Davidson, N., and Moore, M., Transplantation, 3, 332 


1 Mitchison, N. A., in Mechanisms of Immunological Tolerance (edit. by 
Hašek, M., and Lengerová, A.), 245 (Publ. House Czech. Acad. Sci.. 
Prague, 1962). 

1i Simonsen, M., Prog. Allergy, 8, 412 (1962). 

1 Coons, A. H., in Tolérance Acquise et Tolérance Naturelle a U'Eqard de 
Substances Agtigéniques Définies, 255 (C.N.B.S., Paris, 1963). 

Billingham, RS E., in Transplantation of Tissues and Celis (edit. by 
Billingham, R. E., and Silvers, W. K.), (87 Wistar Institute Press, 
Philadelphia, 1961). 

4 Suciu-Focea, N., and Nachtigal, M., Cancer Research, 27, 1384 (1967). 

14 Nogaal, G. J. V., in Tolérance Acquise et Tolérance Naturelle à UEgard de 
Substances Antigéniques Définiez, 429 (C.N.R.8., Paris, 1963). 

1 Mitchison, N. A., Immunology, 9, 129 (1965). 

1? Sucia-Foca, N., and Nachtigal, M., Oncology, 21, 143 (1967). 

‘* Sueiu-Foca, N., and Nachtigal, M., Folia Biol., 18, 350 (1967). 

' Dresser, D. W., Immunology, 9, 261 (1965). 

e ; 2 


1271 
A PATHOLOGY 
Mites in Bedroom Air 


VOORHORST et alt found that, among the many con: 
stituents of house dust causing allergic reactions of the 
respiratory tract (rhinitis and asthma) in people sensitive 
to house dust, a hitherto little known Pyroglyphid mite, 
Dermatophagoides pteronyssinus, contains allergens that 
are much more potent than those of other constituents. 
They also showed that excretory or secretory products 
of the mite contain the allergens. It therefore seemed 
probable that the mite could cause severe inhalation 
reactions should it become temporarily airborne and reach 
the upper or lower respiratory tract. Mechanical disturb- 
ance during bedmaking seemed a possible launching 
mechanism for making the mites airborne, especially 
because one of us (A. M. C.) found that D. pteronyssinue is 
very abundant in mattress dust. 

To test this hypothesis a cyclone dust extractor, of 
diameter 15 cm, powered by centrifugal fans (giving an 
intake velocity of 300 em/s in tests 1-4 (Table 1), and 1,900 
em/s in tests 5-7) was operated 2 ft. above the floor to 
collect dust from the air during bedmakirfy. In tests 1-4 
the apparatus would extract particles efficiently down to 
the equivalent of 10u spheres from 04 m? of air per min, 
and in tests 5-7 its efficiency should have been increased 
to retain 3p spheres from 3-0 m? of air per min. The 
cyclone was operated during bedmaking (including 
turning the mattress) and after for 5 to 15 min each day. 
Samples were accumulated for several days in each test. 
The samples consisted of a loose pellet of fibrous material 
and a fine deposit on the wall of the receptacle consisting 
mainly of material from the stratum corneum, 


Table 1, NUMBERS OF Dermatophagoides pteronyssinus CAUGHT IN: CYCLONE 
DUST EXTRACTOR DURING BEDMAKING IN 1967 . 
; Dust (mgjm? Mites/m*of  Mites/g of 
Sample Collection date of air) air sampled airborne dust 
Patient's bedroom, Harpenden 
i March (7 days) 25 02 80 
2 March (7 days) _ O2 62° 
3 April (7 days) — O34. 186* 
4 May-June (20 days) 2-1 0043+ 21¢ 
Patient’s bedroom, Dulwich 
5 September (7 days) 17 O04 44 
Men’s ward, King’s College Hospital 
6 October (6 davs) O12 Nil Nil 
7 October (6 days} 0-25 Nil Nil 


* Estimated. 
+ After regular vacuum cleaning of mattress. 


The samples were weighed, dispersed in 90. per cent 
lactic acid, held in this at 55° C for 24-48 h, and the sus- 
pension was examined for mites. These were removed, 
mounted for microscopic examination, identified and 
counted. 

As well as D. pteronyssinus, a few representatives of 
other species were present. These included a second 
Pyroglyphid species, Huroglyphus maynei, the Acarid 
species Acarus siro and Tyrophagus putrescentiae, and the 
Glyeyphagid mite Glycyphagus domesticus. 

Clearly D. pteronyssinus can become airborne during bed- 
making, and its numbers deereased with attempts to 
remove mattress dust (Table 1); it was not present in 
hospital air. Others have shown that mites can be in- 
haled*-5, Whole mites or considerable portions in the 
dust can be identified to species level microscopically, 
but this cannot yet be done with the finest debris of 
fragmented mites, which with their faecal pellets also 
occur in the airborne dust, and which may constitute a 
more serious source of allergens than the mites them® + 


selves. . 
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Absorption of d-Glucose by the Rabbit 
Jejunum during Cholera Toxin- 
induced Diarrhoea 


CHOLERA exotoxin causes fluid production by the intestine 
when instilled into jejunal or ileal loops of anaesthetized 
rabbits!-*. Profuse quantities of isotonic fluid are pro- 
duced by the small intestine without histological alteration 
of the mucosa*, The pathogenesis of the increased fluid 
production by the intestine in cholera is unsettled. It 
has not been determined whether the fluid production is 
the result of increased intestinal secretion, decreased 
intestinal absorption or a combination of these two 
factors. To assess the importance of altered intestinal 
absorption, absorption of d-glucose by the rabbit jejunum 
was measured both in the presence and absence of cholera 
diarrhoea. 

Ten white male New Zealand rabbits weighing 2-3 kg 
were studied after an 18 h fast. The animals were anaes- 
thetized with 10 mg/kg of sodium pentobarbital given 
intravenously. Hydration was maintained with intra- 
venous Ringer lactate infused at a rate of 60 ml./h for 
the duration of the experiment (4 h). The abdomen was 
opened and a loop of jejunum approximately 15 cm long 
(7-10 vascular arcades) just distal to the ligament of 
Treitz was isolated. Both ends of this loop were transected 
between vascular arcades to preserve the blood supply’. 
The cut ends of the intestine were ligatured to prevent 
spillage. 

The proximal end of the loop was cannulated with 
flanged polyethylene tubing (PE 200), while the distal 
end was cannulated with latex rubber tubing (internal 
diameter 3/16 in.). A similarly constructed loop was made in 
the adjacent jejunum thus creating two jejunal loops in 
each rabbit. The isolated loops were carefully washed 
with 40 ml. of Ringer lactate, emptied and then returned 
to the abdominal cavity. The abdomen was then closed, 
leaving only the catheters exposed. Rectal temperatures 
were monitored and the body temperature was main- 
tained between 102° and 104° F with the aid of a heat 
lamp. 

In one group of five rabbits (cholera group) 10 ml. of 
cholera toxin* prepared by Dr John Feeley (Lot No. 
#1062867) was placed in both loops and allowed to remain 
there for 4h. In five other control rabbits (control group) 
10 ml. of Ringer lactate solution was instilled into both 
loops for 4 h, after which the loops were drained and 
emptied by flushing with air. Then, using an autoanalyser 
pump the loops of the control and the toxin treated 
animals were continuously perfused with a solution 
contaiging 26 mM d-glucose and 0-3 mM phenol red (PSP) 
in Ringer lactate. The PSP was employed as a non- 
* "absorbable marker. A sample of the test solution (50 ml.) 
was continuously perfused and the efflux from the loop 
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was recirculated from a reservoir through the loop at a 
rate of 2 ml./min’. 

Before beginning the experiment, duplicate 1 mi. 
samples were obtained from the reservoir for determination 
of the initial concentration of glucose and PSP. The 
perfusion was begun and 1 ml. samples were collected 
from the reservoir at hourly intervals. The glucose con- 
centration was determined on each sample using the 
method of Hoffman* modified for the ‘Autoanalyser’ 
{Technicon Instrument Corp., New York). PSP was 
determined colorimetrically by the method of Schedl 
et al.?. The final volume contained in the reservoir and 
the loop was obtained by dividing the amount of PSP 
placed in the system (corrected for PSP removed during 
the experimental period) by the final PSP concentration. 
The glucose absorbed was calculated by subtracting 
from the amount placed in the reservoir the amount in 
each sample and the amount remaining at the end. 

After 4 h of perfusion the animal was killed and reopened. 
The loops were examined to ensure that the blood supply 
was intact, that drainage was free and that over-dis- 
tension of the loops had not occurred. The loops were 
excised, opened along the antimesenteric border and the 
length was measured in centimetres. The fluid remaining 
in the reservoir beaker and drained from the loops 
was measured and compared with the fluid volume 
calculated from the PSP data. These two volumes were 
usually within 1 or 2 ml. of one another. Sections of the 
loops were taken from representative animals for histo- 
logical examination. These showed no histological 
abnormalities. 

The data as shown in the figure indicated that in the 
cholera group the mean d-glucose absorption was 0-038 + 
0-003 (SEM) mM/cm/4 h, as compared. with 0-033 + 0-003 
(SEM) mM/em/4 h in the control group. The mean net 
fluid production in the cholera group was 2-438 + 0-122 
(SEM) ml./em/4 h as compared with the mean net fluid 
absorption of 0-312 + 0-062 ml./em/4 h in the control group. 

In the control experiments, absorption of glucose was 
accompanied by net fluid absorption. On the other hand, 
in the loops treated with toxin equal glucose absorption 
occurred despite the production of copious quantities of 
isotonic fluid. 

These studies indicate that the rate of jejunal glucose 
absorption is unaltered by profuse cholera toxin induced 
diarrhoea. It is suggested that cholera diarrhoea results 
from increased secretion by the intestine rather than by 
any alteration of intestinal absorption, supporting the 
hypothesis initially proposed by Cohnheim?. 
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Fig. 1. Relationship between glucose absorption and net fuid movement 

in control and cholera toxin treated rabbit jejunal loops. Glucose absorp- 
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ment ml.jom/4 h along the leas na axis. ©, Cholera loop; x, control 
oop. 
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PHYSIOLOGY 


Inactivation of Isoniazid 
in Burmese Subjects 


INACTIVATION by acetylation of the anti-tubereulosis drug 
isoniazid in vive is subject to genetic polymorphism?! , 
Studies of the gene frequency for rapid inactivation in 
different regions have revealed considerable racial varia- 
tions*-?. Because of the association of isoniazid neuro- 
pathy with slow inactivation of the drug in therapeutic 
practice**, the recording of gene frequencies among dif- 
ferent races and in different countries is of practical 
importance. It is also of ethnological value in studies of 
population migrations. This communication reports such 
an investigation among Burmese subjects. 

Isoniazid (10 mg/kg orally) was administered to 121 
Burmese subjects, seventy-nine males and forty-two 
females, aged between 18 and 38. Venous blood samples 
were taken 6 h later, the serum was separated and ex- 
tracted and the concentration of isoniazid was estimated 
by a vanillin condensation method. Internal standards 


No. of subjects 





0 a) 4 
Serum isoniazid (zg/ml.) 


Wg i. Distribution of serum isoniazid concentrations in 121 Burmese 
subjects, 6 h after oral dose of 10 mg/kg. 
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Fig. 2. Seatter diagram of serum isoniazid concentrations in 121 
Burmese subjects, 6 h after oral dose of 10 mg/kg. 





were added to serum taken from untreated subjects, ‘The 
distribution of concentrations found (Fig. 1) was bimodal 
with an antimode at 3 ug/ml. Calculation on the basis of 
the seventy-six rapid and forty-five slow inactivators thus 
separated yields a gene frequency of 0-390 for rapid 
inactivation. A scatter diagram on a logarithmic scale 
(Fig. 2) suggested that eighteen of the rapid inactiva- 
tors were homozygotes and the remaining fifty-eight 
heterozygotes. This distribution yields a gene frequency 
for rapid inactivation of 0-388 (Chi squared = 0-0094, 
P > 0-99). . 

The gene frequency found indicates that approximately 
37 per cent of Burmese subjects would carry the risk of 
neuropathy if clinically treated with isoniazid. This 
frequency is intermediate between those found among 
Thait and South Indian’ subjects, as might be expected 
both geographically and ethnologically (Table 1). The 
results of the present investigation are therefore con- 
sistent with current opinion of the Mongoloid origin of 
the gene responsible for the hepatic acetyltransferase 
involved. 


Table 1. GENE FREQUENCIES FOR ISONIAZID INACTIVATION IN DIFFERENT 


POPULATIONS 
Gene frequency 
R Race r No. studied Rapid Slow Reference 
JRUCASIAN an 

Negro „ 485 0-28 O72. 2 
Caucasian 105 O24 0-76 
Negro 116 27 O73 T. 
Japanese 209 Q71 029 
Japanese 1,808 0-66 O34 ) 
Ainu 86 0-69 O31 | 
Korean 65 0-67 OBS or g 
Ryukyan 124 0-80 040 | 
Thai 108 O46 Gd 
Burmese 121 039 O61 This work 
8. Indian B21 0-22. %78 8 
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Neurotrophic Control of Contracture 
in Slow Muscle Fibres 


Some frog muscles, such as the iliofibularis, contain two 
types of muscle fibres: the “slow” fibres, with multiple 
innervations by small nerve fibres and capable of producing 
a maintained contracture when depolarized; and the 
“twitch” fibres which respond normally with a transient 
contracture and are innervated by larger motor nerve 
fibres!, Contracture characteristics of these muscle 
fibres seem to be determined by the type of innervation 
they receive, because the iliofibularis muscle loses its 
prolonged contracture after its original innervation has 
been replaced by the nerve to the sartorius, which is a 
purely twitch muscle*. 

To further investigate this problem we decided to see 
what would happen if the denervated iliofibularis muscle 
was re-innervated by a mixed nerve, containing large 
and small motor axons. It is known!’ that after nerve 
section the large motor fibres degenerate more rapidly 
than the small ones, and conceivably regeneration of 
the large fibres might also be faster. Furthermore, the 
proportion of large motor fibres far exceeds the small 
ones. It was therefore anticipated that by simply cutting 
the sciatic nerve and allowing it to regenerate, the slow 
musele fibres might well become re-innervated by the 
more abundant, and presumably faster growing, large 
axons—a supposition which seems to be correct. 

Nliofibularis muscles were examined at different times 
after section of the sciatic nerve. The muscle from the 
opposite leg was used as a control. The mechanical 
response of the normal iliofibularis to prolonged applica- 
tion of acetylcholine (about 10-* g/ml.) or high K solution 
(50 or 100 mM) consists of two phases: a transient one 
resulting from activation of twitch fibres, and a more 
prolonged contracture caused by activation of the slow 
fibres*, If the nerve was prevented from growing back 
to the iliofibularis, the denervated muscles gave a well 
maintained contracture, in response to acetylcholine or 
K, during the first 3 months after denervation. If, 
however, denervation lasted more than 4 months (at 
19°-20° C), the museles atrophied and the maintained 
contracture was reduced, or even lost, in some cases. The 
explanation for this may be that an influence from the 
small nerve fibres usually conveys to slow fibres their 
ability to give a sustained contracture, and that this is 
lost when the neural influence is withdrawn for a suffici- 
ently long time. 

If nerve regeneration was allowed to occur the ilio- 
fibularis became re-innervated in 1-3 months (frogs kept 
at 10°-15° C), and when exposed to acetylcholine or high 
K gave only a transient contracture. That this loss of 
contracture is caused by the regenerating nerve fibres 
and is not simply a result of denervation alone is indicated 
by the fact that other muscles in the same frog, like the 
semitendinosus, had not yet been re-innervated and still 
responded with a maintained contracture. Furthermore, 
after crushing the sciatic nerve, regeneration is more 
rapid and the maintained contracture is lost in only 
2 weeks; while the transformation caused by denervation 
alone occurs much later. 

The loss of the sustained contracture in re-innervated 
muscles cannot be attributed either to degeneration, or 
to recognizable structural changes of the slow muscle 
fibres, because these could still be distinguished under the 
electron microscope. Furthermore, we have electron 
microscopic evidence that nerve fibres had reached the 
slow muscle fibres and formed new neuromuscular 
connexions. It is interesting that the muscle membrane 
at the new junctions had synaptic folds. This suggests 
that the nerve fibres forming the new contacts were 
large nerve fibres, originally connected to twitch muscle 
fibres; and that these nerve fibres induce in the musele 
* fibre the formation of synaptic folds which are usually 
< abgent in slow muscle fibres. 
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Fig. 1. Isometric contractures evoked by acetylcholine (5 x 10-* g/ml.) 
in an iliofibularis 49 days after the sciatic nerve had been cut and allowed 
to regenerate (interrupted line); and in the control muscle in the opposite 
leg (solid line). The maintained contracture was already lost in the 
operated side even though neuromuscular transmission had not yet been 
restored. Frog kept at 10°-15° C after the operation, 


In most respeets the present results are similar to those 
obtained previously? with transplantation of the muscle, 
and re-innervation by the fast sartorius nerve; they 
confirm also that the slow muscle fibres retain their 
characteristic fine structural features, even though the 
contracture has been transformed. 

An interesting new observation was the finding that 
muscle responses could be transformed even before 
neuromuscular transmission was restored as shown, for 
example, in Fig. 1. Similar results were obtained in 
several other muscles, 50-100 days after nerve section. 
Intracellular recording from end-plate regions showed 
no sign of re-innervation; and stimulation of the nerve 
did not elicit an electrical or mechanical response in the 
muscle fibres. It could be thought that the change in the 
duration of the contracture is accomplished even before 
the growing nerve fibres reach the muscle. To investigate 
this problem the iliofibularis nerve was dissected as it 
entered the muscle and examined under the electron 
microscope. Some Schwann cells could be seen among the 
still degenerating myelinated fibres. These cells contained 
filaments and a large number of microtubules, and were 
divided into several compartments all enclosed in a 
common basement membrane. During this, presumably 
early, stage of regeneration it was very difficult to ascertain 
whether any one of the profiles within the basement 
membrane was an axon or simply a process of the Schwann 
cell. Nevertheless, a few axons were in a more advanced 
stage of regeneration and could be recognized as such 
because they had the spiral beginnings of myelin forma- 
tion. Thus it seemed that nerve fibres had definitely 
reached the muscle. 

Fast or slow mammalian muscle can be partly converted 
to the opposite type when it is cross-innervated*. These 
muscles are subjected to different patterns of activity 
and it is not yet clear what significance, if any, the activity 
has in determining the type of contractign®*. In our 
experiments activity can be ruled out as the determining 
factor because the contracture was changed before the 
transmission of impulses was restored. 

These findings are of interest because they indicate, 
once again, that nerves are not limited simply to relaying 
electrical signals to the muscle, but also exert a direct 
influence which controls the characteristics of the con- 


tractnre. They show further that the neural control is 
e 
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not dependent on nerve muscle impulses. The situation 
is somewhat analogous to the acetylcholine sensitivity 
of the muscle which is under a similar neural infiuence 
controlling the number and spread of acetylcholine 
receptors’, This analogy suggests also a possible way of 
explaining our results. It may be that there are Ca- 
receptors in the muscle fibre membranes, and that the 
number of receptors is controlled by a substance released 
by the nerve. To give a prolonged contracture a muscle 
fibre would require a high density of receptors in its 
membrane to supply the calcium necessary for contraction. 
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Abnormalities in the Electrocardiograms 
of Young Sheep and Lambs grazing 
Natural Pastures low in Selenium 


Fraser and It? have previously shown that abnormalities 
develop after a few weeks in the electrocardiograms of 
both rats and lambs fed dystrophogenic diets in experi- 
mental conditions. These abnormalities can be prevented 
by the administration of adequate selenium or tocopherol. 
Without such supplementation the rats die with hepatic 
necrosis, while the lambs develop lesions typical of white 
muscle disease (WMD) which in these experimental 
conditions always proves fatal 

In an earlier communication’, in which I reported 
abnormalities in the electrocardiograms of lambs in 
experimental conditions, I said: “It remains to be seen 
whether the same type of electrocardiogram change occurs 
in ‘white musele disease’, a malady of sheep that are 
grazed in particular areas and which responds to selenium 
therapy”. These experimental studies are open to the 
eriticism that the lambs were being fed a somewhat un- 
natural diet, because the protein component was supplied 
as torula yeast. 

I have now been able to examine electrocardiogram 
traces of young sheep and lambs grazing pastures which 
are demonstrably low in selenium, and in some cases of 
animals which have, at subsequent necropsy, shown 
lesions typical of WMD. 

The findings are reported in summary in this com- 
munication for two reasons: first, to meet the criticism 
that electrocardiogram changes are found only in the 
unnatural conditions associated with the feeding of torula 
yeast-type diets, and second, to suggest that electro- 
cardiogram rdtords in field cases of muscular dystrophy 
might, at times, be a very useful method of early detection 
of the condition in a flock. 

During this study, nine properties were visited in South 
Australia and one, where there was an outbreak of WMD, 
in Western Australia. The nine South Australian proper- 
ties ranged from one which was selected as having no 
husbandry problems (to serve as “control’’) to one where 
hee eS 
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WMD has been seen, including several cases during this 
work. The remaining properties provided examples, to 
a varying degree of severity, of muscular dystrophy 
encountered in the field. 

The electrocardiogram equipment used and the tech- 
nique adopted has been fully described elsewhere?4, the 
only additional feature of these studies being the use of a 
portable generator to power the electrocardiograph. 
It is possible with this mobile equipment to examine 
more than a hundred electrocardiogram patterns of sheep 
in a day, in field conditions. 

Animals were randomly selected from the young ewes 
and lambs of the flock, and of those showing an abnormal 
electrocardiogram pattern, two or three were selected 
for slaughter. After post-mortem examination, pieces 
of skeletal muscle from the limbs, left and right ventricles 
and diaphragm were removed, fixed in buffered formalin 
and prepared for histological examination by paraffin 
embedding and staining sections with haematoxylin and 
eosin. 

The property in Western Australia was visited during 
an outbreak of WMD, after several animals had died and 
the diagnosis made by the local veterinary officer. Thirty- 
eight records were obtained from this flock. 

Pasture samples from the property in South Australia 
where WMD has been observed several times were analysed 
for selenium content by Watkinson’s method’. Finally, 
whole blood samples were analysed for selenium from 
three groups of animals: (1) from an “‘unaffeeted” area in 
South Australia; (2) from the property in South Australia 
where WMD has occurred; and (3) from the property 
visited in Western Australia, which had a reported WMD. 

Table 1 summarizes the chief findings from the proper- 
ties in South Australia. The association of abnormal 
electrocardiogram records with histopathological lesions 
of myonecrosis was quite marked. Lesions were more 
severe in the right than the left ventricle and were always 
most pronounced in the skeletal muscle. of the lambs. 
Clear cases of WMD were found in property “Gosse, 
K.I. II” and muscle damage was severe with, advanced 
calcification. In such cases the diaphragm muscle is 
invaded by the lesion. 


Table 1. BLECTROCARDIOGRAM EXAMINATION OF RANDOMLY SELECTED 
YOUNG SHEEP AND LAMBS ON NINE PROPERTIES IN SOUTH: AUSTRALIA 


Number of Number 
Location of Number of abnormal Number slaughtered 
property animals electro- slaughtered. with cons- 
examined cardiograms firmed 

Keith I 25 5 3 3 
Keith If 23 9 4 4 
Keith ITI* 6 0 9 9 
Gosse, K.L I+ 20 0 0 Q 
Gosse, K.I, If 21 10 5 5 
Gosse, K.I. TIT 14 8 2 2 
Karatta, K.I. I 13 1 2t 2 
Karatta, K.I. II 17 2 2 2 
Karatta, K.I. IH 10 I 2ł 2 


K.I., Kangaroo Island. 

* No husbandry problems. 

+ Poor flock, but there is an annual shortage of feed. i 

t The single electrocardiogram abnormality on each of the properties I and 
III were typical “WMD traces”. The further two cases killed were showing 
severe arrhythmia and other mild irregularities, All cases at histological 
examination showed mild myonecrosis. 


The electrocardiogram abnormalities were similar to 
those produced in the earlier experimental study, and one 
example with its corresponding muscle lesion is shown 
in Figs. 1 and 2. 

Samples of pasture from property “Gosse, K-I, IT’ were. . 
shown to have the following range of selenium content; 
Yarloop clover, 0-005-0-007 p.p.m.; mixed native grasses, 
0-007-0-01 p.p.m. These values are well below the levels 
quoted for “selenium responsive” situations in New 
Zealand where the threshold is considered to. be 0-04 
p.-p.m. (ref. 6). PE 

Whole blood selenium levels for the three groups of 
animals mentioned earlier gave the following range: 
(1) control animals from an “unaffected” area, 0-090-0. 
0-195 p.p.m. (twenty animals); (2) “Gosse K.I. Tr”, A 
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Fig. 1. Blectrocardiogram record (lead II) of a lamb grazing pastures 
low in selenium, The animal was one of a random selection from a flock 
and was not clinically abnormal. 





Fig, 2. 


F Low power photomicrograph of an early lesion of myonecrosis 
found in the right ventricle of the lamb whose electrocardiogram is 


recorded in Fig. 1. Dystrophic lesions were quite widespread in the 
skeletal muscle of the same lamb. Stained haematoxylin and eosin. 
x 


0-005-0-026 p.p.m. (sixteen animals); (3) “WMD flock” 
from Western Australia, 0-01-0-02 p.p.m. (four animals). 

There is strong presumptive evidence from these find- 
ings that the electrocardiogram changes both in the field 
eases of muscular dystrophy and in those produced in 
experimental conditions have the same aetiology. In 
both situations the electrocardiogram patterns are similar 
and are associated with a low selenium intake in the 
lambs, which gives rise in both cases to lesions typical 
of WMD. 

Further studies to determine whether administration 
of selenium can prevent the onset of these electrocardio- 
gram changes in field cases of muscular dystrophy seem 
indicated. Furthermore, such studies might help to 
evaluate the use of the electrocardiogram as a guide in 
the decision to introduce prophylactic selenium treatment 
and in the early detection of white muscle disease. 

I thank R. A. Buckley for the selenium analyses of 
pasture and blood samples. 
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Increased Receptor Utilization: 
Mechanism of Cocaine Potentiation 


Ir has been known for more than 50 yr that cocaine causes 
potentiation of adrenergic responses. Several theories 
have been advanced to explain this phenomenon, but 
only two are ever given much attention. It has been sug- 
gested that cocaine blocks the site of noradrenaline (NA) 
uptake so that a higher concentration of NA is available 
at the receptors, resulting in potentiated responses'. On 
the other hand, some workers suggest that cocaine causes 
potentiation by acting on the effector cells and possibly 
at the a-receptors?. These two views are not necessarily 
exclusive of each other as might be inferred from some of 
the literature. 

This work was carried out to find whether cocaine affects 
the receptor level or post-receptor level. 

Phenoxybenzamine (POB) can irreversibly block «- 
receptors. It is possible, therefore, to block a sufficient 
number of receptors so that the maximal response to the 
agonist is reduced (that is, elimination of spare receptors) 
although the mechanical limits of the tissue have not 
been altered. In this case all unblocked a«-receptors are 
assumed to be utilized in the presence of a supramaximal 
dose of NA. Thus the maximal response is dependent on 
the number of receptors remaining after POB and not on 
the mechanical limitations of the tissue. The maximal 
response of such a tissue to NA in the presence of cocaine 
can then only be modified by a receptor or post-receptor 
level mechanism. 

Vasa deferentia from male albino rats were excised, 
trimmed and mounted in muscle baths containing Krebs- 
bicarbonate solution at 37°C and aerated with 95 per 
cent oxygen and 5 per cent carbon dioxide. Records of 
contraction were made isotonically (tension = 1/2 g) on 
a kymograph. Drug concentrations are given as the salts: 
noradrenaline bitartrate, cocaine hydrochloride, phenoxy- 
benzamine hydrochloride. 

After eliciting the maximum responses of the tissues by 
using 10-4 g/ml. NA, the tissues were washed and allowed 
to relax for 15 min at which time they were subjected to 
5x 10-* g/ml. POB for 3 min then washed at 10 min inter- , 
vals for 1-25 h. At this time the same concentration of 
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Fig. 1. Graph of mean responses of rat vas deferens in terms of the 

pak response to a maximal dose of noradrenaline (NA) 104 gjmi. 

lockade of a-adrenergic receptors was effected 1-25 h before the 

graphed responses, by phenoxybenzamine, 5x 10> g/ml. for 3 min. 

‘The last response was made in the presence of cocaine, 10“ g/mil., added 

1 min before the NA. Bars Pai cree error of the mean (see 
g. 2 legend). 
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NA was given for 6 min, which allowed the tissue to 
produce a reduced rapid contraction (peak) and a steady 
state contraction (equilibrium) (Fig. 1). After an hour 
this concentration of NA was repeated and the previous 
response was closely reproduced (means of equilibria were 
within 1 per cent, Fig. 1). After another hour the tissue 
was treated with cocaine (10-* g/ml.) 1 min before another 
dose of NA (10 g/ml.). The presence of cocaine increased 
both the maximal peaks and maximal equilibrium 
responses significantly (P<0-01, by paired data t test) 
(Fig. 1). 

To ensure that the dose of NA which was supramaximal 
before treatment with POB was still supramaximal after, 
a different procedure was followed (Fig. 2). As before, the 
tissue maxima were obtained and POB blockade effected. 
After repeated washings for 1 h the tissues were subjected 
to 10- g/ml. NA for 6 min and then more NA was added, 
increasing the concentration to 2x10- g/ml., and left 
for another 6 min. This additional NA resulted in no 
change in equilibrium contraction. Subsequent addition 
of cocaine 6 min later, however, in the same concentra- 
tion as used previously (10-* g/ml.), resulted in a significant 
(P<0-02) increase in equilibrium within 3 or 4 min 
(Fig. 2). 

After blockade with phenoxybenzamine it is seen that 
the presence of cocaine causes an increase in the maximum 
responses to NA. Cocaine introduced during responses to 
NA also causes an increased equilibrium. Because the 
portion of receptors remaining after POB blockade cannot 
produce the maximum response of which the tissue is 
capable, and because supramaximal doses of NA were 
used (no change occurred in the equilibrium with the 
additional NA), the increase in response in the presence 
of cocaine cannot be caused by increases in the local 
concentration of NA. 

A series of six experiments similar to the first method 
outlined earlier was done, using methacholine instead of 
noradrenaline as the agonist. Only the peaks and not 
the peaks and equilibrium contraction (the latter are 
very small with methacholine) were compared. The dose 
of phenoxybenzamine used (5 x 10-* g/ml. for 3 min) was 
sufficient to block noradrenaline by 90 per cent. Cocaine 
did not potentiate the peak responses to methacholine 
{P > 0-05, paired-data £ test). 
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Fig. 2, Graph of mean response of rat vas deferens, in terms of the 
maximum. peak response to noradrenaline (NA) 10+ giml. before 
phenoxybenzamine blockade. POB (6x 10° gimi. for 3 min) was 
given 1-26 h before the responses graphed. Drugs were added in a 
cumulative manner. Note that, asin Fig. 1, the bars represent standard 
etror of the means calculated on a non-paired basis, while statistical 
ee significance was assessed on a paired-data basis. 
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The „increased responses of maximal equilibrium of. | 
these tissues can be attributed either to an increase in 
the effective utilization of receptors or to an increase of 
some post-receptor process such as excitation—contraction 
coupling. The process, however, by which cocaine poten- 
tiates is only involved with excitation by noradrenaline 
and not with excitation by methacholine, and it appears 
to be doubtful whether excitation—contraction coupling 
is involved. The increased utilization of receptors could 
be a result of increase of efficacy (intrinsic activity)’; a 
change in affinity would not produce any alteration of 
maximal response. As the response of the tissue follows 
qualitatively that predicted by the “rate theory of drug 
action’’4, we analysed our hypothesis of inereased re- 
ceptor utilization in terms of “rate-theory” kinetics. For 
the response of maximal equilibrium, Paton’s equations 
reduce to 


Ymax = @ ka 


where y is the equilibrium contraction, ọ relates stimula- 
tion to response (and therefore includes excitation-con- 
traction coupling) and k, is the dissociation or “offset” 
rate constant. Thus an increase in Ymax could arise from 
increases in either ọ or k, An increase in the latter appears 
to give a simpler solution since fewer assumptions about 
the process and the effects of cocaine would need to be 
made. It is reasonable that any interaction of cocaine 
near the adrenergic receptor might affect the equilibrium 
constant of the drug-receptor reaction. This postulated 
increase in k, would be sufficient to explain potentiation 
at any dose of noradrenaline. According to Paton’s 
hypothesis, the equilibrium is limited by the availability 
of receptors for combination of the drug, and receptor 
availability depends on dissociation of existing complexes 
of drug receptor. An increase in k, would thus increase 
receptor availability, increase the combination rate of 
drug-receptor and potentiate the height of the equilibrium. 
The peak should also be potentiated since an increase in 
k, would slow development of fade. 

It is seen that the maximal equilibrium attained in 
Fig. 2 is less than that of Fig. 1. This can be attributed 
either to protection of receptors by NA, which may inter- 
fere with the combination of cocaine—receptor, or inability 
of the tissue to respond further as a result of the prolonged. 
exposure to high concentrations of NA. OES 
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Normocalcaemia in relation to 
Cortisone Secretion 


Tue hypercalcaemia which occurs in adrenalectomized 
animals or in patients with Cushing’s disease treated 
by subtotal adrenalectomy has been thought to be the 
result of antagonism between secretions from the adrenal 
gland and parathyroid hormone’. Because cortisone 
produces hypocalcaemia, this hormone was thought to be 
the adrenal factor that influenced calcium homeostasis. 
A brief review of the history of these findings was given” 
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by Myers et al.?, who investigated the subject further in 
adult adrenalectomized dogs. They reported the develop- 
ment of hypercalcaemia in these animals when cortisone 
therapy was withdrawn; however, subsequent thyro- 
parathyroidectomy of the animals failed to prevent the 
hyperealcaemia of adrenal insufficiency. Our attention 
was caught by the fact that the dogs studied by Myers 
ef al. lacked secretions from both the thyroids and the 
parathyroids. It has been shown that thyroxine and 
calcitonin, both coming from the thyroid gland, are 
important in mineral metabolism?:+. This report describes 
the results of a study designed to find out whether secre- 
tions from the thyroid, alone or in conjunction with 
parathyroid hormone, are important in the development 
of the hypercalcaemia of cortisone lack. 

Adult mongrel dogs were divided into three groups of 
seven to thirteen animals each. In group 1, both thyroids 
and parathyroids were removed; the serum calcium and 
thyroxine levels decreased to values expected in thyro- 
parathyroidectomized animals (serum calcium < 6-9 mg/ 
100 ml., serum thyroxine <1-5 ug/100 ml.). In group 2, 
the thyroids were removed but the superior parathyroids 
were left intact; the thyroxine levels decreased to 
thyroidectomy devels (serum thyroxine < 1-5 pg/100 ml.) 
and the serum calcium values remained normal (serum 
calcium > 9-4 mg/10) ml.). In group 3, the parathyroids 
were removed but the thyroids were left; the serum 
calcium levels decreased while thyroxine values remained 
normal (serum thyroxine >35 yug/100 ml.). Total 
adrenalectomy was done after neck surgery, generally 
12 to 30 days later; however, in group 2, the adrenals 
were removed between 48 and 207 days after thyroid- 
ectomy. In all animals, 500 mg of sodium chloride per 
day and 5 mg of desoxycorticosterone (‘Percorten’) every 
30 days were given throughout the experiment so that 
only corticosteroids were absent. Immediately before 
and for 3 days after adrenalectomy, prednisolone sodium 
phosphate was given until recovery from the operation 
was complete. The animals without parathyroids were 
maintained on a high-caleium diet until the adrenalectomy. 

Fig. 1 shows the changes in serum calcium values after 
adrenalectomy, 100 per cent being the serum calcium 
value 3 days after cessation of corticosteroid replacement 
therapy. These values are corrected for specific gravity 
according to the method of Dent? and represent the mean 
values of the dogs in each group. The standard errors 
about each point in Fig. 1 are in all instances less than 
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Fig. 1. eChanges in serum calcium in adrenalectomized dogs which had 

been parathyroidectomized (Pthz), thyroidectomized (TAz), or thyro- 

« © parathyroidectomized (PthzThz). Values are expressed in percentages 
of the postadrenalectomy serum calcium levels. 
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20 per cent and the differences between curves are 
significant (P<0:01). Parathyroidectomy alone seemed 
to result in a precipitous increase in serum calcium, the 
animals dying as values of 17 mg/100 ml. or greater were 
reached unless the serum calcium was decreased by 
administration of corticosteroid. In the thyroidectomized 
animals there was little change in the serum calcium level, 
while the thyroparathyroidectomized animals showed 
a response midway between that of the two other groups. 

Feeding a diet deficient in calcium to these animals 
failed to prevent the hypercaleaemia, as shown by Walser 
et al.*, although there appeared to be some delay in the 
initial development of hypercalcaemia. This suggested 
that absorption of caleium from the diet was not an import- 
ant factor in the development of the hypercaleaemia. 
The alternative source of calcium is, of course, the 
skeleton. The animals showing hypercaleaemia demon- 
strated an increase, by a factor of three, in the amount of 
bone resorption taking place compared with normal 
cortical bone; most of the resorption occurred on the 
periosteal surface of bone. 

The increase in serum calcium was accompanied by a 
decrease in the pH of the serum; at a serum calcium level 
of 10-0 mg/100 ml. the pH was approximately 7-30, and 
when the serum calcium was greater than 16-0 mg/100 ml. 
the pH was less than 7-28. In one dog, infusion of a solu- 
tion of 1 per cent sodium hydroxide in 50 ml. of isotonic 
saline caused the pH to increase from 7:30 to 7-52 and the 
serum calcium to decrease from 15-4 to 13-5 mg/100 ml. 
These data suggested that changes in pH are important; in 
this context both Myers et al.? and Walser et al.® demon- 
strated an increase in plasma proteins and citric acid and a 
decrease in plasma bicarbonate. Both groups of investiga- 
tors thought that only a small part of the hypercalcaemia 
could be related to the increase in serum proteins, while 
the latter group thought that an increase in the calcium- 
binding capacity of the protein might be an important 
factor. It is possible that the chief result of cortisone 
lack is to decrease blood pH and that bone acts as a buffer, 
releasing calcium into the blood. The buffering action 
seems to be more important physiologically than the 
control of serum calcium levels. 

The failure of the thyroidectomized animals to show 
significant hypercaleaemia is related to the role of thy- 
roxine in maintaining cell activity. This group of animals 
had been thyroidectomized for an average of 3 months 
before adrenalectomy, in contrast to the thyroparathyroid- 
ectomized animals which had undergone neck surgery 
only 12 to 30 days before adrenalectomy. The long-term 
absence of the thyroids ensured that the bone was in a 
hypothyroid state. Although the effect of cortisone lack 
appeared to be the same as far as pH changes were con- 
cerned, the serum calcium failed to increase. Administra- 
tion of thyroxine to two thyroidectomized animals in this 
group produced a dramatic hypercaleaemia, the serum 
calcium increasing from 10-0 to 17-0 mg/100 ml. in 3 days. 
This observation both explains the difference between 
the groups and stresses the importance of thyroxine in 
maintaining normal cell metabolism. The difference 
between the thyroparathyroidectomized animals and the 
parathyroidectomized animals probably can be explained 
by a partial response of the bone to lack of thyroid 
hormones (partial because the period of hormonal lack 
was short). Calcitonin seems to be unimportant because 
thyroxine alone restored the response of the bone to 
hypocortisonism and produced hypercaleaemia. ` 

These investigations will be incomplgte until the 
mechanism explaining the hypercaleaemia of cortisone 
lack is clear. It is perhaps relevant, but more confusing, 
to remark that one of the main effects of cortisone in man, 
rats and rabbits seems to be the resorption of bone*’, 
In fact, the osteoporosis of hypercortisonism is a rapidly 
developing bone disease, although it is not associated 
with hypercalcaemia*: Whatever the final explanation is, 
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this report demonstrates the importance of the corti- 
eosteroids in maintaining normocaleaemia and also 
indicates that the hypercaleaemia of hypocortisonism 
seems to be independent of the parathyroids and to 
depend only on the presence of adequate amounts of 
thyroxine. The importance of thyroxine seems to be in 
maintaining the bone in a state in which it is able to 
respond by releasing calcium. 

This investigation was supported in part by a research 
grant from the National Institutes of Health, US Public 
Health Service. 
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Correlation of Loss of Hyaluronic Acid 
and Chondroitin Sulphate in Skin of Mice 
with Carcass Nitrogen Loss during 
Starvation 


Tur constituents of the ground substance of connective 
tissue respond dynamically to loss of systemie nitrogen. 
Marked changes have been reported to occur in the 
composition of the skin of mice during starvation!. This 
is accompanied by a significant reduction in hyaluronic 
acid (HA) and chondroitin sulphate (CS). Earlier studies? 
with rats suggested that hexosamine-containing materials 
in the skin decreased rapidly with small losses of carcass 
nitrogen (N), but when large losses occurred the additional 
decrement in the former was small. No attempt, however, 
was made to quantitate this relationship. In this work, 
decrement in HA and CS during starvation was correlated 
with loss of N in mice. 

The procedures used were essentially those which have 
been described before?*. In accordance with the general 
plan the quantities of HA and CS in the total pelt were 
determined and ‘total N was measured in the carcass 
which remained after skinning. The length of the femur 
was. measured to serve as a function of maximum growth. 
Regressions were derived correlating HA, CS and N with 
femur length in normal mice. In the starved mice, the 
quantity of HA, CS and N which were present before 
starvation could then be calculated from these regres- 
sions and the actual loss determined, using the observed 
values. 

In order to establish the normal regressions twenty- 
seven male mice, weighing 24-0-40-3 g, were used. During 
starvation sixty-seven male mice, weighing 26-32 g, were 
individually doused in plastic containers (7 x 5 x 2-5 in.) 
on a layer of sawdust. Water was freely available. About 
ten mice were killed each day so that all had been killed 
after 7 days of starvation. 

After. cervical fracture the femurs were everted in a 
uniform manner and an X-ray picture was taken to be 
used for measurement of femur length. The pelt was 
removed in a uniform manner, dehaired, scraped free of 


O 
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subcutaneous tissue and analysed for HA hexosamine — 
(HAH) and CS hexosamine (CSH) and the carcass was- 
dissolved in formie acid ready for nitrogen analysis. 

The regressions correlating HAH, CSH and N with 
femur length are as follows 


In N = 4-97133 + 3-75669 In F,r = 0-871, P< 0-001 


(Fig. la) 
In HAH = 385427 + 5-140341In F,r = 0-714, P< 0-01 

(Fig. 1b) 
In CSH = 3-71406 + 3-77380 In F,r = 0-598, P< 0-01 

(Fig. le) 


where N is mg of carcass nitrogen, HAH is ug of hyaluronic 
acid hexosamine, CSH is ug of chondroitin sulphate hexos- 
amine, F is femur length in cm and r is the correlation 
coefficient. The high statistical significance is apparent. 
From the femur length the pre-starvation values of 
HAH, CSH and N were calculated. Using the observed 
values, loss of HAH (AHAH), CSH (ACSH) and N (AN) 
were then obtained. 
7 i 
The data were correlated as In ` AHAH, nd In he 
AN AN 
regressions on In AN with high correlAtion coefficients and 
statistical significance as follows 





H 
In = = 3-52280 — 0:74516 In AN, n = 67, 
r=0:799, P< 0-001 
In — = 2-88043 — 0:84072In AN, 


n=43,r=0-704, P< 0-01. 


Arithmetic or semi-logarithmic relationships were in- 
adequately correlated. Written in exponential form 





AHAH 
cee Se C1 0.74516 
AN Constant/ AN' and 
= = Constant/ AN? 54072 
HAH Y 
It is apparent that A AN and à ae decline rapidly 


with increasing AN. The reasons for this are not apparent, 
but several possibilities are suggested.. These include 
(a) reduced rate of synthesis of fibroblast-produced 
substances during starvation in order to conserve materials 
and energy stores, and (6) release of protein present in the: 
ground substance in order to conserve protein in the more 
vital organ. The ground substance contains plasma pro- 
teins as well as proteins, glycopeptides and mucoproteins 
synthesized by the fibroblasts and possibly other local 
cells. It was suggested earlier that in a restricted sense 
ground substance may serve as a protein storage sitet. 
Although plasma proteins are “excluded” from hyaluronic 
acid gels according to the principles of gel filtration> the 
extracellular fluid-ground substance contains a consider- 
able portion of plasma proteins, as much as half of the 
plasma albumin®. The protein in this phase suffers con- 
siderable reduction during starvation!. The nature of this 
feedback mechanism deserves intensive investigation. 
The findings suggest a clinical application. Because 
collagen in the skin is relatively stable, the decline in: 


hyaluronic acid/collagen in skin biopsies. should follow. 


loss of nitrogen during debilitating circumstances. This. — 
ratio has been measured in 8 mm punch biopsies taken 
during surgery and after realimentation and the difference 
has been correlated with loss of nitrogen during the period, 
(unpublished work of Sobel and Cincotti). 
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Action of Insulin on Sodium Efflux 
from the Toad Oocyte 


Insutis applied in vitro reduces the internal sodium 
concentration of rat skeletal musclet? and stimulates 
the active transport of sodium in sodium-loaded: frog 
muscle? and in toad bladdert. External application of 
insulin to single crab muscle fibres in vitro can cause a 
striking rise in the efflux of sodium’, Insulin stimulates 
protein synthesis in skeletal muscle in the presence of 
actinomycin D®? and, because it has been shown. that 
this inhibitor does not stop the hormone from stimulating 
the sodium pump’, it is difficult to decide whether the 
primary action is on the efflux mechanism or induction 
of de novo protein synthesis. This communication describes: 
the behaviour of another single symmetric cell, the toad 
oocyte, towards insulin. i 

Immature oocytes were obtained from the ovaries of 
healthy specimens of Bufo bufo by treatment with 0-5 
per cent trypsin or by dissection. The methods employed 
for counting the sodium-24 activity of single cells and the 
effluent and the compositions of the Ringer and trypsin 
solutions used were those given by Dick and Lea® as 
modified by Bittar, Dick and Fry’. 
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Fig. 1. The effect of 0-1 U/ml. of insulin on sodium efflux in a trypsin- 


ized oocyte (semi-log plot). 
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Normal dissected oocytes were insensitive to insulin: with untreated controls. Occasional responses occurred : 
none of the twenty-four oocytes tested with 0-1 U/ml. of in threé different experimental conditions. First, three 
insulin showed a response, neither was any effect observed out of twenty oocytes pretreated with trypsin responded — 
in four cells treated with 1 u/ml. of insulin, as compared to 0-1 u/ml. of insulin by showing a prompt and significant = 

ea rise in the efflux (Fig. 1). Second, six oocytes, from the > 
same ovary, treated overnight with 20 ug/ml. of actino- o= < 
mycin D, showed a response like that- in Fig. 2. (There — — 
was no evidence from control cells that actinomycin D < 
influenced the behaviour of the efflux.). Third, two ofa 2 — 
° batch of four oocytes from the same ovary, sodium- - __ 
3 loaded by cooling to approximately 4° C overnight, — 
d showed definite effects illustrated by Fig. 3. The sodium 
content of all these cells was between three and four times 
the normal of 10 mM/l. Twenty-six oocytes, sodium-loaded 
insulin by overnight cooling, failed to. respond to insulin, how- 

t ever, so factors besides a rise in the internal sodium must 
govern the response to insulin. 

0-06 . ° The responses when they oceurred were similar, despite 
differences in experimental conditions. The kinetics do 

. not seem to fall into a simple pattern, however, because 
z insulin increases the efflux of radio-sodium (Fig. 34) and 
decreases its rate of decline. Also, in the presence of 

insulin, the fraction of sodium lost each minute becomes 

002 constant (Fig. 3B). The hormone probably, acts. by releas- 
ing sequestered sodium in some cells in which the rate of 

exchange between this and free intracellular sodium is 

slow. Response in actinomycin-tredted oocytes implies 
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l ena (eee nee! eee that the action of the hormone does not depend on RNA 
100 300 500 synthesis. This is supported by the fact that actinomycin 
Time (min) D is able to penetrate the oocyte!’ and abolish RNA 
Fig. 2. Action of OL Tmt, insulin on an oocyte treated with actino- formation in the resting cell". i 
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Be 80 Wee Effect of Heparin on Serum 
ae . * * . 
Se 60 Calcium Concentrations in Mice 
BE co ++ A HYPOCALCAEMIA induced by heparin has been the 
ag ; subject of several recent publications. In 1961 Heidland  , 
om 2:0 et al. showed that a single intravenous injection of heparin 





i -l A = a and they attributed this effect to the formation of a 

0 100 a0 309 se heparin-caleium complex in the serum. Goldsmith and 
3 Edlux time (min) Parry? also demonstrated heparin-induced hypocalcaemia _ 

B in rabbits, and to a lesser extent in rats. The following 
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Table 1. EFFECT OF HEPARIN ON SERUM CALCIUM LEVELS IN MICE 


Number mg Ca/100 ml. % Signifi- 
Treatment* of mice SEM. lowering t t cance 
1 48 6-65 +015 13-07 6-03 P<00i 
2 43 7-26 +013 519 2-27 P<00i 
3 56 6666+015 12-94 9-86 P<O-D91 
4 131 7°65 + 0-08 


* Groups 1, 2 and 8 received 0-25, 0-50, and 2-0 mg of heparin, respec- 
tively; group 4 received isotonic saline and served as control group. 


100 


eee mean control group ~ mean heparin group) 
t % lowering = mean control group oT 


fatty acids and subsequent formation of their insoluble 
calcium salts. 

Because of the increasing use of heparinized blood from 
the laboratory mouse in studies of calcium homoeostasis, 
we have investigated the effect of a single intramuscular 
injection of heparin on serum caleium concentrations in 
mice. 


Three hundred Swiss albino mice (60-90 days old) of 


both sexes weighing 25-30 g were randomly assigned to 
four experimental groups. Groups 1, 2 and 3 received 
0:25, 0-50 and 2-0 mg of heparin, respectively; group 4, 
the control, received 0-5 ml. of isotonic saline. Two com- 
mercial heparin sources containing no detectable calcium 
(Wyeth, 100 USP units/mg, and Sigma, 160 and 170 USP 
units/mg) were used with no apparent difference in degree 
of hypocaleaemia.* In all cases a single intramuscular 
injection. with a totat volume of 0-5 ml. was administered. 
Blood: was collected by cardiac puncture and the serum 
was analysed for calcium 2 h after injection by the Mager- 
Farese? modification of the glyoxal bis (2-hydroxyanil) 
reaction’. All haemolysed sera were discarded. The results 
{Table 1) were analysed by a completely randomized 
design test. Treatment means were analysed by Student’s 
t test when the calculated F ratio was shown to be sig- 
nificant. A 0-01 level of rejection was used. All the groups 
injected with heparin exhibited a statistically significant 
decrease in serum calcium when compared with controls, 
but no apparent dose response could be demonstrated. 
In view of these findings, we recommend that caution 
be exercised in the utilization of heparin as an anti- 
coagulant agent in studies concerning serum calcium. 
This work was supported in part by a US National 

Institutes of Health Postdoctoral Research Fellowship. 
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BIOLOGY 


Success of Eggs of the Shag on the 
Farne Islands, Northumberland, in 
relation to their Content of Dieldrin 
and pp' DDE 


Recent declines in the density and productivity of 
bird-eating predators, for example, the peregrine (Falco 
peregrinus) and sparrow hawk (Accipiter nisus), have 
been attributed to the presence of organochlorine pesti- 
cides in the tissues and eggs of these birds!*, It has been 
suggested that the lethal dose in adults of these species 
., resulted fromthe ingestion of contaminated grain-eating 
prey". , Granivorous birds, especially the wood pigeon 
(Columba palumbus), suffered considerable mortality in 
* the period 1956-1961 when they ingested organochlorine 
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seed dressings of the cyclodiene type, during spring 
sowing programmest, 

Sub-lethal effects and effects on reproduction are more 
difficult to assess. Recent attempts** to compare the 
concentrations of organochlorines in eggs with their 
success have been thwarted by the scarcity of predators 
so that the sample sizes are inadequate for critical analysis. 
Comparable investigations in North America®” are 
chiefly concerned with DDT which is only occasionally 
found in analytically significant amounts in the eggs of 
birds in the British Tsles!. 

The concentrations of the organochlorine compounds 
in the eggs of the shag (Phalacrocorax aristotelis) from 
colonies on the Farne Islands, Northumberland, are 
higher than in other species of sea birds, except for the 
relatively non-toxie pp’DDE which is higher (P<0-01) 
in the cormorant (Phalacrocorax carbo), The concentra- 
tion_of organochlorine insecticide in shag eggs, excluding 
pp'DDE, is similar to that recorded in the peregrine in 
which toxic effects have been claimed?8, 

This report is based on analyses of shag eggs from the 
Farne Islands in each of the four seasons 1964-1967; the 
methods are described elsewhere!?. The analyses were 
carried out by Shell Research Limited, Sittingbourne, 
Kent. Eggs were taken under licence, both at random 
and (most of them) by collecting addled (non-hatching) 
eggs. It is necessary to correct the concentration of in- 
secticide in eggs to allow for water loss through evapora- 
tion, particularly because fertile and infertile eggs lose 
water and also carbon dioxide at different rates™ and 
because more than 10 per cent of the addled eggs had 
extensive hair cracks through which water loss could 
occur. Where possible, egg or chick losses caused by 
inclement weather, predation and so on are excluded 
from this study. Success of the clutch or survival of the 
eggs and chicks was considered from the onset of incuba- 
tion to the tenth day after hatching—a period of about 
6 weeks. Earlier work has shown that the concentration 
of organochlorine insecticides in an individual shag 
declines from the time that it is first fed, so that at the 
tenth day the level is less than half that on hatching". 

The within clutch variation in concentration of organo- 
chlorine is significantly less than the between clutch 
variation (P<0-001; for example, twenty-one eggs of 
seven clutches, F = 10-2, for dieldrin). One egg of a clutch 
can therefore be taken as representative of the others. 
Embryo mortality was low, for only 17 per cent of addled 
eggs contained dead embryos. The “benefit of the doubt” 
was therefore given to live embryos in well incubated 
eggs collected at random. This method allows the con- 
sideration of addled eggs among the sample collected at 
random but means that the brood size is overestimated. 
A sample of 151 eggs were assayed from the 118 clutches 
which were selected for this study; the clutches contained 
357 eggs. 

There is no significant correlation between clutch size 
or brood size and the concentrations of either pp DDE 
or dieldrin (Table 1). Total clutch or brood failure is not 
correlated with the concentrations of pp’ DDE, which 
is usually considered much less toxic than dieldrin, but 


Table 1. SUCCESS OF SHAG CLUTCHES FROM THE FARNE ISLANDS, NORTHUM- 
BERLAND, ACCORDING TO THEIR ORGANOCHLORINE CONTENT 


Concentration Chicks Percentage 
(p.p.m, wet weight) . Total Eggs per. clutches with no 
of whole egg, includ- Clutches eggs in per brood, chicks surviving 
ing shell assuming sampled the clutch tenth to tenth day 
sp. gravity of 1-0 clutches day (S.E) 
(1) Dieldrin 
0-50-0-99 53 158 2-98 L71@ 84-04 65 
1-00-1-49 39 122 3-18 1-81 B33 7-6 
1:50-1:99 18 52 2-89 2-00 83-34 11-2 
2:00-3:00 8 25 3-12 2-00 750 + 15-3 
Total and mean 118 357 3-03 1:80 Bett 4-4 
(2) pp “DDE 
1-00-1-99 58 170 3-04 1-78 321+ 62 
2-00-2-09 42 129 3-07 1-88 401+ 7-6 
3-00-9-00 20 58 2-90 1-67 40-04109 
Total and mean 118 357 3-03 1:80 B44 44 
> 
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Fig. 1. Arithmetical probability plot of the accumulated log-normal 
frequency distribution curves of the concentrations of dieldrin in the 
liver and in the eggs of the shag. 


there is a significant correlation (2 x 2x2, exact method; 
P (2 tail)<0-04), apparently of the threshold type, 
between the level of dieldrin and total clutch—brood 


failure. Such an association between the concentration 
of dieldrin and mortality is not related to parental age 
or experience and in any case the concentration of dieldrin 


in eggs is not related to the age of the female shag’. No 
investigation of the metabolism of dieldrin in birds has 
been carried out, but work on rabbits and rats suggests 
that a live embryo will break down dieldrin into its 
hydrophilic metabolites more quickly than substances 
in a “dead” egg*1*; however, this could not account for 
a correlation of a threshold type. 

Laboratory studies using injection methods’? have 
shown that the newly hatched chick is likely to be the 
stage during the development of birds which is most 
susceptible to dieldrin poisoning. For example, the 
survival of the embryo of the domestic fowl is not affected 
even. at whole egg concentrations of 200 p.p.m. dieldrin**, 
but concentrations of 17 p.p.m. in the egg can increase 
mortality if food shortage occurs immediately after 
hatching’. The toleration of different species of bird to diel- 
drin is claimed to vary three or four fold (refs. 20 and 3; 
compare ref, 21), but much of the work is non-critical, 
on a small scale and difficult to extrapolate to field condi- 
tions. It seems unlikely, however, that any poisoning 
occurred in the unsuccessful shag clutches which contained 


2-3 p.p.m. of dieldrin because there is no evidence of 


an unusual proportion of deaths of chicks at hatching 
(Table. 2). 


Table 2; DETAILS OF NINE SHAG CLUTCHES CONTAINING EGGS WITH 2 P.P.M. 


DIELDRIN 
‘Whole egg i 
cone. dieldrin Year Details of eggs Total 
SIEP Eggs assayed Other eggs eggs 
bo S05 31967 ND, hair crack Broken 2 
2:208 1966 ND ND 3 
3° 2:10 1985 ND 3 young >10 days 4 
+o 210 1966. Live embryo (20 mm) Female aled; nest aban- 4 
one 
5222 1986 Deadembryo(45 mm) 1 young died. 3 days 
1 egg ND 3 
& 231 1964 Out, ND Broken 4 
7 240 1965 Out, ND ? a) 
8 285 1965 ND Prob. ND 3 
9277- 1965 ND ND 2 


ED, Ko entrotie ded 

OW ‘icked ont of nest by shags. . 

: No. 7 is not included in Table 1; it was collected on the Isle of May, Fife, 
“aud was the only egg with >2 p.p.m. dieldrin in a sample of twenty-eight 
oo (tem in 19665, eighteen in 1966). 0 


Boo. 
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os 


It seems reasonable to consider the egg as a body. oo 


“compartment”?? and therefore to assume. that the 


concentrations of dieldrin in other “compartments”? of . 
the laying female are correlated with that in the eggs. 
Analysis of the log-normal frequency distribution of- 


concentrations of dieldrin in the livers of twenty-seven 
adult (of breeding age) shags and in the eggs (Fig. 1) 
suggest that concentrations of 2-5 p.p.m. in the egg 
reflect concentrations in the liver of about 9 ppm. A 
full investigation has revealed no evidence of dieldrin 
poisoning of adult shags from the Farne Islands”, 

The concentration of 9 p.p.m. in the liver is about 
one-fifth the mean concentration found in livers of 
experimentally poisoned quail (Coturnix japonica)”, 
pigeons (Columba livia var)*:®! and in duck poisoned with 
dieldrin in Colorado**. The sub-lethal effects of dieldrin are 
little known, but they have been described in the field®*+** 
and in the laboratory, both in vitro? and in vivo®, Con- 
centrations of DDT one-hundredth of the acute oral LD 5 
have been shown to increase the irritability of the central 
nervous system in rats dosed over a period of 30 days”. 

Recent increases of the rate of egg breaking in the 
sparrow hawk?*, peregrinet7 and golden eagle (Aquila 
chrysaétos) have been considered to be the result of 
sub-lethal effects of organochlorine insecticide contamina- 
tion, and egg breaking also occurs in tht shag (for example, 
clutches 1 and 6 in Table 2). Just bver one-third of the 
egg breaking in the shag, and most cases of repeated 
breakages, were, however, the result of interference by 
extra females resulting from simultaneous polygyny 
at one nest. The survival curves of eggs of pairs and. at 
nests with the polygyny are shown in Fig. 2. It is interest- 
ing to note that this kind of interference has been: con- 
sidered to be one of the causes of egg breaking in the 
peregrine*. Little is known of the causes of egg breaking 
in normal pairs of shags but the incidents were not 
related to the age or experience of the pair. Polygyny 
has been recorded in the shag before the use of organo- 
chlorine insecticides*?-*4 and egg breaking has for long been 
recorded in several species?ë:36, 

It seems unlikely that organochlorine poisoning of 


embryo or chick shags has occurred on the Farne Islands. 


and the adult mortality rate has not been increased with 
the use of dieldrin. On the other hand there is some 


evidence of a lowered breeding success among the few 





| 

1 
cA 
l 

d 






Sim. polygyny at 
one nest 


20 


E E E e E TERE Soo: Gale ea 


Percentage cf eggs surviving, log scale (1963 and 1964) 
PO 8 
EIE oee] T aa i 








= 

r 

i 

| ton 

Í 2 ae i en Fy i ie 
Clutch 5 10 15 20 Hateh — 
complete Time (days) ee: 


Fig, 2. Survival of eggs of the shag on the Farne Islands, Northumber- 
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female shags (<6 per cent) with liver concentrations of 
about 9 p.p.m. of dieldrin. It is possible that this is the 
result of sub-lethal effects, but much of the egg breaking 
is caused by polygyny. Much more detailed and critical 
attention than hitherto should be given to experimental 
studies of the sub-lethal effects of insecticides. 

I thank Shell Research Limited, particularly Dr J. 
Robinson and A. N. Crabtree, for doing the analyses, and 
the Farne Islands Committee of the National Trust for 
permission to work on the Farne Islands. I also thank 
Dr N. W. Moore and Dr D. Ratcliffe of the Nature Con- 
servancy and Dr J. C. Coulson and Dr M. Stone, Univer- 
sity of Durham, for their help. 

G. R. Porrs 
Department of Zoology, 
University of Durham. 
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Discovery of Rhabdopleura 
(Hemichordata) at Plymouth 


Rhabdopleura is one of three pterobranch genera which 
as hemichordates are important in our understanding of 
the evolution of the chordatest. Its biology and life cycle 
are very incompletely understood. So far, the most 
suitable marine laboratory for studying this genus has 
been Bergen, where R. normani has been well investi- 
gated?. This species, however, has to be kept at tempera- 
tures less than 12° 0, and is dredged from a hard, rocky 
bottom in rather deep water. 

The habitat of R. normani, the best known species, 
extends from within the Arctic Cirele southward to the 
‘Azores, but, apart from a few records in shallow waters 


e 


; of some Norwegian fjords’, it inhabits deep water, usually 


NATURE, VOL. 217, MARCH 30, 1968 


on the continental slope. In April 1967, specimens of 
Rhabdopleura were dredged for the first time from 1 to 2 
miles south of Stoke Point in Devon. They have been 
identified as R. compacta Hincks’, having the highly 
characteristic colonial form described by him. R. com- 
pacta, which was described inadequately from poorly 
preserved material, is not at present regarded as a valid 
species, but when a description of the new material has 
been prepared it is intended to re-instate it. R. compacta 
was first found off the coast of Northern Ireland in 1880. 
Since then it has been recorded once only, off Finistére. 
All the colonies from Stoke Point were found adhering to 
the concave sides of dead lamellibranch shells (mainly 
Glyctmeris glycimeris) at a depth of 75-80 ft. They 
occurred on more than 60 per cent of the shells in one 
dredge haul and have also been obtained by diving. 

The life cycle of Rhabdopleura is poorly understood. 
Recent authors agree with Schepotieff* that Rhabdopleura 
is dicecious. Observations on the material from Stoke 
Point have already revealed some points of importance. 
A number of female, but no male zooids have been found. 
They can be recognized by the presence of large ovoid 
eggs in the metacoel. It appears that these eggs may be 
released proximally, through a temporary opening at the 
posterior end of the metasome, to develop in the tube of 
the parent in much the same way as in Cephalodiscus. 
If this is so, the gonoduct seems to have no function exeept 
as a possible point of entry for spermatozoa. Fertilization 
in Rhabdopleura may therefore prove to be internal. After 
liberation into the tube the embryos develop and acquire 
a coating of cilia. They then probably crawl from the 
tube by squeezing past the zooid to begin their free life, 
presumably as larvae’, although this stage has never been 
described. 

Previous authors':® have noted the rarity of sexual 
zooids and the disproportionate ratios of each sex. Vaney 
and Conte? believed R. normani to be a protogynous 
hermaphrodite, because they found a male with what 
they thought to be an ovary at the base of its stalk, but 
subsequently? this interpretation was considered to be 
erroneous, leaving their observations unexplained. Struc- 
tures similar to those figured by them as an ovary (PI. 8, 
Figs. 32, 36 and 42) have been found in R. compacta, It 
appears that the base of the contractile stalk may bud 
off gemmae which develop in the tube of the parent in 
the same way as the sexually produced embryos. A figure 
which Lankester” could not interpret (his Pl. 39, Fig. 2) 
provides corroborative evidence for this hypothesis. It 
shows part of the creeping tube of a zooid in which there 
are six embryos. One is attached to the contractile stalk, 
and appears to be budding from it. The colonies of 
Rhabdopleura may thus multiply asexually, as well as 
enlarging in this way. 

It is hoped to develop these studies on Rhabdopleura. 
I wish to thank Drs E. and A. Southward and the Director 
of the Marine Biological Association’s Laboratory for 
assistance, and also Professor E. W. Knight-Jones and 
Dr J. S. Ryland for helpful discussions. This work was 
supported by a Natural Environment Research Council 
research studentship. 
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£-Glycerophosphatase and Lateral 
Root Development 


For many years plant anatomists! have believed that the 
emergence of lateral roots, which arise endogenously in 
the pericycle of the stele, occurs principally by mechanical 
rupture of the surrounding cortex. Torrey? expressed 
the view that emergence is probably assisted by hydro- 
lytie enzymes, although to his knowledge there was no 
experimental evidence to support the postulate. 

When investigating the distribution of 8-glycerophos- 
phatase in the roots of Pisum sativum, we found a large 
increase in activity of this enzyme in the region of lateral 
root development. Enzyme assays were carried out on 
1 mm serial sections of 5 day old roots. The sections were 
ground into ice-cold buffer at pH 6-0 and an aliquot of 
the resultant homogenate was incubated with 10 mM Na 
8-glycerophosphate at 30°C. The rate of hydrolysis of the 
substrate was estimated by the rate of appearance of 
inorganic phosphate in the medium. Supplementary 
experiments had shown that no inhibitors or activators 
of the enzyme were present in the homogenates and that 
the rate of the reaction was proportional to the enzyme 
concentration. 

The distribution of the enzyme activity along the axis 
of the root is shown in Fig. 1. There is a considerable 
increase in activity when expressed on a per section or 
per unit protein basis, in the region 2-5 cm to 4-0 cm from 
the root apex. This corresponds exactly with the region 
in which we observed lateral roots to be initiated. The 
results of Popham show similarly that in 5 day old peas 
lateral roots were initiated from 2-3 em behind the apex. 
This enzyme, in animal cells at least, seems to be associ- 
ated with cell hydrolysis‘, so we thought the site of 
activity might be the cortex cells surrounding the lateral 
initials. To investigate this further, we carried out a 
histochemical examination of the localization of the 
enzyme. Cryostat sections were cut through the zone of 
lateral root development using the technique of Gahan 
et al.5. These sections were then incubated in the Gomori 
acid phosphatase reaction mixture using 10 mM Na ß- 
glycerophosphate buffered at pH 5-4. 8-glycerophosphatase 
was localized as a brown-black precipitate oflead sulphide. 

Examination of sections passing through the laterals 
showed activity clearly limited to the stelar cells and those 
cells of the cortex adjoining lateral roots (Fig. 2). Control 
sections to which either inhibitors or no substrate had 
been added showed no such activity. McGregor and Street? 
observed similar activity in the region of lateral root 
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Fig. 1. 6-Glycerophosphatase activity along the longitudinal axis of pea 
roots. Activity is expressed on a per section (@) and as a per unit 
protein (A) basis. 





Fig. 2. Longitudinal section of a pea root through the region of lateral 
root formation. Incubated for 15 min, 30° C, in Gomoriacid phosphatase 
medium, L, Lateral root initial; C, cortex; X, xylem cells. (x 40.) 





Fig. 8. Transverse section through the junction ofa lateral Initialand the 
cortex after incubating as in Fig. as Lateral root initial; C, cortex. 
x i 


initials in tomato roots but they did not comment on its 
significance. Examination of sections under high power 
leaves no doubt that the activity surrounding the lateral 
occurs in the bordering cortex cells rather than in 
the outer cells of the lateral root itself (Fig. 3). The 
absence of activity around very young initials is a good 
indication that the ®8-glycerophosphatase activity is in- 
duced by wounding of the cortex cells, as a result of 
mechanical pressure exerted by the lengthening lateral 
initial. High glycerophosphatase activity has also been 
observed in the surface layers of roots where radial 
expansion is occurring, a situation where similar wounding 
is expected. 

Our conclusion is that 8-glycerophosphatase and perhaps 
other hydrolytic enzymes are induced by mechanical 
stimulation of cells surrounding the emerging lateral 
roots, and that this activity assists the lateral root in 
penetrating through the cortex. 

J. F. SUTCLIFFE 

R. SEXTON 
School of Biological Sciences, University of Sussex. 
Received February 26, 1968. 
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CYTOLOGY : 


Inhibition of Development in 
Drosophila by Cortisone 


GEN transcription, whereby enzyme reactions mediate 
the synthesis of RNA molecules from DNA templates, has 
been investigated mostly in microbial organisms, but 
studies with higher organisms have made fundamental 
contributions to our knowledge of this process. One of 
the more rewarding areas of study has centred on the role 
‘of hormones in the regulation of transcription. Investiga- 
tions in vertebrates have revealed that RNA synthesis can 
be stimulated in some cases':?, and inhibited in others?-4, 
There have been analogous findings on the regulatory 
effects of hormones in invertebrates. The phenomenon 
of puff formation in the polytene chromosomes of certain 
Diptera’ has been extensively investigated. Autoradio- 
graphic techniques have established unequivocally a 
direct relation between puff formation and RNA syn- 
thesis, and these studies have long been accepted as 
cytological evidence of gene transcription’. 

Recent observations in Sciara? have indicated that 
the steroid hormone, cortisone, can completely suppress 
the puffing proces, and the uptake of tritiated uridine by 
salivary gland chromosomes, while the normal develop- 
mental sequence, viability and fertility are unaffected. 
RNA production is undoubtedly necessary for normal 
development and normal development can apparently 
occur in the absence of puffing, implying that puffing and 
uptake of tritiated uridine are not accurate reflexions of 
RNA synthesis in the cell. Because of the importance of 
this process in studies of geno activity in Drosophila, it 
seemed necessary to confirm the findings in this organism. 





Figs. 1-3. Salivary gland chromosome preparations from late third in: 
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relative viability. In addition to reducing the viability — 
of the experimental groups, it can be seen that cortisone, 
administered in doses of 2-0, 5-0 or 10-0 mg/ml., causes a 
delay in the developmental sequence. 

In the second experiment, eggs were deposited on a 
medium containing cortisone (0-5, 1-0, 1-5, 2-0 and 2-5 
mg/ml.) and allowed to develop to the prepupal stage, 
At this time their salivary gland chromosomes were 
examined, the presence of large puffs such as 74E F-15B 
and 78D being used as criteria of gene activity. At each 
concentration of cortisone employed, large puffs were 
in evidence (Figs. 1-3). Concentrations greater than 
5 mg/ml. resulted in the death of the larvae or the produc- 
tion of prepupae with salivary glands unsuitable for 
cytological examination. 

In the third experiment, eggs were placed on cortisone- 
free medium and allowed to develop to the late larval 
stage. Salivary glands were removed and one of each 
pair was incubated in a cortisone solution (0-0025, 0-025, 
0-25, 0-5 and 1-0 mg/ml. of 10 per cent ethanol~Ringer’s 
solution) while the other was incubated in a control of 
10 per cent ethanol-Ringer’s solution for periods of 
15, 30, 45, 60, 90, 120-and 180 min. At each concentration 
for each time period, large puffs, similar to those shown in 
Figs. 1-3, were observed in both the treated and control 
glands. There were several where the large, easily identified 
puffs were not evident in either treated or control glands. 
No correlation existed between these and the concentra- 
tion of cortisone or incubation time, so they can probably 
be explained by the unavoidable variability in the develop- 
mental status of the various larvae. 

Although it may be argued that measurement of the 
uptake of tritiated uridine could provide a more accurate 
assessment of the effects of cortisone on RNA synthesis, 





star larvae showing large puffs at the distal end of chromosome 3L. 





1, Cortisone-fed larva, 2 mg/ml. 2, Cortisone-fed larva, 2 mg/ml. 3, Control larva. 


Three preliminary experiments are outlined. In the 
first experiment, designed to test the effects of cortisone 
on developmental time and viability, eggs were collected 
and placed on a medium of agar, sucrose, dried yeast 
and propionic acid in 10 per cent ethanol (to aid in corti- 
sone solubilization). To this medium was added 0, 1-0, 2-0, 
5-0 or 10-0 mg/ml. of cortisone (Sigma). Concentrations 
greater than 10 mg/ml. were lethal. The time of emer- 
gence and the relative viability were determined for each 
group. The distributions of control versus experimental 
groups were compared by means of the Kolmogorov- 
Smirnov test. Table 1 shows the mean time of emergence, 
the P value for each distribution and the percentage 


Table 1. EMERGENCE AND VIABILITY OF LARVAE FROM EGGS PLACED ON 


MEDIUM CONTAINING CORTISONE 


Concentration Mean time of Kolmogorov- 
of cortisone No, of emergence Smirnov Percen 
(mg/ml.) eggs th) P value viability 
Control 60 279-6 83-3 
p 60 274-8 = 0-20 61-6 
2 60 298-6 <0-01 63-3 
a 5 60 292-7 <6-01 TL? 
3 10 60 202-7 <0-01 63-3 
e s 


present cytological observations clearly indicate that 

cortisone does not visibly suppress puff formation. The 

possibility still exists that cortisone may act to delay 

development by slightly inhibiting general RNA synthesis 

or by inhibiting the synthesis of specific RNA species. 
P. Dennis SMITH 
PamĮmrLA B. KOENIG 
Joun C. Luccusst 

Department of Zoology, 

University of North Carolina, 

Chapel Hill, North Carolina. 
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Perkin-Elmer's new Model 
402 Ultraviolet and Visible 
Spectrophotometer has a 
unique wavelength control 
system By setting upper and 
lower limit sfps, you can 
scan any wavelength range 
singly or repetitively and 
present the spectra sequen- 
tially or superimposed. 

You can scan the full range 
from 190 to 850 nm on a single 
chart in 2, 1050r 40 minutes. 


Set these controls 
on Perkin-Elmer’s 
new U.V. Spectrophotometer and 
scan any wavelength range 
between 190—850 nm 


You can expand the linear 
absorbance scale five times 
so that 0.3 absorbance units 
fills the chart. 

You can perform § kinetic 
studies at a fixed wavelength. 
You can insert a new roll of 
paper into the flow chart 
recorder in 30 seconds and 
record 40 rull range spectra 
without changing it. 

You can choose from a wide 
range of accessories includ- 


ing a thermostatted multiple 
sampling unit - ideal for 
enzyme reaction studies 
You can get faster, more 
accurate results over a larger 
range of applications with this 
highly automated instrument 
You can get details immedi- 
ately from Perkin-Elmer Ltd. 
Beaconsfield, Bucks. Tele- 
phone. Beaconsfield 2571, 
Telex: 83257 or Manchester 
Central 2569, 


Nature March 30 t968 p 





PERKINELMER 





XXIV NATURE, MARCH 30, 1968 





We have always stressed (among other things) 

the precise temperature control and exceptional 
rotor stability throughout the speed range of 

MSE SUPER SPEED PREPARATIVE ULTRACENTRIFUGES 


For instance, they made this possible:— 


‘FIRST TIME EVER’ 
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50 ug of mouse satellite DNA tn Tris-HC! buffer was treated with 
sodium lauryl sulphate at pH 127 and centrifuged in a caesium 
chloride gradient (initial density 1765 g/ml at 25°C) for 20hr at 
42,000 rpm at 25°C 


This separation was carried out on an MSE Super Speed 50 Prepara- 
tive Ultracentrifuge using the 10 x 10m! angle rotor instead of the 
more usual swing-out rotor Full details of the procedure are given in 
MSE Application Sheet-No 2, available on request. 

Precise automatic control facilities, outstanding stability of tempera- 
ture and an automatic oil recirculation system make MSE Super Speed 
Centrifuges ideal for the lengthiest and most exacting density gradient 
runs—in addition to their other applications. 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone 01-834 5426 Telex: 22666 Cables. Emesetool, Sowest, London 
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APPLIED SCIENCE 


Sintering in Gas Discharges 


THE appheation of gas-phase glow discharges to the activa- 
tion of many chemical reactions 1s becoming increasingly 
umportant but the parallel application to various aspects 
of the processing of materials 1s not as yet so well known 
Dugdale! has described the mechanism and characteristics 
of the de glow discharge and particular applications to 
both hollow cathode and hollow anode glow discharge 
heaters, which can be used for processes requiring an 
mtense heat flux such as zone refining and evaporation 
machming 

We have applied a microwave-stimulated electrodeless 
gas discharge to the sintering of various ceramics, metals, 
metalloids and mixtures and compounds thereof Particu- 
lar consideration has been given to refractory oxides 
including alumina, berylha, hafma, magnesia and thora 
and some results which are unusual in comparison with 
those achieved by conventional heating methods have been 
obtained This communication ıs principally concerned 
with the rate of sintering of alumina 

Radio frequency power at 2,450 MHz ıs generated by a 
magnetron and fed to a rectangular wave guide by co-axial 
lne The smtermg chamber within which the discharge 
is established 1s a silica or alumina tube inserted trans- 
versely through the wave guide, which can be tuned so 
that the electric field intensity 1s a maximum ın the zone 
in which the tube hes (Fig 1) At a fixed pressure m the 
smtermg tube, the specimen temperature 1s controlled 
by varying the de voltage apphed to the magnetron 

Thermocouples cannot be used to measure the tempera- 
ture of the specimens because of direct heating by the 
glow discharge of the metallic elements of the couple 
Optical and radiation methods are also lhmited to some 
extent by interference from the radiation from the dis- 
charge below about 1,500° C true temperature, and ıb is 
then necessary to take measurements during short periods 
when the excitation 1s switched off Because of the low 
emissivity of the surfaces of oxide compacts and the 
“cold wall” conditions in the glow discharge, the apparent 
temperature 1s considerably below the true temperature 
Correction curves have been established by ‘“‘push-out”’ 
experments of pressed compacts of each oxide from a 
calibration furnace measured by reference thermocouple 
to a simulated “cold wall” environment where the appar- 
ent temperature is measured by successive approximations 
using optisal and quick-reading radiation pyrometers 

The pressure in the sintering tube 1s maintained at a 
chosen level in the range 1-50 torr by manipulation of a 
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Fig 1 Gas discharge sintering apparatus 
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Fig 2 Isochronal densification curves for alumina 
throttled backing pump and a controlled leak through 
which the required sintermg atmosphere ıs admitted 
The nature of the atmosphere affects the maximum 
temperature which can be obtained Thus in hydrogen 
the peak temperatures are much lower (for example, 
1,500° C) than ın nitrogen, oxygen, air and carbon dioxide 
{about 2,000° C) for the same power igput (1 kW) and 
experimental conditions A subsidiary consequence of 
change of operating pressure 1s the ‘effect on the volume 
of the glow discharge For sintérmg small cylindrical 
pellets statically, or for the continuous sintermg of long 
rods and wires, the discharge ıs usually constricted well 
inside the wave guide to grve a short high temperature 
zone For the static sintermg of long specimens, the 
discharge may be extended to envelop a length of more 
than 3ın The characteristics of the densification curves 
are such that very uniform sintering occurs over the full 
length of such a specimen 

The densification achieved in pressed compacts of 
Linde A alumina by sintering for various time and 
temperature conditions in both glow discharge and 
conventional furnaces 1s plotted isochronally m Fig 2 
as the percentage of theoretical density versus true 
sintering temperature The data illustrate the very 
marked increase ın rate of densification m the discharge 
method It has been confirmed that the low pressure 
used in this method has not significantly affected the 
experimental results 

The mechanical strengths of materials sintered ın both 
ways are plotted n Fig 3 To obtam these results, small 
rods were isostatically pressed and sintered, and then 
machined to a square bar of a standard size used in these 
laboratories for four point bend tests While the average 
strength of the gas discharge smtered specimens does pass 
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Fig 4 Fracture surfaces of coarse-grained conventionally sintered and 
fine-grained glow-discharge sintered bars (x16) (100 A of alummum 
vacuum deposited to increase reflectivity ) 


through a maximum and fall off shghtly as high densities 
are reached, this effect 1s not nearly so marked as for 
conventionally sintered specrmens of the same densities 
This difference in behaviour can be attributed at least in 
part to the much smaller grain size in discharge-sintered 
specimens (Fig 4) There ıs also the possibility that 
cleaner grain boundaries with fewer mechanical :mperfec- 
tions may contribute to the higher strength 
The nature of the atmosphere 1s not a factor in obtaiming 
the results given in Fig 2, for all specimens sintered at a 
chosen temperature ım any atmosphere, the densities 
fall very close to the curve given, and the atmosphere 
influences only the efficiency of heating Chemical 
effects from this source can thus be discounted 
While the experimental results given here are confined 
to Linde A alumina, the material which has been investi- 
gated most extensively, acceleration of densification has 
also been observed for aluminas from other sources and 
for other oxides The increase in rate of sintering 1s more 
marked with very fine highly sinterable powders like 
Linde A and Alcoa XA16 alummas, and NGK-CF grade 
berylua Even a moderately coarse oxide by these 
standards—Wah Chang Reactor Grade S hafma, of 
nominal size 8p as measured turbidimetrically—sintered 
to 90 3 per cent theoretical density ın 25 min at 1,525°~ 
1,550° C ın an arr glow discharge, however, whereas similar 
specimens treated in a normal furnace required a tempera- 
ture of 1,700° C to reach 87 5 per cent density in the same 
time 
The following hypotheses have been advanced to explain 
the observed rapid densification (1) an mereased driving 
force through the merease in available surface energy 
associated with the cleaning of particle surfaces through- 
gi the compact by release of adsorbed gases and pre- 
¿cursor residues by ionic bombardment, (2) an increase in 
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diffusion rate by the creation of vacancies and other 
mechanical phenomena caused by 1ome bombardment, 
and (3) an increase m diffusion rate through local increases 
m temperature inside the pores of the compact The 
phenomenon of enhanced densification in gas discharge 
sintering 1s dependent on particle size and so 1t seems 
certain that the glow discharge 1s created within the pores; 
this 1s, of course, necessary for all three hypotheses. 
Kinetic and other relevant phenomenological studies are 
m progress 
We thank Dr F K McTaggart, who developed the glow 

discharge device for use on the stamulation of chemical 
reactions, for many helpful consultations and Mr D P 
James for his contribution ın the imitial stages of the 
investigation C E G BENNETT 

N A. MoKrNNoN 

L. S WILms 
CSIRO Division of Applhed Mmeralogy, 
Melbourne, Australia 
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GENERAL 


Improved Holographic Model of 
Temporal Recall 


Tux static model of temporal recall which I recently 
proposed! as an alternative to Longuet-Higgins’ model? 
1s unsatisfactory ın one respect From a fragment which 
1s remembered ıt can recall earher parts of the whole 
sequence This 1s unlike human memory which can readily 
recall later parts, but earher parts only with great dif- 
ficulty, if at all, especially if the sequence has been 
memorized by rote If we want to ımıtate human memory 
with models, we must take account of the weaknesses of 
the nervous system as well as of 1ts powers Longuet- 
Higgins’ model possesses this property, and so does the 
modified static system described here. 

The original sequence is A(t), 0<t<Z We make a 
record of this m the form 


T 
p) = f A()Alr t)r 


This can be done only when the sequence has come to 
an end We can assume that first a straight “phono- 
graphic” record ıs made m the transient, short-time 
memory, and afterwards it 1s transcribed ın a permanent 
memory m the form of the truncated autocorrelogram 

We remember a fragment A’ of A, which starts at te 
so that 

A(t) = Alt+ to) 


up to some upper lmit of ¢ With this we form the recall 
function 


Ri) = f ANt—tolty)dt, 


which 1s a truncated convolution of A’ and 9. Substituting 
e(t,), we obtam an integral of the triple product 


Alr)A(t—t,)A'(t—t) 


over the trapezoida] area t,<1<7, 0<t, <#, illustrated 
im Fig 1 For comparison the trapezoid used in the pre- 
vious model is also shown 

It 1s readily seen that if the sequence A 1 “noiselike” 
the correlation A’, A will have a sharp maximum at 
t=t+t, and this will single out the value of A(t) at this 
abscissa, so that apart from some noise 


R(t) x A(t+t,) 
Thus we can recall the whole sequence A, but only from 


t, to T, and thereby the model umitates the weakness of a 
& 


NATURE, VOL, 217. MARCH 30, 1968 






Panai. 


ZZ 


Fig 1 


person who has memorized something by rote. My 
previous model, startmg with a fragment which begins 
at to, could recall the sequence from !=0 to T—t, There 
was nothmg to prevent it, after having obtamed the 
begmning of the sequence, from starting again and recall- 
ıng the whole This may be a better method if we want to 
construct a lhbrary for fragmentary recall, but 1t 1s rather 
“inhuman” 

There 1s still a feature which distinguishes this model 
from Longuet-Higgms’ bank of resonators It contaims 
nothing which prevents reading the reconstructed 
sentence backwards, which 1s a difficult feat for the human 
memory It shares this feature with all static stores, such 
as a gramophone record or a tape recording, unless a 
“ratchet” 1s added which allows only one sense of reading 
Longuet-Higgins’ bank of resonators contais such a 
ratchet, because it 18 a dynamic model 

D GABOR 
Imperial College, 
University of London. 
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Impotence Principle in Descriptive 
Morphology 


Ir was recently proposed! that biological form should be 
specified by an expansion of the characteristic function 
of the form as a weighted sum of the elements of a complete 
set of orthonormal functions The method was applied to 
two-dimensional forms, usmg Walsh functions? In the 
discussion ıt was suggested that each weight might be 
maximized with respect to all possible transformations 
of the form caused by any combination of displacements, 
rotations and uniform contractions or expansions It was 
conjectured that this sequence of “maximal”? weights 
constituted an unequivocal specification of the form, that 
is to say, two different forms would always be represented 
by different sequences In the case of the Walsh functions, 
these weightg would be real numbers lying in the interval 
—ito +4, except for the first one which would he im the 
interval 0 to 1 

If one accepts the notion of form ın complete generality, 
this conjecture is false We have not been able to construct 
an actual non-trivial counter-example in the case of two- 
dimensional forms ın a square frame that we had discussed}; 
but we have found one for a similar system using a fixed 


æ 


PART OF A(T- tı) IDENTICAL WITH 
THE FRAGMENT 


„a FRAGMENT 


AZ = M] A(t—tis Altetyti) 


1289 


circular frame, ın which the form 1s blown 
up or contracted so as to just fit nto the 
frame and only rotational transformations 
need to be considered This counter- 
example led us to think that there may be 
some inherent limitation on the possibili- 
ties of mathematical description m morph- 
ology, and this 1s mdeed the case We 
prove that ıt 1s mpossible uniquely to 
specify all three-dimensional or two- 
dimensional forms by finite or denumer- 
able sequences of real numbers. 

We prove this for two-dimensional 
forms—it will then hold for three-drmen- 
sional forms, because all two-dimensional 
forms can obviously be put m one-to-one 
correspondence with a subset of all three- 
dimensional forms 

For definiteness, consider a Cartesian 
co-ordinate system ın the plane and let 
f(z) be the characteristic function 
representing one specimen of a form, 
that 1s, ıb takes the value 1 at points 
covered by the specimen and 0 elsewhere, 

Let fa(x,y) be the characteristic functidn representing 
any other specimen of this form, that 1s, the original 
form transformed by any combmatwn of displacements, 
rotations and finite uniform contractions or expansions 

Let S;={fa(x,y)} be the set of all such transformed 
functions derived from f(x,y) The cardinality of Sy 18 
clearly c, the cardinal number of the contmuum 

The cardinality of the set of all characteristic functions 
f(y) whatever 1s obviously 2¢ Because the Sys consti- 
tute a partition of the set of all these characteristic 
functions into dısjomt subsets, 1b follows that if k 1s the 
cardinal number of the set of Sys, then 


kx c= 2 (1) 


k ıs clearly the cardinal number of all possible two- 
dimensional forms, each Ss corresponding uniquely to a 
single form 

Suppose 1t were possible to assign to each Sy a finite or 
denumerable sequence of real numbers, expressed for 
example m bmary digits To each such sequence we can 
make to correspond m one-to-one fashion a single real 
number, for example, 1f dy 1s the jth digit of the eth real 
number ın the sequence one could form the real number 
dy, dy. da, dis doz daa and so on, where in the obvious 
systematic way one writes down successively the digits, 
the sum of whose index numbers 1s respectively 2, 3,4, . , 
and so on. Hence one would have been able to set up a 
one-to-one matching correspondence between the Sys 
and the real numbers or a subset of them One must there- 
fore have 


k<e (2) 
From (1) and (2) ıt would follow that 
2<exe 
But 
cxe=c 
Hence 


2e < c, which 1s impossible 


Thus we see that there just are not enough real numbers 
for the unique specification of all possible forms 

This result does not mean that one should give up the 
numerical approach to morphological description. For, 
1t depends on interpreting form m its fullest possible 
generality—for example, a leaf with an infinite number of 
smaller and smaller holes would under this rubric be a 
form Clearly, natural forms would constitute some 
subset of all forms, and ıt would be profitables to look 
for some general model for characterizing them. For such 
a restricted set of forms it may well turn out that reh? 
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numbers or perhaps even rational numbers would be 
sufficient for unequivocal description One possibilty, 
suggested by Professor J. A Robison, 1s—im the two- 
dimensional case, for example—to consider only forms 
whose boundary can be approximated to any desired 
degree of accuracy by a finite number of polygons, other 


possibilities readily spring to mind 
BERNARD MELTZER 


NIGEL SEARLE 


Metamathematics Unit, 

University of Edinburgh. 
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incongruent Surfaces in the Human 
Hip Joint 
Hammond and Charnley! have recently given support 
to the view that the femoral head 1s almost exactly 
spherical, that the surfaces of the acetabulum and femoral 
head are congruent so that “very perfect contact of all 
parts of the cartilagmous surfaces 1s to be expected m any 
position of the hip jomt” In the past, however, several 
observers»! were cbnvinced that the surfaces of this 
joint are congruent or, at best, fit one another m only 
one position If the latter view 1s correct, contact will 
not be made over the entire jomt and the site and size of 
the actual contact areas m a given jomt will depend 
on the relative position of the jomt surfaces and on the 
magnitude and direction of the load transmitted through 
1b 

Goodfellow and Bullought have shown that the surfaces 
of the human humero-ulnar jomt are incongruent m 
youth but that, m old age, the surfaces become more 
closely fitting, they have further suggested’ that the same 
effects exist ın the hip jomt Changes ın jomt profile 
with age were observed by Ogston in 1878 (ref 6) but 
he did not comment on the congruence of the surfaces 

We have measured the curvature of both surfaces of 
the hip jomt A three-legged gauge was used, the central 
leg was driven by a micrometer screw, and the outer legs had 
a span of 075m Fifty-three hips, obtained at necropsy 
from subjects of different ages, were exammed The 
radius of curvature was measured at four pomts, equi- 
distant from each other along an equatorial circle, on 
each surface, taking four measurements at each pomt 

It was found that there were substantial differences 
in curvature from pomt to pomt on both the acetabulum 
and the femoral head The difference between the maxi- 
mum and the mmimum radius, divided by the average 
of the four radu, was taken to be a measure of the depar- 
ture from sphericity of each surface Fig 1 shows this 
ratio plotted agaist age for each of the 106 surfaces 
examined 
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Fig 2 Disartuculated hip from a young male The non contact areas in 
10 degrees of flexion are dyed 


A statistical analysis was carried out on these data, 
fittmg “least square” straight lines to the data for the 
acetabulum and for the femoral head These calculations 
were made includmg and excluding the data for hips 
aged eighteen years and younger The equations of these 
hnes are (with 95 per cent confidence limits) 


A,Acetabulum %)=—0 003 X)+0 327+0 221 (more than 9 yr) 
B,¥emoral head y= —0 0005 X,+0 105 +0 108 (more than 9 yr) 


C, Acetabulum y= —0 0016+0 2526 +0135 (more than 18 yr, that 18 
excluding growth period) 


D,¥emorathead y, a (more than 18 yr, that 1s excluding growth 
perio 


Despite the scatter ın these data, some conclusions can 
be drawn Neither the acetabulum nor the femoral head 
1s spherical, the acetabulum 1s less spherical than the 
femoral head, and there 1s a “highly significant” decrease 
m the asphericity of the acetabulum with mcreasing age 
(correlation coefficients —0 399 for lme A, —0 362 for 
line GC) It is worth noting that nme of the ten specimens 
exammed by Hammond and Charnley came from sub- 
jects aged 60 or more 

The jomt surfaces are not spherical, and so they cannot 
be congruent, although these data do not necessarily 
deny the proposition that the surfaces may be more 
congruent in some positions than im others 

Because the hip joint is incongruent we would suggest 
that the site and size of the actual contact areas will 
depend on the position of the jomt and the magnitude 
and direction of the applied load We have bult a loading 
frame to apply static loads of known magnitude and 
direction to a hip jomb m a variety of positions m sumu- 
lated body conditions. The contact areas can be detected 
by adding dye to a bath of Ringer solution m which the 
loaded hip 1s immersed The results of a preluminary test, 
roade on a young male hip m ten degrees of flexion, 
hre shown m Fig 2 The white areas on both the femoral 
aead and the acetabulum are taken to be the zones of 
jaan which clearly do not cover the entire available 
surface 
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BOOK REVIEWS 


CANCER CHEMOTHERAPY 


Immunity, Cancer, and Chemotherapy 

Basic Relationships on the Cellular Level Edited by 
Enrico Mihich Pp xx1+390 (New York Academic 
Press, Inc , London Academic Press, Ine (London), 
Ltd, 1967) 144s 


WITE as yet very few exceptions, drugs used ın the treat- 
ment of malignant disease are effective because they 
have the capacity to kill dividing cells ın general and 
ther action is not restricted to cancer cells Cell 
division forms an essential part m the genesis of the 
immune response, and so it ıs not surprising that 
many anti-cancer agents interfere both with the forma- 
tion of antibody and the rejection of foreign tissues 
This dual action poses some extremely serious problems 
for cancer chemotherapy, for many tumours ın experi- 
mental animals are now known to contam antigens 
in their membranes that are not present m the normal 
cells of the animals These antigens mtroduce a slight 
degree of “‘foreignness” and m many expermmental situaz 
tions the growth of primary tumours is slowed down by an 
mnmunologically mediated host reaction The possibility 
exists, therefore, that the 1mmuno-suppressive action of 
anti-cancer drugs may impair the anti-tumour host 
response, and this has been observed with grafted tumours 
where the drugs reduced the magnitude of a primary 
immune reaction No information appears to be available 
for primary tumours where an immuno-suppressive action 
would have to be directed ayainst an already established 
Immune response 

In man, the situation 1s still more complex, because the 
techniques used in animals to detect the presence of an 
anti-tumour host reaction cannot be applied clinically 
and the therapist does not know whether such a response 
exists ın a particular patient The theoretical danger of 
1mmuno-suppression 1s Clearly not an argument against 
cytotoxic drugs when there is extensive disseminated 
disease but there are other circumstances such as prophy- 
lactic administration post-operatively when their use 
may be questioned 

A thorough discussion of the available knowledge of 
the influence of 1mmuno-suppression on chemotherapy 
would clearly be most valuable but the book under review 
does not meet this requirement It ıs the report of a 
symposium that took place mn Buffalo, New York, but 
there 1s no indication as to when the meeting was actually 
held and none of the papers reproduced ıs, in fact, very 
topical In some respects the most mteresting part of 
this volume ıs the report of the discussion, wluch 1s both 
stimulating and formative, and the editor deserves great 
credit for what must have been a time-consuming and 
difficult task 

The title 1s misleading, for only one of the eighteen 
papers deals specifically with cancer and there are three 
papers by Sterzl, Schwartz and Berenbaum respectively 
devoted to the mode of action of mmuno-suppressive 
agents withoyt, however, gomg mto them anti-tumour 
properties Tlireo-quarters of the book ıs concerned with 
different facets of mmunology and meludes such problems 
as the nature of the cellular response to antigens, the 
processing and localization of antigens, as well as the 
biochemical mechanism of protein synthesis This vast 
field ıs covered too thinly for this book to make a worth- 


while contribution to the scientific hterature 
PETER ALEXANDER 
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IMMUNOLOGICAL VADE-MECUM 


Handbook of Experimental Immunology 
Edited by D M Wer Pp xiv+1245. (Oxford and 


Edmburgh Blackwell Scientific Publications, 1967 ) 
160s net 


Immuno.oey was derived from bacteriology, but has Jong 
smece developed into a diserpline in its own right which 
impinges upon, and ıs useful to, other disc:phnes such as 
biochemistry, medicine, genetics or parasitology and has a 
pecuhar fascination for molecular biologists In doing so 
1t has developed its own jargon and its own techniques 
Although these may appear fmghtening to persons 
unfamiliar with them, some of the techniques are astonish- 
ingly simple, others are complicated ın concept, though 
technically easy (provided—and this is a big proviso— 
that suitable reagents are available), and others are just 
plain complicated There 1s no corpus of accepted experi- 
mental techniques, although good monographs exist 
relating to some of them, and Kabat and Mayer’s Eæperr- 
menial Immunochemistry (especially the first edition, which 
made less demands on its readers) has probably done more 
than any other single work to advance ynmunology in 
those fields which ıt covered It has been agreed for 
quite a number of years that a compreliensive book which 
explained rmmunological techniques in sufficient practical 
detail to make them usable by non-rmmunologists as well 
as mmmunologists was highly desirable The questions 
were who could be persuaded to write 1t, and how much o1 
how httle theory would be required to make the tech- 
niques more than plain cookery The publication of a 
Handbook of Expervmental Immunology has therefore been 
awaited with considerable eagerness 

It contains thrty-sıx chapters and two appendices, 
written by twenty-nine authors from Britain, ten from 
the United States and three from the mainland of Europe 
All the authors have contributed to the practical aspects 
of the methods which they discuss, and some are their 
originators This has ensured that the presentation is 
authoritative On the whole a fair balance has been kept 
between the need to supply a theoretical background and 
the provision of sufficient technical detail to allow the 
user to put the methods described mto practice without 
further resort to other books or journals Since each 
chapter contains a bibhography (which 1s well selected so 
far as I could judge) 1t 1s usually possible to find a reference 
to some specialized technique such as the isolation of a 
specific anti-hapten antibody 

The handbook contains more than 1,200 pages, and 
covers methods for isolating and characterizing mmmuno- 
globulins, for study of thew synthesis a vtro, and for 
examming human ummunoglobulin allotypes There are 
useful chapters on preparation of viral, tissue and bac- 
terial antigens (but surprisingly omitting the pneumo- 
coccal antigens, which are well characterized chemically, 
even if now of lesser medical rmportance than before the 
mtroduction of antibiotics) Several chapters deal With 
different aspects of primary and secondary antigen— 
antibody mteraction, including ummunofluorescence and 
immunoferritin techniques, the use of radio-1odmated 
proteins, and methods for gel diffusion, micro-complement 
fixation and passive haemagglutination; specific applica- 
tions in virology, mycology and parasitology, methods for 
study of anti-tissue antibodies and of various aspects of cell 
mediated mmmunity, especially in relation to transplanta- 
tion, demonstration of antibody forming cells by localized 
haemolysis ın gels, methods for studying reaginic antt- 
bodies and pharmacological mediators, and there are 
appendices on statistical methods and on the use of emul- 
sions for mmunization 

The choice of what to include or exclude 1s mevitably 
somewhat arbitrary and to satisfy everyone’s needs ‘in one 
volume ıs probably impossible Most laboratories con-e, 
cerned with immunology are likely to find that the bulk A 
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of ther methodology has been catered for, even if 
indirectly (for example, the commonly used method for 
quantitative assay of mmmunoglobulin concentrations by 
radial diffusion agamst monospecific antisera 1s mentioned 
only ın the barest outline) A future edition, however, 
might benefit by consideration of chromium-51 labelling 
of red cells and leucocytes; mixed cell agglutmation and 
mixed antiglobulm tests; radio-1mmuno assay of pharma- 
cologieally active peptides; cytophilie antibodies other 
than reagins, methods volving mhibition on stimula- 
tion of cell migration, and perhaps by an extension of the 
chapter on methods for isolation of specnfie antibodies It 
would certainly benefit by a better mdex, for a good index 
enables the reader, who 18 unlikely to read from cover to 
cover, to make the fullest use of the wealth of informa- 
tion incorporated in the handbook Furthermore, quite a 
brief use of the index revealed to me an uncomfortably 
large number of errors These are mmor criticisms The 
book fulfils a real need and will not disappoint the expec- 
tations of the many who have awaited its publication 

At 160s 1ts price 1s very reasonable J H HOMPHREY 


PLANT PATHOLOGY 


Physiological Plant’ Pathology 
(Botanical Monographs, Vol 6) By R K S Wood Pp 
x1+570 (Oxford and Edmburgh Blackwell Scientific 
Pubheations, 1967) 63s net 


UNLIKE animals, plants have few specialized organs and, 
with this generalized organization, the symptoms of plant 
disease are less specific and mformative than the symp- 
toms of animal disease Symptoms only provide the 
most general expression of the relation between the host 
and the parasite A deeper understanding of this relation- 
ship must be built up by integrating into a coherent whole 
the results of a variety of observations and experiments, 
which are usually open to various interpretations which 
can be highly subjective Professor Wood tries to give 
an unbiased picture by presenting as complete an account 
as he can of the available evidence with suitable comment 
and leaving the reader to make his own judgments The 
result is about 500 pages of comment supported by a 
bibliography of about 1,300 references ranging ın time 
from 1866 to 1965 This approach leads to some curious 
anomalies in treatment since well founded and generally 
accepted concepts tend to generate less literature than 
those that are more controversial For example, the 
role of gibberellins in the development of bakanae disease 
of mee or the relationship between protocatechuic acd 
and resistance to onion smudge are dismissed ın four and 
one pages respectively, while the very doubtful part 
played by fusaric acid and lycomarasmin in fusarrum wilt 
of tomatoes, which 1s far from accepted, 1s discussed for 
sixteen pages The current state of knowledge and 
opinion relating to the effect of toxms m tomato wilt 18 
admurably summarized ın the first two paragraphs of the 
tenth chapter this would have sufficed for the casual 
reader while the addition of a short introduction to the 
bibhography would have mtroduced readers, more deeply 
concerned, to the full controversy If this approach had 
been applied to other sections of the book the reader 
would have a clearer picture of the development of the 
subject and the benefit of Professor Wood’s long experi- 
ence m the field m assessing the present position 

The book 1s of unquestionable value to specialists, and 
students wishing to find their way into almost any branch 
of the subject will find appropriate references and com- 
ments to launch them, whether for teaching or research 
However, a shorter and more critical text introducing the 
references would have filled this need equally well and 
would also have provided the student with a better 
balanced and more readable account of the subject one 
which, by thinnmg the trees, could reveal more of the 
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wood However, 1t 1s fair to say that except m the case 
of balance, which 1s, after all, a matter of personal opinion, 
the book fulfils the aim of the series to produce a ‘‘carefully 
balanced account which will inform the advanced student, 
assist the lecturer and be a point of departure for the 
specialist”. 

There are a few typographical errors, but only two were 
noted which were hkely to cause confusion im Figs 93 
and 9 4 the “N” of pyridine 1s shown as if substituted on 
a benzene ring. It is also a pity that the plates come 
adrift so easily when the book is used Al m all, Physvo- 
logical Plant Pathology 1s a very useful book and at present 
day prices represents a good money’s worth 

S H Crowpy 


WHAT GOES ON IN CELLS 


Progress in Nucleic Acid Research and Molecular Biology 
Vol 7 Edited by J N Davidson and Waldo E Cohn 
Pp xv+467 (New York Academic Press, Ine (Lon- 
don), Ltd , 1967) 140s 


Mucu progress in molecular biology has been achieved by 
putting a searchhght on a few types of micio-organisms 
Although the concepts that have been developed in this 
way are of mestimable value for the study of higher 
organisms, we still understand very httle about the 
structure and repheation of the cytologist’s chromosomes, 
the regulation of chromosomal activity, the stability of 
messenger RNA, or the precise form ın which ıt passes 
to the sites of protem synthesis 

Five of the nme essays im this welcome volume are 
concerned with crucial problems of molecular-cum-cell 
biology m higher organisms Gavosto gives a clear and 
concise account of autoradiographic studies of DNA 
replication m human chromosomes He describes how 
various chromosomes differ both temporally and spatially 
in their patterns of DNA replication and discusses the 
mteresting differences that have been found between the 
replication patterns of chromosomes from normal and 
leukaemic cells. Hnulica’s essay on the nuclear proteins 
1s a comprehensive review which will prove to be valuable 
both for the specialist and for advanced students Chant- 
renne and his colleagues, Burny and Marbaix, have written 
a clear and critical account of the search for the messenger 
RNA (mRNA) of haemoglobin Although the concept of 
mRNA ıs now firmly held, many mportant questions 
about its nature and stability have not been satisfactorily 
answered even in bacterial systems Reticulocytes ought 
to be an ideal source of a specific mRNA from higher 
organisms, for these cells make only one protein Unfor- 
tunately, despite almost ten years of intensive effort in 
several laboratories, a clear demonstration of the haemo- 
globin messenger has not been achieved In the next 
article, Hadjiolov presents a wider discussion of the nature 
of mRNA m animal cells and the theme 1s extended further 
by Nemer in the next article—an excellent and readable 
survey of information transfer by RNA durmg embryo- 
genesis Wu embryos provide the principal experimental 
system to unlock the secrets of mRNA ın anımal cells ? 

Among the other articles in the book, there 1s a long 
and thoughtful review of the genetic code by Woese, 
who mcludes the mechanism of its operation and its pos- 
sible origi and evolution Larsson and Reichard give a 
first class account of the enzyme reduction of mbo- 
nucleotides to deoxyribonucleotides This key process 
1s controlled by various ribo and deoxynMonucleotides in 
a complex manner for which Larsson and Reichard have 
been able to suggest an elegant model Phillips and 
Brown survey the mechamsm of action of hydroxylamme 
~—one of the most specific chemical mutagens known and 
the only one to have been used confidently in codon 
assignment Nevertheless, ıb 1s still difficult to decide 
which particular chemical reactions cause the mutations 
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Phillips and Brown lead us along the firmer evidence that 
1s available and argue a convincing case for the mechan- 
isms that they propose The final article, “Mammalian 
Nucleolytic Enzymes and their Localization”, 1s by 
Shugar and Sierakowska and covers both the techniques 
that are used and the possible functions of nucleases 
The articles emanate from seven countnes and are all 
of high standard, even when measured agaist the merits 
of the esrler volumes of the series The editors and 
publishers are to be congratulated not only for the quality 
of ther product but also for their apparent success m 
publishing it quickly and so making its contents available 
when they are still young enough to have their greatest 
impact. K BURTON 


COASTAL DEVELOPMENT 


Processes of Coastal Development 
By V.P Zenkovitch Edited by J A Steers Translated 
by D Q Fry. Pp xv+7388 (Edmburgh and London 
Oliver and Boyd, Ltd , 1967) 252s 


PROFESSOR ZENKOVITCH has long been known personally 
to western scientists working on problems of coastal 
evolution As a member of the Commission on Coastal 
Geomorphology of the International Geographical Union, 
he has visited many universities and research establish- 
ments outside Russia His own contributions in this 
field are thus widely known, despite problems of language 
This Enghsh edition of a book first published in 1962, 
however, may well surprise even professional coastal 
geomorphologists at the depth and breadth of coastal 
research in the Soviet Union It will certamly make 
available for the first tıme to a wider audience the work 
of a large number of Soviet scientists whose names are 
not known outside communist countnes Similarly, 1b 
will present work on coasts which, until now, could only 
be regarded by most of the world’s students of coastal 
problems as terrae wmcognitae m the geomorphological 
sense 

Inevitably, comparisons will be made between this book 
and the classic Shore Processes and Shoreline Developments 
by D. W. Johnson, published almost fifty years earher 
Tt 18 a current emticism of the Davisian approach, which 
Johnson apphed to coasts, that process 1s neglected and 
too much emphasis 1s placed on “stage”? Perhaps the 
reverse criticism may come to be apphed to Zenkovitch 
in the sense that contemporary processes are emphasized 
at the expense of those which, however significant m 
coastal development, have ceased to operate. There 1s 
growing realization m Britain, for example, that much 
beach sediment may be of glacial origin wimnowed by the 
waves of the tiransgressmg Flandrian sea from sea floors 
now below the depths from which modern waves can 
move material shoreward Zenkovitch does not ignore 
fluctuations of sea level during the Quaternary, but he 
does not devote as much attention to their contribution 
to the form of modern coasts as some might wish 

Perhaps the greatest contrast between Johnson and 
Zenkoviich les m the Russian’s msistence that coastal 
geomorphology 1s an expermental science rather than 
an exercise m observation and description In his view, 
theory must be based on experiments ın the field rather 
than ın wave tanks, m which theories can be validated 
but not concerved As an example of this approach, 
the large-scalg field trials of the kind carried out with 
fluorescent tracers, at Anapa on the Black Sea coast, 
using aerial ropeways to allow for the contmuation of 
work in storm conditions, are significant They have led 
to notable advances Zenkovitch’s division of accumula- 
tion forms into those developmg on coasts with saturated 
and unsaturated sediment flow, 1s a major result of 
quantitatively based studies His theoretical treatment 
of the development of sectors of deposition and erosion, 
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where coastal trends change, will be widely studied and 
applied * 

Zenkovitch mcorporates much of the results of work 
outside the Soviet Union in his mterpretation of coastal 
processes and form Thus, for example, he revives 
Cornaglia’s neutral lme concept, relating to the develop- 
ment of shore profiles of equilibrrum, which has largely 
been overlooked by contemporary western workers His 
ideas on surf base, as distinct from wave base, echo 
Dietz’s criticisms of some of Johnson’s approach? 

Although much of Zenkovitch’s work best known in the 
West has been sited m the Black Sea, the book meludes 
studies by himself and others of all the seas of the Soviet 
Union The examples taken from Arctic coasts are of 
particular terest as being outside the experience of most 
non-Soviet students He can claim to have worked m 
tidal as well as ın non-tidal environments, and m condi- 
tions dominated by ocean swell as well as m areas domin- 
ated by storm waves However, some of the major 
problems associated with the differences between these 
environments have not been sufficiently emphasized 
The chapter on tidal conditions 1s unsatisfymg and the 
significant role of tidal streams on open coasts in mhibiting 
shoreward transport of sediment 1s largely overlooked 
Sumilarly, the views of Australian writers on the mpor- 
tance of sediment supplied from thé nearshore zone, 
under the influence of ocean swell, h the development 
of spits and bars, are given little or no attention 

These are, however, only differences of emphasis They 
do not detract significantly from the value of a book 
which 1s destined to be a required text for many years to 
come It sets a standard agamst which future work will 
be measured and establishes the Shore Division of the 
Institute of Oceanography in Moscow as one of the world’s 
leading Coastal Studies Institutes In presenting this 
major treatise to the English-speaking world, the transla- 
tor and the editors have, themselves, made notable 


contributions C Kison 
1 Cornaglıa, P , 1881, Du flot de fond dans les liquides en etat d'ondulation, 
Annls Ponts ans i gi i yaoi 


? Dietz, R S, 1963, Wave Base, Marine Profile of Equilibrium and Wave 
built Terraces, & critical appraisal, Geol Soc Am Bull , 74, 971/990 


UNSALEABLE KNOWLEDGE 


Scienza e Tecnica 68 

Annuario della Ene:clopedia della Scienza e della Tecnica 
Pp vin+484 (Milano Arnoldo Mondadon Editore, 
1967) Lire 14,000 


Tms 18 a beautifully produced book for which ıt 1s had 
to see any definitive use It ıs the first annual supplement 
to Mondadori’s Enciclopedia della Screnza e della Teemca 
and contains mformation of two kinds The first thirty 
pages are short articles written in newspaper form which 
describe events of major scientific interest, including the 
awarding of the Nobel Prizes, between October 1966 and 
October 1967 The remainder of the book 1s a series of 
forty-four essays “which has as its theme the great 
problems to-day being tackled by science and technology 
im order to satisfy our basic needs and to broaden the 
hits of our knowledge” 

On the face of ıt, the volume has much to commend ıt 
The essays and articles, many by distinguished scientists, 
are well written and excellently ulustrated Within the 
six sections of the book the selection of topics must 
mevitably be arbitrary and partial, but subject to this 
limitation the editors’ choice 1s not, on the whole, to be 
quarrelled with In the first section, devoted to the 
transformation of the environment, Dr B R Sen, director 
general of the FAO, gives a useful synopsis of the world 
food problem concluding on the surprising note that “ıb 
1s possible to hope for a definite mmprovement Yn the 
condition of the human race during the following decades” e, 
Professor B G Bogorov, of the University of Moscow gives , 
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an interesting account of the oceanic food chain, while Dr 
A Nyberg, director-general of the World Meteorological 
Service, expands on the possibilities of a universal weather 
service 

The second section, on the adaptation of man to his 
environment, mcludes essays on contraception, hallucmo- 
gens, gerontology and reanimation, while the third section 
discusses nuclear reactors, real time computers m medicine 
and biomes The composition of the fourth section, which 
aspires to cover problems of research and development, 
may give some ground for surprise In reviewing the 
period ın question many might melude on their list of 
interesting advances topics from cosmology, oceano- 
graphy, molecular biology, mmmunology and particle 
physies The editors have selected none of these topies, 
instead they have included ın their lmmıted space an 
interesting but not primarily mmportant article on melanin, 
two articles on photochemistry and a discussion of the 
lattice energy of ionic crystals If the articles here selected 
are mtended to represent the major themes of contem- 
porary interest, the editors’ judgment would seem to be 
seriously awry For which reason this 1s probably the 
least satisfactory section of the book, its best piece, 
which does not properly belong to 1t, 1s a discussion of 
the conservation of works of art and the restoration of 
those damaged in*the Florence floods 

The next sections devoted to the mathematics, logic 
and philosophy of science, 18 a praiseworthy attempt to 
cover a not particularly tractable subject But the value 
may well be questioned of meluding an essay on the 
theory of distributions which almost mevitably will lose 
the non-mathematical reader in its first few paragraphs 
The last section of the book, “The Politics of Scientific 
Research”, discusses the science research policies of 
various countries, excluding the USSR, more by way of 
description than analysis, and without attempt at serious 
comparison The newspaper style articles which begin 
the book are perhaps an artificial but certainly successful 
means of conveying to the general reader some of the 
immediacy of science 

In substance the book contams a wide variety of 
attractively presented mformation, 1s well planned except 
in its fourth section, and 1s excellently produced But 
although the publishers presumably know their busmess, 
it 1s hard to see for what class of reader the book 1s intended 
and by whom it will be bought Its price puts it beyond 
the shelves or coffee table of most individuals, and 
hbrarians may consider that it 1s not a work of reference, 
because ıt does not attempt to give an inclusive coverage 
of its chosen field The clarity of a publisher’s intentions 
may always be questioned when ıb is left to the blurb 
writer, not to the editor in his preface, to state the purpose 
of a book, and such 1s the case with Serenza e Tecnica 68 
The volume will apparently be “useful both for the 
specialist who wants to find an authoritative account of 
current research ın fields other than his own” as well as 
for the general reader In the English speakmg world at 
least, this purpose 1s more topically and cheaply covered 
by the relevant scientific magazines, and even among 
readers of Italian the only buyers on impulse may be 
those who already possess the parent encyclopaedia, to 
which indeed the articles m the book are copiously 
referenced N M L Wave 


OBITUARIES 


Professor E R Redfearn 


Eric REGINALD REDFEARN, piofessor of biochemistry at 
the Uftiversity of Leicester, died on March 6 m a road 
, e@ceident which also took the life of his elder son Red- 
, fearn’s death, at the tragically early age of 43, ended a 
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career m biochemical research which spanned only 16 
years but sufficed to establish him as an mternationally 
recognized authority on the mechanism of biological 
electron transport 

Redfearn was educated at Wallasey Grammar School, 
which he left ın 1943 to jom the Royal Au Force Early 
work with airborne radar, and later service as a flight 
sergeant instructor m the education branch, confirmed 
lim ın his resolve to devote himself to science, and pro- 
vided him with an understanding of electronics which was 
to stand him m good stead in his later work On demobil- 
ization m 1947 he spent a short period m industry before 
entering the University of Liverpool m 1948, he gamed 
his B Se with honours in biochemistry m 1952 Working 
under the supervision of Dr J Glover on the biogenesis 
of vitamin A and retmoie acid, Redfearn took his Ph D 
in 1954 and was appointed to a lectureshrp at The Queen’s 
University, Belfast, where he continued and extended 
this work Hais return to a lectureship at Liverpool in 
1957 comeided with the discovery, by Professor R A 
Morton and his colleagues, of coenzyme Q (ubiquinone) 
Redfearn’s interest ın this work was immediately aroused 
and he developed methods, which are still widely used, 
for the isolation and characterization of the oxidized 
and reduced forms of the various quinones His work was 
instrumental in éstablishing ubiquinone as a physiologic- 
ally umportant electron carrier and in defining its site 
of action 

In 1962, Redfearn was appointed to a senior lectureshrp 
in biochemistry at the University of Leicester Here his 
teaching experience and enthusiasm proved most valuable 
in developing the newly established department and m 
planning for the move and mtegration of that department 
mto a separately housed school of biology In 1964, 
the University of Leicester conferred on Redfearn a 
personal professorship, m the same year the University 
of Liverpool awarded him the D Se degree 

In recent years, Redfearn’s mterests m ubiquinone and 
plastoquinone had widened into a general study of energy 
transductions in living systems This was stimulated 
partly by two extended periods of work with Dr Button 
Chance at the Johnson Foundation of the University of 
Pennsylvania and one with Dr Tsoo E King at Oregon 
State University, and partly by his collaboration with a 
lively group of research students and postdoctoral fellows 
who were attracted to jom him at Leicester Of particular 
note was the work which established rotenone as a specific 
iwnhibitor of mutochondrial NADH-oxidase, and the 
elegant elucidation of the two pathways by which electrons 
pass to separate terminal oxidases m Azotobacter vne- 
landu At the time of his death, Redfearn was turning 
his attention to photosynthetic bacteria, his most recent 
and uncompleted work provides evidence that the struc- 
ture of chlorobium quinone requires to be modified 

Eric Redfearn was a dedicated scientist, a loyal colleague 
and a delightful companion Hus untimely death will 
long remain a source of sorrow to all who were privileged 
to know him. H L KORNBERG 


Dr H. M. Muir-Wood 


HreLeN Marauerite Murr-Woop, for more than thirty 
years one of the leading authorities on the phylum 
Brachiopoda, died as the result of a stroke on January 16, 
little more than a month before her seventy-third birthday. 

Born m Hampstead, north London, she took her first 
degree at Bedford College ın 1918 and later studied under 
Professor E J Garwood at University Caglege, London, 
where she developed an interest m Middle and Upper 
Palaeozoic rocks and their brachiopod faunas 

In 1919 she was employed as a part-time curator m 
the department of geology (now the department of 
palaeontology), of the British Museum (Natural History), 
and the followmg year she accepted the position of 
assistant with full charge of the Brachiopod collections, a 


& 
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post she held, with appropriate promotions, until her 
retirement in 1965 at the age of seventy 

During a full working life Helen Muir-Wood produced 
more than fifty memoirs and papers on all aspects of the 
Brachiopoda including a monograph on the Carboniferous 
Produetoids and memoirs on the Jurassic and Palaeozoic 
faunas, not only of Great Britam, but of India, Sikkim, 
Malaya, Irak, Persia, Palestine and Somaliland She held 
office as a member of the Council of the Geological Society 
of London, the Palaeontographical Society, the Ray 
Society and the Systematics Assocation 

Although her chief research mterests meluded the 
morphology, systematics and evolution of the Lower 
Palaeozoic to Recent genera, she became particularly well 
known in the thirties for her pioneer work in establishing 
a classification of Mesozoic genera and species on their 
mternal] structures which were ascertained by transverse 
serial sections This technique, hitherto used only broadly 
by a few continental workers, provided the first major 
step forward im the understanding of the evolution and 
morphological variation of the group, replacing the some- 
what arbitrary methods adopted by S S Buckman 

Some of the early research work in connexion with her 
ideas on the classification was made possible by an award 
of the Lyell Fund which was presented to her by the 
Geological Society in 1930 On the completion of this 
work and ın respect of her earlier publications, she received 
the degree of Doctor of Science from the University of 
London in 1934 

During the Second World War, from 1942 to 1945, she 
served in the secretanat of the Admiralty at Bath and 
although this took her away for a time from her palaeon- 
tological researches, she managed to maintain an interest 
by collecting fossils from beds of the Gieat Oolite Series 
exposed ın the Bath—Bristol district 

After the war she returned to work at the British 
Museum (Natural History), continumg her researches on 
Middle and Upper Palaeozoic genera In 1950 she agreed 
to joint authorship, with Dr G A Cooper of the Smith- 
soman Institution, Washmgton, on a work exclusively on 
the Productoid genera and for this purpose visited the 
United States on two occasions The result of this collabor- 
tion appeared as “Morphology, classification and hfe 
habits of the Productoidea (Brachiopoda)” ın 1960 and 
was quickly recognized by brachiopod workers as being 
one of the greatest contributions to the study of the 
phylum It was largely as a result of her researches m 
connexion with the publication that she was mvited by 
the American editorial board to contribute, supervise and 
partly edit the Biachiopoda section for the Treatise on 
Invertebrate Palaeontology This tremendous undertaking 
required a concentration of both mental and physical 
resources second to none, but despite this she wulingly 
accepted the additional post of deputy keeper of the 
department of palaeontology, British Museum (Natural 
Mistory) in 1955, mvolving herself with a host of admuinis- 
trative problems which she discharged with consummate 
skill and her usual thoroughness ‘This appointment, 
previously held only by a male member of the department, 
counted for more than a major triumph ın her hfe, for her 
views wero distinctly those of a feminist These views 
may have been strengthened by her early difficulties in 
establishing herself in what had always been a strictly 
masculine profession 

In recognition of her services to geology, Helen Mur- 
Wood received the coveted distinction of the Lyell Medal 
which was presented to her by the Geological Society in 
1958 ® 

Always sympathetic to the younger worker, Dr Muir- 
Wood wul be remembered for her wise counsel by numer- 
ous enthusiastic research students, many now prominent 
names in this field of research themselves Aware of the 
many pitfalls associated with the systematics of the group, 
she was always keen to guide the unwary newcomer to 
safe ground with hberal understanding and kindness 

a Ers OWEN 
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University News . London 


Dr J E Hourn, senor lecturer at Chelsea College of 
Science and Technology, has been appointed to the chan 
of electronics tenable at that college and Dr Richard 
Creese, reader at St Mary’s Hospital Medical School, has 
been appomted to the chair of physiology tenable at that 
school The title of professor of bacteriology (infectious 
diseases) has been conferred on Mr D A Mitchison in 
aa of his post at the Royal Postgraduate Medical 
choo. 


Nottingham 
Dr J W. BARRETT, research director of Monsanto 
Chemicals Ltd , has been appomted special professor of 
industrial chemistry, and Dr § Shone, senior admımstra- 
tive medical officer of the Sheffield Regional Hospital 
Board, has been appomted special professor of medical 
administration 


Announcements 


Tue Nuffield Foundation has awarded its first travelling 
fellowship in tropical marme biology to Dr E R Trueman, 
senior lecturer ın zoology in the University of Hull He 
wil work at the University of the West Indies, J amaica, 
and intends to investigate aspects of ‘the httoral and 
sublittoral fauna of the island s 


Tue Institute of Physics and the Physical Society have 
awarded the Maxwell Medal and Prize jomtly to Professor 
K W H Stevens, professor of theoretical physies at the 
University of Nottingham, and Dr R J Elhott of the 
University of Oxford 


THe following medals were awarded at the spring meeting 
of the Optical Society of America the David Richardson 
Medal to Dr H E Edgerton of the Department of Elec- 
trical Engmeering, Massachusetts Institute of Technology , 
the 1968 Adolph Lomb Medal to Dr D © Smcelar of 
Spectra-Physics, Inc , Mountain View, California 


Meetings 


Exscrron Microprobe Analysis, July 3l-August 2, 
Chicago (D R Beaman, The Dow Chemical Company, 
241 Building, Midland, Michigan) 


ProGREsS in Overhead Lines and Cables for 220 kV and 
above, September 16-20, The Institution of Electrical 
Engineers (The Conference Department, The Institution 
of Electrical Engineers, Savoy Place, London, WC2) 


Erratom In the announcement section of the March 23 
issue of Nature (217, 1192, 1968) ıt was incorrectly stated 
that Professor W Morgan was director of the Laster 
Institute of Preventive Medicine The director ıs Sir 
Ashley Miles and Professor Morgan is deputy director 


Erratum By an unfortunate misunderstandmg in the 
Nature office, a number of references in the paper, “Late 
DNA Synthesis in Heterochromatin” by A Luama-de- 
Faria and Halna Jaworska (Nature, 217, 138, 1968), 
were incorrectly quoted The following changes should 
therefore be made Page 138, column l, reference 1 
should be 1~3, references 2, 3 should be 4, 5, column 2, 
references 4, 5 should be 6, reference 7 should be 7~11 
Page 140, column 2, reference 43 should be 44, 45 In 
the first lme of Table 2 on page 140, the references 4, 57 
should m each case be replaced by 4, 5, 52 In Table 3 
on the same page, reference 44 ın the first lime should be 
45 and reference 69 should be 44 In the last hne, the 
group of references 29-43 should be 29-31, 34-38, 40-43, 
in the same line, references 42, 43 and 70-72 should be 
70, 71, 42, 43, 35 On page 141, column 1, the group of 
references given as 2, 52 should be 4, 5, 52 Lower down, 
reference 55 should be 55, 56 In column 2, reference 57e. 


should be 57-59 


Pa 
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CORRESPONDENCE 


Cutting Cakes Blindfold 


Dear Sm,—I am surprised by your comments on the 
Science Research Council (Nature, 217, 991, 1968) Surely 
all those establishments outside the universities are over- 
looked, as indeed they always were, by boards and com- 
muttees drawn both from the universities and from 
mdustry I do not see how their work would be improved, 
therefore, by “giving” them to the universities Neither 
am I prepared to suppose that because research is 
“university” research 1b 1s necessarily good research, 
this sımply 1s not so Then again, a good deal of the cost 
to which you object will stall be there whoever has these 
establishments, ıb 1s spent on buildings, electricity, 
administration, heating, wages, ete I would thmk that 
a good half of ıt must be spent in this way 

And what do you propose for the staff, some of whom 
are first-rate men however much you may dishke what 
they are domg? That they should jom the brain-draim, 
or the unemployed ? Would ıt not be more intelligent to 
suggest that the distribution of these establishments 1s 
not all that ıt might be, and that they could be used by 
other departments, some of which are still expanding 
and needing staf? 

And what ıs “the common good”, which the Radio 
and Space Research Station 1s apparently not concerned 
with? In my understanding of the phrase, I do not 
include the spending of vast amounts of public money 
in discovering the ‘exciting new pulsations”, an expendi- 
ture about to be greatly mereased if I read the signs 
correctly The lot of 99 999 per cent of us would not 
change if all astronomy stopped to-morrow In any case, 
half the work of the station has to do, again as it always 
has, with propagation studies and the hke a study which 
in most other countries has vastly more support than ıb 
has here, not less 

Yours faithfully, 
F V. Barz 
The Coppice, 
67 Switchback Road, 
Maidenhead, Berks 


Cows, Sheep, Pigs and Pounds 


Sm,—You recently published a set of rules on the metri- 
cation of units (Nature, 217, 308, 1968) One was a 
reaffirmation of the convention that M means “multiply 
by a millon” and m means “divide by a thousand” 
Although ıt was not explicitly stated, ıt also seemed that 
the convention that the number should precede the unit 
was being adhered to But your article on foot and 
mouth disease (Nature, 217, 1088, 1968) ıs m chaotic 
contravention The amount paid m compensation 1s 
grven as £265 milion Why not 265 M£? And the 
national herd ıs given as 12 342 m cattle, 28 885 m sheep 
and 7107 m pigs Were they mulipigs? 

Until the end of the past century, a sum of money was 
usually specified by a number followed by an itale l 
Then the £ was mtroduced and its grandeur seems to 
have made people think that the frontal position was 
more suitable Why should we not, at any rate in scientific 
journals, use the same conventions when referring to pigs 
and pounds that we use when referrmg to grams and 
joules ? 

Yours faithfully, 
N W Pre 
42 Leyton Road, 
Harpenden 


Orgueil Meteorite 


Sm,—4n relation to the letter “Occurrence of Ohvine m 
eœ Type I Carbonaceous Meteorite” from J F Kerridge 
fof this laboratory ın your issue of February 24, 1968 


, 
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(Nature, 217, 729, 1968), I would lke to make some 
comments, particularly on his interpretation of his obser- 
vations, with which I do not agree 

T find it difficult to understand why the occurrence of 
olivine m a type I carbonaceous meteorite should have 
aroused scepticism ‘This discovery 1s by no means & new 
one Olivine smgle crystals were reported and photo- 
graphed ın an optical microscope as long ago as 1962 by 
Professor G Mueller (“Interpretation of Microstructures 
in Carbonaceous Meteorites”, Nature, 196, 929, 1962) 
The matter has also been referred to m another paper by 
Professor G Muelle: and myself (‘Significance of Inclu- 
sions im Carbonaceous Meteorites”, Natwe, 210, 161, 
1966) and may be accepted as firm scientific knowledge 

The Orgueil meteorite 1s extremely heterogeneous It 
still remams an unsolved problem how well crystallized 
olivme could co-exist with a low melting pomt car- 
bonaceous phase The obvious solution ıs that the olivine” 
crystals were formed first in the form of a high temperature 
dust, nuéé ardente, subsequently becommg incorporated 
im the stone, but the details of the process are not clear 
As to the composition of the olivine phase, the optical 
method ıs adequate to determine ıt but the presence m 
almost every case of an iron-rich core supports Mr 
Kerridge’s hypothesis that ıt 1s largely of the Fayalite 
type 

In the 1966 paper referred to here, Professor Mueller 
and I pomted out that proof of a strict petrological 
character showed that these inclusions m various meteor- 
ites are fragments of meteorites of other types, par- 
ticularly m the Sharps meteorite, mdicating that all have 
the same parent body These views are quite compatible 
with the idea that the first stage of growth of the car- 
bonaceous chondrites may have occurred from coon- 
densation of primary solar material 


Yours sincerely, 


J.D BERNAL 
Department of Crystallography, 
Birkbeck College, 
Malet Street, 
London, WC1 


Electrophoresis for Free 


Sir,——-Your Molecular Biology correspondent (Nature, 217, 
902, 1968) hıghlıghts the difficulties and errors ın de- 
termining the sub-unit relationships of proteins, despite 
the use of sophisticated equipment and exemplary tech- 
nique One httle known technique with applications m 
this area 1s two dimensional electrophoresis (Sczence, 138, 
152, 1962) Although not as precise as the ultracentn- 
fuge, ıt can give useful results with heterogeneous pre- 
parations One may suppose that the reason this method 
1s not more widely used is the unavailability of the 
equipment required Hence, the following offer 1s made 
to readers of Nature 

For a limited period we will process protem samples 
and return a two dimensional pattern, with mterpretation, 
gratis Samples should be accompanied by reference 
materials to bracket the postulated molecular weight, 
together with data on gross electrophoretic properties 
Protem concentration should be high enough to permit 
stainmg with amido black (ca 5 mg/ml] ) 

We hope by this means to illustrate the value of this 
general technique, since ıt offers the possibility of obtain- 
ing valid data on the size—charge relationship of protems 
with a mimimal mvestment in both time ged apparatus 


. Yours faithfully, 


J Broome 
Current Incorporated, 
757 St Marks Street, 
University City, 
Philadelphia, 
Pa 19104 
a 
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FORTHCOMING EVENTS 


(Afeehings marked wth an asterisk are open to the public) 


Monday, April | 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place London WC2) 
Colloquium on “Injection Lumimescence” 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORK- 
ING Party (et 1 Birdcage Walk, Westminster, London, SW1), at 6 pm— 
Dinenanron Meeting on “Kidney Machines—Technical Medical and Social 

roblems' 


ROYAL Socipry or Arts (at John Adam Street Adelphi, London, WC2) 
at 6 p m —“Industry and Commerce” (Last of three Cantor Lectures on 
“Modern China”) 


Soorery or ENGINEERS (at the Geological Societv Burlington House 
Ticcadully, London, W1), at 6pm —Dr R Davies “High Speed Forming 
of Metals” 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, SW1), at 630 pm —Dr N W Pine FRS “The Use of Novel 
| Proteins ın Human Food” 


Monday, April |—Wednesday April 3 


British BIOPHYSICAL Society (at the University of Nottingham)— 
Meeting on “Biological Semiconductors” 


Tuesday, April 2 


Socipry or CummicaL INDUSTRY, PHSTICIDES GROUP—PHSICOCHEMICAL 
AND BIOPHYSIOAT PANEL (at 14 Belgrave Square, London, SW1), at 10 a m — 
pas ala on “Physicochemical Aspects of Penetration through Plant 

‘uticle” 


INSTITUTION OF C'IYŒ ENGINEERS (at Great George Street, Westminster, 
London, 8SW1) at 530 pm—Informal Discussion on “Sludge Disposal” 
introduced by Mr P Coachley 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5 30 pm —~-Discussion Meeting on “Microwave Electrostatic Wattmeter” 
opened by Professor H E M Barlow 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT [ERE/TEE 
COMPUTER GROUPS (at the London School of Hygiene and Tropical Medicine 
Keppel Street, Gower Street, London, WC1), at 6 p m —Discussion Meeting 
on “Assessing Computer Performance” 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECHANICAL 
HANDING MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, 
$W1), at 6 p m —Discussion Meeting on “Mechanical Handhng of Freight 
Containers in Port Marshalling Yards” 


Tuesday, April 2—Wednesday, April 3 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY, MATERIALS AND 
TESTING GROUP (im conjunction with the National Physical Laboratory, at 
Teddington, Middlesex)—Conference on ‘‘Solid-Solid Interfaces” 


Tuesday, April 2—Thursday, April 4 


Fanapay Soorrry (at the University of Newcastle upon Tyne)—General 
Discussion on “Electrode Reactions of Organic Compounds” 


Wednesday April 3 


COLOUR GROUP (Great Britain) (at the Institute of Ophthalmology, Judd 
Street, London, WC1), at 2 30 p m —Meeting on “Colourvision” DrR A 
Weale “Further Experiments on Human Vision Pigments” 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly London, 
Wi), at 5p m—Dr P G Llewellyn and Mr R Stabbins “Core Material 
from the Anhydmte Series Carboniferous Limestone, Hathern Borehole, 
Leicestershire” (Demonstration), Mr D © Kempe “The Kilonwa 
Syenite, Tanzania” (Paper), Dr B Phippsand DrF A E Reeve “‘Struc- 
tural Geology of the Malvern, Abberley and Ledbury Hills” (Paper) 


ROYAL METEOROLOGICAL Socrery (at 49 Cromwell Road London, SW7), 
at 5 pm-—Professor G W Platzman “The Rossby Wave” (Symons 
Memorial Lecture) 


Soorsty or CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (jot meeting with the Institution of Highway Engineers, at the 
Institution of Structural Engineers, Upper Belgrave Street, London, SW1), 
T 5 p m Meeting on “Engineering and Related Properties of Pulverized 

‘uel Ash’ 


ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDICINE SECTION at 1 Wim- 
pole Street, London, W1), at 515 pm —Suir John Charles “Twenty Years 
of the World Health Organization” 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street London, W1), 
at 530 pm-—Mr R A Vere “New Aviation Turbo-Fuel Specifications 
Adeqnately Control Fuel Quahtyr” 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, SW1), at 5 30 pm —informal Discussion on “Experience in the 
implementation of Mechanized Maintenance of Track” mtroduced by Mr 
F J J ProrandMrK W Pearce 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2) 
at 530 pm—Mr J Reeve “Logical Behaviour of H V DC_ Convertors 
Durmg Norma! and Abnormal Conditions and Direct Digital Protection” 


Thursday, April 4 


SOCIETY POR ANALYTICAL CHEMISTRY, AUTOMATIC METHODS GROUP, AND 
THE ASSOCIATION OF CLINICAL BrocHEsists (Southern Region) (in the 
Department of Electrical Engineering, Imperial College, London, SW7), at 
930 am —Lecture and Demonstration Meeting on “Newer Systems in 
Automatic Analysis” 


ROYAL SOCIETY oF ARTS, COMMONWEALTH SECTION (at John Adam Street, 
Adelphi, London, WC2), at 230 pm —Mr Malcolm Ford “New Zealand’s 
Field Work tn the Antaretie” 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, SW1), at 4 30 p m — 
DrM A Grag FRS “The Almement of Nuclei” (Review Lecture) 
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INSTITUTE OF MATHEMATICS AND Its APPLICATIONS (at the Royal Institu- 
tion Albemarfe Street, London W1), at5 pm—DrP G Wakely i “Industry 
and the Mathematician” (Presidential Address) * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place London WC2), 


at 5 45 pm —Lord Jackson of Burnley, FRS Fourteenth Graham Clark 
Lecture 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating Refrigeration and Fan Engineering, Southwark Bridge Road 
London SE1), at 6 pm —Mr A R Went and Me A P Ivers “Design and 
Operation Considerations—Insulated and Refrigerated Transport” 


INSTITUTION OF MECHANICAL ENGINEERS PROCESS ENGINEERING GROUP 
{at 1 Birdcage Walk, Westminster London SW1) at 6 p m —Disevssion 
Meeting on “An Approach to the Design of Half-Co1l Pressure Vessels” 


Thursday, April 4—Saturday, April 6 


BRITISH SOCIETY FOR THE HISTORY oF Scrence (at Loughborough 
University of Technology, Loughborough)—S: osium on “The Teacht 
of the History of Science (In Schools and Colleges) re i 


Friday, April 5 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 530 pm—MrL C L Dale, Mr L B Knowles and Mr T H Morrison 
‘Gas Turbine Plants for Peak Load Generation and Synchronous Compensa- 


non i review of the Installations for the Central Electricity Generatıng 
oar 


Monday, Aprıl 8 


MEDICAL RESEARCH COUNCIL (at the National Institute for Medical 
Research, Mill Hill, London, NW7), at 4 30 pm —Professor A G Ogston, 
FRS (Australan National University, Canberra) “Some Aspects of Inter- 
actions Between Macromolecules” 


INSTITUTION OF CIVIL ENGINEERS, PILING COMMITTEE fat Great George 
Street, Westminster, London, SW1), at 530 p m —Informal Discussion on 
SS ee or In stiu Diaphragms—Continuous Bored Pileys—Slurry Trench—Thm 

1aphragm”’ 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 6380p m—MrE A Llovd “Eddy Currents and Automatic Inspection” 


Monday, April 8—Tuesday, April 9 


BIOLOGICAL COUNCIL (in the Edward Lewis Theatre, Middlesex Hospital 
Medical School, Cleveland Street, London, W1)—Symposium on “Scientific 
Basis of Drug Dependence”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, INSTITUTION OF 
ELECTRICAL ENGINEERS, ELECTRONICS DIVISION, at Imperial College 
London, SW7) at9a m datlly—Joint Conference on “Thick Film Technology” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned 

LECTURER (with a PhD and able to give evidence of the ability to teach 
and conduct research in the field of rotating machines, with particular 
reference to their use ın control systems) in ELECTRICAL ENGINEERING—- 
The Registrar, University College of Swansea, Singleton Park, Swansea, 
South Wales (April 8) 

VISITING LECTURER IN CHEMISTRY at the University of Canterbury, 
Christchurch, New Zealand—-The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (April 8) 

LECTURER (with interests in the following fields of specialization fluid. 
mechanics, structural mechanical and computer systems, design synthesis, 
transportation engineering operation research and systems and geotechnical 
engineering) in CIVIL ENGINEERING-—-The Registrar, University College of 
Swansea, Singleton Park Swansea, South Wales (April 11) 

PROFESSOR (with a higher degree, preferably a doctorate, and research 
experience in the field of entomology) of ENTOMOLOGY at the University of 
Queensland, Australia—The Secretary-General, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
SW 1 (London and Brisbane, April 12) 

HEAD OF THE DEPARTMENT OF BrloLOGy—Clerk to the Governing Body, 
Paisley College of Technology, High Street, Paisley (April 15) 

LECTURER OR ASSISTANT LECTURER (Probationary) (preferably with an 
interest ın animal behaviour) ın ZOOLOGY—The Secretary Bedford College 
(University of London), Regent’s Park, London, NW1 (April 15) 

LECTURER/SENIOR DEMONSTRATOR (with a higher degree in geology with 
particular imterests in the fields of palaeontology and stratigraphv, and 
preferably some previous teaching experience) ın GEOLOGY at the University 
College of Townsville, University of Queensland, Australia—The Association 
of Commonwealth Univeratties (Branch Office), Marlborough House, Pall 
Mall, London, SW1 (Australia and London April 15) 

LECTURER IN Puysitcs—The Secretary, Trinity College (University of 
Dubhn), Dublm 2 Republic of Ireland (April 16) 

ASSISTANT LECTURER (preferably with a special interest in logic) in the 
DEPARTMENT OF PHILOSOPHY—The Registrar, The University, Liverpool, 
quoting Ref BRV/414 (April 17) 

PROFESSOR, SENIOR LECTURERS (2), and LECTURERS (2) 1n the DEPARTMENT 
OF MATHEMATICS, University of Ife, Nigeria—The Inter-University Council, 
83 Bedford Place, London, WC1 (April 23) 

CHAIR OF ARCHAEOLOGY OF THE ROMAN PROVINCES at the Institute of 
Archaeology—The Academic Registrar, University of London, Senate House, 
London, WC1 (April 25) 

LECTURER IN ZOOLOGY and CURATOR OF THE ZOOLOGICAL COLLEQTIONS 
(which do not include insects)—-The Secretary of the Faculties, University 
Registry, Broad Street, Oxford (April 27) 

LECTURER or ASSISTANT LECTURER IN BIOLOGY at the University of the 
West Indies, Barbados—The Intei-University Council, 33 Bedford Place, 
London, WC1 (April 29) 

LECTURER IN ORGANIC CHEMISTRY—The Secretary of the University 
Court, The University, Glasgow (April 30) 

LECTURER/SENIOR LECTURER IN MICROBIOLOGY at Massey Wniversity, 
Palmerston North, New Zealand—The Secretary-General, Assocation of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Maj, 
London, SW1 (New Zealand and London, April 30) 
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SENIOR LECTURER or LECTURER IN BIOCHEMISTRY at the University of 
Auckland, New Zealand—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (New Zealand 
and London, April 30) 

SENIOR LECTURER or LECTURER IN BIOCHEMISTRY at Victoria University 
of Wellington, New Zealand—The Association of Commonwealth Universities 
(Branch Office) Marlborough House, Pall Mall, London, SW1 (New Zealand 
and London, April 30) 

UNIVERSITY STUDENTSHIPS AND FELLOWSHIPS for experimental and 
theoretical research ın nuclear and elementary particle physics and solid 
state physics and also for theoretical research in plasma phvsics—the Secre- 
tary to the University Court, The University, Glasgow (May 4) 

LECTURER (with a special interest ın mineralogy/petrology and prepared to 
lecture in palaeontclogy up to second year level) in GEOLOGY at Makerere 
University College, Uganda (University of East Africa)—The Inter-University 
Council, 33 Bedford Place, London, WO1 (May 7) 

SENIOR LECTURER and LECTURERS (2) IN THE DEPARTMENT OF PHYSIOLOGY 
Makerere University College, Uganda (University of East Africa) —The Inter- 
University Council, 33 Bedford Place, London, WC1 (May 8) 

SENIOR LECTURERS or LECTURERS (with qualifications in either pure or 
applied mathematics and preferably a qualification in algebra) in MATHE- 
MATICS at the University of Canterbury, Christchurch, New Zealand—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (May 15) 

RESEARCH ASSISTANTS (with, or expecting to obtam, a good honours 
degree in agricultural botany or botanv) in the DEPARTMENT OF AGRICUL- 
TURAL BOTANY, for research in the field of genetics, crop physiology or plent 
pathology—tThe Secretary, University College of Wales Abervstwvth 

RESHARCH ASSOCIATE ELECTRON MICROSCOPIST to join a Cell Research 
Group engaged in investigating the nature of the adhesive mechamsms at 
the cell surface—Professor B M Jones, Department of Zoology, University 
College of Wales, Aberystwyth 

SENIOR LECTURER (preferably with experience or interest ın the fields of 
mineralogy, petrology or geochemistry) in GEOLOGY—Clerk to the Governing 
Body, Northern Pelytechnic, Holloway, London, N7 


REPORTS and other PUBLICATIONS 


(not encluded in the monthly Books Supplement) 


Great Britain and Ireland 


Ministry of Transport Road Research Laboratory RRL Report LR89 
The RRL Refiecting Kerb By J R LakeandJ W Tyler Pp 4+5 plates 
(Crowthorne Road Research Laboratorv, 1967) Grats [151 

Royal Observatory Bulletins No 131 G-R and R-I Colours of Late- 
Type Dwarfs By J B_ Alexander and B D Yallo Pp E371-E381 
2s 6d net No 132 Photohehographic Results 1960 Pp C99-C192 
12s 6d net No 133 Tıme and Latitude Service 1966, January-March 
Pp B101-B116 3s net (London HM Stationery Office, 1967 ) [151 

Bulletin of the British Museum (Natural History) Zoology Vol 16, 
No 2 A Revision of the Elephant-Shrews, Family Macroscelididae By 
G B CorbetandJ Hanks Pp 45-111+1 plate (London British Museum 
(Natural History), 1968) 36s * (161 

Sealing in UK and Canadian Waters (Papers submitted to a UFAW 
Symposium on 18th January, 1968) Pp 32 (London ‘The Universities 
Federation for Animal Welfare, 1968 ) 1 

General Register Office The Registrar General’s Annual Estimates of the 
Population of England and Wales and of Local Authority Areas, 1967 
Pp 16 (London HM Stationery Office, 1968) 2s 6d net [171 

The Registrar General's Decennial Supplement, England and Wales, 1961, 
Area Mortality Tables Pp xu+149 (London HM Stationery Office, 
1967) 35s net 181 

Ministry of Health and General Register Office Report on Hospital 
In-Patient_ Enquiry for the Year 1964 Partl Tables Pp x1+288 
(London HM Stationery Office, 1967) 31s net [181 

Ambassade de France, Service de Presse et d'Information The City of 
Grenoble Pp 26 (London Ambassade de France, Service de Presse et 
d’Information, 1968 ) [181 

Cabinet Office The Torrey Canyon Report of the Committee of Scientists 
on the Scientific and Technological Aspects of the Torrey Canyon Disaster 
Pp vin+48+8 plates (London HM Stationery Office, 1967) 5s Od 
ne 181 

Northern Ireland Ministry of Agriculture Leaflet No 5 Wace 
Cattle Pp 3 Leaflet No 44 Cattle Diseases Pp 12 Leaflet No 60 
Part time Agricultural Classes Pp 4 Leaflet No 61 Care and Manage- 
ment of Breeding Bulls Pp 12 eaflet No 91 Parasitic Worm Diseases 
of Farm Livestock Pp 4 Leaflet No 102 Mastitisin Cattle Pp 7 Leaflet 
No 115 Safety on the Farm Pp 15 (Belfast Ministry of Agriculture, 
1967 and 1968 } [181 
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Other Countries 


Directory of Meteorite Collections and Meteorite Research 
(Pans Unesco, 1968 

United States Department of the Interior Geological Survey Bulletin 
1247 Low-Temperature Reaction Zones and Alpme Ultramafic Rocks of 
California Oregon and Washington By Robert G Coleman Pp iv+49 
$025 Bulletin 1251-B Stratigraphy, Age, and Paleotectonic Significance 
of the Cottonwood Canyon Member of the Madison Limestone in Wyoming 
aod Montana By Charles A Sandberg and Gilbert Klapper Pp iv+70 
$030 Bulletin 1252-D Phosphate Deposits By V E McKelvey Pp 
+21 $015 Bulletin 2260-A, B Studies Related to Wuilderness— 
Wudlife Refuges Bitter Lake and Bosque del Apache, New Mexico By 
George O Bachman Pp vwiit+19 $015 Bulletin 1260-C Studies 
Related to Wilderness—Wildlife Refuges Bear River Migratory Bird 
Refuge, Utah By Lowell S Hilpert Pp v+10 $015 Water-Supply 
Paper 1576-G Geology and Availability of Ground Water on the Ute 
Mountain Indian Reservation, Colorado and New Mexico By James H 
Irwin Pp v+109+plates 1-3 (Washington, DO Government Printing 
Office, 1966 and 1967 } [221 

Smithsonian Miscellaneous Collections, Vol 152, No 6 Solar Magnetism 
and World Weather By Dr C G Abbot Pp 7 Exploring Space and Sea 
By M Scott Carpenter, Commander, USN (Edwim A Link Lecture Series j 


Pp 50 
221 


Pp 28 $050 Masters of the Air Highlights of Aeronautical History fo, 
the Young Reader By Glenn O Blough and Paul E Garber Pp 3: 
(Washington, DC The Smithsonian Institution Press, 1967 ) {2 
Sciencein India—Some Aspects By Dr Atma Ran (Presidential Address, 
Fifty-fifth Indian Science Congress, Varanasi, 1968) Pp 15 (Calcutta 
Indian Science Congress Association, 1968 )} {281 
Comptes Rendus des Travaux du Laboratoire Carlsberg Vol 36, No 7 
Growth Rate Dependency of Protein and Nucleic Acid Composition of 
Tetrahymena Pyriformis and the Control of Synthesis of Ribosomal and 
Transfer RNA By Vagn Leick Pp 113-126 3kr Vol 36, No 8 Syn- 
chronous DNA-Synthesis Induced by Synchronous Cell Division in Tetra- 
hymena By K K Byelmand E Zeuthen Pp 127-160 6kr Vol 36, 
No 9-10 Studies on Endocytosis in Amoebae, the Distribution of Pino- 
cytically Ingested Dyesin Relation to Food Vacuolesin Chaos chaos 1 Taght 
Microscopie Observations By Cicily Chapman-Andresen 2 Electron 
Microscopic Observations Using Alcian Blue By Cicely Chapman-Andresen 
and Jytte Reichstein Nilsson Pp 161-208+6 plates 8kr Vol 36, No 11 
Malarial Periodicity and Body Temperature—an Experimental Study of 
Plasmodium lophurae in Chicken Embryos By Milan Kovic and Enk 
Zeuthen Pp 209-224 3kr Vol 36,No 12 Geycogen Synthetase Activity 
in Amoeba proteus By Bernhard Larner Pp 225-234 2kr Vol 36, No 13 
Studies on the Carbamylation of Subtihsin Type Novo By I Svendsen 
Pp 235-246 3 kr Vol 36, No 14 Hydrogen-Deutermum Exchange in 
Ovalbumin By Lars Willumsen Pp 247-263 3kr (Copenhague Danish 
Scrence Press, Ltd , 1967 ) (231 
US Department of Agriculture—Economic Research Service Foreign 
Agricultural Economic Report No 37 Agricultural Policies in the Far 
Fost ea Oceania (Washington, DC Government Printing one 
Annals of the South African Museum Vol 50, Part 6 Additions to the 
Cvrtosiinae (Bombylidae) of South Africa By A J Hesse Pp 89-130 
R 120 Vol 50, Part 7 The Cranial Morphology of the Permo-Triassic 
Anomodont Pristerodon buffaloensis with special reference to the Neural 
Endocranium and Visceral Arch Skeleton By T H Barry Pp 131-161+2 
plates R 150 Vol 50, Part8 Neue Spezies von Notiophygus Gory Nebst 
Erganzungen (Discolomidae Col) Von Hans John Pp 163-168+8 plates 
RO 60 Vol 50, Part 9 Hydroids from the South-West Indian Ocean 
ByN A H Millard Pp 169-194 R1 
Museum, 1967 ) 24 
Académie Royale de Belgique Classe des Lettres et des Sciences Morales 
et Politiques Memoires Tome LIX, Fascicule 1 Les Caecili Metelli de la 
République Par J Van Ooteghem, SJ Pp 349 (Bruxelles Académie 
Royale de Belgique, 1967 ) 320 francs [241 
Republic of South Africa Department of Industres Division of Sea 
Fisheries Investigation Report, No 64 Reproduction of the South African 
Abalone Hakotis mdae By G G Newman Pp 24 (Sea Point, Cape Town < 
Director of Sea Fisheries, 1967 ) Grates [241 4 
United States Department of the Interior Geological Survey Water | 
Supply Paper 1857 Ground Water in the Eola-Amıty Hills Area, Northern ‘ 
Willamette Valley, Oregon By Don Price Pp 1v+66+plate1 Professional 
Paper 352-I Bates of Slope Degradation as Determined from Botanical 
Evidence, White Mountains, Califorma By V_C LaMarche, Jr Pp iv+ 
377+ plates 10 and 11 $075 (Washington, DC Government Printing 
Office, 1967 and 1968 ) 251 
Journal of Radnoanalytical Chemistry, Vol 1, No 1 (January 1968) Pp 
1-94 Subscription price 165s, $2250, 8250 D FI per volume, plus 
postage Published bimonthly (Amsterdam Elsevier Publishing Co, 
Budapest Akadémiai Kiadó, 1968 ) [261 
New Zealand Department of Scientific and Industrial Research Geo- 
physics Division Seismological Observatory Bulletin E-144 Seismological 
Report 1963 Pp 344 (Wellington Department of Scientific and Industrial 
Research, Geophysics Division, 1987 ) [182 


(Cape Town South African 
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” Anew research microscope... | 
the Standard RA 


You'll never know ease of focusing 
until you turn the fine-focusing 
control on the “RA” lt operates , 
throughout the entire range of 

stage movement No backlash. 

No annoying stops. 





We have added a large new 
rectangular base for solid 
stability, The new light grey 
finish 1s easier to clean, more 
corrosion-resistant. We couldn't 
improve the optics nor the silken 
ease of the mechanics, nor 
expand on interchangeability for 
which all Zeiss microscopes are 
noted. No one can So,we have 
maintained them. , 


& 


i Full details from Cari Zeiss at 
a Degenhardt & Co Ltd., 
í p 20/22 Mortimer Street, 
è Ti London, W.1. i $ 


01-636 8050 (15 lines) 
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UNIVERSITY COLLEGE OF 


WALES 
ABERYSTWYTH 
DEPARTMENT OF AGRICULTURAL 
BOTANY 


Apphcations are mvited for the post of 
LECTURER/ASSISTANT LECTURER in 
the above Department, with a special n- 
terest in Genetcs and Biological Statistics 
Postgraduate experience desirable 


Applicatiom forms are obtainable from 
the Registrar to whom all applications 
should be sent by®April 30, 1968 (1194) 


UNIVERSITY OF LIVERPOOL 


Applications are invited for the post of 
Assistant Lecturer or Lecturer at the 
Tidal Institute and Observatory, Bidston, 
Birkenhead, Cheshire 

The successful candidate will be expected 
to engage in research in numerical analysis, 
with particular reference to tidal and other 
geophysical time series 

Salanes wilt be within the range £1,105 
to £1,340 per annum for an Assistant 
Lecturer and £1,470 to £2,630 per annum 
for a Lecturer 

Apphcations stating age, qualifications 
and experience, together with the names of 
three referees, should be received not later 
than April 15, 1968, by the Registrar from 
whom further particulars may be obtained 
Please quote Ref RV/415/N (1202) 





MEDICAL RESEARCH COUNCIL UNIT 
FOR METABOLIC STUDIES IN 
PSYCHIATRY 


UNIVERSITY OF SHEFFIELD 


PHYSIOLOGIST, preferably post- 
doctoral required to work on abnormal 
biological rhythms, or the application of 
bioassays of vasopressin, gonadotrophins 
or oestrogens, or related problems 


Excellent facilities 
RESEARCH BICCHEMIST with clinical 


amerest required to work on adrenal 
thyroid, and/or pituitary function im 
patients with regularly recurring psychoses 
Excellent facilities 


All enquiries to Professor F A Jenner 
Whitley Wood Clinic, Sheffield, S10 3TL 


(1198) 


UNIVERSITY OF EAST AFRICA 
MAKERERE UNIVERSITY COLLEGE 
UGANDA 


Applications are invited for Lectureship in 
Department of Biochemistry, Faculty of Medicine 
Preference given to candidates with experience 
or interest in (a) teaching medical students 
and (b) biochemical research in relation to 
medical problems Salary £EA1i 950 to £EEA2 280 
pa (one EA shilling=is 2d sterling) Salary 
supplemented ın appropriate cases under British 
Expatriates Supplementation Scheme in range £345 
10 £410 per annum (stering) FSSU Family 
passages, biennial overseas leave 

Detailed applications (six copies) naming three 
referees, by May 2, 1968, to Inter-University 
Council 33 Bedford Place London, WC 1, from 
whom paruculars may be obtained (1139) 
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RADIATION BIOLOGY AND 
CELLULAR KINETIC RESEARCH 
GROUP 


Staff positions open in renal physiology cancer 
biology immunology and biochemistry 


SCIENTISTS with significant post-doctoral ex- 
perience are invited to submit curricula vitae to 
Samuel W Lesher, PhD, Director Division 
Radiation Biology Department of Radiology 
Allegheny General Hospital 320 E North 
Avenue Pittsburgh, Pennsyivania 15212 (1022) 


INTERNATIONAL COUNCIL OF 
SCIENTIFIC UNIONS 


COMMITTEE ON DATA FOR SCIENCE AND 
TECHNOLOGY 


SCIENTIFIC WRITER/EDITOR 


Applications are invited from graduates (male 
or female) for the position of Scientific Writer/ 
Editor on the smali staff of the Central Office of 
the Committee on Data for Science and Techno- 
logy (CODATA) of the International Council of 
Scientific Unions (ICSU), located in Frankfurt 
(Main), Germany Starting date as soon as pos- 
sible Knowledge of German would be helpful 
but is not essential 

The main task will be to prepare new editions 
of the International Compendium of Numerical 
Data Projects which includes a detatied descrip- 
uor of the organization and activities of world 
wide numerical data centres and a review and 
analysis of their publications In addiion the 
editor will be responsible for the publication of 
the CODATA Newsletter 

This appointment would interest a science 
graduate with a sound chemical and/or physical 
background, together with the ability to present 
scientific mformation in clear concise English 

Salary in the range of £2,000 to £2,700 per 
annum according to experience (plus fringe bene- 
fits) and wth addition for Good Honours De- 
gree 

Applications, stating full details of age, qualifi- 
cations, experience, present work and the names 
of two referees, should be sent to The Executive 
Secretary, The Royal Society, 6 Carlton House 
Terrace Lontion, SW 1 by. April 19, cm ) 
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UNIVERSITY OF OXFORD 
DEPARTMENT OF BIOMATHEMATICS 


Applications are mvited for the post of Tem- 
porary Research Assistant to assist in a Statistical 
research project supervised by the Professor of 
Biomathematics, to whom applications should be 
sent Degree in mathematics or similar profes- 
sional qualification required Knowledge of 
Statistics and/or computing an advantage Stan- 
ing salary about £950 FSSU, subject to qual- 
fications (1268) 


UNIVERSITY OF OXFORD 


INSTITUTE OF EXPERIMENTAL 
PSYCHOLOGY 


An Electronic Specialist 1s required about June 
1 1968, to direct design, development and main- 
tenance of apparatus, and to take charge of a 
section of the Institute in a new building now 
under construction Candidates should nave an 
appropriate University degree or equivalent pro- 
fessional qualification The salary will be on the 
Departmental Research Assistant scale £1 450 to 
£2350 depending upon age and experience 
FSSU benefits 

Please apply with details of career and names 
of two referees to the Administrator Institute of 
Experimental Psychology, 1 South Parks Road 
Oxford, as soon as possible (1148) 





UNIVERSITY OF GLASGOW 
WELLCOME LABORATORIES FOR 
EXPERIMENTAL PARASITOLOGY 


Applications are mvited for a Research Assis- 
tantship to work on the nutrition of tapeworms 
Appointment tenable for three years — Initial 
Salary up to £1,200 per annum with FSSU 
and annual increments of £100 

Further particulars from Dr C A Hopkins 
University Veterinary Hospiual, Bearsden Road 
Bearsden Glasgow to whom applications with 
the names of two referees, should be sent by 
April 30 1968 (1129) 


CLINICAL CHEMIST, PHD FOR 800-BED 
teaching hospital of University of Toronto 
Responsibilities include sharing in supery.sion of 
modern routine and special procedures labora- 
tories as well as method development Oppor- 
tunity for post-doctoral training in clinical 
chemistry 1f necessary Write Dr A Rapoport 
Toronto Western Hospital 399 Bathurst Street, 
Toronto 2B Canada (1247) 





UNIVERSITY OF LONDON 
INSTITUTE OF PSYCHIATRY 


Research worker required with an {yteresi in 
ammal behaviour to work on the problems of 
communication within a primate group A 
background in zoology or physiological psy- 
chology or an interest in social organization 
would be an advantage Three-year appoint- 


ment 

Enquiries to Dr Richard P Michael, Primate 
Research Centre, Bethlem Royal Hospital 
Monks Orchard Road Beckenham, Kent 


Telephone 01-777 7887 (1206) 


THE NORTH OF SCOTLAND COLLEGE OF 
AGRICULTURE AND DEPARTMENT OF 
AGRICULTURE, UNIVERSITY OF 
ABERDEEN 


SCHOOL OF AGRICULTURE 


Applications are invited for the post of 
HEAD OF THE CROP erase 





DIVISION with responsibilues for specialis 
advisory work and College and Universit 
studies Salary scale Grade I, £2,651 to £3 345 
per annum Superannuation scheme Medical 
cxaminauon 

Further particulars, together with Forms of 
Application, and particulars of the appointment 
may be obtained from the Secretary, The North 
of Scotland College of Agriculture, 41} Union 
Street, Aberdeen, AB9 1UD, with whom appli- 
cations should be lodged not later than April 
15 1968 (1245) 


UNIVERSITY OF DURHAM 


Applications are invited for the post of Re- 
search Assistant in Botany to work with Dr 
Margaret E Bradshaw on the population 
dynamics of selected species in Upper Teesdale 
The appointment will be for three years and 
will commence as soon after the closing date as 
possible The salary wi'l be on the scale £850 
to £950 with FSSU 

Applications (3 copies) should be sent by 
Saturday April 13, 1968 to the Registrar and 
Secretary, Old Shure Hall, Durham from whom 
further particulars may be obtained (1236) 


ROYAL UNIVERSITY OF MALTA 


Applications are invited for a Lectureship sn 
Biology The vacancy is for a Botanist Salary 
(ncluding overseas allowance) £1,500 by £7! 
fo £2025 per annum FSSU Passages pro- 
vided for appointee, wife and children under 1: 
years of age, up to a maximum of £75 per heat 
on appointment and normal termination De 
taled applications (6 copies) namıng thret 
referees by April 29, 1968, to Inter-University 
Council, 33 Bedford Place, London, W C 1, fror 
whom paruculars are obtatnable (1233) 


UNIVERSITY OF THE WEST 
INDIES—TRINIDAD 


Applicauons ate mvited for (a) Research Fel 
lowship, or (b) Junior Research Fellowship 1 
Faculty of Agnculture Candidates should hav 
a degree in agriculture agricultural sclence o 
equivalent qualification preferably with post 
graduate experience and experience of tropica 
soils and agriculture Appointee may be re 
quired to work in any of the islands served b. 
the University Salary scales (a) £1550 u 
£2630 per annum, (b) £1,250 to £1,410 ne 
annum Child allowance FSSU Famil 
passages tnennial study leave Detailed applica 
tions (6 copies) naming 3 referees shouid b 
sent by April 30, 1968, by persons hving in th 
Americas and Caribbean area, to Secretary 
University of the West Indies, St Augustine 
Trinidad and by all others to Inter-Universit 
Council 33 Bedford Place, London, WC} 
Further particulars obtainable similarly (1232) 














UNIVERSITY OF EAST AFRICA 


MAKERERE UNIVERSITY COLLEGF— 
UGANDA 


Applications are invited for Lectureship 1 
Geology Candidates should have a specu 
interest in Mineralogy/Petrology and should als 
be prepared to lecture in Palaeontology up t 
second-year level An intereyy in Geochemistr 
would be of further advantige Salary scal 
£EA1,35@ to £EA2,230 per annum (one Ev 
shiling equals 1/2d sterling) Salary supple 
mented in appropriate cases under British Expatr. 
ates Supplementation Scheme in_the range £34 
to £410 per annum (sterling) FSSU Famil 
passages , biennial overseas leave Detailed app 
cations (6 copies) naming 3 referees, by May ' 
1968, to Inter-University Council, 33 Bedfor 
Place, London, WC, from whom particular 
are available (4231) 
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~ EMERGK AG 2 


Steroid Research 


is of growing importance within our development programme 
We have made substantial progress and are seeking to extend our | ° 
efforts in this field. i 


The Department of 


Experimentai Endocrinology 


plays a vital part in this programme 


We require a suitable person as 


Head of Department, 


He should have experience in scientific teamwork, be conversant 
with the technique of screening and assessing steroid compounds 
also in methods used for developing new products 


Whilst our Research Department ts located in Germany, we would 
welcome a scientist with English as his mother tongue—the more 
so since E. Merck, Darmstadt is international Command of the 
German language would be useful (but ts not essential) 


Please write to us, even if your qualifications do not quite match 
this outline Scientific and human integrity apart, responsibility and 
initiative are our principal requirements 


Salary and fringe benefits will be a matter for personal negotiation 
They will reflect the importance we place on this appointment 


(SR DA RTA RPE EEE ER SS EE TEE ET IS 
è E. Merck Aktiengesellschaft, 61 Darmstadt/Germany 
Personal-Abteilung | 


(1297) 
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CSIRO RESEARCH 
AUSTRALIA SCIENTISTS 


BOVINE TUBERCULOSIS 
DIVISION OF ANIMAL HEALTH 


GENERAL The Division of Animal Health of the Commonwealth Scientific and 
Industrial Research Organization has three major laboratories—the Animal Health 
Research Laboratory, Melbourne, the McMaster Laboratory, Sydney, and the 
Veterinary Parasitology Laboratory, Brisbane 


The major areas of research at the Anima! Health Research Laboratory, Parkville, 
Victorta, include bovine pleuropneumonia, virus diseases, tuberculosis, infectious 
bovine infertility, ovine footrot, parasitic diseases of sheep and cattle in the southern 
winter rainfall zone and investigations into plant poisons 


It is proposed to set up a section for tuberculosis research at the Animal Health Research 

Labgyatory, and applications are invited for appointment as Research Scientist to each 

of two positions 
e 


` 


MICROBIOLOGIST—IMMUNOLOGIST 


DUTIES The Division is expanding its programme of fundamental tmmunological 
research, particularly in those fields relevant to mycobacterial infections Work ts 
already in progress with special reference to ruminant immune globulins including 
immediate-type hypersensitivity It ıs hoped that future work will widen and supple- 
ment these studies into areas of cellular immunology and delayed-type hypersensitivity 


«The Laboratory ts well equipped for these studies and possesses an analytical ultra- 
centrifuge, electron microscope, fractionation equipment, cold room and extensive 
small and large animal accommodation 


QUALIFICATIONS Applicants should havea PhD degree in Science or in Applied 
Science with emphasis on Biology, or postgraduate research experience of equivalent 
standard and duration, supported by satisfactory evidence of research ability 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Principal Research Scientist, $A8,242—$A9,490 pa, 
or Seni Principal Research Scientist, $A9,918-$A10,230 pa Salary rates for 
women are $4428 pa less than the corresponding rates for men 


VETERINARIAN 


DUTIES The appointee will be required to collaborate tn the immunological research 
on bovine tuberculosis, particularly in the applied aspects of the programme He may 
be required to study the epidemiological aspects He would haise with the meat 
Inspection services, with the State veterinary services and with the Northern Territory 
Administration 


QUALIFICATIONS Applicants should have a degree in Veterinary Science and a 
Ph D degree tn a relevant discipline, or post-graduate research experience of equivalent 
standard and duration, supported by satisfactory evidence of research ability 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary ranges of Research Scientist, $A5,250-—$A6,622 pa or Senior 
Research Sctentist, $A6,892-$A7,974 pa Salary rates for women are $A428 pa 
fess than the corresponding rates for men 


CONDITIONS The appointments, which carry Commonwealth Superannuation 
Fund or Provident Account privileges, will be conditional upon passing a medical 
examination An initial probationary period of 12 months may be specified 


Consideration would be given to appointment for an initial period of three years at 
the conclusion of which an extension of tenure or appointment for an indefinite 
period would be considered 


Applications, quoting Appointment No 201/301 (Microbtologist-immunologist) or 
201 /302 (Veterinarian), and stating full name, place, date and year of birth, nationality, 
marital status, present employment, details of qualifications and experience, together 
with the names of not more than four persons acquainted with the applicant s academic 
and professional standing, should reach 


Mr R F Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
Africa House, Kingsway, 

e London, W C 2, by the 24th May, 1968 
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UNIVERSITY COLLEGE OF |; 
NORTH WALES ° ci 


MATERIALS SCIENCE i 
SCHOOL OF ENGINEERING SCIENCE 





































Opportunities for research leading to the 
degree of PhD are available in the Divi 
sion of Materials Science which has a, $ 
special interest in the electronic properties, 
of materials Research in progress 1s linked 
whenever possible, with industrial labora-( 
tories and includes studies of 

Atomic structure of metal surfaces and 

interfaces 

Single crystal whisker growth and evalua- 

tion 
Epitaxy and trace contamination in semi- $ 
conductors 
Local conduction im oxide and organic 

polymer films g 
Ultra-high vacuum preparation and } 

assessment of semiconductor thin films ! 
Conduction in hquid dielectrics and con- ¿ 

struction of liquid electrostatic devices + 
Emussion mechanisms and motion of high i 

current discharges 
Excellent facilities are available, especially 4 
for surface and thin film studies, and m- sjy 


Microscopes, Field Emission and Field Ion- A 


tion Equipment, an Infra-red Specirometer ‘} 
and Ultra-tigh Vacuum facisties 4 


part of an MSc Course on Electronic 
Matenals and Devices 1s available to all 


Further particulars and applicauon forms 
may be obtained from the Registrar, UC 
NW, Bangor (1241) 
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ASSISTANT LECTURER IN 
PHYSICS 


Applications invited for above post asso- 
ciated with Low Temperature group under 
Professor H E Hall The research interests 
of the group are hquid helium and the 
transport properties of superconductors 
Candidates intending to pursue research in 
superconductivity preferred Salary range 
£1,105 to £1,340 per annum FSSU 
Particulars and application forms (returnable 
by May 10) from the Registrar Quote ref 
41/68/Na (1240) 


UNIVERSITY COLLEGE OF ~ 
WALES 
ABERYSTWYTH 
DEPARTMENT OF AGRICULTURAL 
BOTANY 


Anplications are invited for RESEARCH 
ASSISTANTSHIPS ın the field of Genetics 
Crop Physiology or Plant Pathology Ap- 
plicants should have or expect to obtain a 
good honours degree in Agricultural Botany 
or Botany Permission to register for a 
higher degree will be granted in su table 
cases (1239) 


UNIVERSITY OF CAMBRIDGE . 


£1 160) wanted for work on nervous and repro- 

ductive systems of birds and mammals Suitable 

applicant might occupy modern house adjoining 
Apply, naming two referees, to Dr P Bateson y 


Sub-Department of An:mal Rghaviour Mading- 
ley Cambrıdge (1267. 


} 
Vs 
SCIENTIFICALLY QUALIFIED Toned 


logical assistant required in the En j 
r teric 

Eaoeratory 0 work wih Dr E S Rarene 

egree should be prefe ' 

logical subject The work is ley Sn = 






with transferable drug resista: ro. 
as nee in 
bacteria —Applications with full data salero. 
Haan Omad experience: Should be sent to 
tory, Colindale Rae ae aoe GADE a 
If 


ft 






cinde Scanmng and Transmission Electron 4} 1. * 


Microscopes, a Microprobe, X-ray Diffrace a p? 


2 
A full programme of lectures forming it aa 


research workers ve 


HISTOLOGIST (Techmecal Assistart £828 to 5” 


laboratories in return for light caretaking dunes ¢ | 
li 





1 
i 


